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Preface

Cytokines are pleiotropic regulatory proteins involved in essentially all biological processes
and associated with a wide range of diseases, including immune and inflammatory disor-
ders, as well as many types of cancer and leukemia. Examples of cytokines include interleu-
kins, chemokines, growth factors, interferons, and the tumor necrosis factor family.
Information about the qualitative and quantitative nature of cytokine expression and release
is essential for the understanding of physiological and pathological processes. However, the
cytokine detection in biological and clinical samples faces many challenges that include
the low abundance, the need to distinguish between active and latent cytokine forms,
and the need to measure multiple cytokines in a single assay. This volume provides a compre-
hensive collection of classic and cutting-edge methodologies that are used to analyze and
quantify cytokines and their biological activities in complex biological and clinical samples.

The chapters are divided into three main categories. The first category tocuses on the
immunodetection of veleased cytokinesin tissue culture supernatants, plasma, serum, and whole
blood samples by immunoassays. These immunoassays measure the total concentrations of
released cytokines regardless of their biological activities, and include ELISPOT, immunob-
lotting, and ELISA. In addition, the complexity of cytokine responses has led to the develop-
ment of multiplex technologies that can simultaneously detect large numbers of cytokines in
small sample volumes. Thus, the first part also includes the recently developed multiplex
arrays that allow the simultanecous measurement of multiple cytokines in small sample vol-
umes with time-saving advantages and less cost compared to other immunoassays.

Since immunoassays cannot distinguish between biologically active and inactive cyto-
kines, bioassays are used to measure different biological activities of cytokines, such as
cytokine-induced cytokine release, chemotaxis, phagocytosis, proteasome activity, and
immunoglobulin class switching. The second part focuses on the analysis of biologically
active cytokines by bioassays using neutralizing antibodies, chemotaxis assay, cytokine-
induced phagocytosis assay, proteasome activity assay, and analysis of cytokine-induced
immunoglobulin class switching. In addition, since cytokines exert their functions through
binding to cytokine receptors, this category also includes methods focused on the analysis
of expression and function of cytokine receptors.

Often, there is a need to identify the cytokine-producing cells, or to analyze the intra-
cellular cytokine protein levels or the mechanisms regulating cytokine expression. The #hird
part focuses on the analysis of intracellular cytokines by flow cytometry, immunohistochem-
istry, immunofluorescence confocal microscopy, and western blotting. In addition, this cat-
egory includes protocols for quantitative analysis of cytokine gene expression by real-time
RT-PCR, luciferase assay, analysis of the cytokine promoter occupancy by chromatin immu-
noprecipitation, and analysis of alternative splicing of cytokine genes.

There is no one best method, since each has its own merits and limitations. Choosing
the right method depends on the sample, purpose of the assay, and the available instrumen-
tation. Often, using combined information from several different approaches can yield the
most accurate information about the quantitative and qualitative nature of cytokine expres-
sion. The reliability of all the protocols has been tested in laboratories around the world.
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Each chapter is appended by notes that navigate through the protocol and serve as a
troubleshooting guide. By covering a broad variety of methods used in cytokine research
and analysis, we hope that this book will be useful not only to biochemists, molecular biolo-
gists, and immunologists, but also to physician-scientists working in the field of cytokine
research.

I would like to thank all the authors for their enthusiastic help and support in assem-
bling this volume; I fully realize that in the highly competitive environment of academic
research, many scientists are reluctant to commit their time to writing book chapters and
method articles. I also would like to express my gratitude to the series editor, Dr. John
Walker, and the outstanding staftf of Humana Press for their support, help, and
encouragement.

Queens, NY Ivana Vancurova
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Chapter 1

The Challenge of Measuring Elusive Inmune Markers
by Enzyme-Linked Immuno-Spot (ELISPOT) Technique

Maria Faresjo

Abstract

The enzyme-linked immuno-spot (ELISPOT) technique is a sensitive method used for measurement of
elusive immune markers in limited-volume samples. By virtue of the exquisite sensitivity of the ELISPOT
assay, frequency analysis of rare cell populations (e.g., antigen-specific responses), which was not possible
before, is now relatively easy. However, development of a method sensitive enough to pinpoint elusive
immune markers at the single-cell level is a challenge since there are a number of demands that have to be
fulfilled and traps to avoid, achieving a valuable outcome.

To optimize the environment for in vitro culture and analysis of immune spots by ELISPOT, a num-
ber of criteria have to be fulfilled: processing of sample and perhaps also cryopreservation of cells before
analysis and, for the ELISPOT assay, optimal cell culture, positive and negative controls, antigen concen-
tration, and, finally, development and readout of spots.

If these criteria are fulfilled for your ELISPOT assay, you will likely have the opportunity to pinpoint
elusive immune markers at the single-cell level. This chapter describes the ELISPOT assay for detection of
cytokines (e.g., IFN-y and I1.-4), with focus on the main criteria that affect the assay. However, this method
could be easily adapted to measure other immune markers in small volumes of biological samples.

Key words ELISPOT, Cytokines, Cell separation, Cryopreservation, Control antigens, In vitro
stimulation conditions, Development and readout of spots

1 Introduction

Enzyme-linked immuno-spot (ELISPOT) is a technique by which
immune markers, e.g., cytokine and chemokine secretion, can be
detected at the single-cell level since secreted cytokines are
captured and accumulated in the ELISPOT plate. ELISPOT was
initially performed for detection of antigen-secreting cells [1] and
later adapted for enumeration of cytokine-producing cells at the
single-cell level [2]. The ELISPOT assay provides both qualitative
(type of immune protein) and quantitative (number of responding
cells) information, as each spot that develops in the assay repre-
sents a single reactive cell.

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_1, © Springer Science+Business Media New York 2014
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Fig. 1 Methodological principle of the ELISPOT assay. The wells are coated with a primary antibody, and there-
after nonspecific binding sites are blocked (a). Cells are added in the presence or the absence of specific
stimulus. During incubation, cells become activated by the stimulus and start to produce and secrete a cytokine
that binds to the capture antibody (b). Cells are removed, and a detection antibody, which may be directly
conjugated with enzyme or biotinylated, is added (c)

In principle, the immune markers of interest, e.g., cytokines,
are captured directly on the surface as a cytokine—antibody complex
forming a spot around each cell secreting the cytokine of interest.
The spot size and morphology reflect the kinetics and the quality of
the cytokine production by individual cells over the entire test period.

The wells of the ELISPOT plate are coated with a primary
antibody, and thereafter nonspecific binding sites are blocked
(Fig. 1a). Cells are added in the presence or the absence of specific
stimulus. During incubation, cells become activated by the stimu-
lus, starting to produce and secrete a cytokine that binds to the
capture antibody (Fig. 1b). Subsequently, cells are removed, and a
detection antibody, which may be directly conjugated with enzyme
or biotinylated, is added (Fig. 1c). Finally, a substrate will form a
colored spot at the location of the secreting cell. By counting the
number of spots in stimulated cultures and controls without stimulus,
the frequency of responding cells is determined [3].

2 Materials

2.1 Isolation
of Peripheral Blood
Mononuclear Cells

2.2 Gellular Number
and Viability

1. Venous blood samples from healthy human volunteers or
patients, drawn in tubes supplemented with sodium heparin.

2. RPMI-1640 medium without glutamine.

3. Washing buffer: RPMI-1640 without glutamine supplemented
with 2 % heat-inactivated fetal calf serum (FCS).

4. Separation reagent: Ficoll-Paque density gradient.

1. Tiirk’s solution.

2. Trypan blue solution.



2.3 Cryopreservation
of PBMC

2.4 Thawing
of PBMC

2.5 ELISPOT

[© N 2 B NG S I S R
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. Freezing medium: 50 % RPMI-1640 without glutamine, 40 %

FCS, and 10 % dimethyl sulfoxide (Me,SO).

. Cryo 1 °C Freezing Container (Nalge Nunc International)

containing isopropanol.

. Vials appropriate for cryopreservation (Nalge Nunc International).

. Washing buffer: RPMI-1640 without glutamine supplemented

with 10 % heat-inactivated FCS.

. Iscove’s  modification of Dulbecco’s medium  (Life

Technologies) supplemented with 50 U/ml penicillin, 50 pg/
ml streptomycin, 10 ml/l 100x nonessential amino acids, and
5 % FCS.

. Sterile PVDF membrane plate.

. Ethanol (70 %).

. MultiScreen™ Vacuum Manifold 96-well (Merck Millipore).
. Sterile phosphate-buftered saline (PBS).

. Sterile PBS-Tween (Life Technologies).

. Iscove’s modification of Dulbecco’s medium (Life Technologies)

supplemented with 50 U /ml penicillin, 50 pg,/ml streptomycin,
10 ml/1 100x nonessential amino acids, and 5 % FCS.

. Human IFN-y or IL-4 ELISPOT kit including mouse anti-

human (IFN-y or IL-4) monoclonal antibody, biotinylated
anti-human (IFN-y or 1L-4) monoclonal antibody, and strep-
tavidin conjugated with alkaline phosphatase.

. Alkaline phosphatase (AP) conjugate substrate kit.
. AID ELISPOT Reader System.

3 Methods

3.1 Isolation
of Peripheral Blood
Mononuclear Cells

Separation of peripheral blood mononuclear cells (PBMC)
should be handled at room temperature in a ventilated hood
(see Notes 1 and 2).

1.

Dilute venous heparinized blood in RPMI, 1:2 (i.e., half-
volume blood, half-volume RPMI).

. Invert the Ficoll-Paque bottle several times to ensure through

mixing. Then, withdraw the required volume of Ficoll-Paque
using aseptic technique. Ficoll-to-blood ratio should be 3:5
(i.e., 12 ml of Ficoll and 20 ml of diluted blood sample).

. Transfer the required volume of Ficoll-Paque to a sterile cen-

trifuge tube.

. Caretully lay the diluted blood sample on the Ficoll layer to

avoid mix between Ficoll and blood sample.
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3.2 CGellular Number
and Viability

3.3 Cryopreservation
of PBMG (See Note 5)

3.4 Thawing
of PBMC

. Centrifuge at 400 x g4 for 30 min, without brake, at 18-20 °C.
. Carefully draw up the layer of PBMC using a clean Pasteur

pipette, and transfer PBMC to a sterile centrifuge tube.

. Resuspend PBMC in 20 ml of washing butftfer.
. Centrifuge at 400 x g for 10 min, with low brake, at 18-20 °C.
. Remove the supernatant, and wash PBMC by repeating the

steps 7 and 8 once more.

. Remove the supernatant.

. Dissolve the PBMC pellet in 1 ml of washing medium.
. For determination of the number of PBMC, dilute 10 pl of

PBMC suspension with 90 pl of Tirk’s solution (1:10).

. Place 10 pl of PBMC suspension in a Biirker’s chamber. Count

the number of PBMC using a light microscope (see Note 3).

. For determination of membrane integrity, dilute 10 pl of

PBMC suspension with 10 pl of trypan blue solution (1:1).

. Place 10 pl of PBMC suspension in a Biirker’s chamber. Count

100 PBMC in a light microscope (sec Note 4).

. Centrifuge the solution of PBMC at 400x4 for 10 min at

18-20 °C.

2. Remove the supernatant.

. Resuspend PBMC in freezing medium (4 °C) by adding freezing

medium dropwise, while the tube is continuously agitated, to
a concentration of 5-10x10° PBMC /ml.

. Transfer 1 ml of PBMC solution to vials suitable for cryo-

preservation.

. Place the vials with PBMC in a precooled (4 °C) Cryo 1 °C

Freezing Container containing isopropanol.

. Place the container at -70 °C (the freezing rate is -1 °C/min).
. Transfer the vials to liquid nitrogen (-196 °C) the following day.

. Thaw PBMC, directly from -196 to +37 °C, in a water bath

under continuous agitation.

. Immediately thereafter, add washing buffer dropwise to the

cells until a total volume of 10 ml is reached.

. Centrifuge the solution of PBMC at 400x4 for 10 min at

18-20 °C.

. Remove the supernatant.

. Resuspend PBMC in 1 ml of Iscove’s modification of

Dulbecco’s medium with supplements.



3.5 ELISPOT

3.5.1 Day 1: Coating
of Plate

3.5.2 Day 2: Washing
and Blocking of Plate

3.5.3 Day 2: Stimulation
of PBMC in the Plate

3.5.4 Day4:
Development of Spots

6.
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Count the cell number and determine the cell viability (see
Subheading 3.2), and adjust the concentration of PBMC to
1x10°/ml.

All steps during days 1 and 2 should be handled in a ventilated
hood.

1.

Pre-coat the sterile PVDF membrane plate with 100 pl/well of
ethanol (70 %) for 30 min at room temperature.

. Ethanol is removed from the wells by MultiScreen™ Vacuum

Manifold 96-well.

. Wash the plate by adding 100 pl/well of sterile water, and then

empty out the wells by vacuum manifold. Repeat the washing
step 4—6 times (see Note 6).

. Dilute the mouse anti-human cytokine (e.g., IFN-y or IL-4)

monoclonal antibody to 15 pg/ml (1:67), in sterile PBS.

. Coat the plate with 100 pl/well mouse anti-human cytokine

(e.g., IFN-y or IL-4) monoclonal antibody.

. Place the plate in a humid chamber and incubate overnight

at 4 °C.

. Empty the coating antibody out of the wells by vacuum

manifold.

. Wash the plate by adding 100 pl/well of sterile PBS, and then

empty out the wells by vacuum manifold. Repeat the washing
step eight times.

. Add 100 pl/well of Iscove’s modification of Dulbecco’s

medium with supplements.

. Incubate for 30 min in a humidified atmosphere with 5 % CO,

to block nonspecific binding sites on the PVDF membrane.

. Empty Iscove’s modification of Dulbecco’s medium out of the

wells.

. Apply aliquots of 100,000 PBMC /well together with 100 pl

of Iscove’s modification of Dulbecco’s medium, with supplement,
and eventually also antigen as well as positive and negative
controls (see Notes 7-9).

. Culture PBMC undistributed for 48 h at 37 °C in a humidified

atmosphere with 5 % CO,.

. Empty PBMC out of the wells.
. Wash the plate by adding 100 pl /well of sterile PBS, shake the

plate repeatedly, and remove PBS. Repeat the washing step
once more.
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3.5.5 Day 5: Counting
of Spots (See Note 10)

10.

11.

12.

13.

14.
15.

16.

1.

. Wash the plate by adding 100 pl/well of sterile PBS-Tween,

shake the plate repeatedly, and remove PBS-Tween. Repeat the
washing step once more.

. Dilute the biotinylated anti-human cytokine (e.g., IFN-y or

IL-4) monoclonal antibody, 1:1,000 (to 1 pg/ml), in sterile
PBS-Tween.

. Add 100 pl/well of biotinylated anti-human cytokine (e.g.,

IFN-y or 1L-4) monoclonal antibody, and incubate the plate
for 2—4 h, in a humidified chamber, in darkness at room
temperature.

. Empty the biotinylated antibody out of the wells.
. Wash the plate by adding 100 pl/well of sterile PBS-Tween,

shake the plate repeatedly, and remove PBS. Repeat the wash-
ing step three times.

. Dilute streptavidin conjugated with alkaline phosphatase,

1:1,000, in PBS-Tween.

. Add 100 pl/well of streptavidin conjugated with alkaline phos-

phatase, and incubate the plate for 60 min in a humidified
chamber at room temperature.

Empty streptavidin conjugated with alkaline phosphatase out
of the wells.

Wash the plate by adding 100 pl/well of sterile PBS-Tween,
shake the plate repeatedly, and remove PBS-Tween. Repeat the
washing step once more.

Wash the plate by adding 100 pl/well of sterile PBS, shake the
plate repeatedly, and remove PBS. Repeat the washing step
three times, but leave PBS from the last washing in the plate
during step 13.

Dilute 0.1 ml of reagent A with 10 ml of AP color develop-
ment buffer and 0.1 ml of reagent B.

Empty PBS out of the plate.

Add 100 pl/well of the color development mix. Spots will
develop 5-10 min after adding the color development mix.
Allow the reaction to proceed for another 5 min.

Stop the spot development by rinsing the wells with excessive
amount of tap water. Finally, empty and dry the plate upside
down, overnight, at room temperature.

Spots are counted automatically, under manual supervision,
using the AID ELISPOT Reader System.

. The median value of the quadruplicates is calculated for each

stimulation. The value of each specific secretion from in vitro
stimulation, after subtraction of spontaneous secreted spots, is
calculated.
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4 Notes

1. Time interval between blood sampling and sample processing;:

Of great importance is the time period between blood sampling
and processing of the sample. Our own research group has
found that blood samples left at room temperature for 24 h
before separation of PBMC will increase the expression of
CD3/CD4 (unpublished data). It has also been shown that
PBMC handled and cryopreserved within 8 h from venipunc-
ture has better viability, higher cell recovery, and higher con-
centration of IEN-y, detected by ELISPOT, compared to
PBMC handled after 8 h from blood sampling [4].

. Enrichment of PBMC: There is a number of different ways to

enrich PBMC. The most frequently used techniques for isola-
tion of PBMC are density gradient separation by Ficoll or
Lymphoprep or separation by vacutainer cell preparation tube
(CPT). Ficoll is routinely used to isolate mononuclear cells
from bone marrow, peripheral blood, and umbilical cord
blood. In principle, PBMC are enriched from whole blood
that is layered onto a density gradient. Gentle centrifugation at
room temperature results in a buffy coat of monocytes and
lymphocytes under a layer of plasma, with the remaining white
blood cells together with red blood cells passing through the
interface and collecting at the bottom of the tube. The PBMC
interface is collected and washed for several times in either PBS
or cell culture medium (washing buffer) to remove any con-
taminating separation medium.

The vacutainer CPT is a single-tube system, supplemented
with sodium citrate, for collection of whole blood and the
separation of PBMC. In principle, blood is collected in the
CPT tube, the tube is centrifuged, and the cell pellet is resus-
pended in PBS or cell culture medium before subsequent
assay or procedure.

. Cell number: In the most common design, the volume of each

large square of a Biirker’s chamber is 0.1 mm?®. The cells in
four large squares are counted, and cells over or touching the
lines on top and on the left are counted, but cells over or
touching the right or the bottom lines are ignored. The con-
centration in cells per ml will be calculated as cells in four large
squares,/4 x 10,000.

. Cell recovery and viability: Viability thresholds should be used

in clinical trials in order to obtain reliable results of functional
assays. The most convenient way to measure PBMC viability is
to manually count PBMC by light microscopy after staining
the cells with trypan blue. In a viable cell, trypan blue is not
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absorbed; however, it traverses the membrane of dead cells.
Hence, dead cells appear as distinctive blue color dots using
light microscopy. In principle, the numbers of live (white) ver-
sus dead (blue) cells are counted. The number of white
cells/100 PBMC gives the viability in percentage. A more reli-
able way to measure the cell viability is detection by flow
cytometry. In principle, PBMC should be resuspended in a
flow cytometry staining buffer; thereafter, the cell count and
viability analyses are performed. However, this requires more
cells and thus may not be possible in limited sample volumes.

. Cryopreservation of PBMC: The functional assays on cryopre-

served PBMC are associated with viability of the cells. For
practical reasons, it can be an advantage to collect cells during
a limited period of time and perform all analyses collectively,
post-cryopreservation, in order to overcome inter-assay varia-
tion in the methodology analyzing cytokine secretion by
ELISPOT. Cryopreservation is a convenient way to handle
PBMC. Actually, frozen cells are used in the great majority of
all studies of cell-mediated immunity. We and others have
shown that cryopreserved PBMC can be used, trustworthy,
after cryopreservation for detection of cytokines and chemo-
kines [5] and Treg-associated markers [6] and also that
cryopreserved PBMC maintain a stable expression of the
T-regulatory marker FOXP3 (% and MFI) in the CD4 + CD25hi
cell population after cryopreservation [7]. Collectively, these
studies show that cryopreserved PBMC can be used and still
give trustworthy and useful information.

. Washing step after incubation with ethanol: The repeated

washing step (4—6 times), after incubation with ethanol, is rec-
ommended to ensure that all ethanol is removed.

. Positive and negative controls: Often used positive controls in

immunoassays are phytohemagglutinin (PHA) and tetanus
toxoid. PHA is a mitogen, acting as a highly potent activator of
both CD4+ and CD8+ cells with a resulting cytokine produc-
tion [8-10]. It has been shown that PHA with advantage can
be used as a positive control in the ELISPOT assay [11, 12].
Tetanus toxoid is another frequently used positive control in
immuno-assays. Tetanus toxoid is an active immunizing agent
prepared from detoxified tetanus toxin that produces an anti-
genic response in the body, conferring permanent immunity to
tetanus infection. Thus, tetanus toxoid is another good exam-
ple of an antigen that can be used as a positive control in the
ELISPOT assay with the remark that people not vaccinated to
this antigen will not respond.

As a negative control, usually some wells on each ELISPOT
plate can be incubated exclusively with cell culture medium, with-
out cells, but otherwise treated as the other wells. In some cases,
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it can be relevant to include an antigen that does not cause any
immune response. Finding an antigen, not inducing an immune
response, can however be tricky. The keyhole limpet hemocyanin
(KLH) has been shown as one example of an antigen that can be
used as negative control since this large metalloprotein, found in
the hemolymph of the giant keyhole limpet, is a novel antigen to
most individuals. We have previously shown that this antigen
does not induce any immune response in children, healthy or
diagnosed with type 1 diabetes [13], and it has also been shown
that KLH induces systemic T-cell tolerance [14].

8. Optimal concentration of antigens: It is important to evaluate
the optimal concentration of antigens that will be used in the
ELISPOT assay. In an initial experiment, antigens (proteins
and/or peptides) should be diluted in tissue culture medium
in a wide range of different concentrations. The antigen in
cach dilution should be tested by stimulating PBMC, followed
by ELISPOT detection. It should be noted that it is not always
the highest concentration of antigen that will induce the high-
est number of spots (or highest concentrations of an immune
marker) [11].

9. Settings for antigen stimulation: When possible, apply all vari-
ants of differently stimulated /non-stimulated cells in quadru-
plicates. The external line of wells within the plate is preferable
left with exclusively 200 pl of Iscove’s modification of
Dulbecco’s medium, with supplements, to avoid dehydration.

10. Development and readout of spots: Plates are preferably
blinded for identity to avoid any influence of the outcome of
the observation. A major factor in the ELISPOT assay is to
distinguish low-frequency antigen-specific T-cell responses
from the nature of the signal-to-noise ratio. Thus, it is of great
importance to take into account the technique for separation
of cells, number of cells incubated, the window of cytokine
capture, and the reagents used for capture and detection to
reach a valuable outcome [12].
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Chapter 2

Analysis of the Released Nuclear Cytokine HMGB1
in Human Serum

Haichao Wang, Lin Zhao, Jianhua Li, Shu Zhu, and Maggie Yeung

Abstract

A ubiquitous nuclear protein, the high-mobility group box 1 (HMGB1), is secreted by activated macrophages/
monocytes and leaked passively from injured cells. HMGBI1 functions as a mediator of infection- and
injury-elicited inflammatory diseases. Here, we describe a semiquantitative immuno-blotting method to
measure the released HMGBI1 in human serum, in comparison with a commercially available HMGB1
ELISA technique.

Key words HMGB1, Western blot, ELISA, Serum, Antibody

1 Introduction

High-mobility group box 1 (HMGB1) is expressed constitutively
in most cells, and a large “pool” of preformed HMGB] is stored in
the nucleus due to the presence of two lysine-rich nuclear localiza-
tion sequences [1, 2]. It contains two internal repeats of positively
charged domains (known as “A box” and “B box”) in the
N-terminus and a continuous stretch of negatively charged (aspar-
tic and glutamic acid) acidic tail in the C-terminus. These HMG
boxes enable HMGBI1 to bind chromosomal DNA and fulfill its
nuclear functions such as maintaining the nucleosomal structure
and stability and regulating gene expression [3]. In response to
exogenous bacterial products (such as endotoxin or CpG-DNA)
[1, 4], or endogenous inflammatory stimuli (e.g., TNF, IFN-y, or
hydrogen peroxide) [1, 5, 6], innate immune cells actively release
HMGBI in a dose- and time-dependent manner. In addition,
HMGBI can be released passively from damaged cells [7] and sim-
ilarly trigger an inflammatory response [8]. The accumulated evi-
dence has supported a pathogenic role for extracellular HMGB1 in
infection- or injury-elicited inflammatory diseases [9-13]. Thus, it
is important to measure plasma or serum HMGBI levels in patients

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_2, © Springer Science+Business Media New York 2014
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with various inflammatory diseases. In this chapter, we describe
two immunoassays for measuring HMGB1 in human serum sam-
ples: ELISA and Western blotting.

2 Materials

2.1 Sandwich
ELISA Kit

2.2 Western Blotting

Several companies have recently developed sandwich ELISA Kkits
for measuring HMGBI levels in plasma and serum samples. For
instance, the Shino-Test Corporation HMGB1 ELISA kit contains
the following components:

1.

o NN O Ul B~ W

—

ELISA plate: 8-well strips coated with the capture polyclonal
antibody generated againstthe peptide KPDAAKKGVVKAEK
adjacent to the C-terminal acidic tail of HMGBI1 [14, 15]
(see Notes 1 and 2).

. Peroxidase (POD)-conjugated detection antibody (lyophilized

for making 12 ml solution): Peroxidase-linked anti-HMGB1
monoclonal antibody (generated against human HMGBI1
protein).

. HMGBI standard: Pig HMGBI1 protein.

. Sample diluent (20 ml).

. Conjugate solvent (12 ml).

. Color reagent A (3, 3’, 5, 5’-tetramethyl-benzidine).

. Color reagent B containing 0.005 M hydrogen peroxide.

. Substrate solution: Equal volumes of color reagents A and B,

which have been brought to room temperature, and mixed just
before use.

. Stop solution: 0.35 M Sulfuric acid.
10.
11.

5x Washing bufter (200 ml).
ELISA plate seal (two sheets).

. 10x Phosphate-buffered saline (10x PBS): 1.37 M NacCl,

27 mM KCl, 100 mM Na,HPO,, 18 mM KH,PO,, pH 7.4.

. 10x Tris/glycine /SDS buffer: 0.025 M Tris, 0.192 M glycine,

0.1 % SDS, pH 8.3.

. 10x Tris/glycine buffer: 0.025 M Tris, 0.192 M glycine, pH 8.3.

4. SDS-PAGE gel: 4-20 % Mini-PROTEAN® TGX™ Precast Gel

(Bio-Rad).

. PageRuler Plus Prestained Protein Ladder 10-250 kDa

molecular weight marker (Thermo Scientific).

. Immuno-blot PVDF membrane.
. TWEEN® 20.
. Nonfat dry milk.
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9.
10.
11.
12.

13.
14.
15.

16.

17.

18.

19.

Methanol.

CL-XPosure TM Film.

Amersham™ ECL™ Western Blotting Detection Reagents.
Anti-HMGB]1 antibody (Oncolmmune Inc., MI, USA, Cat#
OI0001A-05).

ECL Rabbit IgG, HRP-linked whole antibody from donkey.
Donkey anti-mouse IgG-HRP antibody.

Laemmli 2x buffer/loading buffer: 4 % SDS, 10 %
2-mercaptoethanol, 20 % glycerol, 0.004 % bromophenol blue,
0.125 M Tris-HCI, pH 6.8.

Running buffer (Tris-glycine/SDS): 25 mM Tris, 190 mM
glycine, 0.1 % SDS, pH 8.3. Add 100 ml of 10x Tris/glycine /
SDS bufter to 900 ml of ultrapure water, and mix thoroughly.

Transfer buffer: 25 mM Tris, 190 mM glycine, 20 % methanol,
pH 8.0. Add 100 ml of 10x Tris/glycine buffer to 200 ml of

methanol and 700 ml of ultrapure water, and mix well. Chill
buffer at 4 °C.

Washing buffer: Add 500 pl of Tween 20-1,000 ml of 1x PBS,
and mix thoroughly.

Blocking buffer: Add 5 g of nonfat dry milk to 100 ml of wash-
ing buffer. Mix thoroughly, filter, and store at 4 °C. Failure to
filter can lead to “spotting” tiny dark grains that will contami-
nate the blot during color development.

3 Methods

3.1 HMGB1 ELISA

Below is a brief protocol adapted from the Shino-Test Corporation
HMGBI1 ELISA kit for measuring HMGBI1 in plasma or serum
samples; this method has been used by many investigators to mea-
sure HMGBI levels in serum and plasma [16-26].

1.

Prepare serum or plasma samples immediately after blood col-
lection to prevent progressive HMGB1 leakage from blood
cells (see Note 3).

. Set each reagent in the ELISA kit at room temperature for at

least 30 min before use.

. Add 100 pl of sample diluent to each well and 10 pl of sample

diluent to “zero” well.

. Add 10 pl of HM GBI standard and serum or plasma samples to

the wells, and shake the plate with a plate mixer (sec Note 4).

. Incubate for 20-24 h at 37 °C.

6. Wash the plate five times with wash solution (400 pl/well)

using microplate washer.
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3.2 HMGB1 Western
Blotting

3.2.1 Sample
Preparation

3.2.2 Separation of
Protein Samples by Gel
Electrophoresis

7. Add 100 pl of peroxidase-linked anti-HMGB1 MAD to each
well, and incubate for 2 h at room temperature (25 °C).

8. Wash the plate five times with wash solution (400 pl/well)
using microplate washer.

9. Add 100 pl of substrate solution to each well, and incubate for
30 min at room temperature.

10. Add 100 pl of stop solution to each well in the same sequence
and time intervals as the addition of substrate solution.

11. Read the absorbance at 450 nm using a microplate reader
within 60 min after adding stop solution.

12. Subtract the absorbance of “zero” well from the absorbance of
each well.

13. Read the HMGBI1 concentrations of unknown samples from
the standard curves prepared from purified human HMGB1
protein (see Notes 5-7).

Western blotting enables indirect detection of protein samples
immobilized on a nitrocellulose or a PVDF membrane and serves
as a useful tool to quantify HMGBI1 in serum or plasma samples.
Briefly, plasma or serum protein samples are first resolved by SDS-
PAGE and then electrophoretically transferred to the membrane.
Following a blocking step, the membrane is probed with a primary
antibody raised against HMGBI1. After subsequent washings, the
membrane is incubated with an enzyme-conjugated secondary
antibody that is reactive toward the primary antibody. The activity
of the enzyme, such as alkaline phosphatase (AP) and horseradish
peroxidase (HRP), is necessary for signal generation. Finally, the
membrane is washed again and incubated with an appropriate
enzyme substrate (e.g., chemiluminescent substrates for HRP),
producing a recordable signal. All procedures are carried out at
room temperature unless otherwise specified.

1. Use a small volume (50 pl) of serum or plasma to determine
the protein concentration.

2. Mix serum or plasma samples with an equal volume of 2x
Laemmli sample buffer (see Notes 8 and 9). We recommend
denaturing the sample using the following method unless non-
reducing and non-denaturing conditions were intended to
investigate HMGB1 /protein interactions (se¢ Note 10).

3. To reduce and denature the proteins, boil the sample mixtures
at 100 °C for 5 min and spin briefly in a microcentrifuge to
collect the condensed water from the tube cap immediately
before loading to SDS-PAGE gel.

1. Mount the precast SDS-PAGE gels onto the electrophoresis
apparatus, and add running buffer to the top and bottom res-
ervoirs. Remove any air bubbles.
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Proteins from the Gel
to the Membrane
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Fig. 1 Assembling the sandwich transfer stack

. Load equal amounts of serum or plasma proteins (20-30 pg)

into the wells of the SDS-PAGE gel, along with molecular
weight markers (se¢ Note 11), as well as purified HMGBI1 pro-
tein at several concentrations (e.g., 1, 5, 20 ng/well).

. Attach the electrophoresis apparatus to an electric power

supply. The positive electrode should be connected to the bot-
tom buffer reservoir.

. Run the gel for 1-2 h at 110 V. The time and voltage may

require some optimization. We recommend following the
manufacturer’s instructions. A reducing gel should be used
unless non-reducing conditions were intended to investigate
HMGBI1 /protein interactions (se¢ Note 10).

. Remove the plates from the electrophoresis apparatus, and

place them on a paper towel. Using a spatula, pry the plates
apart.

. Remove the gel from the electrophoresis apparatus, and incu-

bate it in transfer buffer for approximately 10 min to equili-
brate the gel (see Note 12).

. Cut the PVDF membrane to the dimensions of the gel,

immerse it in 100 % methanol for 5 min, and rinse with transfer
bufter before preparing the transfer stack (see Note 13). Mark
and/or clip one corner for orientation. Handle only with flat
forceps.

. Soak the member, filter paper, and fiber pads in transfer buffer

for 10 min.

. Prepare the transfer stack as shown below (Fig. 1):

(a) Place the cassette, with the gray side down, on a lean
surface.

(b) Place one pre-wetted sponge/fiber pad on the gray side of
cassette.

(c) Place a sheet of filter paper on the sponge pad.
(d) Place the equilibrated gel on the filter paper.
(e) Place the pre-wetted PVDF membrane on the gel.
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3.2.4 Antibody Staining

10.

(f) Complete the sandwich by placing another piece of filter
paper on the membrane.

(g) Using a glass tube gently roll all air bubbles out.
(h) Add the last sponge pad.

. Close the cassette firmly and carefully so as not to move the gel

and filter paper sandwich. Lock the cassette closed with the
white latch.

. Place the cassette in the electrophoresis module.

. Add the frozen Bio-Ice cooling unit. Place in tank, and com-

pletely fill the tank with buffer. Add standard stir bar to help
maintain even buffer temperature and ion distribution in
the tank.

. Put on the lid, and plug the cable into the power supply.
. Transfer the protein at 200 mA for 60 min.

. The time and voltage may require some optimization. We rec-

ommend following the manufacturer’s instructions. Transfer
to the membrane can be checked using Ponceau Red staining
before the blocking step.

After the transfer, unclamp the blot sandwich and remove the
sheets of blotting paper, exposing the blot membrane.

. Block the membrane for 2 h at room temperature or overnight

at 4 °C using 5 % nonfat milk blocking solution (see Notes 14
and 15).

. Incubate membrane with appropriate dilutions of primary anti-

HMGBI antibody in 5 % or 2 % blocking solution overnight at
4 °C or for 2 h at room temperature (se¢ Notes 16 and 17).

. Wash the membrane three times for 10 min each in washing

bufter to remove unbound antibody.

. Incubate the membrane with the recommended dilution of

labeled secondary antibody in 5 % blocking buffer at room
temperature for 1 h.

. Wash the membrane three times for 10 min each in washing

buffer containing 0.05 % Tween-20. Rinse the membrane with
washing buffer without Tween-20 (see Note 15).

. To prepare the substrate, proceed according to the kit manu-

facturer’s recommendations. For instance, mix the black and
white ECL solutions (1:1 ratio) of the Amersham ECL Kkit.

. Aliquot sufficient volume of substrate solution to cover and

wet the membrane, and incubate the blot with the substrate
for 1 min (0.1 ml/cm?) when using Amersham ECL or 5 min
when using SuperSignal Substrates.

. Remove excess reagent, and cover the membrane in transparent

plastic wrap. A plastic sheet protector works well, although
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10.

plastic wrap also may be used. Remove all air bubbles between
the blot and the surface of the membrane protector.

. Acquire image using darkroom development techniques for

chemiluminescence or normal image scanning methods for
colorimetric detection.

The relative band intensity is quantified by using the NIH
image 1.59 or other software to determine HMGBI levels
with reference to standard curves generated with purified
HMGBI at various dilutions (see Notes 18-22).

4 Notes

. According to the manufacturer, the Shino-Test Corporation

capture anti-HMGB1 antibodies are highly specific to
HMGBI, but not to HMGB2. However, their cross-reactivities
with other plasma or serum protein are not yet known (Table 1)
and should be a subject of future investigation.

. As a highly charged molecule, HMGBI can interact with vari-

ous plasma or serum proteins such as immunoglobulins (IgGs)
and thrombomodulin [14, 15]. It is not yet known how these
and as-yet-unidentified HMGB1-binding molecules affect the
detection of HMGBI1 by using the Shino-Test or other
HMGBI1 ELISA kits [14].

. Prolonged storage of blood samples before centrifugation at

room temperature often leads to higher HMGBI levels in
sera [17], possibly due to leakage of HMGB1 from stressed /
damaged blood cells. However, storage of serum samples
after centrifugation for up to 7 days does not affect HMGB1
levels [17].

. The minimal measurable HMGBI1 concentrations are calcu-

lated by adding two standard deviations to the mean optical
density value of several zero standard replicates. According to
the Shino-Test Corporation, the limit of detection of HMGB1
ELISA is approximately 0.3-1 ng/ml, making it suitable for
measuring plasma or serum HMGBI in patients with sepsis or
other inflammatory diseases. If serum HMGBI levels are rela-
tively low, consider using the recommended sensitive HMGB1
ELISA method by loading more serum samples and less
HMGBI standard on the ELISA plates (Fig. 2a).

. In agreement with previous report [16], the measurement of

HMGBI in healthy individuals showed low levels by using the
Shino-Test Corporation HMGB1 ELISA kit (Fig. 2a).

. Research in Dr. Stoetzer’s laboratory has shown that the mea-

surement of HMGB1 in EDTA plasma samples yields consider-
able lower values than in sera with a mean recovery <30 % [17].
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Commercial available anti-HMGB1 antibodies for Western blotting analysis

Cell Oncolmmune
Company  Sigma-Aldrich Abcam signaling Inc
Antibody M-MAD R-PAb M-MAD R-PAb R-PAb M-MADb
type (Clone 2F6) (Clone 3B1
(Clone #) or 3E8)
Catalog no. WHO0003146M8 SAB2101049 ab77302 abl8256 3935 OI0001A or
OI0001B
Species Human Human Human Human Human Human
Cross- Mouse Mouse Mouse
reactivity Rat Rat
Bovine Mouse Rat Monkey
Canine
Chicken Rat Monkey  Canine
Pig
Immunogen Human Human Recombinant Human Synthetic  Recombinant
HMGB1 HMGBI, HMGBI, HMGB1  peptide HMGB1
residues 1-91 residues residues residues residues
1-91 1-216 150-216 1-216
Specificity to Hela Hela HMGBI- NIH/3T3 NIH/3T3 Mouse spleen
whole-cell transfected DLD-1 cells
lysate? 293T cell MEFl e Co6
RCIL2 COS
Cross- Unknown Unknown Unknown Unknown Unknown Unknown
reactivity
to serum
proteins

Note: M-MAb murine monoclonal antibodies, R-PA?& rabbit polyclonal antibodies
*One specific band was detected in lysates of indicated cells

7.

10.

The ELISA method has been used by many investigators to
measure HMGBI levels in serum or plasma samples [ 17-26].

. Almost all serum or plasma proteins can be readily solubilized

by sodium dodecyl sulfate (SDS), making SDS-PAGE the most
widely used method for determining the molecular mass of
serum or plasma proteins.

. As an ionic detergent, SDS denatures proteins by wrapping

around the polypeptide backbone at a fixed ratio (1.0 g of
SDS:0.7 g of polypeptide). Thus, more SDS can be added in
the sampling buffer if excessive amount of plasma or serum
proteins (up to 50-100 pg) are loaded onto SDS-PAGE gels in
order to detect relative lower HMGBI levels.

To investigate the possibility whether HMGBI interacts with
itself (aggregation) or other proteins in plasma and serum
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b Westernblotting

Normal Method:

« For higher [HMGB1] samples

* Loading less samples

* Using more HMGB1 to generate the
standard curve

10.0 20.0
HMGB1 (ng/ml)

Sensitive Method:

* For lower [HMGB1] samples

* Loading more samples

* Using less HMGBI1 to generate the
standard curve

0.31 0.625 1.25

HMGB1 (ng/ml)

- Cross-reactive

-- wm i HMGB1

+ Cross-reactive

1 520 A B C
L I )

Cell
HMGB1  Serum Lysate
(ng/lane)
Note:
A: Healthy

B: Acute coronary syndrome patient
C: Septic patient

Fig. 2 Representative HMGB1 ELISA and Western blotting results of human serum samples. (a) Measurement
of human serum HMGB1 levels using the Shino-Test Corporation ELISA kit. As per the manufacturer’s recom-
mendation, two methods with different sensitivities were used to measure HMGB1 in human serum at various
dilutions. (b) Measurement of human serum HMGB1 by Western blotting analysis. Polyclonal antibodies were
generated against recombinant HMGB1 in the authors’ laboratory and used in the Western blotting analysis of
human serum HMGB1 levels

samples, non-denaturing native conditions can be employed,
where HMGBI protein is electrophoresed in its native form
based on charge-to-mass ratio.

11.

When using different SDS-PAGE buffer systems (e.g., differ-

ent pH), the charges and SDS-binding capacities of chemically
modified proteins (e.g., pre-stained molecular weight stan-
dards) might be slightly affected. Consequently, there might
be a slight deviation from the calculated molecular weight
(based on the amino acid sequence). To confirm the identity of
antibody-reactive band, whole-cell lysate can be used in parallel
lanes as a reference size marker.
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12.

13.

14.

15.

16.

17.

18.

As an alternative of the classical Western blotting protocol
using enzyme-conjugated secondary antibodies, direct detec-
tion using a labeled primary antibody can be tried. The direct
detection takes less time and has less background signal (from
the secondary antibody cross-reactivity) than a classical Western
blot. However, it is generally less sensitive than the indirect
detection, because a labeled primary antibody cannot provide
signal amplification and occasionally loses immunoreactivity to
the targeted antigen. One alternative option is biotinylating
the primary antibody, which not only amplifies the signal but
also eliminates the secondary antibody cross-reactivity.

Several types of blotting membranes are commonly used,
including nitrocellulose and PVDF membranes. Whereas nitro-
cellulose binds proteins better and often gives better band sig-
nals, PVDF is physically stronger and easier to handle. For best
results, determine empirically which membrane type, manufac-
turer, and lot are optimal for each Western blotting system.

Many difterent blocking reagents are available for Western blot-
ting. Because milk contains variable amounts of endogenous
biotin, it may produce higher background when using nonfat
milk as a blocking reagent in the avidin/biotin systems.

Some systems may benefit from adding a surfactant, such as
Tween®-20, to the blocking solution. Surfactants can mini-
mize background by preventing the blocking reagent from
nonspecifically binding to the target. Adding too much deter-
gent, however, can prevent adequate blocking. Typically, a
final concentration of 0.05 % detergent is used; however, for
best results, determine if detergents enhance a specific system
and at what optimal concentrations. Always use a high-quality
detergent that is low in contaminants.

HMGBI is a highly conserved protein, making it difficult to
generate highly reactive antibodies in many animal species.
Currently, there are several commercial sources for HMGB1-
reactive polyclonal or monoclonal antibodies. These antibod-
ies normally recognize one single band on Western blots of
lysates of various types of cells (Table 1), but their cross-
reactivity with serum components remains largely unknown.

Based on our experience, most anti-HMGBI antibodies tested
cross-reacted with several other proteins in serum or plasma
samples under denaturing conditions (Fig. 2b).

Using highly reactive and specific polyclonal antibodies, we
found that Western blotting often gave rise to higher values in
serum HMGBI levels as compared to commercially available
HMGBI1 ELISA (Table 2). This observation was consistent
with previous report by others that sandwich HMGB1 ELISA
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Table 2

Comparison of human serum HMGB1 levels measured by ELISA and Western blotting analysis

ELISA

Normal method Sensitive method? Western blotting®

Human serum  Dilution

[HMGB1] (ng/ml)  Dilution  [HMGB1] (ng/ml)  [HMGB1] (ng/ml)

A 1:1
2
1:4
B 1:1
1:2
1:4
C 1:1
1:2
1:4

ND 1:1 ND ND
ND 1:2 ND

ND 1:4 ND

5.9 1:1 45 581
5.7 1:2 3.3

8.8 1:4 45

13.2 1:1 20.9 950
13.5 1:2 15.3

13.4 1:4 11.5

Note: ND not detectable

“The recommended sensitive method was achieved by increasing sample loading and decreasing HMGB1
standard concentrations for the HMGB1 ELISA assay (see Fig. 2a)
®Using highly specific and reactive polyclonal antibodies generated in the authors’ laboratory

19.

20.

21.

22.

often gave false low or negative results as compared to Western
blots [14].

Although HMGBI has been suggested as a feasible therapeutic
target for experimental sepsis [3, 11, 27], its levels in un-
fractionated crude serum of septic patients did not correlate
well with their disease severity [28].

Following ultrafiltration of serum proteins through membrane
with 100 kDa cutoft, a 30 kDa HMGB1 band was detected by
Western blotting in both the filtrate (<100 kDa) and retentate
(>100 kDa) fractions of some septic patients [1]. Interestingly,
HMGBI levels in the filtrate fraction correlated well with the
outcome of sepsis [ 1]. It supports the possibility that HMGB1
may interact with other serum components to form large
(> 100 kDa) complexes.

In addition, chemical modification may similarly atfect the
immuno-detection of HMGBI. For instance, a recent study
indicated that reactive oxygen species (ROS) may oxidize
HMGBI to form intramolecular disulfide bond between thiol
group of Cys!'% and Cys?® or Cys ** [29]. It will be important
to investigate whether oxidization affects the immuno-
detection of HMGBI in future studies.

We and others are still routinely using the Western blotting
method to measure HMGBI1 in serum samples [22, 30—41].
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Chapter 3

ELISA-Based Assay for IP-10 Detection
from Filter Paper Samples

Camilla Heldbjerg Drabe, Thomas Blauenfeldt,
and Morten Ruhwald

Abstract

IP-10 is a small pro-inflammatory chemokine secreted primarily from monocytes and fibroblasts. Alterations
in IP-10 levels have been associated with inflammatory conditions including viral and bacterial infections,
immune dysfunction, and tumor development. IP-10 is increasingly recognized as a biomarker that
predicts severity of various diseases and can be used in the immunodiagnostics of Mycobacterium tuberculosis
and cytomegalovirus infection. Here, we describe an ELISA-based method to detect IP-10 from dried
blood and plasma spot samples.

Key words ELISA, Cytokine detection, IP-10, CXCL10, Filter paper, Dried blood spots, Dried
plasma spots, IGRA

1 Introduction

Interferon-y (IFN-y)-induced protein of 10 kDa (IP-10), also
known as CXCL-10, is a small pro-inflammatory chemokine
secreted from monocytes, endothelial cells, and fibroblasts as part
of both innate and adaptive immune responses. IP-10 is expressed
in response to multiple signals, mainly T cell-derived IFN-y and
tumor necrosis factor (TNF)-a but also interleukin (IL)-2, type 11
IFNs, 1L-27,11L-17 /1L-23, and IL-1B [ 1, 2]. IP-10 chemo-attracts
CXCR3-positive cells, including macrophages, dendritic cells, nat-
ural killer cells, and activated T lymphocytes, and is considered a
key mediator in pro-inflammatory immune responses | 3 ]. Increased
levels of IP-10 have been associated with inflammatory conditions
including both viral and infectious diseases, immune dysfunction,
and tumor development, and IP-10 is recognized as a biomarker
that predicts severity of various diseases [3].

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_3, © Springer Science+Business Media New York 2014
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For more than a decade, interferon-gamma release assays
(IGRAs) have been commercially available for diagnosing infec-
tions with Mycobacterium tuberculosis (Mth). The IGRAs quantify
the T-cell response to peptide antigens specific for Mth by measur-
ing the level of IFN-y released upon antigen stimulation in vitro
[4, 5]. IP-10 is similarly released upon antigen stimulation and is
increasingly recognized as an alternative immunodiagnostic bio-
marker [5, 6]. The diagnostic accuracy of IP-10 for active and
latent tuberculosis seems at par with IGRAs [6], but as IP-10 is
released in 100-fold higher levels than IFN-v, it allows for simpli-
fied detection methods including lateral flow and dried blood and
plasma spot (DBS/DPS) samples [1, 6-8].

In 1963, Robert Guthrie described a simple method to detect
phenylketonuria in newborns using DBS [9]. Since then, DBS has
been routinely used to screen newborns for metabolic and herita-
ble disorders worldwide [10]. DPS and DBS have several advan-
tages compared to conventional blood samples including ease of
sample collection, transportation, and storage. Numerous analytes,
including cytokines and chemokines, are quantifiable from samples
stored in filter paper [1, 11-13], although the small volume of
blood or plasma available from DBS /DPS samples can make detec-
tion of biomarkers expressed in low levels difficult [11].

Recently, Miller and McDade introduced a filter bottom plate
and centrifugation-based ELISA assay for interleukin-6 detection
from DBS [11]. Analyte extraction from DBS/DPS samples is
done in filter bottom microtiter plate, which hereafter is stacked on
top of the ELISA microtiter plate. By centrifugation of the stacked
plates, the extraction buffer is forced through the filter directly
into the corresponding ELISA plate well. The centrifugation step
improves protein extraction from the filter paper discs leaving
almost dry discs. This method has solved two drawbacks with
DBS/DPS-based protein detection: optimal analyte extraction
from the DBS/DPS samples and removal of filter paper discs from
the extraction buffer before analysis. On top of improvements in
analyte recovery, the method significantly reduces assay time and
numbers of manual steps.

We have recently developed an ELISA-based assay for IP-10
detection from DBS/DPS samples using passive diffusion-based
extraction from DBS /DPS samples directly in the ELISA plate [1].
This assay can be used for immunodiagnostics of Mzb and cyto-
megalovirus (CMV) infection [ 1, 7] and for monitoring liver fibro-
sis in hepatitis C virally infected patients [14]. Based on the
centrifugation method developed by Miller and McDade, we have
refined our assay for IP-10 detection from DBS/DPS samples.
Compared to the previous method, the centrifugation method
improves signal recovery by 18 % per disc (Drabe et al. in prepara-
tion). This report is a detailed description of the steps involved in
sample preparation and analysis.
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2 Materials

2.1 Collection
of Dried Blood Spot
Samples

2.2 ELISA Plate-
Coating Components

2.3 Standards,
Reagents, and Buffers

N I S

. Filter paper: Whatman 903 Protein Saver Card.
. Lancet.
. Disinfectant.

. Gloves.

. Nunc Maxisorb plates (Nunc).

. Coating antibody (mouse anti-human IP-10 monoclonal

antibody (mAb) (clone IM2) (see Note 1).

. Coating buffer (0.05 M sodium carbonate, pH 9.6): Dissolve

4.28 g Na,CO;x 10H,0 and 2.92 g NaHCO; in 900 mL of
sterile H,O, adjust pH to 9.6 with HCI/NaOH, and add ster-
ile H,O to a final volume of 1,000 mL. Store at 2—-8 °C for up
to 14 days.

. Blocking buffer (PBS, 0.1 % BSA, 5 % trechalose): Add 0.2 g

bovine serum albumin (BSA, Fraction V) and 5 g trehalose
(D-(+)-trehalose dehydrate) to 100 mL of phosphate-buftered
saline (PBS), pH 7 4.

. Casein—PBS: PBS, 1 % casein.

6. Wash buffer: Add 1 mL of Tween-20 to 1,000 mL of PBS.

Store for up to 1 month at room temperature.

7. Sealing tape (Nunc).

. Plastic bags with ziplock (15x25 cm).
. Desiccant bags (5 g silica gel).

. IP-10 protein standards: Recombinant human IP-10

(PeproTech) diluted in 1 % casein—PBS (pH 7.4) aliquot in
200 pL vials of 5,500 pg/mL. Store below -20 °C.

. Dilution buffer: Add 20 g BSA to 1,000 mL of PBS. Allow to

dissolve by occasional gentle shaking. Add 1 g dissolved
Bronidox (se¢ Note 2) and 1 mL of Tween-20. Adjust pH to 7 4.
Keep stable at +5 °C for up to 2 months or 12 months at =20 °C.

. Conjugate buffer: Mix IR1-HRP mAb in 3 mL of dilution

butffer to a final concentration of 0.2 pg/mL.

. Detection antibody: Vortex the horseradish peroxidase-

conjugated rat anti human IP-10 mAb (Clone IR-1) (IRI-
HRP mAb) (see Note 1).

. Substrate: 3,3’,5,5'-tetramethylbenzidine (<0.02 %), hydro-

gen peroxide (TMB One) (Kem-En-Tec Diagnostics A/S,
Taastrup, Denmark).

. Stop solution: 1 M H,SO,.
. Filter plate: HTS Filter Plate (MSHVN4510, EMD Millipore).
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3 Methods

3.1 Preparing
the Samples

3.1.1  Finger Prick Blood

For sample collection on filter paper two methods can be
approached: Either blood is collected directly on the filter paper
from the patient after a finger prick, or the sample is obtained by
collecting the blood by standard venipuncture followed by pipet-
ting sample material onto the filter paper. Always wear gloves when
working with the filter paper.

1.

I

Clearly label the Whatman Protein Saver 903 Card with patient
ID and date.

. Clean the incision area with an alcohol swab and allow to air-

dry. Do not allow the incision site to come into contact with
any non-sterile item or surface.

. Prick using a lancet/needle (Fig. 1).
. Hold the Whatman Protein Saver 903 Card without touching

the filter paper (see Note 3).

. Uniformly saturate the filter paper by quickly and gently touching

the drop of blood to the Whatman Protein Saver 903 Card (see
Figs. 2 and 3). Do not press the puncture site to the filter paper
or touch the Whatman Protein Saver 903 Card at any stage of

|

Fig. 1 Finger prick using a lancet: Start by disinfecting the area at the fingertip.
Prick using a lancet. If the blood is not running immediately, a small squeeze on
the sides of the finger will help the blood drops form
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Fig. 2 Applying blood from a finger prick to filter paper: Place the filter paper hori-
zontally under the finger

Fig. 3 Applying blood from a finger prick to filter paper: Raise the paper carefully
to the drop of blood, and the blood will uniformly saturate the paper in a circle. It
is very important that the finger is not directly touching the paper

collection. Do not touch the DBS circle once blood is applied
(see examples of acceptable and unacceptable spots: Fig. 4).

6. After collecting five blood spots, clean the site and leave it
unbandaged.
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3.1.2 Sample Material
Obtained by Venipuncture

Fig. 4 Examples of an acceptable and an unacceptable blood spot. The first spot
is made as shown in Figs. 2 and 3. The spot is homogenous, borders are sharply
defined, and the size is acceptable (>8 mm). The second spot is made with the
finger touching the paper. This spot is unevenly saturated, borders are inhomo-
geneous, and the spot is too little

7. Allow the spots to dry for 3—4 h at ambient temperature in a
not-too-humid atmosphere or 10 min at 50 °C. The samples
should be protected from direct sunlight while drying.

8. Place the samples in a zip-locked plastic bag with a desiccant.
Place this bag in another zip-locked plastic bag with desiccant
to minimize the risk of humidity exposure.

9. Store samples until analysis. IP-10 is stable for at least 4 weeks
at up to 37 °C, but for optimal preservation for longer periods
storage below -20 °C is preferred [1].

This method allows for greater sample material quantities, higher
homogeneity of spots, and samples to be manipulated before anal-
ysis, e.g., incubated with specific antigens (see Note 4). Samples
can be stored as plasma spots or blood spots according to one’s
preferences (see Note 5).

1. Prepare filter paper with patient ID and date, and place the
filter paper horizontally at a non-absorbent surface.

2. Blood sample preparation for DBS samples. Use heparin-,
EDTA-, or citrate-stabilized blood. Ensure that cells and
plasma are completely mixed; this can be done with gentle
shaking of the vacutainer tube for at least 1 min. If blood clots
are present in the tube the blood is insufficiently stabilized and

should be discarded.
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Fig. 5 Blood spots from full blood obtained from venipuncture: Apply the blood to
the filter paper by holding the pipette at a 90° angle from the filter paper 1-2 mm
above the filter paper. Gently spot 30—50 pL blood (or 25-40 pL plasma) on the
filter paper. To assure that the sample distributes evenly on the paper, it is impor-
tant that emptying the pipette is done at low speed

3. Blood sample preparation for DPS samples: Use heparin-,
EDTA-, or citrate-stabilized blood (se¢e Note 3). Ensure that
cells and plasma are completely separated by centrifugation of
the sample 2,000 x4 for 10 min (no brake on the centrifuge).

4. Apply by holding the pipette at a 90° angle from the filter
paper 1-2 mm above the filter paper (see Fig. 5). Gently spot
30-50 pL of blood or 25-40 pL of plasma on the filter paper.
To assure that the sample distribute evenly on the paper, it is
important that emptying the pipette is done at low speed.

5. Store as described in 3.1.1 paragraph 7-9.

1. Mix 30 pL of IM2 mAb in 10 mL of coating bufter for a final
concentration of 3 pg/mL. Add 100 pL/well on the maxisorb
plate with a multichannel pipette. Cover the plates with sealing
tape and incubate overnight at 2—-8 °C or for 2 h at 37 °C.

2. Wash 1x300 pL/well with wash buffer, and add 150 pL/well
blocking buffer to all wells using the multichannel pipette. Cover
the plates with sealing tape and incubate for 2 h at 20 °C.

3. Pour the blocking buffer out (see Note 6).
4. Dry the plates at 37 °C overnight in a ventilated incubator.

5. Store the plates in individual ziplock bags with a desiccant
bag at 4 °C until use. Store under these conditions for up to
12 months.
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3.3 Preparing

the Plate and Samples

3.4 ELISA Plate

All reagents and plates must have room temperature. Design
your plate layout.

1. Defrost one premade IP-10 protein standard (5,500 pg/mL).

Resuspend vial by gentle pipetting. Serially dilute the standard
to make a seven-point standard curve: Add 100 pL of dilution
buffer in six 200 pL tubes, add 100 pL of premade IP-10
protein standard to the first tube of dilution buffer, and mix
using the pipette. Of this suspension, take 100 pL and mix to
the next tube of dilution bufter. This step is repeated until five
tubes contain a mix of dilution buffer and IP-10 protein. The
sixth tube is left with only dilution buffer and serves as a blank.
The first standard curve point is the premade un-diluted IP-10
protein (see Note 7).

. Place the filter bottom plate on a non-wicking surface with

space between well bottom and surface (e.g., using an empty
96-well plate) (see Note 8). Note the date and number of the
assay on the plate.

. Punch one or two 5.5 mm disc from the filter sample using a

standard office hole puncher or suitable other DBS punching
equipment (e.g., Harris Uni-Core™ punchers (Whatman,
USA)) (see Note 9). When using a classic office hole puncher,
remove the bottom of the hole puncher and reverse the
puncher upside down. Place the filter paper so that the sample
is visible through the hole of the puncher. Make sure that
the sample is centered before punching to avoid any part
of the disc not containing sample material.

. Use forceps to place the disc in the appropriate well in the filter

microtiter plate according to the plate layout. Make sure that
all discs are placed horizontally at the bottom of the well
(see Note 10).

. After all discs have been placed in the plate, add 80 pL of

dilution bufter to all wells using a multichannel pipette.

. Add 10 pL of standards to the appropriate wells, and mix using

the pipette.

7. Avoid air bubbles under the discs by applying a gentle pressure of

a pipette tip on discs that are resting on air bubbles. Use a clean
tip for every well to avoid cross contamination (se¢ Note 11).

. Cover the plate with a lid and incubate for a total time of 1 h

at room temperature (see Note 12). The plate must be pro-
tected from light during incubation.

. ELISA plate: Note the date and number of the assay on the plate.
. Add 20 pL of conjugate buffer to all wells of the pre-coated

ELISA plate using a multichannel pipette (see Note 13).

. Stack the filter plate on top of the pre-coated ELISA plate with

conjugate buffer. Spin the plates at 4,000/min for 5 min,
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and turn off the brake. The incubation time begins at the start
of the centrifuge (see Note 14).

. After completion of centrifugation, cover the ELISA plate with

a lid or a sealing tape, or simply leave the filter plate on top of
the ELISA plate, and incubate for a total time of 1 h at room
temperature in the dark (see Note 15).

. After incubation, wash the plate by adding 300 pL of wash

buffer per well. Discard the wash buffer after 30 s. Repeat this
step four times. Knock the plate dry on clean paper towels.

. Add 100 pL of TMB substrate to all wells using a multichannel

pipette, and incubate the plate for an additional 30 min at
room temperature in the dark.

. Stop the reaction by adding 100 pL of H,SO, to all wells using

a multichannel pipette (see Note 16).

. The assay is now complete, and the optical densities of samples

can be read with an ELISA reader at 450 nm with 630 nm
reference.

. Export the 450 nm readings after subtracting 630 nm. Use stan-

dard curve to calculate IP-10 concentration in the DBS discs.

4 Notes

. As an alternative to IM2/IR1 antibodies, we recommend

Human Quantikine ELISA kit (cat. Nr. DIP100) or the more
cost-effective Human CXCL10 DuoSet (cat. Nr. DY266),
both by R&D systems (Minneapolis, MN, USA). Especially
when analyzing signals from unstimulated samples where
IP-10 content is low, these ELISAs should be run with the
highest possible volume of DBS/DPS buffer (e.g., 75 pL) to
ensure high signals [11].

. Dissolve 5 g Bronidox powder (Sigma-Aldrich) in 25 mL of

97 % ethanol under biohazard hood using protective gear, and
add 5 mL of the Bronidox preservative to the solution.

. If this method proves difficult or higher homogeneity of sam-

ples is required, blood drops can be collected in a capillary
tube before rapid transfer to the filter paper.

. If stimulating whole blood before DBS/DPS sampling, it is

important only to use heparinized blood. If using chelate-
stabilized blood (e.g., EDTA) the Ca?* ions required for T cell
signaling and activation are bound and immune responses
become artificially low.

. Plasma is less viscous and makes larger spots compared to

whole blood. The less viscous plasma is easier to control when
preparing spots from stimulated heparinized blood as the anti-
coagulant ensures that cells have formed a pellet during the
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10.

11.

12.
13.

14.

15.
16.

incubation period and plasma can be easily sampled. In con-
trast preparation of a DBS sample from stimulated blood
requires shaking of the blood to resuspend the cells. This pro-
cedure can be difficult to master as too little shaking makes
uneven and unacceptable spots and too much agitation can
cause cell lysis and undesired results.

. Avoid knocking, as a residual volume of trehalose is needed to

stabilize the coating antibody in dried form.

. The standard points are 500, 250, 125, 62.5, 31.3, 15.6, 7.8,

and 0 pg/mL.

. If the tip below the filter plate touches a wicking surface it will

empty which affects the results.

. When analyzing samples with low IP-10 concentration, e.g.,

unstimulated samples of healthy persons, the use of two discs
per sample well improves signal strength and improves technical
precision.

By gently moving the plate back and forth on the table, discs
will easily fall to the bottom of the well. If there are any discs
that are still misplaced after this maneuver, gently press them in
place with the forceps or a pipette tip.

Make sure that you press the disc very gently with the pipette
tip. If the pressure is too forceful, there is a risk of penetrating
the bottom of the filter plate or otherwise compromising the
filter barrier and cause loss of sample material from the well.

Applying sealing tape can lead to leaking; a lid is preferred.

Preparing of the conjugate buffer must be done in immediate
relation to its use. The conjugate must be kept at 5 °C until
use. Start preparing the conjugate bufter 5-10 min before the
1-h incubation is complete to have the ELISA plate ready for
centrifugation.

Use only good-quality plates as contra weight in the centrifuge as
some plates can break at the high g-forces causing undesired results.

The incubation step can take place in the centrifuge.

The volume of H,SO, will create enough motion in the well to
mix contents.
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Chapter 4

Enhanced ELISA Based on Carboxymethylated
Dextran Coatings

Benoit Liberelle, Charles Fortier, and Gregory De Crescenzo

Abstract

In a “sandwich” enzyme-linked immunosorbent assay (ELISA) designed to detect an antigen in a complex
protein mixture, the antigen is usually captured vZa an antibody adsorbed to the wells of a microplate. Plate
preparation for standard assay involves a passive adsorption of capture antibodies followed by the incubation
of blocking agents. Here, we describe a new strategy that replaces these two time-consuming adsorption
steps (up to 15 h) by a unique step corresponding to the covalent grafting of the capture antibody on a
carboxymethylated dextran (CMD) layer, a single step completed in 15 min. Taking advantage of the CMD
low-fouling properties, blocking agent-free buffer solutions can be used as diluent in the improved approach.

Key words Carboxymethylated dextran, Carbodiimide chemistry, Covalent attachment, ELISA,
Low-fouling

1 Introduction

Enzyme-linked immunosorbent assay (ELISA) is the most com-
monly used tool for antigen detection and quantification in com-
plex solutions. In its original setup, the entire process is based on
the physical adsorption of capture antibodies and blocking agents
(Fig. la). The weak attachment between these biomolecules and
the plate may however be disrupted during the washing steps
involving detergent molecules [ 1] or under shaking [2]. Assay buf-
fer is therefore supplemented with blocking agents to fill open
spaces created by the detachment of biomolecules [3]. Bovine
serum albumin (BSA), low-fat milk, albumin, or gelatin are rou-
tinely used to block the microplates and usually improve ELISA
specificity [3, 4]. Benefits of blocking agents may be nevertheless
limited when undesired interactions between ELISA reagents and
blocking molecules induce a decrease in ELISA sensitivity [5, 6].
Based on the previously addressed limitations of classical
ELISA setup, we here report the development of a new generation
of ELISA allowing for faster thus more convenient ELISA (Fig. 1b).

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_4, © Springer Science+Business Media New York 2014
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a b
Y <
Capture Blocking

antibody agent

Fig. 1 Schematic illustration of capture antibody immobilization. (a) Standard
ELISA based on the physical adsorption of capture antibodies (up to 14 h) and
blocking agents (1 h) on polystyrene wells, and (b) modified ELISA involving the
covalent attachment of capture antibodies (15 min) onto a carboxymethylated
dextran (CMD) layer grafted on aminated wells

More specifically, we propose to chemically graft a thin layer of
carboxymethylated dextran (CMD) on aminated ELISA micro-
plates. Taking advantage of its low-fouling properties and the avail-
ability of free carboxylic groups homogeneously distributed on the
polymer, CMD coating may efficiently allow for the covalent
immobilization of capture antibodies while acting as a protein
adsorption blocking layer per se [7]. The potential of our approach
was highlighted with a commercially available ELISA kit developed
for the detection of human epidermal growth factor (hEGF) using
a protein-free buffer as reagent diluent.

2 Materials

2.1 Dextran
Carboxymethylation

Prepare all solutions using ultrapure water (resistivity of
18.2 MQ cm; total organic compounds (TOC) <5 ppb) and ACS-
grade chemical reagents. Store all reagents at 4 °C (unless indi-
cated otherwise). Glassware should be carefully cleansed by
overnight immersion in a bath of potassium hydroxide-saturated
isopropyl alcohol followed by intensive rinsing with ultrapure
water (see Note 1).

. Technical grade dextran powder (see Note 2).

. Sodium hydroxide (NaOH) pellets.

. Bromoacetic acid.

. Hydrochloride solution (HCIL, 37 % v/v).

. Reagent for 'TH NMR characterization: Deuterium oxide (D,0).
. Rubber/latex-free syringes (1 and 20 mL).

. 25 mm Syringe filters (0.2 pm nylon membrane).

. Single-use stainless steel needles.

. Amicon Ultra-15 centrifugal filter unit with Ultracel-10
membrane.

. 1.5 mL Tubes.

O 0 N N Ul R W N~
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2.2 ELISA Plate
Functionalization

2.3 ELISA Reagents
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. Commercially available aminated microplates.
. 0.1 M NHS aliquots: N-Hydroxysuccinimide (NHS) in water.

Weigh 0.74 g NHS. Dissolve in 65 mL of ultrapure water. Aliquot
in 750 and 150 pL volumes. Store below —18 °C until use.

. 0.4 M EDC aliquots: Ethyl- N'-(3-dimethylaminopropyl) car-

bodiimide hydrochloride (EDC) in water. Weigh 5 g EDC.
Dissolve in 65 mL of ultrapure water. Aliquot in 750 and
150 pL volumes. Store below -18 °C until use.

. DPBS: Dulbecco’s phosphate-buftered saline (8 mM sodium

phosphate, 2 mM potassium phosphate, 140 mM sodium
chloride, 10 mM potassium chloride, pH 7.4; see Note 3).
Undissolved materials are removed by passing the solution
through a 0.2 pm filter unit. Store at 4 °C.

. 10 mM Acetate buffer, pH 5.0: Mix 10 mM sodium acetate

and 10 mM acetic acid solutions. Dissolve 41 mg of sodium
acetate in 50 mL of ultrapure water. Adjust the pH to 5.0 by
adding a 10 mM acetic acid solution, z.e., 28.6 puL of glacial
acetic acid in 50 mL of ultrapure water. Undissolved materials
are removed by passing the solution through a 0.2 pm filter
unit. Store at 4 °C.

. 1 M EtA, pH 8.5: Ethanolamine (EtA) in water: In a flask

containing 86 mL of ultrapure water, add 9.7 mL of ethanol-
amine hydrochloride, EtA-HCI (99 + % purity). Prepare a fresh
1 M NaOH solution by dissolving 0.8 g of NaOH pellets in
20 mL of ultrapure water. Adjust the pH of the diluted EtA-
HCI solution to pH 8.5 (¢a. 4 mL of the 1 M NaOH solution
is required). Undissolved materials are removed by passing the
solution through a 0.2 pm filter unit. Store at 4 °C.

Detection and quantification of recombinant human epidermal
growth factor (rhEGF) was used in this chapter as an example.
Commercially available DuoSet ELISA kit containing mouse
anti-human EGF antibody (capture antibody), biotinylated goat
anti-human EGF antibody (detection antibody), streptavidin—
horseradish peroxidase (streptavidin—HRP, 200x), rhEGF, BSA,
and substrate solution (hydrogen peroxide /tetramethylbenzidine)
were purchased from R&D Systems (Minneapolis, MN).

1. DPBS-T: Wash buffer containing 0.05 % Tween 20 in DPBS.

Dilute 250 pL of Tween 20 in 500 mL of DPBS (see Note 4).
Store at 4 °C.

2. DPBS-BSA: Blocking solution containing 1 % BSA in DPBS.

Store at 4 °C.

3. Capture antibody aliquots (200x): Dissolve 720 pg of lyophi-

lized antibodies in 0.9 mL of DPBS. Aliquot in 30 pL volumes.
Store below -18 °C until use.
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4.

Standard rhEGF aliquots (1.65 pM): dissolve 0.1 mgin 10 mL
of PBS-BSA.

. Detection antibody aliquots (200x): Dissolve 9 pg of lyophi-

lized antibodies in 0.9 mL of DPBS-BSA. Aliquot in 30 pL
volumes. Store below —18 °C until use.

. Stop solution: 2 N sulfuric acid solution: In a glass bottle,

dilute 2.8 mL of sulfuric acid (99 + % purity, 35.6 N)in47.2 mL
of ultrapure water. Store in a well-ventilated place.

3 Methods

3.1 Production of
Garboxymethylated
Dextran

3.2 Characterization
of Carboxymethylated
Dextran

. Add 1.19 g of NaOH pellets, 10 mL of ultrapure water, and a

large magnetic stirrer in a 100 mL conical flask. Slowly add
400 mg of dextran under stirring (se¢ Note 5). Once dissolved,
add 1.4 g of bromoacetic acid, close the conical flask using
aluminum foil, and seal using parafilm. Keep the reaction mix-
ture under mild stirring for 15 h at room temperature (RT).

. Remove the aluminum foil from the flask. Adjust the pH to 5

by adding HCI dropwise with a 1 mL syringe (se¢ Note 6).
Stop stirring.

. Collect the solution using new disposable 20 mL syringe and

needle. Discard the needle, and mount a 0.2 pm filter to the
syringe. Inject 2.5 mL in a centrifugal filter (se¢ Note 7).

. Top the centrifugal filter to 15 mL with ultrapure water.

Centrifuge for 30 min at 4,000 x g in a swinging bucket rotor.
Discard the filtrate.

. Repeat step 4 another five times.

. Homogenize the retentate by pipetting up and down several

times with a 200 pL pipette. Collect the retentate, and aliquot
it by up to 750 pL in 1.5 mL tubes. Let the aliquots freeze in a
-20 °C freezer. Lyophilize. Store the powder at 4 °C until use.

. Rinse and store the centrifugal filter at 4 °C in a 1 % sodium

benzoate solution until use.

. Sample preparation for "H NMR characterization: Weigh 5 mg

of dextran. Dissolve each powder in 1 mL of D,O. Sonicate
until complete solubilization.

. Collect '"H NMR spectra (see ref. [7]) at 50 °C, and suppress

the water signal by pulse sequences (72.4°). Representative
spectra are shown in Fig. 2. The degree of carboxymethylation
(or dem) can be evaluated from the 'H NMR peak integration
ratio of the newly added methyl protons (peak &) to the ano-
meric protons (peaks 2 and a'):

b



Dextran-Based ELISA 43
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Fig. 2 'H NMR spectra and corresponding peak identification for dextran and carboxymethylated dextran
(CMD). Here, dextran was carboxymethylated for 1 h to yield a CMD with a degree of carboxymethylation (dcm)
of ca. 33 %. The water signal (located at ca. 4.7 ppm at 50 °C) was suppressed by pulse sequences

3.3 Carboxy-
methylated Dextran
Layer Grafting

3.4 Capture Antibody
Grafting

1. Dissolve 20 mg of CMD in 9 mL of ultrapure water. Thaw and
add two aliquots of 0.1 M NHS (2x 750 pL) and two aliquots
of 0.4 M EDC (2x750 pL). Mix and immediately inject
110 pL of the NHS-activated CMD solution into cach ami-
nated well. Cover the ELISA plate with an adhesive protective
film and incubate on an orbital plate shaker for 30 min at RT.

2. Rinse the wells three times (3x200 pL) with DPBS and five
times (5x200 pL) with ultrapure water (see Note 8).

For the following steps, do not allow the plate to dry at any point.
During the incubation times, the plates are covered with an adhe-
sive film and placed on an orbital plate shaker.
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1. Thaw and mix eight aliquots of 0.1 M NHS (8 x750 pL) and
eight aliquots of 0.4 M EDC (8 x750 pL). Immediately inject
100 pL of the carbodiimide solution into each aminated well.
Incubate for 5 min at RT.

2. Rinse the wells one time with 200 pL of ultrapure water (see
Note 9), and immediately inject 100 pL of the capture antibody
solution (2x30 pL of capture antibody dissolved in 12 mL of
10 mM acetate buffer, pH 5.0) into each well for 15 min at RT.

3. Rinse the wells three times with 200 pL of DPBS-T.

4. Incubate 100 pL of 1 M EtA (pH 8.5) in each well for 10 min
at RT (see Note 10).

5. Rinse the wells three times with 200 pL. of DPBS-T.

3.5 Assay Procedure  For the following steps, do not allow the plate to dry at any point.
During the incubation times, the plates are covered with an adhe-
sive film and placed on an orbital plate shaker.

1. Incubate 100 pL of standard rhEGF solutions and samples for
1 hat RT.

2. Rinse the wells three times with 200 uL. of DPBS-T.

3. Dilute two aliquots of detection antibody (2 x 30 pL.) in 12 mL
of DPBS-T. Incubate 100 pL of the diluted detection antibody
solution for 30 min at RT.

4. Rinse the wells three times with 200 pL. of DPBS-T.

5. Dilute 60 pL of streptavidin—HRP (200x) in 12 mL of DPBS-T
(see Note 11). Incubate 100 pL of the diluted streptavidin—
HRP solution for 20 min in the dark at RT.

6. Rinse the wells three times with 200 pL. of DPBS-T.

7. Mix 6 mL of color reagent A (hydrogen peroxide) and 6 mL of
color reagent B (tetramethylbenzidine) (see Note 12). Incubate
100 pL of the substrate solution for 30 min in the dark at RT.

8. Add 50 pL of the stop solution in each well. Gently tap the
plate to ensure thorough mixing.

9. Read the optical density of each well using a microplate reader
set at 450 nm (see Note 13). If wavelength correction is avail-
able, subtract readings at 540 nm (or 570 nm) from the read-
ings at 450 nm (see Note 14). Standard ELISA dose—response
curve is proposed in Fig. 3.

4 Notes

1. “Base bath” (saturated potassium hydroxide (KOH) in isopro-
panol) is commonly used to remove organic contaminants that
are physically adsorbed or chemically attached to the laboratory
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Fig. 3 Typical standard curve generated for human EGF detection with DuoSet capture antibodies chemically
grafted on a CMD layer

glassware. Overnight soaking in the cleaning bath can indeed
dissolve a thin outer layer of the glass. Safety precautions are
required when this highly caustic solution is used; that is, wear
apron, eye protection, and thick butyl gloves; keep ignition
sources away from the base bath; protect the work area from
the caustic solution with aluminum foil. Place a large plastic
container in a fume hood; add approximately 200 g of solid
KOH pellets and 4 L of isopropyl alcohol. Dry and oil-free
glassware is left to soak. Replace the cover onto the plastic con-
tainer. After overnight immersion, the glassware is rinsed thor-
oughly with ultrapure water and dried in air. Note that KOH
pellets should be added occasionally to maintain a KOH satura-
tion and the base bath efficiency.

2. The impact of the dextran molecular weight (Mw=10, 70, and
500 kDa) on ELISA response was evaluated in a previous study
(see ref. [8]). We recommend 70 and 500 kDa dextrans to
maximize both ELISA sensitivity and amplitude of standard
dose-response curve response.

3. Dulbecco’s phosphate-buftered saline (modified PBS, without
calcium chloride and magnesium chloride) is a physiological
buffer commonly used for ELISA. Presence of divalent ions
may indeed induce some nonspecific electrostatic interactions
between ELISA reagents. Dry-blend powders of Dulbecco’s
PBS are commercially provided to eliminate weighing time,
pH adjustments, and concerns about long-term stability.
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4.

10.

11.

Tween 20 is a viscous liquid. Cutting off a small amount of the
pipette tip is helpful to aspirate the required volume. Once
added to DPBS, gently mix the solution to prevent any excessive
foaming.

. Slowly add dextran to the aqueous solution to avoid formation

of dextran aggregates. Note that ultrasonic bath can be used to
dissolve any remaining dextran aggregates and obtain a homo-
geneous mixture.

. HCl is injected in the alkaline reactive solution to stop dextran

carboxymethylation process. 600-1,000 pL. HCI are required
to reach pH 5 for 10 mL of reagent. Acidity can be evaluated
using pH paper.

. We recommend that the total amount of CMD processed in

such centrifugal filter do not exceed 100 mg in order to avoid
viscosity issues that may slow down purification and limit each
centrifugation yield. The centrifugal filter membrane cutoft
should be at least three times smaller than the dextran molecu-
lar weight. For the 70 kDa and 500 kDa dextrans, we recom-
mend cutofts of 10 kDa and 100 kDa, respectively.

As an alternative to centrifugal filters (or when CMD is pro-
duced in larger quantity), dialysis membranes (standard regen-
erated cellulose membranes, molecular weight cutoff=8 kDa)
can be used. Rinse the pre-wetted membranes with ultrapure
water. Inject the syringe content into the dialysis tubing pass-
ing through a 0.2 pm filter. Dialyze at least five times against
ultrapure water (use a large water container; slowly increase
the dialysis time from 15 min to overnight). Filter (0.2 pm)
and lyophilize the retentate. Rinse and store the dialysis mem-
brane at 4 °Cin a 1 % sodium benzoate solution until use.

. For long-term storage, CMD-coated microplates may be air-

dried (preferably in a laminar-flow cabinet to prevent dust
deposition), sealed with an adhesive protective film, and stored
at 4 °C until use. Note that comparable ELISA responses were
obtained using freshly made CMD-covered plates and air-dried
CMD plates that had been stored for 8 weeks at 4 °C.

. The stability of NHS-activated carboxyl groups decreases in

the presence of salt (see ref. [7]). Ultrapure water is preferred
for the rinsing step following a carbodiimide activation.

EtA is used to deactivate the remaining NHS-reactive groups
in order to prevent any undesired attachment of amine-
containing molecules. Note that if the capture antibody con-
centration is high (as in the chosen example, z.c., 4 pg/mL),
the EtA blocking step is not required (see ref. [8]).

HRP is light sensitive. Once prepared, wrap the labware con-
taining diluted streptavidin—-HRP solution with aluminum foil.
During incubation time, protect the plate from light with a box.
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12. Substrate solution is unstable and light sensitive. Prepare the
solution only a few minutes before injection, and wrap the lab-
ware containing the substrate solution with aluminum foil.
During incubation time, protect the plate from light with a box.

13. Clean the bottom surface of the plate with a lint-free wipe to
remove dust and dried liquid before reading the plate.

14. Readings made directly at 450 nm without correction may be
higher and less accurate.
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Chapter 5

A Novel Three-Dimensional Biosensor Based on Aluminum
Oxide: Application for Early-Stage Detection of Human
Interleukin-10
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Abstract

Immunosensors based on electrolyte-oxide-semiconductors (EOS) have been extensively researched over
the last few decades. By electrochemical impedance spectroscopy (EIS) the specific molecular biorecogni-
tion of the antibody—antigen (Ab—Ag) can be detected providing an alternative quantitative system to
immunoassay techniques. The electrochemical variations from a fabricated immunosensor can provide
quantitative values for the analyte of interest at reduced costs and analysis time. In this context, a novel
EOS substrate based on aluminum oxide (Al,O3) grown by atomic layer deposition on silicon was applied.
The interaction between recombinant human (rh) interleukin-10 (IL-10) with the corresponding mono-
clonal antibody (mAD) for early cytokine detection of an anti-inflammatory response due to left ventricular
assisted device implantation was studied. For this purpose, a 3D biosensor was composed of multi-walled
carbon nanotubes with carboxylic acid functionalities (multi-walled carbon nanotubes—COOH) to increase
the surface area for the range of human IL-10 detection. These were activated with N-hydroxysuccinimide
and N-(3-dimethylaminopropyl)- N'-ethyl-carbodiimide hydrochloride for the immobilization of the anti-
human IL-10 mAb. First, the interaction between the Ab and Ag was observed by fluorescence patterning
to ensure that the biorecognition event was achievable. Then, EIS is explained for the quantification of
commercial human IL-10 on this capacitance-based EOS macroimmuno-FET sensor.

Key words Immunosensor, Aluminum oxide, Interleukin-10, Silane, Carbon nanotubes,
Fluorescence, Electrochemical impedance spectroscopy

1 Introduction

Biosensors are widely regarded with interest due to the potential
that they can be applied as an alternative to immunoassay tech-
niques (e.g., enzyme-linked immunosorbent assay (ELISA)) when
utilized within clinical diagnostics. Biosensors based on electrical
measurement are devices that employ biochemical molecular rec-
ognition for desired selectivity with a specific biomarker of interest,

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_5, © Springer Science+Business Media New York 2014
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e.g., the antibody—antigen (Ab—Ag) complex. The bioreceptor (Ab)
is incorporated onto the transducer, and the biosensitive material is
converted into a quantitative signal that can be measured in the
form of an electrochemical response. One of these techniques is
known as electrochemical impedance spectroscopy (EIS) where
upon biorecognition a change can be observed in the interfacial
charge, resistance, capacitance, mass, and thickness at the electrode
surface. These biosensors require no or little sample preparation
[1-5], though nonspecific binding (NSB) is an issue. There are no
discriminatory processes that are capable of differentiating between
the measured signal from specific and nonspecific interactions [6].
Therefore, the surface of the biotransducer has to be developed for
sensitivity towards only the binding of the desired interaction
whilst retaining its high specificity against NSB.

Over the past few decades, biosensor fabrication has been
based upon the semiconducting properties of silicon with ther-
mally grown silicon dioxide (SiO,) and silicon nitride (Si;N,) being
most favorable, when used as transistor gates within field effect
transistors (FETs) [7-11]. In today’s climate, thickness reduction
of SiO, complementary metal oxide semiconductor (CMOS)
devices has introduced a fundamental challenge to downscaling as
high gate oxide leakage becomes apparent when the quality of the
Si0O, layer is jeopardized. Capacitance can be enhanced by increas-
ing the dielectric constant (%), and, therefore, many materials have
been considered as potential alternatives for gate-/% materials instead
of Si0,. These metal oxides can present the necessary capacitance
due to their physical thickness and, thus, a reduction of the gate
leakage current [12]. Previously, we have demonstrated the appli-
cation of a novel immunosensor based on hathium oxide (HfO,)
that was functionalized with an aldehyde-silane ((11-(triethoxysilyl)
undecanal (TESUD)) for the direct immobilization of the anti-
human interleukin-10 (IL-10) Ab. This was followed by the EIS
detection of human IL-10. This biosensor was sensitive between
0.1 pg/mL and 20 pg/mL, respectively [13]. Therefore, to
improve the sensitivity of a biosensor, carbon nanotubes (CNTs)
have been intensively researched due to their unique properties
and promising applications in nanotechnology. This interest reflects
upon their extraordinary chemical, electrical, mechanical, and
structural properties [14, 15]. For electrochemical sensors, CNTs
are advantageous due to their large surface area that can produce
high sensitivity, improved chemical stability, and good biocompat-
ibility for electrochemical biosensors that require electron transfer
of redox proteins and enzymes [16].

To ensure the functionality of a biosensor, fluorescent imaging
is a rapid tool for analyzing biolayers, which ensures that detection
can be made by formulating biorecognition processes due to the
high affinity an Ab has for its corresponding Ag. The soft-
lithographical technique, micro-contact printing (pCP), facilitates
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the printing of the required pattern by applying a structured
poly(dimethylsiloxane) (PDMS) stamp [17]. The functionality of
the immobilized receptor by the fluorescent pattern is, therefore,
firstly required before EIS measurements can be undertaken.

Here, we present a novel substrate of Al,O; where the bio-
recognition process of human IL-10 on the immobilized multi-
walled carbon nanotubes (MWCNTs) was first of all characterized
by fluorescence patterning using pCP. After ensuring that the bio-
recognition process worked, an immuno-FET was fabricated and
analyzed using EIS to evaluate this novel biosensor for early-stage
detection of human IL-10 inflammation for lett ventricular assisted
device (LVAD) recipients.

2 Materials

1. Anti-human IL-10 monoclonal antibody (R&D Systems):
Dilute the antibody to 10 pg/mL in PBS.

2. Recombinant human IL-10 protein (R&D Systems): Dilute to
25 pg/mL in PBS.

3. Carboxyfluorescein-conjugated anti-human IL.-10 monoclonal
antibody (R&D Systems): Dilute to 2.5 pg/mL in PBS.

4. Carboxylicacid-functionalized MWCNT solution (DROPSENS).

5. PDMS (Sylgard 184).

6. Piranha solution: Mix three volumes of H,SO, and one volume
of H202.

7. Base piranha solution: Mix three volumes of NH,OH and one
volume of H,O,.

8. Octadecyltrichlorosilane (OTS) solution: 160 pL of OTS and
10 mL of CCly in 40 mL of heptane.

9. 3-(Aminopropyl)triethoxysilane (APTES) 1 % solution: Mix
50 pL of APTES and 4,950 pL of DI water.

10. MWCNT-COOH mixture: Disperse 0.17 pL from 0.25 mg/
mL MWCNT in 183 pL of DI H,O containing sodium 5.77
mg (0.1 M) dodecyl sulphate (SDS). This produces a final
volume of 200 pL.

11. 0.8 M Solution of N-(3-dimethylaminopropyl)- N'-ethyl-
carbodiimide hydrochloride (EDC).

12. N-hydroxysuccinimide (NHS) solution: Prepare 0.2 M solu-
tion of NHS (2.30 mg) and 0.8 M solution of EDC (12.42 mg)
in PBS, and then add together to produce a final volume of
200 pL.

13. 0.1 % Ethanolamine (ETA): Mix 1 pL of ETA in 999 pL of
PBS in Eppendorf tube; centrifuge.
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14. Sulphuric acid (H,SOy).

15. Ammonium hydroxide (NH,OH).
16. Hydrogen peroxide (H,0,).

17. Carbon tetrachloride (CCly).

18. Heptane.

19. Ethanol.

20. Acetone.

21. UV /Ozone cleaner (BioForce).

3 Methods

3.1 Preparation of
Al,0,

3.2 Biorecognition
by Micro-contact
Printing

3.2.1 Preparation of
Micro-contact Printing
Tools

The macro-FET structures were developed at the Centro Nacional
de Microelectronica (CNM) in Barcelona using 100 mm diameter
p-type silicon wafers (<100>), oriented and with a resistivity
4-40Q cm. After standard cleaning, the high-% dielectric is depos-
ited by atomic layer deposition (ALD) (Cambridge NanoTech
Savannah 200 ALD system). The system uses deionized water (DI
H,0) as the oxygen precursor, together with trimethylaluminum
(TMA) for Al,O; deposition and N, as the carrier/purging gas.
Deposition of the Al,Oj; layer is carried out at a temperature of
200 °C and at a base pressure of 300 mTorr using 90 ALD cycles.
A first estimation of the deposited Al,Oj; layer thickness is carried
out by means of ellipsometry, obtaining a thickness of 10.8 nm
having fixed the refractive index to 1.64.

Finally, a 500 nm thick aluminum (Al) layer is deposited on the
back of the wafers for electrically contacting the silicon substrate

(Fig. 1).

1. Fabricate a positive 10 pm? square patterned silicon mold.
Define microstructures into the surface of the silicon to produce
a master with positive superficial structures. Here, a silicon wafer
(<100> orientation) with a photoresist is patterned using a mask
containing the required squared structures by established pho-
tolithography techniques. Etch the surface of the photoresist
using deep reactive ion etching (DRIE) (601 DRIE, Alcatel) to
the required depth. The process for the etching conditions is
optimized to machine whole-silicon wafers [18].

A|203 (108 nm)
Si (500 um)

Al (500 nm)

Fig. 1 Schematic illustrations of the macro-FET fabricated at the CNM, Barcelona
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Fig. 2 Hydrophobic monolayer to enable PDMS peeling from the silicon master mold

3.2.2 Soft Lithography
and Replica Molding

2. Silanize the mold to ensure that PDMS replicas can be easily
demolded by creating a hydrophobic monolayer onto the silicon
surface (Fig. 2). To do this, clean and activate the silicon mold in
freshly prepared piranha solution. Rinse the mold comprehen-
sively with DI H,O and dried with nitrogen. (Attention: Piranha
solution is highly corrosive and a powerful oxidizer. Wear suit-
able laboratory clothing and activate within a fume cupboard.)

3. Incubate the silicon mold in OTS solution for 20 min at room
temperature (RT) [19]. Here, the OTS molecules are chemi-
cally adsorbed onto the silicon surface.

4. Rinse the mold in heptane, and place it in the oven at 100 °C
for 1 h. This will silanize the OTS molecules to the silicon
substrate.

5. Rinse the mold again in heptane to ensure that all non-bound
OTS is removed from the surface.

6. The silicon mold is now hydrophobic (see Note 1) and can be
applied to produce a polymeric replica.

1. Prepare PDMS by weighing a 10:1 (w/w) mix of the
elastomer:cross-linking agent within a plastic and disposable
container.

2. Mix the polymer thoroughly with a plastic stirrer, and ensure
that the two mixtures have comprehensively mixed.

3. Degas the PDMS by desiccation to remove all air bubbles that
are generated by mixing.

4. Place the silanized silicon mold with its structures top side up
within a small petri dish (60x 15 mm).

5. Pour the PDMS mixture on top of the silicon mold at a depth
of 3-5 mm, and degas once again until all air bubbles have
been removed.
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OTS

PDMS Stamp

Inked stamp

Al,0,/Si-p/Al

Fig. 3 Scheme for the fabrication of a structured PDMS stamp by soft lithography:
(a) Silanized silicon master mold, (b) PDMS (10:1 w/w) poured onto the silicon
mold, () cured PDMS stamp, (d) inking of the stamp with physically adsorbed 0TS
molecules, (e) uCP of the OTS from the structured PDMS stamp onto the activated
Al,05 substrate, and (f) transferred OTS pattern onto the Al,0, substrate

3.2.3  Preparation of
Al,05

3.24 Micro-contact
Printing

. Place the petri dish containing the PDMS and silicon mold

into a preheated oven at 90 °C for 1 h. This enables the PDMS
to polymerize and cure.

. After hardening, remove the PDMS from the petri dish using

a scalpel and separate the structured PDMS from the silicon
mold using a scalpel and tweezers (see Notes 2 and 3).

. This produces a PDMS stamp that now obtains negative

features (see Note 4).

. Clean the bare Al,Oj3 substrates by sonication in ethanol for

10 min, followed by thorough rinsing in DI H,O. Dry the
substrate with nitrogen.

. Activate the surface of the Al,Oj; substrate using a UV /Ozone

cleaner for 20 min, followed by 15 min in base piranha solu-
tion at RT (see Note 5).

. Rinse the substrate thoroughly in DI H,O and dry with nitro-

gen. (Attention: Base piranha is highly corrosive and a power-
ful oxidizer. Wear suitable laboratory clothing, and activate
within a fume cupboard.)

. Clean the negative 10 pm square patterned PDMS stamp by

sonication in heptane for 1 min (se¢ Note 6). Afterwards, dry
the PDMS stamp with nitrogen.

. Immerse the PDMS stamp in 5 mM OTS solution made up in

heptane for 1 min (see Note 7). Here, the stamp adsorbs the
OTS molecules.

. Dry the PDMS stamp with nitrogen, and micro-contact print

the OTS onto the hydroxyl activated Al,O; substrate. Maintain
printing for 10 s. This will produce a negative pattern of OTS
on the AL,O; surface (Fig. 3) (see Note 8).
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3.2.6 Biorecognition of
Human IL-10
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. After pCP, immerse the Al,Oj3 substrate in APTES solution for

45 min (see Note 7).

. Afterwards, gently rinse the Al,O; substrate in DI H,O and

dry by nitrogen.

. Place the Al,Oj; substrate into a preheated oven at 100 °C for

1 h and the monolayer will silanize by the double-silanization
process.

. Prepare MWCNT and NHS /EDS solutions.
. Mix 200 pL of MWCNT solution and 200 pL of NHS/EDC

solution to formulate the active EDC/NHS ester groups on
the MWCNTs. This produces a final volume of 400 pL of
MWCNT /NHS /EDS solution.

. Immerse ALO; in MWCNT/NHS/EDC solution for 2 h at

RT, and follow this by rinsing in PBS to remove all non-bound
MWCNTs (see Note 9).

. This produces a 0.11 pg/mL concentration of functionalized

MWCNTs.

. Micropipette diluted anti-human IL-10 antibody onto the

surface of the ALO;-MWCNTs and incubate for 1 h at 4 °C.
Afterwards, rinse the substrate with PBS (see Note 10).

. Micropipette the diluted human IL-10 protein onto the sur-

face of the Al,O;-MWCNTs-anti-I1.-10 and incubate for 1 h at
4 °C. Then, rinse the substrate with PBS (see Note 10).

. Micropipette the diluted carboxyfluorescein-conjugated anti-

human IL-10 antibody onto the surface and incubate for 1 h
at 4 °C. Finally, rinse the substrate with PBS and place in a
darkened container.

. Analyze the substrate for fluorescence using a fluorescence

microscopy. For fluorescein, the excitation is made with a 470
(#40) nm band-pass filter and the fluorescence is observed
with a 525 (£50) nm band-pass filter [20]. The schematic for
the complete blocking, functionalization, and biodetection
steps for human IL-10 can be observed in Fig. 4.

. In Fig. 5, the fluorescence image of the biodetection for human

IL-10 is shown with the positive squared regions fluorescing
due to the biorecognition of human IL-10. The darkened neg-
ative regions are consistent to the blocking of the surface with
hydrophobic OTS molecules.

. After ensuring the functionality of the biorecognition event

with human IL-10, the AL O; substrate can now be prepared
to formulate a macro-immunoFET for the detection of human
IL-10 by EIS measurements.



56 Michael Lee et al.

Carboxyfluorescein- J
conjugated anti-human

IL-10 (2.5 ug/mL) ‘ Recombinant

potsuman 1110 | %%%@%% " lomsuaim

(10 ug/ml)

Immobilization of
~ MWCNTS with EDC and
NHS activation

Functionalization
" with APTES

OTS monolayer

Hydroxyl group

Blocking with J HaC
1
activation -

Fig. 4 Al,0; oxidation followed by CP of OTS to block the surface using a positive PDMS (10 pm) stamp. The
positive regions were functionalized with APTES for the immobilization of MWCNTs with NHS and EDC activa-
tion. Then, the anti-human IL-10 was immobilized onto the MWCNT followed by the biorecognition with the
recombinant human IL-10 and the carboxyfluorescein-conjugated anti-human IL-10 antibody

Fig. 5 Fluorescence microscope image of the Ab—Ag—Ab biorecognition for the detection of human IL-10 with
positive square patterns demonstrating the detection of human IL-10 using a fluorescent microscope (Zeiss
Axio Scope.A1, France)
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Fig. 6 Impedance setup for the detection of human IL-10. All measurements were made inside a Faraday cage
using a specialized glass cell with the working electrode (Al,03), counter electrode (Pt), and reference electrode

(Ag/AgCl)

3.3 Electrochemical
Impedance
Spectroscopy

3.3.1 Calculation of the
Monolayer of APTES by
Electrochemical
Impedance Spectroscopy

. The setup for EIS measurements can be observed in Fig. 6.

Here, the Al,Oj; substrate is connected (after all immobiliza-
tion steps) to the active area for the working electrode (WE).

. A platinum (Pt) plate electrode is used as the counter electrode

(CE). Clean the CE by sonication in acetone for 10 min, rinse
thoroughly with DI H,O, and dry with nitrogen. Connect the Pt
electrode to the perpendicular active area towards the WE.

. A calomel reference electrode (RE) made from silver/silver

chloride (Ag/AgCl) is then inserted through the top to com-
plete the three-electrode system.

. Here, the electrolyte solution is freshly prepared PBS at pH

7.4. Fill the glass cell with PBS to ~8 mL.

. To reduce the signal:noise ratio, carry out all EIS measure-

ments inside a Faraday cage.

. The percentage coverage of the amino silane can be calculated

by the estimation

before silanization
Q = | — _beferesilanization

R

after silanization

where R is the calculated resistance value.

. Therefore, clean a bare Al,O; substrate by sonication in etha-

nol for 10 min, followed by thorough rinsing in DI H,O.

. An impedance measurement of the bare Al,Oj; substrate is

made by the connection shown in Fig. 6. Apply with the
following conditions (potential, amplitude, and frequency at
-2V, 200 mV, and 200 kHz to 100 mHz, respectively (56 s/
scan)) (see Note 11).
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3.3.2 Biodetection by
Electrochemical
Impedance Spectroscopy

10.

p—

. After the measurement, clean the same Al,O; substrate in etha-

nol and activate using UV /Ozone cleaner for 20 min, followed
by 15 min in base piranha at RT. Then, rinse the substrate
thoroughly in DI H,O and dry with nitrogen.

. Directly afterwards, immerse the Al,Oj; substrate in 1 % APTES

solution for 45 min at RT.

. Then, gently rinse the substrate with DI H,O and place into a

preheated oven at 100 °C for 1 h. This allows the monolayer
to silanize onto the Al,Oj; surface.

. Connect the AL, O;-APTES substrate to the glass cell, and apply

the same conditions as the bare Al,Oj; substrate. This produces
a Nyquist plot for the functionalized Al,Oj; surface (frequency:
200 kHz to 10 mHz (5 min 2 s/scan)) (sec Note 12).

. After the formation of the two plots for the Al,O; (bare) and

Al,O3-APTES-functionalized surfaces, fit the curves to extract
the component values using an equivalent circuit that was cho-
sen on the interfaces seen in the Nyquist plot of the semicir-
cles. Normalize the impedance data with the fitting software
installed from the instrument provider. Here, we modeled
with EC-Lab V10.18 modeling software (Bio-Logic Science

Instrument, France).

. Fit with the randomize +simplex method with randomization

stopped on 10,000 iterations and the fit stopped on 5,000
iterations.

Due to the different observable interfaces, we applied two dif-
ferent equivalent circuits to normalize the data (Fig. 7, inset)
(see Note 13). The polarization resistance value for bare Al,O;
was measured at 9,950 kQ (X?=0.0436), and the AlLO;-
APTES functionalized was 27,380 kQ (X?=0.0465) (Fig. 7);
therefore, the silane monolayer was equivalent to 64 %.

. Activate the Al,Oj; substrate as described in Subheading 3.2.3.
. Afterwards, functionalize the macro-FET by all the steps

described in Subheading 3.2.5 (note: no pCP is made here).

. Connect the ALO;-MWCNTs substrate (WE) and the Pt plate

electrode (CE) to the glass cell as shown in Fig. 6.

. Turn the glass cell onto its side (see Note 14), and micropi-

pette the diluted anti-human IL-10 antibody onto the WE
active area of the ALO;-MWCNTs. Incubate for 2 h at 4 °C
(see Note 15).

. After this time, rinse the glass cell thoroughly with PBS to

ensure that the excess anti-human IL-10 antibody has been
removed (see Note 16).

. Block the surface of the MWCNTs with the mAb in 0.1 %

ETA solution for 20 min. This deactivates all binding sites and
prevents NSB from occurring.
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Fig. 7 Nyquist plot of the bare Al,O; (black square) and the Al,O5-APTES (red circle)
functionalized substrate with a 64 % of the silane monolayer on the Al,0, surface.
The inset shows the applied equivalent circuits to normalize the Nyquist plots

7.

10.

11.

12.

13.

Fill the glass cell with PBS (~8 mL), and make all electrical
connections (WE, RE, and CE) to the potentiostat. Keep all
conditions (potential (-2 V), amplitude (-200 mV), and fre-
quency (200 kHz to 600 mHz) (23 s/scan)) constant to those
applied in Subheading 3.3 (see Note 11).

. By impedance, firstly, measure the anti-human IL-10 mAb.

(This is already immobilized on the Al,Oj; substrate.)

. After stabilization of the semicircle, stop the scan and discon-

nect all electrical connections.

Then, follow with the detection of the human IL-10. Starting
with the weakest concentration, inject 50 pL of the human
1L-10 directly on top of the Al,Oj; active area. Incubate for 30
min at 4 °C (see Notes 14-16).

After the incubation period, rinse the glass cell with PBS and
refill the cell with fresh PBS. Continue the impedance mea-
surements until the stability of each human IL-10 concentra-
tion is observable.

Continue with the EIS measurements with increased concentra-
tions of human IL-10 until the saturation of the immunosensor
can be observed. This is achieved by superimposing the Nyquist
plots together. The resulting Nyquist plot can be seen in Fig. 8.

After the formation of the Nyquist plots, normalize the imped-
ance data with the software provided from the instrument pro-
vider. Here, we applied EC-Lab V10.18 modeling software.
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Fig. 8 (a) Nyquist impedance plot for the detection of human IL-10 using the following conditions: frequency
between 200 kHz and 600 mHz, a sinus amplitude of 200 mV, and a polarization potential of —2 V. Black
square, IL-10 mAb (10 pg/mL); red circle, rh IL-10 (0.5 pg/mL); blue triangle, rh IL-10 (20 pg/mL); inverted
green triangle, rh IL-10 (200 pg/mL); and pink diamond, rh IL-10 (500 pg/mL). (b) Normalized curve by EIS
detection of the logarithm of rh IL-10 with concentrations ranging from 0.5 to 500 pg/mL against the variation
of the R, calculated by AR/R. Inset: Applied equivalent circuit for calculation of the fitting parameters

Table 1

Fitting parameters obtained from the equivalent circuit for the detection of human IL-10

Ag conc. (pg/mL) R () Q, (nF-s@") R, (kQ) X

0 442.7+0.2 99+27.7x10°¢ 2,797 +0.5x1073 0.0805
0.5 479.9+0.2 10.5+31.1x10°° 2,312+1.2x1073 0.0789
20 571.5+0.2 11.6+44.0x10°° 1,808+1.5x103 0.0776
200 748.7+0.2 13.2+70.6x10°° 1,429+1.2x1073 0.1106
500 662.2+0.2 12.4+72.7x10°¢ 1,367 +0.4x103 0.0482

The R, values are the polarization resistance values used to normalize the data (note: 0 pg/mL is the mAb

(10 pg/mL))

14

15.

16.

. Apply an equivalent circuit to calculate the best fit of the data.
The selection of the equivalent circuit is dependent upon the
interfaces of the Nyquist plot to produce the smallest error

(X?) (see Note 17).

Here, we used R;+Q,/R,, where R, is the resistance of the
electrolytic solution and Q, is the constant-phase element
(CPE) and in parallel is R,, which is the polarization resistance
(R,) and the value required to normalize the data (Table 1)
(see Note 18).

For the extraction of the data, apply the equation AR/R. The
resistance for the real component decreases, and then Ab-
Ag=resistance of the immunosensor. (The concentrations of
human IL-10 are converted to logarithm values (Table 2).)
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Table 2
Calculation of the logarithm values for human IL-10 concentrations and
the plotted AR/R values shown in the normalized plot

Ag conc. (pg/mL) Log conc. (pg/mL) ARIR (kQ)
0.5 -0.30 285
20 1.30 789
200 2.30 1,168
500 2.70 1,230
17. Plot these values onto a graph (Fig. 8b) to demonstrate the

linearity for human IL-10 detection. Here, the sensitivity of
the rh IL-10 detection was linear between 0.5 and 200 pg/mL
at a linearity of R*=0.9987. At 500 pg/mL the anti-human
IL-10 antibodies on the immunosensor surface were saturated.
This is observed by its nonlinearity towards the other human
IL-10 concentrations that were measured.

4 Notes

. To ensure that the silicon mold for pCP has silanized and

formed correctly, a droplet of water will provide a very high
hydrophobic surface on the OTS monolayer of silicon. (Silicon
is a hydrophilic material.)

. Upon removal of the PDMS replica stamp from the silicon

master mold, remove all excess PDMS from the petri dish leaving
an easier and smaller dimension of the PDMS for removal. Plastic
tweezers and a scalpel are easier to apply when peeling the two
apart; however, pay attention not to scrape the silicon mold from
the backside as this will remove the OTS monolayer.

. Also, ensure that excess PDMS that has covered the backside

of the silicon mold has been removed as the silicon mold can
break upon trying to remove it from the PDMS stamp.

. As the ALOj; substrate is first of all blocked with OTS, a nega-

tive PDMS stamp is preferential to leave the positive regions
available for the observation of the biorecognition event. Here,
we applied square patterns though other designed relief
patterns that can demonstrate blocking and biorecognition are
just as useful.

. For the activation of the Al,Oj; substrate, base piranha was

preferred due to its less aggressive nature compared to piranha
solution (H,SO4+H,0,—3:1 v/v). A piranha solution is
extremely exothermic; however, it will remove the metal oxide
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10.

11.

12.

13.

and aluminum layer. Base piranha will also act in a similar
fashion if'it is heated up to 60 °C, and, here, NH,OH at 4 °C
was applied. The Al,O; substrate was placed top side down at
the liquid interface with air to prevent the aluminum contact
from activating. Activation by oxygen plasma or hydrogen
peroxide can also be applied to oxidize the surface.

. Heptane will swell PDMS and alter the PDMS stamp struc-

tures on the top surface; therefore, cleaning of the PDMS
stamp is reccommended 10-15 min before incubation with the
OTS solution.

. Prepare the silane solution just before the transfer of the mono-

layer. The silane reagent will silanize quickly, and this reaction
can be sped up at higher temperatures.

. To reduce issues with swelling and nonconformal pCP, the

PDMS stamp can be supported on a homogeneous glass
substrate. By oxygen plasma treatment, both surfaces can be
activated to produce strong chemical bonds (Si-O-Si). Here,
the backside of the PDMS stamp (20 s) and glass (2 min) can be
oxygen activated at 90 W. This bonding will be irreversible
though prolonged periods in heptane (~30-1 h) will disrupt this
bonding. By bonding the PDMS to glass, this will also help with
future printing as the structured PDMS surface will be known.

. For the functionalization of the Al,O; substrate with MWCNTs

this was made with a total volume of 400 pL. This was achiev-
able using a small glass beaker. However, depending upon your
glassware these volumes may need to be increased. If these are
increased pay attention to the required mass of EDC as the
chemical is a fine powder and an increased mass will be required.

For the mAb and human IL-10 concentrations, the solutions
were previously made up in Eppendorf tubes and stored at
-20 °C. Prior to analysis, these were allowed to defrost for
20-30 min. After defrosting, the solutions were mixed by
centrifugation.

For our applied substrates, setup, and potentiostat these were
our optimized conditions. Other ALD-AI,O; substrates and
applied instruments may observe different required conditions
and, therefore, require optimization by the user.

For EIS measurements, the percentage coverage of the amino
silane from the bare Al,O; to Al,O; functionalized with APTES
will require a lower frequency range, and, therefore, an
increased scan time will be observed with an increased resis-
tance value.

For the choice of the equivalent circuit, this is dependent upon
how many interfaces are seen, e.g., one, two, or three semicircles
within the Nyquist plot. Therefore, the equivalent circuit has to
be adapted to measure all parts of the observed Nyquist plot.
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14.

15.

16.

17.

18.

For each incubation step of the mAb to the human IL-10
concentrations, the glass cells were turned sideways and bal-
anced on a glass beaker when placed at 4 °C. Due to the inlets
on the glass cells, these were closed during the incubation step
using parafilm.

The incubation of the anti-human mAb and the increasing
human IL-10 concentrations was made at a fixed volume of
50 pL. By micropipette, the volume can be observed as the
droplet falls within the concave active area of the WE. This
ensures that the Al,O; was in direct contact with the solutions,
that a specific volume for each incubation step was maintained,
and that the analysis remained consistent.

After incubation at 4 °C the glass cell and the connections
condense with water molecules. Therefore, the cell and con-
nections were dried with a stream of nitrogen. Leaving the cell
for 5-10 min will also ensure that the glass cell returns to
ambient temperature.

For the normalization of the fitting data ensure that X? is
always small. This ensures a better fitting.

For the fitting, depending upon the form of the semicircle pure
capacitive components cannot be applied as the semicircles
appear compressed or elongated. Therefore, the imperfect
capacitors of CPE will function on improving the fitting values.
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Chapter 6

Quantification of Multiple Cytokines and Chemokines
Using Cytometric Bead Arrays

Gemma Moncunill, Joseph J. Campo, and Carlota Dobaiio

Abstract

Quantitative suspension array technology allows the simultanecous measurement of different cytokines and
chemokines in small sample volumes. The possibility of measuring multiple variables is important for
discovery of biomarkers of pathogenesis or protection in complex diseases as well as measurement of
antigen-specific cellular responses. Measurements can be made in biological specimens, such as plasma or
serum, cell culture supernatants, and others. This technology is based on a capture-detection sandwich-
type assay using fluorescent microspheres analyzable by Luminex instruments or flow cytometers. The
complexity and cost of producing highly multiplexed cytokine /chemokine in-house assays make them
especially apt for commercial production. There are several commercial kits available that vary in absolute
cytokine concentration, sensitivity, reproducibility, and cost. This chapter gives an overview of cytometric
bead array technology, introduces some of the kits, and provides detailed information about the one that
performed well in a comparative study (Cytokine Human Magnetic 30-Plex Panel from Life Technologies™).

Key words Multiplex bead assay, Cytokines, Chemokines, Flow cytometry, Luminex

1 Introduction

The introduction of fluorescent bead-based technology represents
a significant advancement for measuring cytokine and chemokine
responses. It allows the simultaneous measurement of multiple
analytes, or multiplexing, in a reduced sample volume with time-
saving advantages and less cost compared to other immunoassays
such as ELIspot, intracellular cytokine staining, and flow cytome-
try or ELISA, which are limited in the number of variables that can
be measured simultaneously. The advantage of having more end-
points for less input is greater analytical power for complex prob-
lems such as pattern recognition and correlations within big data.
In fact, multiplexing technologies have been a boon to biomarker

Electronic supplementary material The online version of this chapter (doi:10.1007,/978-1-4939-
0928-5_6) contains supplementary material, which is available to authorized users.

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_6, © Springer Science+Business Media New York 2014
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discovery, providing insight into pathology and immunity in a
number of studies [1-5], and may be a key driver in identifying
immune correlates of protection for malaria, HIV /AIDS, tubercu-
losis, and other major infectious diseases in which none has yet
been identified [6].

There are a variety of commercial kits available that allow
quantification of a wide range of cytokines and chemokines from
serum, plasma, body fluids, and cell/tissue culture supernatant
samples. All vendors ofter kits with premixed panels as well as
singleplex and customized kits (see Note 1). Kits are based on
fluorescent microspheres, but the detection method varies, and
beads may be acquired by a flow cytometer or by a Luminex
apparatus. The assays based on Luminex instruments use xMAP®
technology, which was originally developed using the principles of
flow cytometry, and Luminex instruments (Luminex 100,/200™
and FLEXMAP 3D® systems) share common components with
general flow cytometry instruments, such as lasers, fluidics, and
optics but have been optimized to analyze xMAP microspheres.

In the Luminex-based assays, the beads are internally labeled with
two fluorescent dyes (red and infrared fluorophores). Fluorescence
intensities are made to vary, which allows for discerning different bead
sets. Each bead set is given a unique bead “region” (number) and is
conjugated to a specific capture antibody that recognizes a single ana-
lyte. When added along with samples, the analytes are captured by the
antibodies conjugated to the beads. Analyte-specific biotinylated
detection antibodies are added and bind to the analytes immobilized
on the surface of the microspheres. Streptavidin conjugated to a fluo-
rescent protein, most often phycoerythrin (PE), is added and binds to
the biotinylated detector antibodies bound to the immune complexes
on the beads. These complexes are measured using a Luminex instru-
ment that has two lasers to identify particles with fluorescence charac-
teristics of both the bead and the detector. The intensity of PE
fluorescence for all sandwich complexes from a specific bead set
reveals the concentration of that particular analyte (Fig. 1).

The concentration of cytokines is calculated from the median
fluorescent intensity (MFI) detected by the instrument using a ref-
erence standard curve. The standards that comprise the curve are a
collection of samples of known concentration of the analyte titrated
in a dilution series. The standard curve is then created with an
equation that relates the MFI to sample concentration and is esti-
mated from the responses of the standards. Each kit provides all
specific reagents needed, including lyophilized standards for the
standard curves. Premixed kits usually have the standard curves
lyophilized together or in two sets, whereas the flexible and cus-
tomized kits have the standard of each analyte separately and must
be mixed. There are several software programs from ditferent ven-
dors for analysis of Luminex data, each of which calculates and
creates graphs of the standard curves and calculates cytokine
concentrations of the test samples. The acquisition software
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Fig. 1 Cytometric bead array assay. During primary incubation, biological specimens are mixed with multiplex,
antibody-labeled microspheres, which bind specifically to target cytokines/chemokines. After washing to
remove primary incubation matrix and excess molecules, a cocktail of biotinylated secondary antibodies bind
to captured analytes. Excess is again washed away, and detection occurs through union of streptavidin—PE to
bound secondary antibody. Fluorescence intensity is used as a measurement of quantity of analyte

accompanying Luminex instruments also permits analysis, and it
can be installed on additional computers, or data can be exported
and analyzed in external analysis software.

The xMAP beads used in the Luminex platform can be of two
types: MicroPlex® Microspheres or the more recently developed
MagPlex® Microspheres, which are magnetic beads. MicroPlex
Microspheres are carboxylated polystyrene particles of 5.6 pm that
have been color coded into 100 spectrally distinct sets, allowing
multiplexing up to 100 difterent proteins for simultaneous detec-
tion (Fig. 2). Similar to MicroPlex® Microspheres, MagPlex
Microspheres are carboxylated polystyrene beads but of higher
diameter (6.5 pm) and contain magnetite. The assay is performed
and read in a 96-well plate (provided usually by vendors). MicroPlex
Microspheres are best used with filter-bottom plates and washed
using vacuum filtration equipment. Instead, magnetic beads can be
washed more easily with the use of a magnetic separator, improv-
ing percent recovery during handling and wash steps.

Flow cytometer-based assays, unlike Luminex assays, can use a
combination of beads of different sizes and color intensities to
identify individual microspheres, although the amount of analytes
simultaneously detected is usually lower. For example the eBiosci-
ence® FlowCytomix™ kit uses two sizes of beads (5 and 4 pm) and
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Fig. 2 Multiplex bead classification of a 30-plex kit (Luminex based). Microsphere-sized particles are gated
(left panel, histogram) in order to limit readings, or events, to only beads. Each event is measured by a dual-
fluorescence signature to classify bead identity or region (right panel, dot plot). Each event that appears in a
designated region is then measured for PE fluorescence

differential intensity of internal dye to detect simultaneously up to
20 markers. The BD™ Cytometric Bead Array (CBA) kits are based
on beads dyed with a single red fluorophore that is used to dis-
criminate bead sets, but only up to seven markers can be detected
at a time. Direct PE conjugates are used as detection reagents
instead of biotin and streptavidin with a fluorochrome. However,
BD CBA Flex Set assays have dual-color fluorescent beads that
allow assessment of up to 30 markers. The BD CBA Enhanced
Sensitivity Flex Set system, based on the established BD CBA Flex
Set system, has a higher sensitivity but a longer protocol and up to
ten markers multiplexed. No kits with magnetic beads are currently
available for the flow cytometry platform. Acquisition of bead sam-
ples by a flow cytometer may be more time consuming, but the
flow cytometry assays also support the utilization of 96-well plates
by the high-throughput sampler (HTS) platform available on some
BD instruments. For the analysis of data acquired by flow cytom-
etry, each vendor provides its own analysis software.

Choosing the most appropriate kit within the diversity of
options available is not straightforward, as they vary in reproduc-
ibility and sensitivity. Although it is advisable to test different kits
before starting any study and ideally qualify or validate them for
reproducibility and precision, some studies that have focused on
the performances and characteristics of kits may help the decision-
making process [7—14]. Although cytokines/chemokines may fol-
low similar patterns between different kits, absolute concentrations
are not comparable [14], and it is recommended to use the same
kit, even the same lot, if comparisons are to be made between
different data sets. Several reasons may account for the variation in
performance of multiplex kits from different manufacturers in
addition to the heterogeneity in analytes within each kit. Probably
the most important factor is the different antibody used for cap-
ture and detection of individual analytes by each manufacturer. In
addition, there may be differences among purified recombinant
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proteins used to generate the standard curves as well as in the assay
buffers supplied by the manufacturer.

We compared the performance of six human cytokine /chemo-
kine multiplex kits currently available using culture supernatants
from peripheral blood mononuclear cells (PBMC) stimulated with
Plasmodium falciparum malaria parasite lysates [8]. The following
human cytokine kits were tested: a FlowCytomix™ kit from eBiosci-
ences® (formerly Bender MedSystems®), a Bio-Plex Pro™ Plex Assay
from Bio-Rad®, a MILLIPLEX® MAP Kit from Millipore™, a non-
magnetic bead kit and a magnetic bead kit from Life Technologies™
(formerly Invitrogen), and a BD™ CBA Human Enhanced
Sensitivity Plex kit. Differences in the number of samples detected
within the accurate range and reproducibility were observed depend-
ing on the method used and even the cytokine detected, although
Luminex-based kits with magnetic beads proved to be better. In
addition to the individual cytokine performance in each kit, other
factors may be important in the final selection of a multiplex cyto-
kine profiling kit as they vary widely: the number of cytokines mea-
sured within each kit, the volume of sample needed, and the time
and the cost of the assays. Other commercial kits for the Luminex
platform available from other vendors that we did not test include
Fluorokine® MAP Multiplex kits, VersaMAP™  Multiplex
Development kits and VersaMAP™ Magnetic Multiplex kits from
R&D Systems, and Procarta kits from Affymetrix.

Cytokine Human Magnetic 30-Plex from Life Technologies
was the one we selected for our following studies, although the
MILLIPLEX® MAP kit also performed well. Below, we provide a
detailed protocol for this kit, based on the one provided by the
vendor (LHC6003M Hu Cytokine Magnetic 30-Plex Panel), that
includes the following cytokines and chemokines: EGF, eotaxin,
FGF basic, G-CSF, GM-CSF, HGF, IFN-a, IFN-y, IL-1ra, IL-1,
1L-2, IL-2r, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12(p40/
p70), 1L-13, IL-15, IL-17, IP-10, MCP-1, MIG, MIP-la,
MIP-18, RANTES, TNEF, and VEGEF. In addition, we outline the
overall workflow (Fig. 3) and provide notes that can be applied to
any of the cytometric bead array Kkits.

2 Materials

2.1 Materials
Provided

The Human Cytokine 30-Plex kit includes both antibody bead
reagents and buffer reagents (se¢e Notes 2 and 3) for 96-well
plate(s) (100 tests):

1. One vial of 2.5 mL of Human Cytokine Magnetic 30-Plex
Antibody bead concentrate (1x) (contains 0.05 % sodium azide).

2. One vial of 1 mL of Human Cytokine Magnetic 30-Plex
Biotinylated Antibody concentrate (10x) (contains 0.1 % sodium
azide).
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Prepare Samples, Wash Buffer and
Standard curves

Beads

Wash 3 x 200 ulL
Incubation Buffer
Standards
Samples+Assay Diluent

Incubate/shake 2h RT

Wash 2 x 200 uL
Biotinylated
Antibodies

Incubate/shake 1h RT
Wash 2 x 200 uL

Streptavidin-RPE
Incubate/shake 30 min RT
Wash 3 x 200 uL
Wash Buffer

Read
Calculate and QC standard curves
Calculate CK concentrations

Fig. 3 Overview of assay workflow. Each well (standard, control, or test wells) of
a 96-well plate follows a common procedure. CK: Cytokines and chemokines

3. Two vials of Hu 16-Plex Standard (contains 0.1 % sodium azide).
4. Two vials of Hu 14-Plex Standard (contains 0.1 % sodium azide).

5. Two bottles of 15 mL wash solution concentrate (20x) (contains
0.1 % sodium azide).

6. One bottle of 15 mL of assay diluent (contains 0.1 % sodium
azide).

7. One bottle of 12 mL of incubation buffer (contains 0.05 %
sodium azide).

8. One bottle of 12 mL of biotin diluent (contains 3.3 mM
thymol).

9. One vial of 1 mL of streptavidin—RPE concentrate (10x) (contains
0.1 % sodium azide).

10. One bottle of 12 mL of streptavidin—RPE diluent (contains
3.3 mM thymol).

11. One 96-well filter plate.
12. One 96-well Greiner black mylar bottom plate.



2.2 Materials
Required but Not
Provided

2.3 Equipment
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. Polypropylene microfuge tubes.
. Aluminum foil.

. Reagent reservoirs.

. Absorbent pads.

. Plate sealers.

. Plate stand.

. Luminex® xMAP® system (100 or 200) or FLEXMAP 3D®

system with data acquisition and analysis software.

. Magnetic or vacuum filtration washing equipment (manual or

automatic).

. Sonicating water bath.
. Vortex mixer.

. Orbital shaker (small-diameter rotation recommended).

3 Methods

3.1 Preparing
Reagents

3.1.1  Wash Solution
Preparation

3.1.2 Standard Curve
Preparation

Bring all reagents and samples to room temperature before use
(see Note 4).

1.

Prepare a 1x working wash solution by transferring the entire
contents of the wash solution concentrate bottle to a container,
and then add 285 mL of deionized water. Mix well. Upon stor-
age at 2-8 °C, a precipitate may form in the 20x wash solution
concentrate. If this occurs, warm the 20x wash solution concen-
trate to 37 °C and mix until the precipitate is dissolved.

. To prepare smaller volumes of 1x working wash solution, mix

1 part of 20x concentrate with 19 parts of deionized water.

. The 1x working wash solution is stable for up to 2 weeks when

stored at 2-8 °C.

. Reconstitute the protein standard within 1 h of performing the

assay (see Note 5).

. The preparation of the Human 30-Plex standard curves

requires one vial of Human 16-Plex Standard plus one vial of
Human 14-Plex Standard.

. Reconstitute the lyophilized standards. When using serum or

plasma samples, reconstitute the standard with the assay dilu-
ent provided. If using other sample types (e.g., cell culture
supernatant), reconstitute the standard with a mixture, com-
posed of 50 % assay diluent and 50 % of the matrix, which
closely resembles the sample type (50 %,/50 % mixture). For
example, when the sample type is RPMI medium containing



72

150 L

f

3
%
N

Reconstituted
14-Plex Std

= =1 | { | {
& |450 1300 300 300 300 300 450
RSN L uL uL uL L L

Std 1

—

Reconstituted
16-Plex Std

Gemma Moncunill et al.

150 L

14

150 L

14

150 L

14

150 L

y

150 L

14

300 ‘
uL

Std 2 Blank

1:3

Std 3
1:9

Std 4
1:27

Std 5
1:81

Std 6
1:243

Std 7
1:729

Fig. 4 Preparation of the standards. Both reconstituted multiplex standard (Std) solutions are mixed first and
then diluted in a 1:3 series for seven dilutions (or alternatively ten for a longer curve). Always include a pair of
wells with no standard (blanks) to adjust for background reporter signal

10.

10 % fetal bovine serum (FBS), penicillin, and streptomycin,
the standards should be reconstituted in a mixture composed
of 50 % assay diluent and 50 % RPMI containing 10 % FBS,
penicillin, and streptomycin.

. To prepare standard 1, first reconstitute each vial with 0.5 mL

of appropriate diluents.

. Do not vortex. When mixing or reconstituting protein solu-

tions, always avoid foaming.

. Replace the vial stopper, and allow the vial to stand undis-

turbed for 10 min.

. Gently swirl and invert the vial 2-3 times to ensure complete

reconstitution, and allow the vial to sit at room temperature
for an additional 5 min.

. While waiting for the reconstitution of the standards, prepare

eight polypropylene tubes to do the seven serial dilutions of
the standard curves (Fig. 4). Add 300 pL of assay diluent in the
Std2 to Std7 and blank for serum or plasma samples or 300 pL
of a 50 %/50 % mixture of assay diluent and the matrix for
other types of samples (e.g., cell culture media).

. Then combine 300 pL from each standard vial, and mix by

gently pipetting up and down 5-10 times to prepare the Stdl.

Perform a 1:3 dilution series of the Stdl as shown in Fig. 4 to
prepare the seven-point standard curve. Use a fresh pipette tip for
cach dilution step, and mix by pipetting up and down 5-10 times.
Do not vortex (see Note 6 on recommended reverse pipetting).



3.1.3 Prepare 1x
Antibody Beads

3.1.4 Biotinylated
Antibody Preparation

3.1.5 Streptavidin—-RPE
Preparation

3.2 Washing
Methods

3.2.1 Manual Magnetic
Separator Method
(Recommended)
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11. This volume is appropriate to do duplicates of the standard
curve.

12. It may be beneficial to expand the standard curve up to ten
serial dilution points to reach functional sensitivity for some
analytes.

The antibody bead concentrate is already supplied as a 1x
concentrate in this kit (see Note 7). The fluorescent beads are light
sensitive (see Note 8).

1. The biotinylated antibody is supplied as a 10x concentrate and
must be diluted prior to use with the provided diluent.

2. To prepare a 1x biotinylated antibody stock, dilute 10 pL of
10x biotinylated antibody in 100 pL of biotin diluent per assay
well. Each well requires 100 pL. of the diluted biotinylated
antibody.

3. Use a dilution factor of 1:11 for extra pipetting volume. For
example, for 96 wells, 9.6 mL of biotin diluent is needed and
0.96 mL of 10x biotinylated antibody.

1. The streptavidin—RPE is supplied as a 10x concentrate and
must be diluted prior to use with the provided diluent. Protect
streptavidin—RPE from light during handling.

2. To prepare a 1x streptavidin—RPE stock, dilute 10 pL of 10x
streptavidin—RPE in 100 pL of streptavidin—-RPE diluent per
assay well. Each well requires 100 pL of the diluted
streptavidin—RPE.

3. Use a dilution factor of 1:11 for extra pipetting volume. For
example, for 96 wells, 9.6 mL of streptavidin diluent is needed
and 0.96 mL of 10x streptavidin—RPE.

This assay may be washed using a vacuum manifold (requires the
filter-bottom plate provided) or may be washed using the aid of a
magnetic separator (requires the flat-bottom plate provided).
Incomplete washing adversely affects assay results. Perform all
wash steps with the wash solution supplied with the kit.

1. Place a Greiner flat-bottom plate on the magnet.

2. Allow the plate to soak for 60-90 s (90 s after primary incuba-
tion) to allow immobilization of the magnetic beads.

3. Grab the magnet from the bottom while holding the plate on
it tightly.

4. Gently flick off the liquid by inverting the magnet with the
plate (held tightly) over a sink or another disposal container in
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3.2.2 Filtration Washing
Method with Manual
Vacuum Manifold

(See Note 10)

3.2.3 Automatic Wash
Methods

3.3 Sample
Preparation

3.4 Analyte Capture

one smooth downward motion followed by abrupt stop
(see Note 9).

. Keep the magnet and plate inverted, and very gently tap them

onto a short stack of paper towels to absorb residual drops.

. After the first tap, allow the paper towels to absorb the excess

fluid, followed by moving over to dry paper towels for several
additional gentle taps to ensure equal evacuation from all wells.

. Return the magnet and plate upright, and remove the plate

from the magnet.

. Repeat for any additional washes as needed.

. To wash beads, place the filter plate on the vacuum manifold and

aspirate the liquid with gentle vacuum pressure (se¢ Note 11).

. Stop the vacuum pressure as soon as the wells are empty. Do

not attempt to pull the plate off the vacuum manifold while
the vacuum is still on or filter plate damage may occur. Release
the vacuum prior to removing the plate.

. After all wells are empty, lightly tap or press the filter plate onto

clean paper towels (hold the plate in the center for tapping) to
remove excess fluid from the bottom of the filter plate. Do not
invert plate. Following the last aspiration and plate taps, use a
clean absorbent towel to blot the bottom of the filter plate
before addition of the next buffer or reagent.

Some optimization of the automated plate washer setup may be
required, and we do not recommend automatic methods.

Bring all samples to room temperature and invert or vortex briefly
to mix. Centrifuge samples in a microfuge for <30 s to pull liquid
from tube caps (see Notes 12-16 for advice on sample specimens
and Note 16 for plate design).

1

. The filter-bottom plate requires pre-wetting before use in the

assay. Add 200 pL of 1x wash solution. Incubate the plate for
30 s at room temperature, and aspirate the wash solution from
the wells using the vacuum manifold. The solid-bottom plates
do not require this step.

. Vortex (30 s) and sonicate (30 s) the antibody bead solution.

Immediately add 25 pL to each assay well (see Note 17).

. Add 200 pL of 1x wash solution, and wash the beads following

the washing steps explained above, depending on the method.
Repeat the washing step two more times (total three times).

4. Add 50 pL of incubation buffer to each test sample well.

. Add 100 pL of standard into designated wells. For wells desig-

nated for samples, add 50 pL of assay diluent followed by
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1 2 3 4 5 6 7 8 9 10 11 12
Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown [ Unknown | Unknown
A | Standard 1 | Standard 1 i '
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample
Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown [ Unknown | Unknown
B | Standard 2 | Standard 2 i ) '
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample
Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown [ Unknown | Unknown
C | Standard 3 | Standard 3 ) '
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample
Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown [ Unknown | Unknown
D | Standard 4 | Standard 4 '
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample
Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown [ Unknown | Unknown
E | Standard 5 | Standard 5
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample
Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown [ Unknown | Unknown
F | Standard 6 | Standard 6 )
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample
Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown
G | Standard 7 | Standard 7 ) Control
Sample Sample Sample Sample Sample Sample Sample Sample Sample
Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown | Unknown [ Unknown
H Blank Blank ) Control
Sample Sample Sample Sample Sample Sample Sample Sample Sample

Fig. 5 Typical plate design. A typical plate design includes two columns of diluted standards (or rows if ten
standard points are used) in duplicates and test samples. It is good practice to include at least one duplicate
positive control sample per assay plate

3.5 Analyte

Detection

50 pL of the sample (see Notes 17 and 18). Figure 5 shows a
typical plate design.

6. Seal the plate with an adhesive plate seal (see Note 19), and

cover the plate with an opaque plate cover or aluminum foil.
Incubate the plate for 2 h at room temperature on an orbital
plate shaker at 500-600 rpm (se¢ Note 20).

1. Prepare 1x biotinylated detector antibody 10 min before finish-

ing the incubation.

2. Remove the liquid of the wells using a magnet or a vacuum

equipment, and wash the wells twice with 200 pL of 1x wash
solution.

3. Add 100 pL of diluted biotinylated detector antibody to each

assay well (see Note 17).

4. Seal the plate with a new adhesive plate seal, cover, and incu-

bate the plate for 1 h on a plate shaker (500-600 rpm).

5. During the incubation step, the Luminex® 100™, 200™, or

FlexMAP 3D® instrument can be prepared (Subheading 3.7) if
the plate is going to be read on the same day (see Note 21).

6. Prepare 1x streptavidin—RPE solution 10 min before finishing

the incubation.

7. Remove the liquid of the wells using a magnet or a vacuum

equipment, and wash the wells two times with 200 pL of 1x
wash solution.

8. Add 100 pL of diluted streptavidin—RPE to each assay well

(see Note 17).

9. Seal the plate with a new adhesive plate seal, cover, and incu-

bate the plate for 30 min on a plate shaker (500-600 rpm).

10. Remove the liquid of the wells using a magnet or a vacuum

equipment, and wash the wells three times with 200 pL 1x
wash solution.
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3.6 Plate Reading

3.7 Setup

for Luminex® 100™
and 200™

and FLEXMAP 3D®
using xPONENT
Software

11. Add 125 pL of 1x wash solution to each assay well.

12. Seal with a new plate sealer, cover the plate, and place it on the
plate shaker (500-600 rpm) for 2—3 min.

Read the plate on any Luminex® 100™,200™, FM3D, or MAGPIX
instrument (see Note 22) or put it at 4 °C if it is going to be read
the next day.

1. Prepare to read the plates: Turn on the instrument, and ensure
that the waste container is empty and that the sheath fluid res-
ervoir has sufficient buffer to run the plate read.

2. System initialization: Open the xXPONENT program, log in, go
to the Maintenance tab, select “System Initialization,” prepare
the control plate according to on-screen instructions, and press
Run (see Note 23). This will run for approximately 35 min.

3. Open a sample protocol: In the Protocols tab, open a new
protocol, enter a name and version number, select the Bead
Type (Microplex or MagPlex), enter the Volume as 75 plL,
enter the DD gate (e.g., 7,500-20,000; se¢ Note 24), sct
Reporter Gain to DEFAULT (see Note 25), set Analysis Type
to Quantitative, enter the number of standard points (7 or 10),
check the Fit of all standards option (see Note 26), and then
click Next.

4. In the Analytes tab, highlight the appropriate Bead Regions for
each analyte (Refer to the Technical Data Sheet of the kit for
all bead regions), type in the name of cytokines,/chemokines
corresponding to each region in the table, ensure that the anal-
ysis column is set to Logistic 5PL Weighted (see Notes 27-29)
by clicking the Change button next to Default Analysis, ensure
that the Units column is set to pg/mL (or as noted in the
Technical Data Sheet) and that the count is 100 for each region
by entering these values and clicking the Apply All button, and
then click Next.

5. In the Plate Layout tab, highlight the wells of the plate corre-
sponding to the standards and click the round Standard (S)
button with the replicate count set to 2, highlight the two
wells corresponding to the blanks and click the Background
(B) button, highlight the test sample wells and click the
Unknown (U) button with the appropriate replicate numbers
selected, highlight the wells corresponding to any controls
present (see Note 30) and click the Control (C) button,
manually enter IDs in the table if desired, and then click Save
(see Note 31).

6. Open a Standards & Controls protocol: In the Stds & Ctrls
tab, click Create New Std /Ctrl Lot, enter the name, Std /Ctrl
Lot#, Expiration and Manufacturer, enter the Standard and
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Control concentrations in the tables for each analyte according
to the Technical Data Sheet, set a dilution factor of 1:3, click
the Apply Dilution button, and then click Save.

. Run a batch: In the Batch tab, click Create a New Batch from

an Existing Protocol, scroll through the list and select the
appropriate sample protocol, select the appropriate standards
and controls protocol in the Stds & Ctrls tab, ensure that the
plate layout is correct, and then click Run Batch to begin
acquisition.

. When acquisition is completed, check for any acquisition errors

(see Notes 32 and 33) and analyte by analyte the standard
curves (see Notes 34-39).

. To export the data, go to the Results tab, select the completed

batch run under Saved Batches, and export the data as a csv file
using the Exp Results button, or go to Reports and generate a
PDF report by selecting the completed batch run and pressing
the Generate Report button.

4 Notes

. Multiplexing: When several singleplex kits are multiplexed, it is

possible that the background might increase and the overall
assay signals of other standard points might be reduced. This
can result in lower dynamic range or loss in sensitivity in some
assays. This effect might be greater as more assays are added to
the multiplex.

. Do not freeze any component of the reagent kit. Store kit

components at 4 °C when not in use.

. Do not mix or substitute reagents with those from other kits

or lots. However, if the whole kit is used only once (96 tests
or less), there will be leftover reagents that can be mixed with
others of the same lot.

. Allow all reagents to warm to room temperature before use

(air-warm all reagents at room temperature for at least 30 min
or in a water bath for 20 min). In some laboratories, daily tem-
perature fluctuations introduce significant variation in assay
performance. In these cases, it is recommended to warm all
reagents in a benchtop incubator set to 22 °C and maintain
reagents there until use.

. Do not reuse or store resuspended antigen standards.

6. For pipetting, we recommend using a modified reverse-pipetting

technique for all pipetting during assay setup to reduce
imprecision due to residual fluid volumes within pipette tips.
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A multichannel pipettor is also recommended for all common
reagents during the assay.

(a) To use a modified reverse pipetting technique, set the
pipette to the appropriate volume needed.

(b) Press the plunger button slowly to the first stop, and then
press slightly past it (just enough to aspirate a small extra
volume of the reagent). Alternatively, pipette up and down
slowly several times (at least three times) going to the first
stop only (this allows residual fluid to build up in the tip).

(c) Immerse the tip into the liquid, just below the level of the
solution.

(d) Release the plunger button slowly and smoothly to the
top resting position to aspirate the set volume of liquid.

(e) Be careful not to have excess of liquid outside the tip
(touch your tip against the edge of the vessel or the reser-
voir to remove excess liquid).

(f) Place the end of the tip at an angle against the inside wall
of the receiving vessel, above the fluid level.

(g) Press the plunger button slowly and smoothly to the first
stop (do not go past the first stop). A small volume of
residual liquid will remain in the tip, and it should not be
dispensed.

(h) Remove the tip from the recipient vessel. The liquid
remaining in the tip can be pipetted back into the original
solution or thrown away with the tip (when pipetting rep-
licates of the same sample or solution the tip can be reused,
but change tips if contamination is possible).

. For the Life Technologies magnetic kits, when using the

Greiner black mylar bottom plate to perform the assay with
magnetic beads, Life Technologies recommends an extra dilu-
tion due to greater bead retention compared to using the filter
plate. The Human 30-Plex capture beads are supplied at 1x
and need an additional 1:2 dilution to 0.5x for magnetic wash-
ing (load 25 pL of 0.5x beads per well). However, in future
Life Technologies magnetic kit lots, concentration of the beads
may be changed to correct this dilution step.

. Fluorescent beads are light sensitive. Protect the beads from

direct light to avoid photobleaching of the embedded dye. Use
aluminum foil to cover the tubes used in the assay. Cover plates
containing beads with an opaque or aluminum foil-wrapped
plate cover. Since the amber vial does not provide full protec-
tion, keep the vial protected from light when not in use.

9. When using a manual magnetic washer, avoid splashing back

into the plate when shaking out the fluid. This can happen
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with a slight backward motion after stopping the flick (either
pull back hard, or do not pull back at all). We recommend an
abrupt stop followed directly by blotting.

10. An alternative to filtration washing with nonmagnetic beads is
to perform the assay in low-binding round-bottom 96-well
plates. To perform the washing steps, centrifuge the plate(s) in
a benchtop centrifuge at 500 x g for 5 min, followed by flicking
off of the wash buffer as described above, but with no patting
(simply place the inverted plate briefly on the paper towels to
absorb the residual buffer). In our hands, this method has
worked well with up to 11-plex assays.

11. If you are using filter plates, leaking and clogging are common
problems inherent to this assay format that lead to reduced
accuracy and precision. If you can choose, in our hands it is
better to use magnetic manual washers.

(a) Be careful to avoid over-vacuuming (do not exceed
5 mmHg). Excessive vacuum can cause the membrane to
tear. Prevent any vacuum surge by opening and adjusting
the vacuum on the manifold before placing the plate on
the manifold surface.

(b) The bottom of the filter plate should not be in direct con-
tact with any surface during the entire assay, including
plate setup or incubation times. To prevent capillary
action, a plate stand or a non-flat side of a plate cover is
recommended to rest the filter plate.

(c) Ifyou experience clogging, try to remove the clog by gen-
tly flicking the underside of the well with a pipette tip or a
needle.

(d) Following plate washing, remove excess liquid and blot
from the bottom of the plate by pressing the plate on clean
paper towels.

12. Cytokines/chemokines in general are quite labile and will
degrade over time even when stored at -80 °C. Freeze—thaw
cycles also affect the concentration of cytokines. Lower con-
centrations may be detected for some cytokines, whereas for
others a higher concentration may be measured. Sample stor-
age strategies should be determined empirically prior to mak-
ing them standard practice.

13. For plasma samples, it is important to take into account the
anticoagulant used. For some cytokines, different concentra-
tions may be detected if the plasma has EDTA or heparin.

14. If using frozen serum or plasma samples, we recommend
centrifuging the samples after thawing to remove debris as it
may interfere with the beads. We have observed some bead
aggregation.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Vortex and sonicate the beads immediately before adding to
the plate to ensure an equal distribution of bead within the
wells. Beads aggregate and precipitate easily.

The intraplate and inter-plate variability may introduce a bias
in your data. To compare and pool data from different plates,
we recommend randomization of the samples to balance
against plate or batch effects.

When pipetting reagents, maintain a consistent order of addi-
tion from well to well to ensure equal incubation times for
all wells.

For the Life Technologies magnetic kits some modifications
can be done if only low sample volumes are available: If you
have less than 50 pL of sample/well available, reduce all
reagent volumes by equal volumes equivalent to the sample
volume available (e.g., for 25 pL of sample, reduce all reagent
volumes by a factor of 2: 25 pL incubation buffer, 50 pL stan-
dard, 25 pL assay diluent, 25 pL. sample). Minimum total vol-
ume per well of 37.5 pL is suggested.

Plate sealers are not provided in some kits, but their use is rec-
ommended to avoid well-to-well contaminations. If the seal is
wet from some samples be careful not to contaminate other
wells when it is removed (hold the plate firmly pressed on the
benchtop when removing the film to avoid splashing).

The speed of the orbital shaker may need to be adjusted
depending upon the radius of the orbital shaker (lower speeds
for larger orbital radius). We check that the solution is mixing,
as in a vortex, but that the liquid level is not reaching above the
top quarter of the well.

To save time, begin system initialization of the reading instru-
ment during the incubation with streptavidin—-RPE.

Ensure that the instrument has passed QC (calibration and
validation) prior to starting the assay.

If the Luminex instrument has multiple users, be careful that
the probe height is adjusted.

We recommend that the doublet discriminator gates be set at
7,500-20,000 for the Luminex® 100™ and 200™ or 4,800-
15,000 for FLEXMAP 3D® as the initial setting when using
Magplex beads. The gate should be smaller when using
Microplex beads (e.g., 4,000-14,000). Adjustment of these
values is required for individual instruments.

Use the default setting of low PMT for the Luminex® 100™
and 200™, and use “Standard PMT” setting for the Luminex
FLEXMAP 3D°.
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26.

27.

28.

29.

30.

Some Luminex analysis software let the user choose between
using individual standard points vs. mean of each standard repli-
cate. The use of individual standard points provides the model
with more points to fit leading to a better curve, as a result of
having greater degrees of freedom. However, this method is
more sensitive to outliers, so then it is better that you eliminate
any outliers that you might have before proceeding with the
standard curve calculations. If you do not want to discard outli-
ers, you can use the mean of each standard replicate. This
method is less susceptible to outliers, but it generates worse
curve fits as it uses less data points.

Curve-fitting model for the standard curves: A number of
curve-fitting model equations are available in Luminex analysis
software (including xPONENT). We recommend the
5-Parameter Logistic (5PL) nonlinear regression model
(Fig. 6). It is an asymmetric function that in our hands has
proved the best for analyzing cytokine/chemokine Luminex
data:

A

min max

(1 +(x/ECy )™ )As.vm

y= Amﬂx +

Apnin 1s the lower asymptote, A, is the upper asymptote, Hill
is the slope at the inflection point, ECs, is the concentration at
the inflection point, and Asym is a factor of asymmetry.

Curve fitting may also be performed in external statistical pro-
gram, such as STATA (see Note 39 and Fig. 6), R, or SPSS
using the raw data.

Weighting: Usually in immunoassays the variance of the depen-
dent variable varies across the data. In cytometric bead arrays,
the MFI values at higher concentrations usually have a greater
variance than MFI values on the low end of the standard curve
(Fig. 7). However, the 5PL model assumes equal variance. For
analyzing Luminex data, there are some weighting algorithms
available in the analysis software to account for this variance.
The 1/7"2 is the most recommended weighting function for
the 5PL model equation, which minimizes residuals (errors)
based on relative MFI values. Basically, it puts less emphasis on
getting a close fit to the data points at the high end of the
curve than the bottom.

Add controls for QC. Controls are useful for knowing if your
assay worked and for comparing the performance between dif-
ferent assays. Ideally three controls of high, medium and low
concentration should be used. Depending on the values of
your control you may want to discard the results of that plate.
Having at least one control in duplicate in each plate also allows
calculation of inter-plate variability. There are commercially
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Fig. 6 5-Parameter Logistic Standard Curve. An iterative nonlinear regression model fits MFI values to expected
concentration to produce a sigmoidal curve from which sample concentrations can be estimated. The function
includes an upper (Ana) and a lower (Ay,) asymptote. The parameters can be combined to estimate concentra-
tion for any MFI values within the asymptote range. Weighting by the inverse variance adds greater emphasis
(read: closer fit) in the lower range of the curve
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Fig. 7 Variation in standard signal intensity. The natural log of the absolute value of the residuals for 30 5PL standard
curves of different cytokines/chemokines is plotted against MFI to demonstrate the increase in variability at higher
signal intensities. The red line represents a fit of the data by an exponential curve nonlinear model
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31.

32.

33.

34.

35.

36.

available controls, but you can use a sample with known cyto-
kine concentration values or make your control using the same
matrix that you use in your assay with spiked-in recombinant
proteins (lyophilized standards remaining from any kit could

be used).

Take into account the dilution factors and introduce them in
the software. Use of incorrect dilution factors will result in
incorrect final calculated concentrations. For the Life
Technologies kits, in addition to dilutions performed on the
sample prior to running the assay, the sample concentration
calculated from the standard curve must be multiplied by an
additional factor of 2 to correct for the 1:2 dilution made
when samples were added to the plate (50 pLL of sample + 50 pL.
of assay diluient vs. 100 pL of standard points).

Check that bead counts reached 100 per analyte, although we
usually considere a reading as valid if a minimum of 30 beads
is counted per well.

Check for slow bead acquisition or erratic event counts during
acquisition, abnormal scatterplot populations or shifts in the
doublet discriminator or additional peaks, and acquisition
timeout or “sample ran to empty” warnings. This may mean
that the probe is clogged and needs to be flushed /sonicated or

that an error occurred during the assay procedures resulting in
bead loss.

Standard outliers should be invalidated. Outliers in your stan-
dards can be identified by analyzing the % recovery (calculated
concentration/expected concentration)x 100. The probability
of a data point being an outlier increases as the % recovery
deviates from 100 %, and we consider any standard that has
<70 % recovery or >130 % recovery as outliers. % Recovery is
calculated based on all the standard points that are validated.
As you invalidate standard points and reanalyze the standard
curve, be sure to recheck the % recovery calculations, despite
being wary of over-fitting a curve by removing too many
points. If strict reproducibility is wanted, a tighter range (90—
110 %) should be used. Alternatively, if the software allows it,
residuals can be used to detect and invalidate outliers.

All data with MFI value greater than 25,000 should be
excluded, as higher MFI are saturated, at least for Luminex
100,200 instruments. It is very inaccurate to be interpolating
or extrapolating any concentration values near the limit of the
instrument saturation.

Precision should also be checked. Acceptance criteria for repli-
cate % CV of concentration and MFI is generally a maximum
of 30 %.
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Fig. 8 Extrapolation and interpolation. Estimation within the range of the first and last standard points is inter-
polation, whilst estimation outside of the range of the standard points is extrapolation. Care should be taken
about the range of the curve used for estimation, especially in the case of extrapolation. Precision decreases

at the extremes

37.

38.

Extrapolation of data is required when concentrations must be
estimated for points that are within calculable limits but are
outside of the range of standards inside of the standard curve
(Fig. 8). Extrapolated values are less accurate, in particular if
values are on the flat parts of the curve or if a curve does not
reach saturation. As the curve flattens, small changes in the
MFI values may translate into big changes in concentration
estimates. Likewise, standard points that end while still in the
linear portion of the curve can result in unnaturally high limits
of quantification. If the samples are above the standard curve
range, and you have more sample volume, you can retest
the sample after diluting them taking into account then the
dilution factor when calculating the sample concentrations. If
your sample is below the standard curve range, you can extend
your serial dilutions in the following assays.

For values that fall out of the range of standards, we usually
give a concentration value of half the detection limit for that
cytokine or chemokine (described by the manufacturer) to any
MFTI below the lowest standard point or below the limits of
detection of the experiment. For MFI over the last validated
standard point we give a value of the expected concentration
for this last standard point.
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cap drop yhat
cap ereturn clear
foreach i of var cytokinelist {
summarize mfi_"1i', meanonly
local Amin = r(min)
local Amax = r(max)
summarize unit_"i' if mfi_"1'!=., meanonly
local EC50 = r(mean)

nl Ci* = {Emax} + (({Emin} - {Emax}) / (1 + (Qunit_"1" / {ECS@})A{Hi11}))A{Asym})) ) ///

if mfi_"i"1=. [w=l/(mfi_"1"'A2)], ///

iter(100@) initial(Emin "Emin' Emax "Emax' EC5@ "EC50' Hill 1 Asym 1)

if e(ic)<100 {
predict yhat
local emax: display %8.@0g _b[/Emax]
local emin: display %8.@0g _b[/Emin]
local ec5@: display %8.0g _b[/EC5@]
local hill: display %8.@g _b[/Hill]
local asym: display %8.@0g _b[/Asym]
scatter mfi_"1i" unit_"1°'

if unit_"1i"!=., mc(gs4) msize(vsmall) || ///

line yhat unit_"1i", sort lc(black) legend(off) xsc(log) ///
xlab(5 50 500 5000 50000) yti("MFI") ylab(@(5000)31000) xti(“ng/mL") ///
text(25000 25) "Emax = “emax'" "Emin = ‘emin'" “"EC50 = “ec50'" ///

"Hill = “hill""

"Asym = “asym'") title("Weighted 5-PL Fit of "i'") ///

name(pfit, replace) graphregion(color(white) lwidth(thick) margin(small) ///

icolor(white) ilwidth(thick))

graph export STUDY_fit_"i'.pdf, replace
replace unit_"1" = ((C(_b[/Emin] - _b[/Emax]) / (mfi_"1"

-1)A(1/_b[/Hi11]))*_b[/EC50]
}
if e(ic)>=100 {
di "5-PL regression for cytokine °i’
}
}

9 Script example

- _b[/Emax]))ACL/_b[/Asym]) ///

did not converge"

39. Fitting your own curves in STATA: A simple script can be used
to fit standard curves using the 5PL. model and apply the curve
estimates to the raw data. This may require some organization
of exported data in a spreadsheet program, such as Microsoft
Excel. An example script is shown in Fig. 9.
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Chapter 7

A Useful Guide for Analysis of Inmune Markers
by Fluorochrome (Luminex) Technique

Maria Faresjo

Abstract

The fluorochrome Luminex technique is a bead-based sandwich immunoassay that combines the
enzyme-linked immuno sorbent assay (ELISA) with flow cytometry. The Luminex technique allows multiple
cytokines to be measured simultaneously in small volumes and provides a convenient and sensitive tool for
the detection of a large number of, e.g., extracellular secreted cytokines to characterize cytokine profiles.

The technique is based on the so-called microspheres (beads) that serve as a solid phase for molecular
detection. These individually dyed micro-beads have monoclonal antibodies directed against the cytokines
and chemokines of interest and allow simultaneous detection of up to nearly 100 cytokines and chemo-
kines in a dual-laser flow analyzer. Immune markers can be detected in serum and plasma samples as well
as in cell culture supernatants from in vitro-stimulated peripheral blood mononuclear cells (PBMC).

This chapter describes the Luminex technique for detection of multiple cytokines by magnetic bead
sandwich immunoassay, with a special focus on some important pre-analytical factors, such as cell separa-
tion, cryopreservation, and PBMC thawing that may affect the detection outcome of immune markers.
This method can also be easily adapted to measuring other biomarkers in biological samples.

Key words Luminex, Immune markers, Cytokines, Peripheral blood mononuclear cells, Cell separation,
Cryopreservation of PBMC

1 Introduction

The fluorochrome Luminex technique is a bead-based sandwich
immunoassay [1]. The technique is based on the so-called micro-
spheres (beads) that serve as a solid phase for molecular detection.
The microspheres are available in 100 different fluorescent color
tones of red and infrared, each carrying its own detection reagent
on the surface. As a result, the technique allows simultaneous
detection of up to 100 parameters in a small single sample [2].
Each bead set is coated with a capture antibody, specific to a
particular bioassay, allowing the capture and detection of a specific
analyte. In a secondary step, a biotinylated antibody together with
streptavidin is captured to the bead complex and, finally, a phycoery-
thrin (PE) fluorescent reporter is coupled to the complex (Fig. 1).

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_7, © Springer Science+Business Media New York 2014
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Biotinylated Phycoerytherin
detection antibody fluorescent reporter

Immune marker
to capture

Capture antibody

Magnetic bead Streptavidin

Fig. 1 Principle of magnetic bead sandwich immunoassay. Each magnetic bead
set is coated with a capture antibody for detection of each specific immune
marker. In a secondary step, a biotinylated antibody together with streptavidin is
captured to the bead complex and, finally, a phycoerythrin fluorescent reporter is
coupled to the complex

In principle, the multiplex assay is performed directly in a
microtiter plate. Each bead set, defined by an individual fluores-
cent color tone on its surface, is mixed to a multiplex bead mix
and put into the wells on the plate. The sample (and standard)
is, in a secondary step, mixed with the beads, and thereafter the
biotinylated antibody as well as streptavidin—phycoerytherin are
attached to the bead set of interest before readout of the plate
(Fig. 2).

On a dual-laser flow-based detection instrument, the amount
of bound analyte correlates directly with the fluorescent intensity,
allowing the quantification of each specific analyte. During the
readout of the plate, the beads are analyzed by a red laser (635 nm)
that excites the internal dyes to identify each microsphere particle.
At the same time, a green laser (532 nm) excites the reporter dye
(streptavidin—PE) in direct proportion of the fluorescence of the
analyte for quantification (Fig. 3).

2 Materials

2.1 Serum, Plasma,
or Whole-Blood
Sample

2.2 Isolation of
Peripheral Blood
Mononuclear Cells

2.3 Cellular Number
and Viability

1. Venous blood samples from healthy human volunteers or
patients are drawn in tubes without supplemented (for serum)
or supplemented with sodium heparin (for plasma and prepa-
ration of peripheral blood mononuclear cells, PBMC).

1. RPMI-1640 without glutamine.

2. Washing buffer: RPMI-1640 without glutamine supplemented
with 2 % heat-inactivated fetal calf serum (FCS).

3. Separation reagent: Ficoll-Paque density gradient centrifugation.

. Tirk’s solution.

p—

2. Trypan blue solution.
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Multiplex bead mix i
Sample or standard i

Py
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Biotinylated antibody
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Streptavidin-PE i
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Detection i

Fig. 2 Methodological principle of the Luminex technique. The multiplex assay is performed directly in a
96-well microtiter plate. Each bead set is mixed to a multiplex bead mix and put into the wells on the plate.
The sample and standard are mixed with the beads, and thereafter the biotinylated antibody as well as strep-
tavidin—phycoerythrin are attached to the bead set of interest. Finally, the samples are analyzed by reading
each individual well on a dual-laser flow-based detector instrument

Fig. 3 Dual-laser flow-based detection. The beads are analyzed by a red laser (635 nm) that excites the inter-
nal dyes to identify each microsphere particle. The green laser (532 nm) excites the reporter dye (streptavidin—
PE) to quantify the amount of bound immune marker on the beads
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2.4 Cryopre-
servation, Thawing,
and Stimulation

of PBMC

2.5 Luminex

2.5.1  Luminex Kit
Including the Following
Reagents

2.5.2 Equipment

[\

O 0 N N U W

. Vials

. Freezing medium: 50 % RPMI-1640 without glutamine,

40 % FCS, and 10 % dimethyl sulfoxide (Me,SO).

. Cryo 1 °C Freezing Container (Nalge Nunc International)

containing isopropanol.

appropriate  for Nunc

International).

cryopreservation  (Nalge

. Washing buffer: RPMI-1640 without glutamine, supple-

mented with 10 % heat-inactivated FCS.

. AIM V research-grade serum-free medium (Gibco) supple-

mented with 2 mM r-glutamine, 50 pg/1 streptomycin sulfate,
10 pg/1 gentamicin sulfate, and 2x 10> M 2-mercaptoethanol.

. Standard for Luminex assay.

. Luminex diluent for standard (standard diluent for serum and

plasma or cell culture medium for cell culture supernatant).

. Luminex sample diluent (for serum and plasma).
. Luminex assay bufter.

. Luminex wash buffer.

. Coupled magnetic beads (10x).

. Detection antibodies (10x).

. Detection antibody diluent.

. Streptavidin—PE (100x).

10.
. Sealing tape.

Flat bottom plate (96-well).

. Wash station (for use with magnetic bead-based assays).

2. Microtiter plate shaker.

. Dual-laser flow-based plate reader including software for data

acquisition and analysis.

3 Methods

3.1 Serum or Plasma
Sample

3.2 Isolation of
Peripheral Blood
Mononuclear Cells

. Centrifuge the blood samples at 2,000 xg for 10 min, and

transfer the serum/plasma to sterile tubes.

Separation of PBMC should be handled at room temperature in a
ventilated hood (see Notes 1 and 2).

1.

2.

Dilute venous heparinized blood in RPMI, 1:2 (i.e., half-
volume blood, half-volume RPMI).

Invert the Ficoll-Paque bottle several times to ensure thorough
mixing. Next, withdraw the required volume of Ficoll-Paque
using aseptic technique. The Ficoll:blood ratio should be 3:5
(i.e., 12 ml of Ficoll:20 ml of diluted blood sample).



3.3 Cellular Number
and Viability

3.4 Cryopreservation
of PBMC (See Note 5)

3.5 Thawing
of PBMC
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. Transfer the required volume of Ficoll-Paque to a sterile

centrifuge tube.

. Carefully lay the diluted blood sample on the Ficoll layer to

avoid mixing between Ficoll and the blood sample.

. Centrifuge at 400 x4 for 30 min, without brake, at 18-20 °C.
. Carefully draw up the layer of PBMC using a clean Pasteur

pipette, and transter PBMC to a sterile centrifuge tube.

7. Resuspend PBMC in 20 ml of washing buffer.

. Centrifuge at 400 x g for 10 min, with low brake, at 18-20 °C.
. Remove the supernatant, and wash PBMC by repeating the

steps 7—8 once more.

. Remove the supernatant.

. Dissolve the PBMC pellet in 1 ml of washing medium.
. For determination of the number of PBMC, dilute 10 pl of

PBMC suspension with 90 pl of Ttirk’s solution (1:10).

. Place 10 pl of PBMC suspension in a Biirker’s chamber. Count

the number of PBMC using a light microscope (se¢ Note 3).

. For determination of membrane integrity, dilute 10 pl of

PBMC suspension with 10 pl of trypan blue solution (1:1).

. Place 10 pl of PBMC suspension in a Biirker’s chamber. Count

100 PBMC in a light microscope (see Note 4).

. Centrifuge the solution of PBMC at 400x4 for 10 min at

18-20 °C.

2. Remove the supernatant.

. Resuspend PBMC in freezing medium (4 °C) by adding freez-

ing medium dropwise, while the tube is continuously agitated,
to a concentration of 5-10x 10¢ PBMC/ml.

. Transfer 1 ml of PBMC solution to a vial suitable for

cryopreservation.

. Place the vial with PBMC in a precooled (4 °C) Cryo 1 °C

Freezing Container containing isopropanol.

. Place the container at -70 °C (the freezing rate is -1 °C/min).
. Transfer the vial to liquid nitrogen (-196 °C) the following

day.

. Thaw PBMC, directly from -196 to +37 °C, in a water bath

under continuous agitation.

. Immediately thereafter, add washing buffer dropwise to the

cells until a total volume of 10 ml is reached.

. Centrifuge the solution of PBMC at 400x4 for 10 min at

18-20 °C.
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128 50 50 50 50 50 50 50 50

Y Y Y Y VY VY Y Y Y

Standard (ul) S1 S2 S3 S4 S5 S6 S7 S8 S9 Blank
Diluent (ul) 72 150 150 150 150 150 150 150 150 150

Fig. 4 Preparation of fourfold serious of standard. A nine-point standard dilution series is prepared by adding
72 pl of diluent to tube S1 (standard diluent for serum and plasma or cell culture medium for cell culture
supernatant) and 150 pl of diluent to tubes S2—-S9. Reconstituted standard (128 pl) is transferred into tube S1
and, thereafter, serially diluted fourfold from tubes S1 thru S9 by transferring 50 ul between each tube. To the
tube marked as blank, exclusively 150 pl of diluent (for serum samples) or cell culture medium (for cell culture
supernatants) is transferred

4. Remove the supernatant.

5. Resuspend PBMC in 1 ml of AIM V research-grade serum-free
medium with supplements.

6. Count the cell number, and determine the cell viability (see
Subheading 3.3).

3.6 Stimulation 1. Adjust the concentration of PBMC in AIM V medium with
of PBMC supplements to 1x10°/ml.

and Collection of Cell 2. Transfer 1 ml of the PBMC suspension to each tube for
Supernatant stimulation.

3. Add antigen or control to appropriate concentration.
4. Incubate PBMC between 24 and 96 h at 37 °C with 5 % CO,.

5. After completed incubation of PBMC, centrifuge the cells for
10 min at 400 x 4.

6. Transfer aliquots of cell supernatants to sterile tubes.

3.7 Luminex Standard, diluents, and cell culture medium should be at room
temperature, while serum, plasma, or cell culture supernatants
should be kept on ice before preparation.

3.7.1 Preparation 1. Reconstitute the vial of standard in 500 pl of diluent (standard
of Standard and Blank diluent for serum and plasma or cell culture medium for cell
culture supernatant), vortex, and incubate on ice for 30 min.

2. Prepare the nine-point standard dilution series and blank.
Label tubes S1-S9, and blank.
Add 72 pl of diluent (standard diluent for serum and plasma or
cell culture medium for cell culture supernatant) into tube S1
and 150 pl of diluent to tubes $2-89 and blank (Fig. 4).



3.7.2  Preparation
of Samples and Beads

3.7.3 Running the Assay
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Fig. 5 Plate setup. An example of plate setup for standards (S1-S9), blank (B),
control (C), and samples (serum or cell culture supernatants; positions 1-74) for
the wells on the plate

. Transfer 128 pl of reconstituted standard into S1 tube.
4. Serially dilute fourfold from tubes S1 thru S9 by transferring

50 pl between each tube (vortex between each transter).

. To the tube marked as blank, add 150 pl of diluent (for serum

samples) or cell culture medium (for cell culture supernatants).

. Dilute serum samples in sample diluent (e.g., 1:4; 50 pl of

serum and 150 pl of sample diluent).

. Dilute cell culture supernatants in cell culture medium (if high

concentration of immune markers is expected).

. Dilute 575 pl of beads in 5,175 pl of assay bufter (1:10).

. Add 50 pl/well of beads (diluted 1:10) to the assay plate.
. Wash the plate by adding 100 pl of wash buffer per well, and

repeat this step once.

. Add 50 pl of samples (serum or cell culture supernatants),

standards (§1-89), blank, and, if used, also control (Fig. 5).

. Cover the plate with sealing tape and incubate for 30 min in the

dark at room temperature with continuous shaking at 300 rpm.

. Within 10 min remaining of the incubation step, prepare the

detection antibody.
Dilute 300 pl of detection antibody in 2,700 pl of diluent (1:10).

. Wash the plate by adding 100 pl of wash buffer per well, and

repeat this step twice.

. Add 25 pl/well of detection antibody (diluted 1:10) to the

assay plate.

. Cover the plate with sealing tape and incubate for 30 min in the

dark at room temperature with continuous shaking at 300 rpm.
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10.

11.

12.

13.

14.

15.

16.

17.

. Meanwhile, prepare software protocol, e.g., normalized standard

(§1-S9) values.

Within 10 min remaining of the incubation step, prepare 1x
streptavidin—PE in assay buffer. Dilute 60 pl of streptavidin—-PE
in 5,940 pl of assay bufter (1:100).

Wash the plate by adding 100 pl/well of wash butfer, and
repeat this step twice.

Add 50 pl/well of streptavidin—PE (diluted 1:100) to the assay
plate.

Cover the plate with sealing tape and incubate for 10 min in
the dark at room temperature with continuous shaking at
300 rpm.

Wash the plate by adding 100 pl/well of wash buffer, and
repeat this step twice.

Resuspend beads in 125 ml of assay buffer/well, cover the
plate with sealing tape, and shake at 1,100 rpm for 30 s.

Remove the sealing tape and the plate cover, and place the
plate in the reader. Read the plate by choosing the running
protocol (prepared in advance). A minimum of 100 beads per
region should be analyzed.

Raw data are thereafter analyzed using suitable software to
apply a standard curve, with a cutoff for minimum detectable
concentration, for each individual immune marker.

4 Notes

. Time interval between blood sampling and sample processing:

The time period between blood sampling and sample process-
ing is very important. Our own research group has found that
blood samples left at room temperature for 24 h before separa-
tion of PBMC will increase the expression of CD3/CD4
(unpublished data). It has also been shown that PBMC han-
dled and cryopreserved within 8 h from venipuncture have
better viability, higher cell recovery, and higher concentration
of IFN-y compared to PBMC handled after 8 h from blood
sampling [3].

. Enrichment of PBMC: There is a number of different ways to

enrich PBMC. The most frequently used techniques for isola-
tion of PBMC are density gradient separation by Ficoll or
Lymphoprep or separation by vacutainer cell preparation tube
(CPT). Ficoll is routinely used to isolate mononuclear cells
from bone marrow, peripheral blood, and umbilical cord
blood. In principle, PBMC are enriched from whole blood
that is layered onto a density gradient. Gentle centrifugation at
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room temperature results in a buffy coat of monocytes and
lymphocytes under a layer of plasma, with the remaining white
blood cells together with red blood cells passing through the
interface and collecting at the bottom of the tube. The PBMC
interface is collected and washed for several times in either
phosphate-buftered saline (PBS) or cell culture medium (wash-
ing buffer) to remove any contaminating separation medium.
The vacutainer CPT is a single-tube system, supplemented
with sodium citrate, for collection of whole blood and the sepa-
ration of PBMC. In principle, blood is collected in the CPT,
the tube is centrifuged, and the cell pellet is resuspended in PBS
or cell culture medium before subsequent assay or procedure.

. Cellular number: In the most common design, the volume of
each large square of a Biirker’s chamber is 0.1 mm?. The cells
in four large squares are counted, and cells over or touching
the lines on top and on the left are counted, but cells over or
touching the right or the bottom lines are ignored. The con-
centration in cells per ml will be calculated as cells in four large
squares,/4 x 10,000.

. Cell recovery and viability: Viability thresholds should be used
in, e.g., clinical trials in order to obtain reliable results of func-
tional assays. The most convenient way to check the viability of
PBMC is to manually count PBMC by light microscopy after
the cells have been pre-colored with, e.g., trypan blue. In a
viable cell, trypan blue is not absorbed; however, it traverses
the membrane of dead cells. Hence, dead cells appear as dis-
tinctive blue color dots when visualized by light microscopy.

In principle, the number of live (white) cells versus the
number of dead (blue) cells is counted. The number of white
cells/100 PBMC gives the viability in percentage.

A more reliable way to ensure the viability of cells is detec-
tion by flow cytometry. In principle, PBMC should be resus-
pended in a flow cytometry staining buffer and thereafter cell
count and viability analysis are performed. However, this
requires more cells and thus may not be possible in limited
sample sizes.

. Cryopreservation of PBMC: The functional assays on cryo-
preserved PBMC are associated with viability of the cells. For
practical reasons, it can be an advantage to collect cells during
a limited period of time and perform all analyses collectively,
post-cryopreservation, in order to overcome, e.g., inter-assay
variation in the methodology analyzing cytokine secretion,
e.g., by Luminex. Cryopreservation is a convenient way to
handle PBMC. Actually, frozen cells are used in the great
majority of all studies of cell-mediated immunity. We and oth-
ers have been able to show that cryopreserved PBMC can be
used, trustworthy, after cryopreservation for detection of
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cytokines and chemokines [4] and Treg-associated markers [5]
and also that cryopreserved PBMC maintain a stable expres-
sion of the T-regulatory marker FOXP3 (% and MFI) in the
CD4+CD25hi cell population after cryopreservation [6].
Collectively, these studies show that cryopreserved PBMC can
be used and still give trustworthy and useful information.
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Chapter 8

Control of Pro-inflammatory Cytokine Release from Human
Monocytes with the Use of an Interleukin-10 Monoclonal
Antibody

Hardik Patel and Dennis Davidson

Abstract

The monocytes (MONOs) can be considered as “double-edge swords”; they have both important
pro-inflammatory and anti-inflammatory functions manifested in part by cytokine production and release.
Although MONOs are circulating cells, they are the major precursors of a variety of tissue-specific immune
cells such as the alveolar macrophage, dendritic cells, microglial cells, and Kupffer cells. Unlike the poly-
morphonuclear leukocyte, which produces no or very little interleukin-10 (IL-10), the monocyte can
produce this potent anti-inflammatory cytokine to control inflammation. IL-10, on an equimolar basis, is
a more potent inhibitor of pro-inflammatory cytokines produced by monocytes than many anti-
inflammatory glucocorticoids which are used clinically. This chapter describes how to isolate monocytes
from human blood and the use of IL-10 monoclonal antibody to determine the effect and timing of
endogenous IL-10 release on the production and release of pro-inflammatory cytokines.

Key words Endotoxin, Interleukins, Immunoglobulin, RT-qPCR, ELISA, Antibody-labeled
microbeads

1 Introduction

The predominant circulating leukocytes in the healthy human are
polymorphonuclear leukocytes (PMNs) and lymphocytes.
Monocytes generally represent less than 10 % of circulating leuko-
cytes. Many studies use the term peripheral blood monocytic cells
(PBMC:s) to describe the combination of lymphocytes and mono-
cytes which are mononuclear cells that can be separated from PMNss.
To study the monocyte alone and to convert monocytes in vitro to
other cell types in their lineage, e.g., macrophages, monocyte purity
from human blood must be very high [1-3].

To study the role of cytokines produced by inflammatory
cells in vitro one must choose a clinically significant stimulus in a
physiologic dose and at an appropriate time after stimulation.

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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Endotoxin in the dose range of 1-100 ng/mL of cell culture media
is a commonly used stimulant used throughout the literature [4-6].
Some cytokines are released early, such as IL.-8, while others may be
released after an hour or more, such as interleukin-10 (IL-10) [7].
Accordingly, the investigator should start with some pilot studies
that will examine submaximal and physiologically important stim-
uli under their experimental conditions. Unlike PMNs that
undergo apoptosis in standard culture media in the first 12-24 h,
monocytes survive much longer and can be studied for at least
18 h with high viability.

The use of a monoclonal antibody to a cytokine such as IL-10
can be used in cell culture to understand the relative importance of
IL-10 release on other cell functions such as pro-inflammatory
cytokine release. Inhibition of IL-10 will eliminate the negative
control on pro-inflammatory cytokine release. To determine the
concentration of antibody, a dose-response study is needed to find
a submaximal concentration of antibody that will enhance pro-
inflammatory cytokine release (e.g., IL-6) without interfering with
the ELISA assay. To determine that the monoclonal antibody is
not having an adverse effect on ELISA measurements, a control
with an equal concentration of IgG is used in all experiments.

2 Materials

2.1 Monocyte
Isolation

1. Clinical supplies for venipuncture including heparinized
preservative-free clinical test tubes (see Note 1).

2. Ficoll-Paque PLUS (GE Healthcare Life Sciences).
3. Phosphate-buffered saline (PBS).

4. Percoll Gradient: 24.25 mL Percoll (GE Healthcare Life
Sciences), 20.75 mL cell culture water, and 5 mL 1.6 M NaCl.

5. 15 mL Conical test tubes.
6. 50 mL Tubes.

7. RBC 10x lysing solution: 1.55 M NH,CL, 100 mM NaHCOQO3,
1 mM EDTA, pH 7 4.

8. MACS monocyte isolation kit IT (Miltenyi Biotec, Auburn, CA).
9. CD15 microbeads (Miltenyi Biotec, Auburn, CA).

10. MACS buffer: PBS with 2 mM EDTA and 1 % fetal calf serum
(FCS).

11. 0.4 % Trypan blue solution.
12. Hemocytometer.

13. Light microscope.
14. Handheld cell counter.
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1. IL-10 monoclonal antibody (MAB 2171, R&D Systems).
2. Mouse IgG2B isotype control (MAB004, R&D Systems).

3. Lipopolysaccharide (L4391 from Escherichin coli 0111:B4;
Sigma-Aldrich, St. Louis, MO, USA).

PBS.

. RPMI 1640 medium supplemented with 10 % FSC.

. 6-Well culture plates, BD Falcon* tissue culture plates.

. Incubator with 5 % CO,

. Human Interleukin-6 Quantikine ELISA Kit (R&D Systems).
. Human Interleukin-8 Quantikine ELISA Kit (R&D Systems).
10. ELISA plate reader.
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3 Methods

3.1 Monocyte
Isolation (Fig. 1)
(See Notes 2 and 3)

3.1.1 Blood Collection

1. Obtain IRB approval and informed consent for venipuncture
(minimal risk human study) from healthy adult volunteers or
cord blood from discarded placental immediately after birth.

2. Collect approximately 50 mL of venous blood (see Note 4).

a b
Monocytes and
Blood / Lymphocytes «— Monocytes
@ Interphase @ (Majority)
Percoll
Ficoll Granulocytes
and RBCs Lymphocytes
Ficoll Gradient Percoll Gradient
Centrifugation Centrifugation

Cc

Magnetic

labeling of

Non-monocyte ;: ; High Magnetic
field

cells

Unlabeled
Monocyte

Monocytes

|Negative selection using magnetic bead |

Fig. 1 Monocyte isolation. Panel A shows the separation of monocytes and lymphocytes (buffy coat) from
polymorphonuclear leukocytes and RBCs during the Ficoll gradient centrifugation. Panel B shows separation of
monocyte-enriched fraction from lymphocytes during Percoll gradient centrifugation. Panel C shows negative
selection of monocytes using an antibody cocktail and magnetic bead cell separation of pure monocytes
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3.1.2 Ficoll Gradient
Centrifugation and Red
Blood Cell Lysis

3.1.3  Percoll Gradient
Centrifugation (See Note 6)

3.1.4  Magnetic
Microbead Monocyte
Isolation (See Note 9)

. In a 15 mL tube, carefully layer 8 mL of heparinized blood

over 5 mL of Ficoll-Paque Plus using a squeeze pipette.

2. Centrifuge at 400 x g for 40 min.

132 WY NG SV R O
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. Remove the interphase containing lymphocytes and mono-

cytes into a new 15 mL tube (Fig. 1a).

. Fill up the tube to 13 mL with PBS and centrifuge at 200 x g

for 10 min.

. Discard supernatant, add 1x red blood cell lysing solution up

to 13 mL mark, resuspend cell pellet, invert the tube 20 times
for over 20 s, and centrifuge at 200 x4 for 10 min.

. Discard supernatant, and add PBS up to 13 mL mark.

Resuspend cell pellet gently, and invert five times to rinse cells.
Centrifuge at 200 x g for 10 min.

. Discard supernatant, resuspend cell pellet in residual liquid,

pool cells into one tube, and add PBS up to 13 mL mark.
Remove 50 pL of cell suspension for counting, and centrifuge
at 200 x4 for 10 min (sec Note 5).

. Discard supernatant. Resuspend cells at 50-60 x 10° cells/mL

in medium.

. Mix Percoll gradient solution very well before use (see Note 7).

Ina 15 mL tube, very carefully layer cells over Percoll gradient
(see Note 8): 3 mL of cell suspension over 10 mL of Percoll or
1 mL of cell suspension over 3 mL of Percoll.

. Spin at 580 x4 for 15 min.
. Collect cells from the interphase into a 15 mL tube. Fill the

tube up to 13 mL with PBS. Spin at 100-200 x4 for 10 min
(Fig. 1b).

. Discard supernatant. Add PBS up to 13 mL mark, resuspend

cells, and invert five times to rinse cells. Spin as above. Repeat
wash. Before the last wash, remove 50 pL of cell suspension for
cell counting.

. Aspirate supernatant completely.

. Resuspend cell pellet in 30 pL. of MACS buffer per 107 cells.

. Add 10 pL of FcR blocking reagent per 107 cells.

. Add 10 pL of biotin—antibody cocktail per 107 cells (se¢ Note 10).
. Mix well, and incubate for 10 min at 4-8 °C. Keep in the dark

(refrigerator).

. Add 10 pL of MACS bufter per 107 cells.
. Add 20 pL of CD15 microbead per 107 cells.
. Add 20 pL of anti-biotin microbead per 107 cells.

. Mix well, and incubate as above for 15 min at 4-8 °C.
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Wash cells by filling up the tube to 13 mL with MACS butffer.
Invert few times to rinse cells, and then spin at 300xy4 for
10 min.

Aspirate the supernatant completely, and resuspend up to 10%
cells in 500 pL of MACS buffer.

Proceed to magnetic separation with LS columns.

Place column in the magnetic field of a suitable MACS
separator.

Prepare column by rinsing with 3 mL of MACS buffer. Use
clean tube for collecting cells.

Apply cell suspension onto the column. Allow the cells to pass
through, and collect effluent as fraction with unlabeled cells,
representing the enriched monocyte fraction.

Wash column with 3 mL of MACS bulfter. Perform washing
steps by adding MACS bufter three times total, each time once
the column reservoir is empty.

Collect the entire effluent in the same tube. This fraction
represents the enriched monocyte cells.

Invert cells few times to mix well, and remove 50 pL for cell
counting. Spin down the rest at 300 x4 for 10 min.

Count cells, and resuspend monocytes at 1 x 106 cells/mL (or
desired concentration) in RPMI with 10 % FCS.

Monocyte viability and purity should be measured (see Note 11).

. Aliquot 1 mL of the monocyte suspension into wells of a 6-well

Neutralization culture plate (10° cells per well).

(See Note 12) 2. Incubate cells with IL-10 monoclonal antibody or IgG control
antibody for 1 h (see Note 13 to determine the concentration
of antibodies).

3. Stimulate cells with LPS (10 ng/mL) and incubate for 18 h
(see Note 14).
4. Collect cell culture supernatant after 18 h.
5. To measure cytokines by ELISA, usually 50-200 pL are ali-
quoted at specific time points and stored at —-80° C.
4 Notes

. Alcohol swab, tourniquet, 21 gauge butterfly needle, vacu-

tainer 10 mL heparinized tubes (the same used clinically for
complete blood counts), bandaid.

2. All reagents should be cell culture tested, endotoxin-free.

. All steps should be performed at room temperature unless

otherwise noted.
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4.

10.

11.

12.
13.

14.

Monocytes represent anywhere between 0 and 9 % of circulat-
ing white blood cells. 50 mL of whole blood will yield on aver-
age 107 monocytes. Umbilical cord blood usually yields 50 %
more monocytes than from adult whole blood. (There will be
considerable variation in the number of monocytes collected
based on the donor individual’s white blood cell differential
count. A lower number of monocytes per well can probably be
used after the investigator’s pilot experiments).

. For cell counting: Incubate cell suspension with 0.4 % trypan

blue dye (1:1) for 5 min. Load 10 pL of the stained cell sus-
pension onto the hemocytometer, and count the cells under
the light microscope. If there are too many cells (>100 cells/
field), dilute the cell suspension accordingly before adding try-
pan blue.

. Percoll gradient is performed when using cord blood only; this

step should be skipped for adult blood.

. Percoll gradient has to be at room temperature for use.

. Cell suspension should be layered on the Percoll very slowly

and carefully; failure to do so will result in lymphocyte
contamination.

. Remove all PBS before adding MACS buffer; keep MACS but-

fer on ice; keep cells during the labeling incubation at 4 °C in
the dark (keep in refrigerator).

In order to yield good purity, make sure to use accurate ratio

of cells and beads.

Flow cytometry is recommended for CD14+ cells to detect
purity of monocytes which should be >90 %. Viability can be
assessed by trypan blue exclusion and should be >95 %.

Experiments are done on the same day of isolation.

To determine the amount of IL-10 monoclonal antibody using
a dose-response curve is necessary using five- to tenfold incre-
ments of antibody in LPS-stimulated MONOs. The endpoint
will be a pro-inflammatory cytokine such as IL-8 (Fig. 2) and
1L-6 (Fig. 3). The antibody is having an effect if IL-6 or IL-8
levels increase against a control sample due to the elimination
of the negative feedback on pro-inflammatory cytokine release.
Choose a submaximal dose of IL-10 monoclonal antibody to
eliminate any nonspecific effects on the experimental assays.
Use the same concentrations of IgG in parallel samples with
the IL-10 antibody to also serve as a control for nonspecific
effects. There should be no rise in pro-inflammatory cytokines
with or without IgG as shown in Fig. 2.

If using LPS for monocyte stimulation, a suggested physio-
logic concentration would be 10 ng/mL of culture media [6].



Control of Cytokine Release with IL-10 Antibody 105

1000 -
9004 MAnti-IL10 ab
8004 DOIgG
700
600 -
500

IL-8 (ng/ml)

400 A
300 4

200
100- ﬂ
0 T T T T T T
0 0 1 10 100

1000 10000

l 1 Antibody (ng/ml) |

PBS LPS

Fig. 2 LPS-induced IL-8 release with inhibition of endogenous IL-10 cytokine
release using a monoclonal IL-10 antibody. Human monocytes (10%/mL) were
incubated with various doses of either IL10 monoclonal antibody (solid bars) or
control IlgG monoclonal antibody (open bars) for 1 h. Cells were than stimulated
with either PBS control or LPS. IL-8 secretion was measured in cell culture
supernatant after 18 h by ELISA
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Fig. 3 LPS-induced IL-6 release with inhibition of endogenous IL-10 cytokine
release using a monoclonal IL-10 antibody. Human monocytes (108/mL) were
incubated with either IL-10 monoclonal antibody (1,000 ng/mL) or control IgG
monoclonal antibody (1,000 ng/mL) for 1 h. Cells were than stimulated with
either PBS control or LPS. IL-6 secretion was measured in cell culture superna-
tant after 18 h by ELISA. Asterisk indicates significant difference (p<0.01) in IL-6
production between LPS-stimulated monocytes with or without IL-10 monoclonal
antibody incubation
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Chapter 9

Cytokine-Induced Neutrophil Chemotaxis Assay

Dennis Davidson and Hardik Patel

Abstract

Chemotaxis is directed migration of a cell type to a distant chemoattractant. When this chemoattractant is
a cytokine, the term chemokine is often used. Chemotaxis by neutrophils, specifically polymorphonuclear
leukocytes (PMNS), plays a critical role in the innate immune response. On an equimolar basis, interleukin-
8 (IL-8) is one of the most potent PMN chemokines known. This chapter describes an in vitro chemotaxis
technique using PMNSs and IL-8 which can serve the investigator as an established model from which new
studies can be developed.

Key words Polymorphonuclear leukocyte, Neutrophil, Chemokine, Interleukin-8, Chemotaxis
chamber, Cytokine, Chemotaxis assay

1 Introduction

The innate immune response, specifically the defense against a for-
eign agent (e.g., endotoxin, bacterial wall protein), usually begins
with the activation of a tissue macrophage to produce a wide variety
of mediators. The release of IL-8, one of the most potent chemo-
kines produced by macrophages, then leads to the recruitment of
neutrophils from the circulation to amplify the inflammatory
response [1]. The inflammatory response can lead to host defense
or tissue injury. Important clinical disorders involving this sequence
of cellular events in the lung include adult respiratory distress syn-
drome (ARDS) and the initial phase of bronchopulmonary dyspla-
sia (chronic lung disease) in premature infants [2, 3]. Using the
chemotaxis assay described below, the investigator can assess the
effect of various drugs and combination of endogenous mediators
or the effect of development on chemotaxis. For example, virtually
all studies comparing polymorphonuclear leukocyte (PMN)
chemotaxis of the newborn to the PMN chemotaxis of the adult
have demonstrated that chemotaxis is appreciably depressed for the
newborn. This means that for the same concentration of chemokine
(e.g., interleukin-8, I1L.-8) one may see more than 50 % less PMNs

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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of the newborn migrating under the assay conditions described
below compared to PMNs of the adult [4]. These findings correlate
with the clinical observation that the newborn is more vulnerable to
infection than the adult [5]. The chemotaxis assay can also be used
to test the effect of drugs on chemotaxis. For example the potent
anti-inflammatory drug, dexamethasone (a glucocorticoid), does
not appear to affect chemotaxis of PMNs directed to a chemokine
such as IL-8. However, PMNs also produce IL-8 and its produc-
tion is inhibited by dexamethasone. Using the chemotaxis assay sys-
tem, it has been shown in vitro that the amplification of neutrophilic
inflammation can be suppressed by dexamethasone for the adult
and newborn [6, 7].

When quantitating chemotaxis in vitro a multiwell chemotaxis
chamber is required. Chemotaxis is actually the total migration of
cells from which the chemokinesis or random migration is sub-
tracted. Migrating cells in culture media, in this case, a specific
number of PMNs are placed in upper chambers. A membrane with
a specific pore size is placed under this chamber through which the
PMNSs migrate, during an incubation period, and adhere to the
lower surface where they can be counted. The chemokine in cul-
ture media (or biologic fluid), in this case IL.-8, is placed in a lower
chamber below the filter to give total migration. Chemokinesis is
determined by placing the same concentration of IL-8 in the upper
and lower chamber. Accordingly two sets of upper and lower wells
are needed to quantitate chemotaxis. Since most studies will
require dose (chemoattractant concentration) and chemotaxis
responses, the possible comparison to other chemoattractants or
pharmacologic interventions, and each condition to be done in
triplicates, investigators will usually use a 48- or a 96-well micro-
chemotaxis chamber.

2 Materials

2.1 Neutrophil
Isolation (See Note 1)

. Clinical supplies for venipuncture (see Note 2).

. Ficoll-Paque PLUS (GE Healthcare Life Sciences).
. 15 mL Conical test tubes.

. Squeeze pipette (2 mL).

. Benchtop centrifuge.

. Phosphate bufter saline (PBS).

. 5% Dextran: 5 g Dextran in 100 mL of PBS.

. RBC 10x lysing solution: 1.55 M NH,Cl, 100 mM NaHCO;,
1 mM EDTA, pH to 7 4.

9. Cell culture-tested water.
10. RPMI 1640 medium.
11. Fetal calf serum (FCS).
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2.2 Chemotaxis
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12. Trypan blue.

13. Hema 3 stain set.

14. Hemocytometer.

15. Light microscope with ocular grid.
16. Handheld cell counter.

1. Three tiered, 48 well, microchemotaxis chamber (Neuroprobe).

Assay and 2. 2 and 5 pm pore polycarbonate filter membrane (Neuroprobe).
Accessories . « >
3. Centrifuge holders for lower chambers (for “drop-off’
correction).
4. Large glass microscope slide for membrane placement.
5. Recombinant human I1.-8 (see Note 3).
6. Tissue culture CO, incubator.
3 Methods

3.1 PMN Isolation
(Fig. 1)

3.1.1 Blood Collection

1. Obtain IRB approval and informed consent for venipuncture
(minimal risk human study) from healthy adult volunteers or
cord blood from a discarded placenta immediately after birth.

2. Collect approximately 8 mL of venous blood (see Note 4).

3. In a sterile 15 mL tube, carefully layer 8 mL of heparinized
blood (undiluted) over 5 mL of Ficoll-Paque PLUS using a
pyrogen-free squeeze pipette.

4. Centrifuge at 400 x g for 40 min.

5. Discard layers covering the bottom red layer using squeeze
pipette.

6. Pour PBS into red layer (RBC and PMN) to make 10 mL
volume.

7. Mix thoroughly using a new squeeze pipette.

a b
Monocytes
Blood and e Polymorphonucler
@ Lymphocytes }z{ leukocytes +
Interphase a Dextran solution
Ficoll Polymorphonuclear Red blood cells

leukocytes and

Ficoll Gradient| Red blood cells Dextran
Centrifugation sedimentation

Fig. 1 Overview of PMN isolation technique. Panel A shows the separation of
mononuclear cells from polymorphonuclear leukocytes using density gradient
centrifugation. Panel B shows the separation of polymorphonuclear leukocytes
from red blood cells by sedimentation
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3.1.2 Dextran
Sedimentation

3.1.3 Red Cell Lysis

3.1.4  Washing

3.1.5 Resuspending
Cells

3.2 Chemotaxis
Assay (Fig. 2)

1. In a sterile 50 mL tube, mix 5 mL of 5 % dextran and the above
PMN suspension.

2. Mix thoroughly using same pipette.
3. Let PMNs settle by gravity for 60 min.

4. Transfer (yellow) supernatant to a 15 mL tube using new
squeeze pipette (see Note 5).

5. Centrifuge at 300 x4 for 5 min.
6. Pour oft the supernatant to obtain a pellet.

7. Resuspend pellet in residual fluid by using pipette.

1. Prepare 1x lysing solution by mixing 10x lysing solution with
sterile water, e.g., 3 mL of 10x solution+27 mL of sterile
water.

2. Add to the resuspended pellet 1x lysing solution up to the
13 mL mark.

3. Gently mix by inverting capped 15 mL tube 30x.
. Centrifuge at 300 x4 for 5 min.

[92 YN

. Discard supernatant.

. Add PBS to make 13 mL mark.
. Centrifuge at 300 x4 for 5 min.
. Pour off supernatant.

. Resuspend pellet in residual fluid using a new squeeze pipette.
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. Repeat washing twice more.

1. Prepare 10 % FCS-RPMI 1640 medium (1 mL FCS+9 mL
RPMI) during the last wash.

2. After the last wash, discard supernatant and resuspend in 2 mL
of 10 % FCS-RPMI.

3. Count cells, and dilute cells to volume so that concentration of
cells is 3x 106 cells/mL.

4. Continue to differential staining, and count (se¢ Note 6).

5. Viability can be checked using trypan blue exclusion staining
(see Note 7).

Figure 2 is a schematic view of two adjacent wells in a three-tier
microchemotaxis chamber. For PMNs, 50 pL (5x 10* PMNs) can be
used with a 5 pm pore filter membrane overlying the upper chamber.
A 2 pm pore filter membrane is placed between the middle and lower
plate to trap any neutrophils which “drop off” from the underside of
the 5 pm pore filter membrane into the lower well. Once assembled,
the chamber is placed in a 37 °C humidified incubator for 60 min.
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Total Migration Chemokinesis

PMN +
PMN chemoattractant

Gasket
/ 5 5 um Membrane

PMN Chemoattractant

Fig. 2 Schematic 2-well section of a 48-well chemotaxis chamber. PMNs placed in the upper chamber will
migrate down to the underside of the 5 um pore filter membrane, which is then prepared for staining and cell
counting. Usually less than 4 % of the migrating PMNs will drop off to the top of the 2 pm pore filter, through
which they cannot pass. Chemotaxis (directed cell migration) is determined by subtracting total migration from
chemokinesis (random cell migration). Note that for determining chemokinesis, the same concentration of
chemoattractant must be in both the upper and lower wells

The underside of the 5 pm pore membrane contains the
migrated PMNs. The upper side of the membrane will have PMNs
that did not migrate. The upper side of the membrane is wiped off
along a firm rubber straight edge supplied by the manufacturer
before the membrane is stained. Blue-colored circles on the mem-
brane can often be seen with the naked eye corresponding to the
well when there is appreciable cell migration. The 5 pm pore mem-
brane is then mounted on a glass slide for counting under the
microscope. Cell counts are expressed as the number of cells per
square millimeter or high-power field. Counting should be done
from several areas within a well impression on the membrane, and
the total number of cells can be extrapolated from several hundred
cells counted.

The three-tiered microchemotaxis chamber is recommended
to correct for possible drop-oft PMNs from the underside of the
membrane into the lower well. After the upper block of wells
and 5 pm pore membrane is removed for staining, the combined
lower and middle blocks are spun in specialized centrifuge holders
as per the manufacturer’s instructions. Drop-off is usually under
4 % of the cell counted on the 2 pm pore membrane for each
well. PMNs cannot migrate through the 2 pm pore membrane.
The number of cells that drop off can be added to the number
counted on the undersurface of the 5 pm pore membrane (consid-
ered migrated cells). Results are usually displayed by showing total

migration divided into its components of chemotaxis and chemo-
kinesis [4] (see Note 8).
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The protocol is described below:

. Chemotaxis can be assessed in a 48-well chemotaxis chamber

from Neuro Probe, with a 5 pm polycarbonate filter between
the upper and lower chamber and a 2 pm filter lining the bot-
tom of the lower chamber (Fig. 2).

. For pharmacologic studies preincubate cells with selected

drugs (see Note 9).

. Loading chambers:

(a) Lower chamber (load first, avoid air bubbles): 50 pL
serum-free RPMI (control for random migration) or
chemoattractants—10% M IL-8 (in serum-free RPMI)
(see Note 10).

(b) Cover lower wells with 5 pm membrane, gasket, and upper
chamber assembly as per the manufacturer’s instructions.

(c) Upper chamber: 50 pl. of preincubated cell suspension
(3x10°¢ cells/mL), containing the inhibitors, +/- che-
moattractants (with chemoattractant for chemokinesis,
without chemoattractant for total migration).

4. Incubate chamber for 1 h at 37 °C.

10.

11.

12.

. Discard the upper chamber contents by inverting the chamber

on clean paper towels.

. Disassemble upper chamber, gasket, and 5 pm pore membrane

as per the manufacturer’s instructions.

. Wipe off non-migrated PMNs on the upper side of the 5 pm

pore membrane as per the manufacturer’s instructions.

. Allow membrane to air-dry, and stain with Hema 3.

. Centrifuge the bottom two-tier assembly with lower well

content (400-500 x g for 10 min, RT) to collect drop-off cells
on the 2 pm membrane.

Disassemble chamber, air-dry the 2 pm pore membrane, and
stain with Hema 3.

Count cells on the filters under a light microscope. Neutrophil
migration can be expressed as PMNs /high-power field.

Clean the chamber as per the manufacturer’s instructions
(see Note 11).

4 Notes

. Neutrophils undergo apoptosis in 12-18 h; therefore, isolation

and chemotaxis should be done on the same working day. All
reagents should be cell culture tested, endotoxin-free.
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2. Alcohol swab, tourniquet, 21 G butterfly needle, vacutainer
10 mL heparinized tubes (the same used clinically for complete
blood counts), band-aid.

3. fMLP is a commonly used chemoattractant than can be used as
a control in the same molarity as 1L-8.

4. 8 mL of adult human blood will yield enough PMNs to do a
48-well experiment.

5. Be careful not to include any red layer; otherwise, it will result
in too many contaminating red cells.

6. Hema 3 staining (standard method for white blood cell dif-
ferential counting): Most of the contaminating white blood

cells will be <5 % ecosinophils, and the remainder should be
almost all PMNs.

7. For cell counting: Incubate cell suspension with 0.4 % trypan
blue dye (1:1) for 5 min. Load 10 pL of the stained cell sus-
pension onto the hemocytometer, and count the cells under
the light microscope. If there are too many cells (>100 cells/
field), dilute the cell suspension accordingly before adding
trypan blue.

8. For IL-8 the large majority of the PMN total migration is due
to chemotaxis [4].

9. For pharmacological studies: Preincubate cells for 1 h +/-
with selected drugs at appropriate concentration at 37 °C in
pyrogen-free test tubes; control for no inhibitor was serum-
free RPMI.

10. There should be an upward meniscus after adding 50 pL into
the lower well which will help avoid air bubbles under the
5 pm pore membrane.

11. It is very important to soak the chambers overnight in enzy-
matic detergent to eliminate all contaminating proteins that
might interfere with the next assay.
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Chapter 10

An In Vitro One-Dimensional Assay to Study Growth
Factor-Regulated Tumor Cell-Macrophage Interaction

Ved P. Sharma, Brian T. Beaty, Dianne Cox, John S. Condeelis,
and Robert J. Eddy

Abstract

Growth factor-dependent pairing and motility between tumor cells and tumor-associated macrophages on
extracellular matrix (ECM) fibers of the tumor microenvironment have been shown to enhance intravasation
and metastatic spread of breast carcinomas. We describe an in vitro motility assay that combines time-lapse
wide-field microscopy and micro-patterned linear adhesive substrates to reconstitute the in vivo behavior
between macrophages, tumor cells, and ECM fibers in orthotopic rodent tumor models observed by intra-
vital imaging. Commercially available linear stripes of 650 nm dye-labeled fibronectin microlithographed
onto glass cover slips are sequentially plated with fluorescently labeled MTLn3 tumor cells and bone
marrow-derived macrophages and time-lapse imaged for up to 8 h. Incubation with pharmacological
inhibitors during the assay can identify important paracrine or autocrine signaling pathways involved in the
macrophage—tumor cell interaction. This high-resolution motility assay will lead to a more detailed descrip-
tion of immune cell-tumor cell behavior as well as interrogating additional cell types within the tumor
microenvironment which use cytokine /growth factor paracrine signaling interactions to facilitate intrava-
sation and metastasis.

Key words EGF, CSF-1, Breast carcinoma cells, Macrophage, Live-cell imaging, Time-lapse
microscopy

1 Introduction

The establishment of distant secondary tumors or metastases from
the primary tumor is correlated with poor prognosis in breast can-
cer patients. During metastasis, cells escape the primary tumor,
undergo invasion by migrating through the surrounding tissue
stroma, and eventually intravasate through the vascular endothe-
lium. Once in the circulation, the tumor cells can extravasate and
seed the formation of secondary tumors in various target organs [1].
Although tumor cells can undergo random and directional
motility, the process of invasion and dissemination are more effi-
cient when the tumor cells undergo directed cell migration [2].
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The phenomenon of chemotaxis, defined as directional migration
towards an increasing gradient of a chemokine or a growth factor,
is a common form of directed cell migration occurring in tumors.
Chemotaxis not only influences the migratory behavior of tumor
cells but also serves to define the tumor microenvironment [1].

The migratory behavior of individual cells and cell—cell interac-
tions within the tumor microenvironment can be observed in vivo
with high spatial and temporal resolution by intravital multiphoton
microscopy. Intravital imaging of mouse mammary tumors has
revealed that tumor cell migration is coordinated by the surround-
ing tumor microenvironment composed of a variety of cell types
including fibroblasts, adipocytes, vascular endothelial cells, and infil-
trating immune cells [1]. Recently, a role has been uncovered for
macrophages during both in vitro and in vivo mammary tumor cell
invasion and metastasis that is dependent on a paracrine interaction
between epidermal growth factor (EGF) secreted by macrophages
and colony-stimulating factor (CSE-1) secreted by tumor cells.
Inhibitors of EGF or CSF-1 signaling disrupt this interaction and
decrease tumor cell velocity and protrusion, validating the require-
ment for an intact paracrine loop [3-5].

In addition to the cellular component, the tumor microenvi-
ronment comprises the extracellular matrix secreted by various
tumor-associated cell types including fibroblasts and endothelial
cells. Intravital imaging using second harmonic generation has
revealed that extracellular matrix molecules, such as type I collagen,
are arranged into a network of linear fibers approximately 2-5 pm
in width. MTLn3 tumor cells expressing GFP not only increase their
velocity on collagen fibers, but in addition they exhibit a coordi-
nated streaming motility in close association with these fibers [6, 7].
Intriguingly, these steams were found to contain co-migrating
macrophages organized into arrays of alternating tumor cells and
macrophages [1] while the migration of tumor cells within streams
is more efficient than random motility with accompanying increases
in various cell motility parameters including velocity, net path
length, and directionality [2, 4, 7]. The EGF /CSF-1 paracrine loop
is critical for the co-migration of tumor cells and macrophages in
streams and is thought to play a significant role in organizing and
promoting directed migration to the vasculature and subsequent
intravasation during metastasis [2, 8].

In order to further investigate the ability of the tumor micro-
environment to organize macrophage—tumor cell streaming
behavior observed by intravital imaging [8], we developed an
in vitro motility assay that employs a linear micro-patterned adhe-
sive stripe to mimic the fibrillar nature of the tumor extracellular
matrix. We found that MTLn3 cells plated onto 2.5 or 5 pm wide
stripes of fibronectin or type I collagen micro-patterned onto a
glass cover slip supported high-velocity cell motility at rates com-
parable to in vivo values measured on collagen fibers of similar width.
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We observed that MTLn3 cells plated on fibronectin or type 1
collagen stripes migrated with higher velocity than on planar
matrix-coated substrates and displayed enhanced lamellipodial
protrusion and increased motility upon local interaction and pair-
ing with bone marrow-derived macrophages (BMMs) [9].

In this chapter, we describe technical details on the use and
application of commercially available and customizable cover slips
micro-patterned with stripes of extracellular matrix (ECM) of vary-
ing widths as an in vitro motility assay. This simplified approach
uses conventional time-lapsed, wide-field fluorescence microscopy
and is designed to analyze multiple adjacent fields simultaneously
to maximize data collection from a single micro-patterned cover
slip. Furthermore, this assay can be used to quantify individual cell
motility parameters such as speed, persistence, lamellipodial pro-
trusion, and retraction at high resolution as well as explore the
effect of various ECM molecules on these parameters. Our find-
ings validate the use of linear micro-patterned substrates to recon-
stitute in vivo tumor cell-macrophage pairing and stream formation
and can be applied to autocrine and paracrine chemokine /growth
factor signaling in a variety of tumor-associated cells.

2 Materials
2.1 Preparation

of CYTO0
Motility Chips

22 MTLn3
Preparation

2.3 BMM Preparation

. CYTOOchip Motility FN650 (CYTOO Inc., cat# 10-031-10-06).
. CYTOOchip Motility A (CYTOO Inc., cat# 10-031-00-06).
. CYTOOchamber 4 wells (CYTOO Inc., cat# 30-011).

. Silicone glue (DAP Aquarium Sealant, 100 % silicone).

. Glass-bottom 35 mm petri dish (MatTek, cat# P35G-1.5-14-C).
. Razor blade.

. Phosphate bufter saline (PBS).

. FITC-conjugated bovine collagen I (Sigma) solution: Dilute
FITC-conjugated bovine collagen in PBS to 40 pg,/ml.

0 NN N Ul RN~

p—

. MTLn3 [10]: TagRFP-cortactin-expressing MTLn3 [11].

2. Culture medium: MEM-alpha (Life Technologies) containing 5 %
tetal bovine serum (FBS) and penicillin /streptomycin solution.

3. 0.05 % Trypsin—-EDTA.

4. Imaging medium: L-15 (Life Technologies, cat# 21083) con-
taining 5 % FBS.

—

. Murine BMMs [12].

2. BMM culture medium: MEM-alpha (Life Technologies) con-
taining 15 % FBS, 1 % penicillin/streptomycin, and 36 ng/ml
(2.5 nM) recombinant human CSE-1.
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3. Bacterial petri dishes (Falcon).

4. CellTracker™ Green CMFDA (Life Technologies, cat#
C7025): Each vial of CellTracker™ Green contains 50 pg dye.
Make 5 mM stock solution by adding 21.5 pl of DMSO and
mixing by pipette 3—4 times. The stock solution can be kept at
-20 °C for up to 3 months.

2.4 Live Imaging 1. Imaging medium: L-15 medium (Life Technologies) contain-
of Tumor Cell- ing 5 % FBS.
Macrophage 2. EGFR inhibitor, Iressa (AstraZeneca).
Interaction 3. EGER inhibitor, Tyrphostin AG 1478 (Cell Signaling Tech.
bl y p g g b
cat#9842).

4. MCSF receptor antibody, AFS98 (Novus Biologicals, cat#
NBP1-43363).

5. Epi-fluorescence microscope (DeltaVision), equipped with a
20x objective, a heat enclosure to maintain temperature at
37 °C, a CoolSNAP HQ? CCD camera and a high precision X
and Y scanning stage for capturing time-lapsed images from
multipoint locations.

3 Methods

3.1 CYTOOchip- A CYTOO cover slip, with dimensions of 20 x 20 mm?, attached to
MatTek Dish Assembly  the bottom of a 35 mm glass-bottom petri dish having a 14 mm
well in the center (see Notes 1-3; Fig. 1), as follows:

1. Carefully remove the glass cover slip from a 35 mm glass-
bottom MatTek dish using a razor blade.

2. With the bottom side of the MatTek dish facing up, apply small
amount of silicone glue all around the hole.

3. Remove the CYTOOchip Motility out of the blister pack and
place, ECM side down, centered on the hole with a pair of
sterile forceps. Gently press with the forceps to ensure a good
seal with the applied silicone glue. Leave the dish at room tem-
perature for 6 h to let the glue dry. Store dishes at 4 °C, and
use them within 1-2 days.

3.2 Collagen 1. Remove the activated CYTOOchip out of the blister pack, and
I Coating glue it to the bottom of a 35 mm glass-bottom dish, as
of CYT0Ochip described in Subheading 3.1.

Motility A 2. Put 200 pl of the FITC-conjugated collagen solution in the

center well to cover the activated CYTOOchip. Incubate for
2 h at room temperature.

3. Wash three times with PBS, store at 4 °C, and use within
1-2 days.
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Fig. 1 An overview of the in vitro motility assay utilizing linear adhesive micro-patterned substrates. (a) A
cartoon showing a single 20 x 20 mm2, 175 pm (#1.5) thick CYTOOchip™ Motility FN650 (CYTOO, Inc.) affixed
to a 35 mm diameter, 14 mm microwell dish (MatTek Corporation). Each chip is micro-patterned with four
quadrants of parallel linear stripes of fibronectin labeled with 650 nm dye in widths ranging from 2.5, 5, and
10 to 20 pm with 192 stripes for each width. (b) A zoomed area of one quadrant of the CYTOOchip showing
fibronectin-650 stripes of different widths. The chip includes an area of planar 2D area of fibronectin-650 that
is continuous with the 2.5 pm linear stripes so that a direct comparison of 1D and 2D motility can be made.
(c) A zoomed area of CYTOOchip with 2.5 pm fibronectin-650 stripes continuous with the 2D area. A cartoon
of an elongated cell attached to the fibronectin-650 stripe is also shown. (d, e) TagRFP-cortactin-expressing
MTLn3 cells showing elongated morphology on (d) 2.5 um and (e) 5 um fibronectin-650 linear stripes. Merge
images of phase, RFP, and far-red channels are shown. Scale bars, 25 pm

3.3 Preparation 1. Put 2 ml of culture media on ECM (FN650 or FITC-collagen
of Garcinoma Cells I)-coated CYTOOchip-MatTek dish, and incubate in the cell
culture incubator for 30 min.

2. Trypsinize a 10 cm culture dish containing either parental or
TagRFP-cortactin-expressing MTLn3 cells with 1 ml of 0.05 %
trypsin—EDTA solution for 5 min in a cell culture incubator at
37 °C containing 5 % CO,. Add 9 ml of culture media to stop
the reaction.
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4

5
3.4 Macrophage 1.
Preparation

2

3

4

5

6
3.5 Live Imaging 1.
of Tumor Cell-
Macrophage 2
Interaction

3

4

. Aspirate media from the CYTOOchip-MatTek dish, put 2 ml

of MTLn3 cells (5x10* cells/ml) into the dish, and transfer it
to a cell culture incubator at 37 °C containing 5 % CO,.

. After 3—4 h, check the cells using a tissue culture microscope.

Cells should nicely line up in the 1D areas with enough space
in between for the cells to freely move in either direction.

. Wash floating cells once with imaging media, aspirate, then

add 2 ml of imaging media, and transfer to an epi-fluorescence
microscope.

Culture BMMs in bacterial petri dishes at 37 °Cina 5 % CO,
incubator [13] (see Note 4).

. To render BMMs quiescent [12], deprive cells of CSE-1 by

changing to CSF-1-free BMM medium and incubating cells
for 16 h prior to experiment.

. Harvest BMMs by incubating in 10 mM EDTA /PBS for 10

min at 37 °C in a 5 % CO, incubator to lift the cells. Then
pellet cells by centrifugation at 400xy4 for 5 min at room
temperature.

. Resuspend BMMs in CSFE-1-free culture medium, and transfer

cells to a 15 ml centrifuge tube. BMMs can be kept suspended
in the tube inside cell culture incubator for up to 6 h.

. Label BMMs with CellTracker™ green dye 1 h before they are

ready to be added to carcinoma cells on the CYTOOchip. Add
the dye at 1:1,000 (final concentration, 5 pM) to 5x10°
BMMs in 1 ml of media, and incubate for 30 min in a cell cul-
ture incubator.

. Wash two times, and resuspend BMMs in 2 ml of imaging

media (5x10* cells/ml).

To maintain good focus during live imaging, turn the micro-
scope heat ON at least 2—-3 h before starting to image.

. Place the CYTOO chamber with attached TagRFP-cortactin

MTLn3 cells on the microscope. Adjust the focus on the cells,
and set up for multiple-position imaging (se¢ Note 5). For lon-
ger duration time lapses, imaging of multiple adjacent fields is
recommended because cells frequently move in and out of the
field (see Note 6).

. After 2—-3 h of time-lapse imaging of TagRFP-cortactin MTLn3

cells alone (Figs. 1d, ¢ and 2) to establish baseline carcinoma
cell motility, add 1 x10° BMMs and continue imaging.

. BMMs start attaching to the dish (mostly on the ECM but also

on nonadhesive areas) within 5 min of addition. Continue
imaging for 6 h. Instances of tumor cell-macrophage pairing
(Fig. 3a, b) and streaming, consisting of an alternating pattern
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Fig. 2 Demonstration of combining multiple adjacent fields of view in ImageJ. TagRFP-cortactin-expressing
MTLn3 cells were plated on CYTOOchip Motility FN650 for 3—4 h. Adjacent fields of view with MTLn3 cells on
linear stripes were imaged in phase, RFP, and far-red channels on a DeltaVision microscope with a 20x objec-
tive (field-of-view width =329 um). Merged images (phase, RFP, and far-red channels) of four adjacent fields,
totaling a length of 1,316 um, were combined as described in Subheading 3.6. Scale bar, 50 pm

Fig. 3 Examples of tumor cell-macrophage pairing and streaming on 1D adhesive substrates. TagRFP-
cortactin-expressing MTLn3 cells were plated for 3—4 h on CYTOOchip Motility FN650. After time-lapse imag-
ing for 1.5-2 h, CellTracker green-labeled BMMs were added and imaged for an additional 6 h. (a) Single-tumor
cell (red) and macrophage (green) pairing on 2.5 um fibronectin-650 (blue) stripe. (b) Single-tumor cell (req)
and macrophage (green) pairing on 5 um fibronectin-650 (blue) stripe. (¢) Multiple-tumor cells (red) and mac-
rophages (green) were capable of forming streams of alternating tumor cells and macrophages on fibronec-
tin-650 stripe (blue) like those observed in vivo [8, 9]. Scale bars, 25 pm

of tumor cell and macrophages (Fig. 3¢), can be seen starting
from 1 h after the addition of BMMs.

5. To evaluate the role of EGF-CSF-1 paracrine signaling path-
way, EGFR inhibitors (1 pM Iressa or 5 pM AG-1478) or
CSEF-1 receptor function blocking antibody, AFS98 (50 pg/
ml), is added at the indicated concentrations and imaging is
continued for 6 h.

3.6 Analysis 1. Open fluorescent time-lapse movies in Image]. Multiple time-
of Time-Lapse Movies lapse movies of adjacent areas can be stitched together in
for Cell Motility Image] by combining two fields at a time with the command
Parameter Image > Stacks > Tools > Combine. A montage of 67 adjacent
Calculations fields totaling approximately 2 mm of continuous stripe was

regularly analyzed (Fig. 2).
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2.

For measuring carcinoma cell motility parameters, threshold
the RFP-cortactin channel using the command Image>

Adjust>Threshold.

. A custom Image] macro (available upon request), based on

outlining a cell with the Wand tool and determining the cell
centroid in each frame, was used to calculate the average and
maximum tumor cell speed.

. Based on the formula described earlier [ 14 ], average migration

persistence was calculated as speed/[1+(100/360)xangle],
where angle is the directional change in degrees. On 1D stripes,
the angle value is either 0 or 180, depending on whether the
cell persists in the same direction or changes direction.

. For displaying the images of tumor cell-macrophage interac-

tion, fluorescent and phase channels were merged using the
command Image > Color> Merge Channels.

4 Notes

. As an alternate to attaching the CYTOO cover slip to the bot-

tom of a MatTek dish, 1- or 4-well CYTOO chambers can be
used, where CYTOO cover slip is sandwiched between the
bottom frame and the main body of the CYTOO chamber and
held firmly by the magnetic force. Make sure that the silicone
gasket is attached to the main body of the chamber before
attaching it to the bottom frame; this ensures a leakproof
assembly.

. When the main body of the CYTOO chamber is brought closer

to the bottom frame, the parts have a tendency to snap together
due to magnetic force, and this can cause coverslip breakage.
A new user is advised to assemble the chamber without the
cover slip to get used to the strength of the magnetic force.

. A 4-well CYTOO chamber combined with multiple-position

imaging is very useful for testing up to four different condi-
tions on a single CYTOOchip in one imaging session. The
only drawback is that all the 2D areas on the chip are covered
by the chamber walls and therefore not available for imaging.

. Do not use regular tissue culture-treated dish for BMMs or the

cells will adhere too tightly and will be difficult to replate.
BMMs should be cultured in bacterial petri dishes.

. On a DeltaVision epi-fluorescence microscope, equipped with

a 20x objective and Photometrics CoolSnap HQ?* CCD cam-
era, the width of a field of view is about 329 pm. Up to 6-8
fields were imaged by successively moving each field by this
distance in 4y direction.
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6. One of the challenges in analyzing thresholded time-lapse mov-
ies is when adjacent cells touch each other. To overcome this,
cells were manually separated by drawing a black line (value 0,
same as the background) between the cell boundaries with a
pencil tool in every frame where cells were touching each other.
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Chapter 11

Chemotactic Responses hy Macrophages to a Directional
Source of a Cytokine Delivered by a Micropipette

Michael Cammer and Dianne Cox

Abstract

Macrophages, which are organized throughout every tissue, represent a key component of the immune
system and the recruitment of macrophages to specific sites is important in normal host defense. However,
when inappropriately recruited macrophages may damage or destroy healthy tissue; this is seen in several
autoimmune diseases such as arthritis. Many cytokines, including CSE-1 and chemokines, are often
upregulated in inflamed tissues and can induce the directional migration of macrophages towards the
highest concentration of the cytokine in a process called chemotaxis. Chemokines were first described as
chemoattractant cytokines synthesized at sites of inflammation that stimulate the directional migration of
leukocytes and mediate inflammation. Whereas specific receptors for chemoattractants reside over the
entire cell surface, macrophages can detect very shallow chemotactic gradients leading to spatially defined
responses to the chemoattractant such as the extension of directed protrusions leading to cell migration.
In this chapter we describe a method for the localized delivery of chemoattractants via a micropipette
needle to macrophages in culture followed by methods for imaging and an outline of quantifying macro-
phage responses.

Key words Chemokines, CSF-1, Chemotaxis, Protrusions, Migration, Macrophage

1 Introduction

Sites of infection or injury secrete inflammatory cytokines that act
as chemoattractants orchestrating the recruitment of monocytes,/
macrophages. Macrophages sense and migrate along external
gradients of soluble factors. This is directed migration or chemo-
taxis. During migration cells cycle through a set of actin-dependent
events that include the extension of an F-actin rich protrusion
towards the source of the chemoattractant, followed by stabilization
of the protrusion via integrin-mediated attachment to the under-
lying extracellular substrate, and the actomyosin-based contraction
of the body and detachment at the rear.

Cell migration has been observed since the development of the
light microscope beginning with Leeuwenhoek in the seventeenth

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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century. Since then cellular migration has been observed in many
different organisms and cell types including the founding studies
by Elie Metchnikoff using immune cells. It has only been since the
last half of the twentieth century that the tools have been devel-
oped to quantify this process.

The Boyden chamber has become one of the most used tools to
assess cell motility and invasion. The classical Boyden chamber con-
sists of two compartments where the cells contained in the upper
compartment are separated by a membrane containing pores from
the lower compartment containing a chemoattractant. This mem-
brane represents a physical barrier that cells can only overcome by
active migration. Since its initial introduction in 1962 to study neu-
trophil chemotaxis [1], a number of different Boyden chamber
devices have been developed and used to study chemotaxis by difter-
ent cell types including tumor cells [2]. While this is a quantitative
method to measure chemotaxis and can provide information on the
importance of specific molecules involved in chemotaxis, it is unfor-
tunately an end point assay with low resolution.

Since then several different types of assays have been developed
that allow for cellular imaging during chemotaxis, including the
Zigmond and Dunn chambers that contain two wells separated by
a bridge where the cells can be images during migration [3, 4].
More recently more sophisticated microfluidic devices have been
developed (reviewed in [5]). However, many researchers have used
a micropipette to rapidly generate a chemotactic gradient to mea-
sure the chemotactic properties of a wide variety of cell types rang-
ing from yeast to Dictyostelium amoebae to mammalian cells
including neuronal, cancer, and immune cells [6-9].

There are essentially two types of assays using a micropipette to
stimulate cells. One is to look at the behavior of a population of
cells. The second is to study the behavior of individual cells. The
former may be done in many cell culture systems. The second
requires high numerical aperture optics and mastery of the first
method (see Note 1) [10]. In this chapter we describe a method
for the first application, using a micropipette to deliver a local
gradient of chemoattractant to induce the migration of bone
marrow-derived macrophages (BMMs) (Fig. 1). We describe
looking at a field approximately 400 x 300 pm using a 10x phase
contrast objective.

2 Materials

2.1 Cell Culture
and Reagents

1. 10 cm bacterial dishes (do not use regular tissue culture-treated
dish for BMMs or the cells will adhere too tightly and will be
difficult to replate). Smaller dishes can be used for the actual
imaging experiment (35 mm). A 10x objective should provide
acceptable images even through plastic.
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Fig. 1 (a) Overview of instrumentation. Eppendorf micromanipulator with Femtotips Il micropipette in 35 mm
dish on a heated stage plate. Condenser allows sufficient space for micromanipulator and micropipette.
Example data: cells imaged by phase contrast. (b) Before. (c) Micropipette added. (d) End of time lapse

2.2 Instrumentation

2.2.1 Microcopy

2. Insulin syringes: 3 ml syringe with a 23 g needle.

N O\ Ul W~

10.

11.

. BMM medium: Minimal Essential Medium Alpha (a-MEM)

with L-glutamine, 15 % Fetal Bovine Serum (FBS), 1 %
Penicillin /Streptomycin.

. Recombinant mouse CSE-1 for BMM growth.

. CX3CL1 (Fractalkine) (R&D Systems).

. Sterile 10 mM EDTA/PBS.

. If there is no CO, control for the microscope, 10 mM HEPES

can be added to the medium or Leibovitz’s L-15 medium can
be used.

. Cell culture grade light mineral oil optional, e.g., Sigma

M5310, to cover media in dish to prevent evaporation while
being gas permeable.

. Chemokine to put in micropipette, for example we use a final

concentration of 50 ng/ml CX3CLI1 in medium for BMMs.

Fluorescent tracer optional. We use 70 kDa fluoroscein con-
jugated dextran at a final concentration of 100 pg/ml.
Examples are fluoroscein, Alexa 488, Oregon green, rhoda-
mine, Alexa 568.

0.22 pm filters (Millipore).

Any inverted microscope with a camera may be used (see Notes 2
and 3). The parts listed here are one example and alternatives are
discussed in Subheading 4. Note 2 explains the benefits of phase
contrast specifically and Note 3 describes why fluorescent labeling
is avoided.

1.

Olympus IX71 inverted microscope with planapo phase con-
trast 10x NA objective. A plan corrected objective is impor-
tant for imaging a large field with consistent focus and spatial
response across the field. This technique is easier with a
microscope that does not have a 100/0 beam splitter when
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2.2.2 Microinjection

switching from oculars to camera. 80,20, 70,/30, and 50,/50
are preferable.

. Optional: green interference filter for light source.

Monochromatic light in the middle of the visible spectrum
may improve resolution.

. Condenser with manually selectable positions preferable

because a slight misalignment may be required to compensate
tor a change in the surface of the media due to surface tension
curvature where the micropipette enters.

. Optional: epifluorescence for monitoring flow of chemokine

mixed with fluorescent dye.

. Camera. We use Cooke Sensicam and Photometrics Coolsnap

HQ. Any camera with a large chip and software for time-lapse
imaging may be used (see Note 4). If cells are light sensitive,
shutter recommended to close light between exposures.

. Anti-vibration platform. Needle will shake or even crash into

bottom of dish if there are vibrations.

. Software: MicroManager is free, operates on multiple com-

puter platforms, drives a wide range of microscope hardware
made by many manufacturers, and has exemplary online sup-
port. Any microscope and camera control software that can
perform time-lapse imaging may be substituted.

. Warm inserted stage on microscope (Harvard Apparatus).

. Eppendorf PatchMan NP2 microinjector with electronic joy-

stick XYZ control and continuous pressure unit. This is an
integrated one-stop-shopping solution. However, the system
may be broken into separate components from different ven-
dors to save on cost.

2. Eppendorf microloader tips (5242 956.003 or 930001007).

. Femtotip II microinjection capillaries or your own pulled

capillaries.

. Eppendorf Reference fixed-volume micropipettes or equiva-

lent for the volume to load in needle (1 pl, 2 pl or 5 pl).

3 Methods

3.1 BMM Isolation,
Gell Culturing and
Plating

. Start with two intact femurs and tibiae from one mouse kept in

cold a-MEM (see Note 5).

. Using a 3 ml syringe with a 23 g needle, flush femurs and tibiae

with 2 ml of BMM medium (8 ml for the whole animal) in a
clean sterile 10 cm dish. You should be able to see cell clumps
falling down from the bone. Bones now should appear quite
white and not red /pinkish as they were before.
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Set-Up

3.3 Load Needle
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3.

Add CSF-1 to a final concentration of 2.5 nM for growth and
incubate at 37°in a 5 % CO, incubator. In general, BMMs are
said to be mature once they attach and spread on the bacterial
plastic and are frequently used between day 7 and 14 after
isolation.

. Harvest BMMs by incubating in 10 mM EDTA /PBS for 10

min at 37°in a 5 % CO, incubator to lift the cells. Then pellet
the cells by centrifugation at 400 x 4 for 5 min at 4 °C.

. BMMs must be replated into a 35 mm dish at 30-50 %

confluency at least 1-2 days prior to the experiment since they
need time to attach (see Notes 6 and 7). A minimum of 2 ml
in a 35 mm dish is recommended. Cells can be made more
quiescent by removing CSE-1 from the media 16 h prior the
experiment.

. Prior to the experiment replace BMM medium with phenol

red-free medium with 10 mM HEPES if not using a CO,
chamber (se¢ Note 8).

. Turn environmental control on 1 h in advance to stabilize

microscope stage and objectives (see Note 9).

2. Turn on microinjection apparatus.

. Turn on microscope, camera, and software.

. Prepare chemokine at required concentration with optional

fluorescent dye for tracking the flow from the needle tip
(see Note 10).

. We recommend filtering the chemokine to remove particulates

using 0.22 pm pores but Eppendort reports spinning at
10,000 x g for 15 min may be sufficient.

. Load the chemokine into a microloader tip. Look at the tip to

make sure fluid has been taken up since sometimes these tips
do not load. If tip cannot be loaded, try tightening it on the
pipette. If it still won’t load, discard it and try another.

. Insert the microloader tip down the large opening of the

micropipette until it stops due to tapering at the tip. Be sure to
keep the microloader straight. Some people prefer holding the
micropipette in one hand and the microloader in the other.
Others like to have the micropipette held in an upright posi-
tion, rest their elbows on the bench, and lower the microloader
into the capillary.

. Slowly eject the contents of the microloader while pulling the

microloader out of the micropipette.

. Make sure fluid extends all the way to the tapered tip. If at any

time you think you may have touched the tip of the micropi-
pette or brushed it against something, most likely it is broken.
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3.4 Perform
Experiment

. Have microscope environmental system stabilized and micro-

injector ready.

2. Put dish of cells on stage.

11

12.
13.
14.

15.

. Remove top and align for Kohler illumination.

. Mount the chemokine loaded micropipette in the microma-

nipulator such that the tip is in the light beam from the con-
denser to the dish and only a mm or so from the top of the
media. The micromanipulator controls may only have a small
range such as 1-2 cm so it is important to allow plenty of play
remaining using the micromanipulator controls (se¢ Note 11).

. Start pressure on the needle (see Note 12). We use 18—40 hPa.

. Drop needle below surface of media. This should be done

quickly to prevent clogging at the micropipette tip due to
evaporation.

. Optional: Using a transfer pipette slowly lay light mineral oil

over top of media by moving the pipette tip to encourage even
coverage.

. When micropipette breaks the surface turn condenser ring

slightly out of position to get phase rings to align and to restore
Kohler illumination.

. Use the oculars to look for and position the micropipette.
10.

Drop needle slowly until you begin to see a slightly darker
band. A trick is to move the needle back and forth in the Y
axis, or apparently up and down in the eyepieces, to see it
better.

. Raise the focus above the cells so that when you drop the nee-

dle into the focus plane it will still be far above the bottom of
the dish.

Bring tip into focus.
Drop focal plane so cells are in focus.

Move to an extreme position, for instance near the edge of the
dish which may be moved by hand, where you will not be
imaging. This is because initiating flow from the capillary tip is
sometimes tricky and you do not want to contaminate cells
with chemokine before imaging. Beware that plastic dishes
may not be truly flat so you have to be extra careful to raise the
micropipette before moving the dish. If you raise it straight up,
even if you cannot see it, it should be simple to lower back into
the field.

Check needle flow. Using phase contrast you should be able to
see a slight change in density a few microns from the needle
tip. If the chemokine solution includes a fluorophore, a short
exposure with binning at 4x4 or 8 x8 should show the flow
with minimal exposure of light (Fig. 2).
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Fig. 2 Fluorescence image shows good flow from micropipette

16.

17.
18.

19.

20.

21.

If there is no observable flow from the needle, try the clean
function if using an Eppendorf microinjector. This boosts the
pressure to initially begin the flow. Another trick is to very
lightly touch the tip of the capillary to the bottom of this dish
and drag it. This may break the hole larger, but you have to be
careful not to break too much off because the flow will be too
great.

Move needle up and to the edge of visual field.

Find field of cells for the experiment with clear spot on side
where needle enters.

Start recording for at least a few minutes to get baseline of cell
movement. Of course you also need to perform separate control
recordings where the conditions are exactly the same except the
chemokine is missing from the micropipette cocktail.

Move needle into field and down near substrate, 20-40 pm
above the bottom works well. If the light is shuttered, throw
manual shutter to on position so you can see through oculars.
Alternative, if this cannot be done, stop time-lapse collection
and move needle into position, start a new time-lapse collec-
tion, and at the end concatenate the sequences. The timing
will not be precise, but with imaging at 5-15 min intervals
over 1-3 h, this may be acceptable.

Image for required time. Periodic checks of focus and flow
from micropipette are recommended.
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3.5 Analysis Whereas there are many parameters of cell motility that may be
measured, in this assay we focus on whether the cells move towards
the chemokine, randomly, or away. This may be established by
locating the initial and ending position of each cell and measuring
these distances in reference to the micropipette tip (Fig. 3a, d).
While this may be partially automated using Image] [11] or other
software, the measurements may be performed with minimal com-
puter experience by recording the beginning and end of each cell’s
X, Y location and entering into a spreadsheet to calculate the dis-
tances to the micropipette tip. Excel, Open Office, and Google
Spreadsheet all handle this Pythagorean calculation fine. If the cal-
culations are done using pixel coordinates, at the final step you
may multiply by a constant to convert units to microns. We have
also written a routine to color code these direct paths as tempera-
ture maps. This provides a quick view of the population's behavior
with regard to the micropipette tip (Fig. 3b). The aggregate

cell starting |cell ending needle tip location | |distance from needle tip
X Y X Y X Y start |ending]diff vement
409 55| 397| 189 338 247 205 83 122 122
399 101| 369 170 158 83 75 75
149| 178 143| 178 201 207 -6/
103| 240( 101 241 235| 237 -2
71| 227| 124| 212 268| 217 51 51
152| 348 10| 361 212 347 -136 -136
3| 401 73| 347 369 283 85 85
52| 452 50( 432 352 342 10
160| 484 270| 377 296 147 150 150
164| 315 344| 252 187 8 179 179
234 427| 256( 287 208 91 117 117
455( 378| 447 380 176| 172 4
491| 328| 408| 309 173 94 80 80

=SQRT( POWER((xc-B4),2) + POWER((yc-C4),2))

Fig. 3 (a) Starting and ending positions of cells marked manually. Coordinates used to create the temperate
map (b) which shows the aggregate paths of the cells as flow where white is convergence and black is diver-
gence and (d) the calculations of netpaths using a spreadsheet. The /inesin B show flow from the micropipette
as pictured in Fig. 2. (c) Paths generated by MTrackJ [12] at 10 min intervals as one example of analysis by
tracking software
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information of each cell’s location change from start to end (net-
path) defines a trend but does not provide information regarding
the nature of the motility, for instance whether it is fast and mean-
dering or slow and direct (see Note 13).

There are plugins in Image]J (Fig. 3¢) and features in software
packages such as Volocity and Imaris that provide more detailed
analysis of paths. Users of these software report that they are suc-
cessful at automatic detection of moving cells to make motility
measurements simple. Certainly all these software are effective
when cells are isolated from one another. However, where cells
touch, which occurs in most cases, these types of software fail to
accurately follow individual paths. In our experience the accuracy
of properly identified cells outweighs time savings claimed by auto-
mated feature recognition without manual confirmation.

4 Notes

1. This method may be used for imaging at high resolution in
single cells. 40x N.A. 1.3 and 60x N.A. 1.4 have been used
successfully but require practice and finesse to find the
micropipette.

2. Phase contrast is recommended because it provides an excel-
lent overall view of both the cells and the micropipette. It is
also very forgiving if the microscope focus slips. Brightfield is
not high contrast enough to image cells and difficult to judge
the tip of the needle. Nomarski may be acceptable but may
impede automated image segmentation. Reflectance imaging
provides excellent contrast for computer segmentation when
the focus is held precisely at the coverslip but does not work
well at low numerical aperture, renders the micropipette invis-
ible, and where cells may have discrete contacts rather than
adhering flat, they are mismeasured as multiple cells.

3. Imaging fluorescently labeled cells may simplify the task of
automated segmentation. We describe methods here for unla-
beled cells because either cells have to express genetically
encoded fluorescent proteins or be stained with fluorophores
such as CSFE, Dil, or Celltracker Violet. Most monocytes are
not amenable to fluorescent protein transfection. Labeling
cells with small molecules may alter their behaviors. In both
cases, exposure to excitation for fluorescence is more likely to
damage the cells than exposure to low levels of light for
transmitted imaging.

4. A relatively inexpensive camera that also works well for fluores-
cence microscopy is the QiClick. sCMOS cameras may allow
collection of larger fields at the same magnification.
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10.

11.

12.

13.

. Cleaned bones can be shipped on ice overnight and used to

generate BMMs.

. Culture dish must be compatible with the microscope objec-

tive. Microscopy purists will insist this means a #1.5 coverslip
bottom, which is standard for most microscope objectives.
This method uses lower magnifications, such as 20x and below
with low numerical aperture lenses, and plastic dishes are
acceptable. Also, special long working distance objectives with
collars to adjust for varied materials and refractive indices are
available.

. Each cell type needs its own optimization including whether

the substrate needs to be pretreated or coated.

. Any standard cell culture media acceptable. If modifying

protocol to watch fluorescence, media without phenol red is
highly recommended.

. Environmental control may be required for correct timing of

biological functions. We have used two different types of tem-
perature and pH control. (a) Most commonly heated stage
with cells in L15 or HEPES buftered media as described above.
(b) Complete enclosure around microscope with forced heated
air or premixed 5 % CO, in air bubbled through water to main-
tain humidity. We find this requires 3 h to stabilize or it may be
kept on all the time.

The appropriate concentration that needs to be loaded into the
needle must be determined empirically for each chemokine.
We have found that 10 ng/ml CSE-1 works well in the needle
but it should be noted that expression of the CSE-1R must be
upregulated by incubation in CSF-1 free media 16 h prior to
the experiment.

Micropipette positioning may be provided by a few different
methods ranging from complete electronic to manual control.
Examples are Harvard Apparatus, World Precision Instruments,
or modifying optics parts such as from Thorlabs or Newport
Instruments. Single joystick control makes the method very
simple, but a manual micromanipulator may be sufficient.

An inexpensive alternative for applying constant pressure to
the micropipette is a syringe pump. This operates by a motor
slowly turning a screw that pushes the plunger on a syringe. An
alternative may be a gravity based system, but we have not
tried this.

If you see a trend of cells streaming in a given direction in par-
allel, likely there is an issue of flow in the culture system. This
may be due to uneven heating. Environmental control needs
to be uniform to prevent artifacts due to flow pushing cells or
dispersing the chemokine.
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Abstract

Phagocytosis is the process by which phagocytes, including macrophages, neutrophils and monocytes,
engulf and kill invading pathogens, remove foreign particles, and clear cell debris. Phagocytes and their
ability to phagocytose are an important part of the innate immune system and are critical for homeostasis
of the host. Impairment in phagocytosis has been associated with numerous diseases and disorders.
Different cytokines have been shown to affect the phagocytic process. Cytokines including TNFa, IL-1f,
GM-CSF, and TGF-pl were found to promote phagocytosis, whereas high mobility group box-1
(HMGB1) inhibited the phagocytic function of macrophages. Here, we describe two commonly used
methods to assess the phagocytic function of cultured macrophages, which can easily be applied to other
phagocytes. Each method is based on the extent of engulfment of FITC-labeled latex minibeads by mac-
rophages under different conditions. Phagocytic activity can be assessed either by counting individual cells
using a fluorescence microscope or measuring fluorescence intensity using a flow cytometer.

Key words Phagocytosis, Macrophages, Hyperoxia, Flow cytometry, HMGB1

1 Introduction

The process of phagocytosis was first described by Elie Metchnikoff
more than 100 years ago [1]. Phagocytosis (from Ancient Greek
phago, meaning “eating,” kytos, meaning “cell” and -osis, meaning
“process”) is a process by which phagocytes engulf'and kill invading
microorganisms [2]. It is a major mechanism of the immune system
used to eliminate pathogens, foreign particles, and cell debris
within the body [3]. Phagocytosis is a multistep phenomenon that
starts with the recognition of the target using surface receptors
[3]. Recognition is followed by membrane protrusion to form a

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_12, © Springer Science+Business Media New York 2014
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phagocytic cup around the target and engulf it into the cell to
make a phagosome [4]. Then, phagosomes fuse with lysosomes,
forming phagolysosomes. Phagolysosomes contain lytic enzymes
and chemicals such as peroxidase, lysozyme, hydrolytic enzyme,
and hydrogen peroxide which causes oxidative burst for digestion
of its contents [5]. The last step of phagocytosis is elimination of
the phagolysosome contents by exocytosis [ 3].

Phagocytosis provides the first line of host defense against
harmtul pathogens and serves as a link between the innate immune
response and the initiation of adaptive immune responses [6]. In
mammals, phagocytosis is mainly carried out by macrophages,
neutrophils, monocytes, dendritic cells, and mast cells, which are
often referred as professional phagocytes [7]. Macrophages are
first-responder cells in the innate immune response, although dur-
ing some infections recruited neutrophils play a major role in the
clearance process [8, 9].

In addition, phagocytosis plays an important role in the clearance
of dead cells (efferocytosis) and, thereby, in maintaining normal
tissue homeostasis and remodeling [3, 10]. Failure of this process
causes increased accumulation of necrotic materials, which ulti-
mately damage the surrounding tissues and contribute to disease
development [11]. Therefore, phagocytosis remains an important
physiological process and any interruption in the process will dis-
turb the immune balance.

Previous studies suggest that defects in the innate immune
response against invading pathogens are associated with macro-
phage dysfunction [12, 13]. The impairment in phagocytic capac-
ity of alveolar macrophages, neutrophils, and monocytes has been
associated with the pathogenesis of a number of airway diseases
such as COPD, cystic fibrosis (CF) and asthma as well as multiple
sclerosis, Alzheimer’s disease and chronic granulomatous disease
[14-17]. Phagocytic function is also impaired upon exposure to
cigarette smoke and supraphysiological concentrations of oxygen
(hyperoxia). Studies have shown that hyperoxia can impair macro-
phage phagocytic function by oxidizing actin cytoskeleton and
thereby inhibiting the formation of phagocytic cup [18, 19]. In
addition, prolonged exposure to hyperoxia can impair the respira-
tory burst, which is essential in bacterial killing by macrophages
[20]. This hyperoxia-induced dysfunction of phagocytes can
reduce the host ability to clear invading pathogens, leading to
increased susceptibility in the host to infections by opportunistic
pathogens [21]. Hyperoxia-induced phagocytic dysfunction is
implicated in the development of ventilator-associated pneumonia
(VAP), a leading cause of morbidity and mortality in patients
receiving mechanical ventilation [19, 21-23]. Thus, it is important
to assess the phagocytic function of phagocytes under different
pathophysiological conditions in order to understand the patho-
genesis of these diseases.



Assessment of Phagocytic Function of Macrophages 139

Cytokines are elevated in patients with infections, such as CF,
and may contribute to the regulation of macrophage functions
[24]. Many cytokines such as TNFa, IL-1p, GM-CSF, and TGEF-
B1 have been shown to promote the phagocytic function of macro-
phages [25]. Markedly elevated levels of extracellular high mobility
group box 1 (HMGB1), a recently discovered inflammatory cyto-
kine [26], have also been shown in patients with CF and VAP, as
well as in the animal models of these diseases [21, 27, 28]. High
levels of extracellular HMGBI1 can directly impair the phagocytic
activity of alveolar macrophages, leading to impaired bacterial
clearance in animal models of CF and VAP [21, 27]. Interestingly,
high levels of extracellular HMGBI1 can also impair the clearance
of apoptotic neutrophils by macrophages, which may contribute to
the persistent presence of excessive inflammation in some diseases
[29]. These studies demonstrate the important role of extracellular
HMGBI in controlling phagocytosis of invading pathogens and
apoptotic cells. Therefore, blocking extracellular HMGB1 or
inhibiting its accumulation in the extracellular milieu using either
antibodies or pharmacological agents may be clinically useful in
reducing susceptibility to infections and persistent inflammation in
patients [30].

Currently, there are a number of assays available to assess phago-
cytic activity in vitro. Most of these assays include using fluorescence
labeled latex beads, zymosan or E. coli particles, and microscopes or
flow cytometers to measure the phagocytic activity of particular
phagocytes. This chapter describes the materials, methods, and notes
for both assays using fluorescence microscopy and flow cytometry.
This protocol should be readily applicable to analyze the phagocytic
activity of different types of phagocytes.

2 Materials

2.1 CGells and Cell
Culture

2.2 Phagocytic
Particles, Opsonins,
and Solutions

(See Note 1)

1. Mouse macrophages like RAW 264.7 cells (ATCC, Manassas,
VA), cultured according to standard cell culture conditions [31].

2. DMEM cell culture medium supplemented with 10 % fetal
bovine serum (FBS), 1 % glutamine, 100 U/ml penicillin—
streptomycin.

3. Polystyrene 6 or 12-well Plates.

N

. Micro cover glass, 18 cmm circle.

. FITC-labeled latex minibeads (Polysciences), stored at 4 °C.
. Fetal bovine serum (FBS), stored at <-20 °C.

. IgG from human serum, stored at <-20 °C.

. Phosphate Buffered Saline (PBS).

. Trypan Blue Solution 0.4 % (w/v) in PBS.

(92 B N B S R
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6.

7.

4 % paraformaldehyde (freshly prepared, or stored at =20 °C
for longer storage).

4-6-Diamidino-2-phenylindole, dihydrochloride (DAPI),
protect from light, store at <20 °C.

8. Rhodamine phalloidin (Molecular Probes), MW ~1,250,
dissolved in methanol. Protect from light, store at <20 °C.

2.3 Detection 1. Fluorescence microscope.
Methods 2. Flow cytometer.
3 Methods
3.1 Procedure This section describes the protocol for detecting fluorescence
Using Fluorescence labeled particles engulfed by cells using a fluorescence microscope.
Microscopy This protocol has been used in published studies by the authors and

other investigators [19, 21, 27, 32]. In this protocol, RAW 264.7
cells (a macrophage-like cell line) and FITC-labeled latex beads
were used. Assays for phagocytosing other particles should be
similar, except that the step where addition of FITC-labeled beads
is replaced by the addition of other particles (se¢ Notes 2 and 3).

1.

Before seeding the cells, place glass coverslip into wells of
12-well plate after flame- sterilizing the coverslip by dipping in
100 % alcohol and passing through flame. Alternatively, cells
can be seeded directly into the wells if plates can be placed on
the stage of the microscope for further analysis (see Note 4).

. Seed RAW 264.7 cells at 10* cells/cm?. The seeding cell den-

sity depends upon the treatment period. This seeding density
is optimal for treatment for 24 h. For longer treatments, less
number of cells should be seeded (see Note 5).

. Before starting the phagocytosis assay, FITC labeled beads

should be opsonized by mixing with appropriate opsonizing
material for 1 h. Opsonization can be done by either using FBS
or IgG, depending upon the nature of the study. The volume
of FBS or IgG can vary, but should be enough to cover the
beads. Number of beads can range from 10 to 100 times of the
cell number.

. Following opsonization, suspend the beads into normal cul-

ture media and add to the plates with RAW cells. Allow phago-
cytosis to proceed for 1-2 h.

. At the end of the phagocytosis, remove culture plate from

incubator and keep on ice for 20-30 s to give thermal shock to
stop the phagocytosis.

. Remove the medium and wash the cells twice with cold PBS to

remove all the non-phagocytosed beads.



3.2 Procedure Using
Flow Cytometry

3.2.1 Sample
Preparation

12.
13.

14.
15.

16.
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. Add 0.04 % Trypan Blue solution for 30 min to quench the

fluorescence of beads remained outside of the cells (see Note 6).

. Wash the cells twice with PBS.

. Fix the cells using 4 % paratormaldehyde for 10 min.
10.
11.

Wash again twice with PBS.

To visualize the cell nuclei, incubate cells with DAPI solution
(typically, 1:1,000 dilution of 14.3 mM stock solution in PBS)
for 10 min (see Note 7).

Wash the cells twice with PBS.

Add rhodamine phalloidin (5 U/ml) to stain the actin cyto-
skeleton for at least 2 h. Best results are obtained when incu-
bated overnight at 4 °C.

Wash twice with PBS.

Remove the coverslips from cell culture plates and mount them
carefully on glass slides. If it is done in wells, you can directly
take the pictures in the wells.

For quantification and data representation, usually 5-10
pictures of random fields should be taken. Approximately 200
cells should be counted for number of phagocytosed beads.
Phagocytic activity can be represented as beads/cell or expressed
as % of cells having a minimum number of beads (Fig. 1).

Use of flow cytometry to assess the phagocytic ability of cells can
overcome many of the limitations in methods using fluorescence
microscopy. Application of flow cytometry significantly increases
the number of cells analyzed and reduces the effort of taking pic-
tures and manual counting of phagocytosed particles, which makes
the assay robust and convenient. It has been described in many
published studies using a wide range of cell types and multiple
phagocytic particles [33, 34].

1.

Seed the RAW 264.7 cells into 6-well plate with density
10* cells /cm?.

. Perform the similar phagocytosis assay as mentioned in the

above protocol using FITC-labeled latex beads.

. Stop phagocytosis by adding ice cold PBS or putting the plate

on ice for 30 s.

. Wash off the extracellular beads by multiple washings

(see Note 8).

. Remove the cells from the well by trypsinization or gentle

scrapping using a cell scrapper.

. Additional wells containing no phagocytic particles (only cells)

and only phagocytic particles (FITC-labeled beads here)
should be used as controls.

. Centrifuge the cells and fix with 4 % paraformaldihyde.
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Fig. 1 Phagocytosis assay showing a reduction in the phagocytic activity of macrophages upon exposure
to 95 % oxygen for 24 h. Data are derived from independent experiments (n=4). *P<0.05 compared to

21 % oxygen

3.2.2 DataAnalysis 1.

. Wash oft the paraformaldehyde and resuspend the cells in 1 ml

PBS.

. The cells should be ready for flow cytometry analysis.

Analyze the phagocytosis by flow cytometry using appropriate
filters depending upon the labeling of the phagocytic particles;
in this case FL-1 for FITC-labeled latex beads (Accuri ¢c6 flow
cytometry, Becton Dickinson).

. Fluorescence intensities of cells and phagocytic particles should

be assessed as controls.

. In case of mixture of cells, phagocytosis of individual cell

type can be assessed using fluorescence labels against cell
specific markers.

. Count at least 30,000 events. Data analysis can be performed

using any flow cytometry software. Here, we used Cflow
software (Becton Dickinson).

. Phagocytosis can be assessed by measuring increase in fluores-

cence intensity compared with controls (Fig. 2).
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Fig. 2 Flow-cytometric analysis of phagocytosis was assessed using two different ratios of cells to beads. Only
cells (a) and only beads (b) were used as controls. Note that there is a shift in fluorescence from 1.9 % (b) to
(19.3 %, ¢) upon addition of beads to cultured macrophages at 20 beads/cell; to (40.0 %, d) at 100 beads/cells

4 Notes

1. All the solutions used in the experiment, such as DAPI and
phalloidin, should be freshly prepared.

2. Protocol mentioned above was done using FITC-labeled latex
beads. Beads can be replaced by other fluorescence labeled
particles (such as fluorescence labeled E. coli bioparticles or
zymosan particles). Such particles are readily available.

3. The entire procedure, which includes fluorescence (phagocytic
particles, DAPI, rhodamine, etc.), should be done in the dark
or where the exposure to light is minimal.

4. Extreme care is required to place the coverslip into wells and
equal care is needed when taking it out. It might break easily.



Alternatively, chamber slides (Cat # 354102, BD Falcon) can

. The number of cells should be decided according to the cells

used and the duration of the experiment. Cells that grow fast
will soon form colonies and cells in the center of colonies will
not be able to access the particles to phagocytose. On the other
hand, terminally differentiated cells, such as alveolar macro-
phages do not grow like RAW cells, so that the final number of

. For quenching, ethidium bromide can be used as an alternative

to the trypan blue. In case of some particles, such as E. coli
bioparticles, which show fluorescence only upon engulfment,

. For nuclear and cytoskeleton staining, antibodies can also be

used. However, phalloidin and DAPI staining are very promis-
ing and are usually better than antibody staining. DAPI has
not been shown in the pictures presented in Fig. 1. However,
it is important to assess the number of cells, especially when

. For flow-cytometric analysis, the extracellular beads should be

washed off properly. Otherwise, beads will be a major propor-
tion of the events counted, affecting quality of the results. This
problem can be circumvented by using particles having only

This work was supported by grants (LLM) from National Heart
and Blood Institute (HL093708) and St. John’s University.
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be used to avoid handling coverslips.
5
cells will be the same as seeded.
6
quenching is not needed.
7
there are clusters of cells present.
8
intracellular fluorescence.
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Chapter 13

Assessment of Cytokine-Modulated Proteasome Activity

Christopher J. Kirk, Saul R. Powell, and Edmund J. Miller

Abstract

This chapter presents two methods for assessment of proteasome function. The first is a modification of
the standard fluorogenic peptide cleavage assay which takes into account the effect of ATP on proteasome
activity. This method is described in both its macro and high throughput micro-assay forms. The second
is the Proteasome Constitutive Immuno-Subunit (active site) ELISA or ProCISE method. ProCISE is a
modification of active site directed probe analysis and allows for convenient differentiation between active
constitutive and immuno-subunits. While the utility of measuring proteasome activity and its relationship
to cytokine action and inflammation are clear, the assessment and interpretation is not always straightfor-
ward. Therefore, we also discuss the pitfalls of the standard fluorogenic assay, particularly in the interpreta-
tion of results obtained, and the advantages of the newer, ProCISE assay.

Key words Proteasome, Immunoproteasome, ProCISE, Chymotryptic activity, ATP-dependent
activity

1 Introduction

Mammalian cells have a number of major pathways for the degrada-
tion of proteins including lysosomal proteases [ 1], calcium-dependent
calpains [2], and proteasomes [3]. The ubiquitin-proteasome system
(UPS) is the major non-lysosomal, ATP dependent route for the deg-
radation of proteins, removing denatured, misfolded, damaged, or
mistranslated proteins from cells. However it is now evident that the
proteasome is more than a cellular “waste disposal” system. The UPS
serves as a highly complex, tightly regulated system that selectively
degrades abnormal and short-lived proteins [4], and plays a critical
role in a variety of highly interconnected cellular pathways, making
proteasomal activity critical to normal cell homeostasis, and the regu-
lation of inflammatory and stress responses (Fig. 1). Of particular
importance is the role of the UPS in cytokine signaling, where it is a
key regulator of inflammatory cytokine production [5, 6]. Altered,
or inappropriate UPS activity has been linked to the pathogenesis of
a variety of disease states including cardiovascular disease [7, 8],

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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Fig. 1 Schematic of proteasome involvement with cytokine signaling. The UPS is a complex, highly regulated
system that selectively degrades abnormal and short-lived proteins and plays a critical role in cytokine
signaling

inflammatory bowel disease [9, 10], ischemia-reperfusion injury [11,
12], type-1 diabetes [13, 14], pulmonary fibrosis [15], Alzheimer’s
disease [16], graft rejection [17], and other immunopathologies
[18-22], as well as changes noted in aging [23].

Proteasomes are large macromolecular complexes derived
from at least 14 discrete subunits (al-7 and f1-7) that assemble
in ring structures [24, 25]. The 26S proteasome consists of two
subcomplexes, the 208 proteolytic core and 2 regulatory particles.
The 198 regulatory particles cap either end of the 20S and confer
specificity for ubiquinated proteins. Alternatively, the 20S can be
capped by the 118 activator ring consisting of PA28a and PA28f
subunits [26, 27]. Docking of an 118 to a 20§ core increases its
proteolytic capacity without affecting catalytic subunit content
[28,29]. There are two major classes of proteasomes: the constitu-
tive proteasome (c20S), expressed ubiquitously throughout the
body, and the immunoproteasome (i20S), expressed primarily in
cells of hematopoietic origin or in nonhematopoietic cells exposed
to inflammatory cytokines [ 30-32]. In the c20S, proteolytic activi-
ties are encoded in the $5, Bl and B2 subunits and are character-
ized based on their substrate specificities as chymotrypsin-like
(CT-L), caspase-like, and trypsin-like, respectively. In the 1208, the
LMP7, LMP2, and MECLI subunits replace 5, 1 and p2, respec-
tively. Furthermore, while newly assembled proteasomes may con-
tain a mixture of inducible f17 and constitutive subunits [24], all
proteasome active-site subunits contain an N-terminal threonine as
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their catalytic nucleophile, which distinguishes them from other
classes of proteases [33]. Thus, there are many variants of the pro-
teasome, some of which may be tissue specific [ 34-37]. However,
the precise roles of individual proteasome isoforms remain largely
undefined.

Since almost all basic cellular functions, including cell surface
receptor induced signal transduction, control of the cell cycle, and
cellular stress responses involve proteasome activity, it is perhaps
not surprising that altered proteasome function has been linked to
a variety of disease states. Thus inhibitors of proteasome function
have been developed, to study and rectify some of these changes.
Both synthetic inhibitors, including peptide-aldehydes and -vinyl
sulfones, and natural inhibitors such as lactacystin and epoxyke-
tones have been studied. Each of these inhibitors binds to, and
directly inhibits, active sites within the 20S core particle of the
proteasome structure, with various degrees of specificity for
particular catalytic subunits [38—40]. Some of these inhibitors
have been effective clinically particularly in multiple myeloma,
Waldenstrom macroglobulinemia, low-grade non-Hodgkin
lymphomas, primary amyloidosis and other malignancies [41, 42].
In addition, protease inhibitors can have direct effects on inflam-
matory pathways, controlling the degradation of IkB, and the
activity of NFxB, which in turn controls the expression of inflam-
matory mediators such as tumor necrosis factor, interleukin-1, and
intracellular and vascular adhesion molecules [43].

While the utility of measuring proteasome activity and its
relationship to cellular pathways is clear, the assessment and inter-
pretation is not always straightforward [44]. In this chapter, two
methods for assessment of proteasome function are presented. The
first is a modification of the standard fluorogenic peptide cleavage
assay described by Reinheckel et al. [45] that we have modified
[46] to take into account the effect of ATP on proteasome activity
and will be described both as a macro-assay and a high throughput
micro-assay. The second and newest method is the Proteasome
Constitutive Immuno-Subunit (active site) ELISA or ProCISE
method first introduced in 2009 [47]. ProCISE is a modification
of active site directed probe analysis and allows for convenient dit-
ferentiation between active constitutive and immuno-subunits.

2 Materials

2.1 Fluorogenic
Small Peptide
Cleavage Assay

Prepare all solutions in distilled deionized water (d,H,O). Prepare
and store all solutions at room temperature unless otherwise
indicated.

1. HEPES buffer: 50 mM HEPES, pH 7.5. Add about 200 mL
of d;H,O to a 500 mL glass beaker or graduated cylinder.
Weigh out 6.50 g of HEPES sodium salt (>99.5 %) and trans-
fer to the beaker. 20 mM KCI. Weigh out 0.745 g of KCl
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2.2 ProCISE Assay

2.2.1 Buffers, Plates
Capture Beads, and
Detection Reagents
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(>99 %) and transfer to the beaker. 5 mM MgCl,-6H,0O. Weigh
out 0.508 g of MgCl,-6H,0 (599 %) and transfer to the bea-
ker. 1 mM Dithiothreitol (DTT). Weigh out 0.077 g of DTT
and transfer to the beaker. Bring volume to about 450 mL
with d,H,O and correct pH to 7.5 with dilute HCI. Bring to
500 mL final volume (see Note 1).

. 50 mM ATP stock: Weigh out and add 0.02755 g of adenosine

triphosphate, disodium salt (>99 %) per mL of HEPES butffer
(see Note 2).

. Macroassay ATP dilutions: Dilute 60 pL of 50 mM ATP stock

to 2 mL with HEPES buffer to yield 1.5 mM ATP solution.
Do serial 1:2 dilutions with HEPES buffer to yield 0.75,
0.375, and 0.188 mM final concentrations.

. Microassay ATP dilutions: Dilute 35 pL of 50 mM ATP stock

to 2 mL with HEPES bufter to yield 0.875 mM ATP solution.
Do serial 1:2 dilutions with HEPES butffer to yield 0.438,
0.219, and 0.110 mM final concentrations.

. 048 mM Lactacystin: Lactacystin (ENZO Life Sciences)

comes in a 200 pg vial. Add 1.1 mL of HEPES buffer to yield
0.48 mM stock solution. Keep frozen at -20 °C until used.

For Macroassay, dilute 0.48 mM lactacystin 1:2 with HEPES
buffer to yield 0.24 mM solution. For Microassay, dilute
0.48 mM lactacystin 1:3.4 with HEPES buffer to yield
0.140 mM solution.

6. 4.3 mM Suc-LLVY-AMC (substrate for chymotryptic activity):

Weigh out 5 mg of Suc-LLVY-AMC (ENZO Life Sciences) in
1.511 mL of DMSO in glass-stoppered tube. Store refrigerated
until used.
For Macroassay, dilute 4.3 mM substrate 1:10 with HEPES
Butffer to yield 0.43 mM final concentration.
For Microassay, dilute 4.3 mM substrate 1:17.2 with
HEPES bufter to yield 0.25 mM final concentration.

. 2.16 mM Z-LLE-AMC (substrate for caspase-like activity):

Add 2.65 mg of Z-LLE-AMC (ENZO Life Sciences) to
1.85 mL of DMSO in glass stoppered tube. Store at -20 °C for
up to 3 months.
For Macroassay, dilute 2.16 mM substrate 1:2 with HEPES
butffer to yield 1.08 mM final concentration.
For Microassay, dilute 2.16 mM substrate 1:3.4 with
50 mM HEPES to yield 0.63 mM final concentration.

1. Lysis buffer: 20 mM Tris-HCI, pH 8.0, 5 mM EDTA.
2. Assay buffer: 20 mM Tris—HCI, pH 8.0, 0.5 mM EDTA.
3. ELISA butffer: Phosphate buffered saline (PBS) containing 1 %

bovine serum albumin (w/v), 0.1 % Tween-2 (v/v).
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4. SDS buftfer: 2 % SDS (w/v) in ddH,O0.

5. 8 M guanidine hydrochloride denaturant: 38.2 g of guanidine
hydrochloride in 21 mL of Assay Buffer; this will yield 50 mL
of 8 M solution. Complete dissolution may require >1 h.

6. 96-Well or 384-well Multiscreen DV opaque, non-sterile filter
plates (Millipore).

7. Streptavidin-sepharose beads.

8. ELISA pico substrate (Pierce/Thermo Fisher).

1. Monoclonal antibodies recognizing f1, p2, LMP7, and LMP2
(Biomol or Enzo Lifesciences) and MECL-1 (Santa Cruz
Biotechnology).

2. Rabbit polyclonal antibodies against human p5 generated
in-house but commercial sources can be used.

3. Horseradish peroxidase (HRP)-conjugated goat anti-rabbit,
and goat anti-mouse (Jackson ImmunoResearch) and HRP-
conjugated rabbit anti-goat (Invitrogen) antibodies.

1. PR-584 was manufactured as described elsewhere [48]. Stored
as a 10 mM stock solution in DMSO.

2. Vacuum manifold with plate fixture (Millipore).
3. Plate shaker with variable speed.
4. GENios-Basic plate reader (Tecan Austria GmBH).

3 Methods

3.1 Fluorogenic
Small Peptide
Cleavage Assay

This is the most commonly employed assay and follows cleavage of
proteasome-specific peptides linked to a fluorophore, usually
amido-4-methylcoumarin (AMC) or p-napthylamide (BNA). This
assay forms the basis for many of the commercially available kits for
determination of proteasome activity including the Chemicon and
Enzo 20S Proteasome Assay kits. Use of a peptide linked to the
luminescent probe, aminoluciferin, in combination with a buffer
optimized for cell permeabilization has been used to monitor pro-
teasome activity in cell preparations [49] and is the basis for the
commercially available Proteasome-Glo™ (Promega) assay system.
Typically, these assays are applied to ex vivo systems containing
either a purified proteasome preparation or a tissue isolate. Most of
these assay kits do not take into account the requirement by the
proteasome for ATP in order to observe maximal activity [50, 51].
On the other hand some investigators have suggested adding
2 mmol/L ATP or higher [45, 52] to purified or semi-purified
preparations. We have observed that at least in rat tissue isolates,
2 mM ATP is too high and actually inhibits proteasome [46].
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To observe maximal proteasome activity which is representative of
total proteasome activity requires much lower assay mixture ATP
concentrations and is dependent on the amount of tissue lysate
protein. Purchasing commercial kits is not necessary as the
procedure for determining proteasome activity in tissue homoge-
nates and lysates is quite straightforward. Carry out all procedures
and methods at room temperature unless otherwise indicated.

3.1.1 Preparation 1.

of Tissue Lysate

Homogenize frozen tissue in polytron-like tissue homogenizer
at low power settings (se¢e Note 3) in 10 volumes of ice-cold
HEPES buffer taking care to prevent heating of sample
(see Note 4).

. Centrifuge the tissue homogenate at 10,000x4 for 30 min

at 4 °C.

. Carefully pipette the supernatant and discard the pellet.
. Keep the supernatant at 4 °C and immediately adjust for pro-

tein content. The supernatant should not be frozen and should
be used as rapidly as possible for determination of peptidase
activities (sec Note 5).

3.1.2  Macro-assay The suggested protocols are scaled for a macroassay with a final
Procedure reaction mixture volume of 240 pL. All reactions should be run in
duplicate minimum.

1.

Add 30 pg protein in 10 pL of the supernatant to 200 pL of
HEPES butffer to a series of 9-12 x75 mm glass tubes labeled
1-9 (see Note 6). Allow protein to equilibrate at room tem-
perature for a few minutes.

. Add ATP dilutions to tubes (se¢ Note 7). Add 10 pL. of HEPES

buffer to tubes 1 and 6 (final, 0 pM ATP). Add 10 pL of
1.5 mM ATP to tube 2 (final, 62.5 pM ATP). Add 10 pL
of 0.75 mM ATP to tubes 3 and 7 (final, 31.8 pM ATD). Add
10 pL of 0.375 mM ATP to tubes 4 and 8 (final, 15.9 pM
ATP). Add 10 pL of 0.188 mM ATP to tubes 5 and 9 (final,
8 pM ATD).

. Add 10 pL of 0.24 mM lactacystin to tubes 6-9 (se¢ Note 8).

Add 10 pL of HEPES buffer to tubes 1-5. Allow tubes to pre-
incubate at room temperature for 10 min.

.Add 10 pL of 0.25 mM Suc-LLVY-AMC (18 pM final)

o7 10 pL of 1.08 mM Z-LLE-AMC (45 pM final) to bring the
final volume of the reaction mixture to 240 pL (see Note 9).

. Incubate the reaction mixture at 37 °C for 30 min.

6. Add 300 pL ofice-cold ethanol to quench the reaction and let

sit at room temperature for 10 min.

7. Add an additional 1 mL of d,H,O in 10 min (se¢ Note 10).

. Read using fluorescence spectroscopy at excitation wavelength,

380 nm, and emission wavelength, 440 nm.



3.1.3  Microassay
Procedure

3.1.4 Calculations

3.1.5 Pitfalls
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The suggested protocols are scaled for a microassay designed for a
96 well plate with a final reaction mixture volume of 140 pL. All
reactions should be run in duplicate minimum (se¢ Note 11).

1. Add 30 pg of protein in 10 pL of the supernatant to 100 pL of
HEPES buffer to each well in a single row labeled A—-H of a 96
well plate. Allow protein to equilibrate at room temperature
for a few minutes.

2. Add ATP dilutions to wells. Add 10 pL. of HEPES bufter to
wells A and F (final, 0 pM ATP). Add 10 pL of 0.875 mM ATP
to well B (final, 62.5 pM ATP). Add 10 pL. of 0.438 mM ATP to
wells C and G (final, 31.8 pM ATP). Add 10 pL of 0.219 mM
ATP to wells D and H (final, 15.9 pM ATP). Add 10 pL of
0.110 mM ATP to well E (final, 8 pM ATP).

3. Add 10 pL of 0.14 mM lactacystin to wells F-H. Add 10 pL of
HEPES bufter to wells A-E. Allow reaction to pre-incubate at
room temperature for 10 min.

4. Add 10 pL of 0.43 mM Suc-LLVY-AMC (18 pM final) or
10 pL of 0.63 mM Z-LLE-AMC (45 pM final) to bring the
final volume of the reaction mixture to 140 pL.

5. Incubate the reaction mixture at 37 °C for 30 min.

6. Add 100 pL of'ice-cold ethanol to quench the reaction and let
sit at room temperature for 10 min.

7. Read using fluorescent microplate reader at excitation wave-
length, 380 nm, and emission wavelength, 440 nm.

Three different proteasome activities can be calculated (see Fig. 2).

(a) Non-ATP dependent: the so-called basal activity that is observed
in the absence of added ATP.

(b) Total activity: defined as the maximal activity in the presence of
the optimal ATP concentration.

(c) ATP-dependent activity: defined as the total activity minus the
non-ATP activity.

Specific activity can be determined by running the reaction
against an AMC standard. Differentiation of these different activi-
ties is important as changes may reflect alterations not only in pro-
teasome function but also possible damage to, or shifts in the
regulatory particles that cap the 20S proteasome [53, 54 ].

Interpretation of results obtained with the use of these peptides
can be misleading. Many investigators make the assumption that
simply assaying proteasome activity with a fluorogenic peptide sub-
strate accurately reflects 26S-proteasome activity. This is incorrect
because 26S-proteasome activity is dependent on the presence
of ATP and should be assessed over a range of ATP concentrations
as described. Many factors can lead to spurious, inconsistent
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3.2 ProCISE Assay
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Fig. 2 Representative graph illustrating relationship between ATP concentration
and proteasome activity. Depicted here is the chymotryptic activity determined
using Suc-LLVY-AMC as a substrate and the caspase-like activity using Z-LLE-
AMC as a substrate. In this example, the ATP independent chymotryptic activity is
125 AU. The total chymotryptic activity is 225 AU. The ATP dependent activity
is 100 AU (225—125). Caspase-like activity would be calculated in the same way

determination of proteasome activity. These include the presence
of detergents, repetitive freeze—thaw cycles, and even the fluoro-
genic peptide itself which may trigger channel opening [51].
Kissalev has suggested determining multiple peptidase activities of
the proteasome using multiple fluorogenic peptides that target dit-
ferent activities [51]. Finally, estimation of the individual proteo-
lytic activities (chymotryptic vs. tryptic vs. caspase-like), does not
differentiate between the relative contributions of the constitutive
or immunoforms of the catalytic subunits. Making this distinction
is important and can alter interpretation of results as these two
proteasome isoforms have different functions. The constitutive
proteasome is primarily involved with intracellular protein quality
control [7, 55], while the immunoproteasome is involved with
immune function and regulation of inflammatory pathways [ 5, 6, 56].
At present the only way to distinguish between these is ProCISE
which is described in the next section.

The standard method for determining proteasome activity uses
biochemical substrates, such as Leu-Leu-Val-Tyr-7-methyl-4-
aminocoumarin (LLVY-AMC) for determining CT-L activity [57];
however, these substrates cannot differentiate between activity
derived from active sites of the c20S (B5) and i20S (LMP7). In
addition, the role of the non-CT-L active sites and their inhibition
by proteasome inhibitors cannot be easily determined because of
the lack of appropriate experimental tools. With these issues in
mind, the ProCISE (proteasome constitutive immunoproteasome



3.2.1 Preparation
of Tissue Lysates
and Probe Addition
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Table 1
Sample concentration ranges for ProCISE

Tissue Sample concentration (mg/mL)
Adrenal gland 1-3
Brain 5-7
Heart 4
Spleen 4
Kidney 5
Liver 7
Blood 10
Skin 3
Ear 2-3
Tumor 1-3

subunit ELISA) assay was developed based on enzyme-linked
immunosorbent assay (ELISA) and designed to measure the
amounts and inhibition of proteasome active sites in cells and tis-
sue samples [47, 58]. ProCISE quantitatively measures the levels
of individual proteasome subunit active sites within cell lysates via
the addition of a biotinylated active-site probe that covalently
binds to all active sites, capture of probe-bound active sites on
streptavidin beads. The ProCISE assay involves the following steps:
(1) incubation of the probe with activated 20S (in tissue lysates),
(2) denaturation with 6 M guanidine hydrochloride, (3) addition
of streptavidin-coated beads, (4) extensive bead washing, (5) addi-
tion of proteasome subunit-specific primary antibody followed by
a secondary HRP-conjugated antibody, and (6) luminescence-
based detection.

1. Tissues should be washed with PBS and stored frozen at
-80 °C prior to analysis.

2. Homogenize tissue in Lysis Buffer in 1.5 or 2 mL microcentri-
fuge tubes.

3. Spin homogenates at maximum speed in a microcentrifuge for
15 min at 4 °C.

4. Dilute supernatant samples with Lysis Buffer in microcentrifuge
tubes or a polypropylene 96-well plate and determine protein
concentration. Final concentrations ranges vary by tissue type
(Table 1). For triplicate samples across all 6 subunits, 230 pL of
lysate is required.
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5.

6.

Mix 390 pL of Lysis Buffer and 10 pL of 10 mM probe in a
microcentrifuge tube

Add 4.7 pL of probe dilution to each 230 pL of lysate super-
natant. Mix well.

Incubate at 25 °C for 2 h. Use a water bath for incubations in

microcentrifuge tubes and a plate incubator for 96-well plates.

3.2.2 Denaturant, Bead, 1.

and Plate Preparation

3.2.3 Filter Plate Loading 1.

Perform during 2-h probe incubation.

2. Make 8 M guanidine hydrochloride denaturant.
. Wash beads. Wash 3.5 mL of resuspended streptavidin beads

with 15 mL of ELISA Buffer in a 50 mL conical tube. Pipette
up and down to mix and rinse pipette. Q.S. to 50 mL with
ELISA Butffer and centrifuge at ~2,000 x g for 5 min. Decant
supernatant and repeat wash two times more. Resuspend beads
with 14 mL of ELISA Buffer and place on tube rocker at room
temperature.

. Equilibrate filter plates. Label 6 filter plates, one for each anti-

body to be used: Beta 5, Beta 1, Beta 2, LMP7, LMP2, or
MECLI. Add 200 pL of ELISA Buffer to each well using the
Matrix WellMate liquid dispenser. Allow plates to sit >30 min

before use to allow membranes to hydrate and to block wells
with BSA.

Remove the 200 pL of ELISA Buffer from each filter plate
using the vacuum manifold. Firmly blot the bottom of each
plate on a paper towel after vacuum filtration, to ensure that no
liquid remains at the bottom of the filters that could allow fluid
to wick through from the well.

. Add 20 pL of washed beads to each well of the 6 filter plates

using an electronic repeating 12-channel pipettor (e.g., fill
starting at row H and ending with row A). Pour the beads into
a reagent reservoir and agitate the bead suspension in between
filling each plate.

. Add 70 pL of 8 M guanidine hydrochloride to each well of the

Beta 5, Beta 1, and Beta 2 plates using an electronic repeating
12-channel pipettor (starting at row H and ending with row
A). Constitutive subunit plates are prepared first, then the
immuno subunit plates, to minimize the time that beads are
exposed to denaturant in the absence of sample. Proceed to
next step immediately.

. Using an electronic repeating multichannel pipettor, transfer

10 pL of each mouse testing sample to each well of the constitu-
tive subunit filter plates containing beads and denaturant. Perform
triplicate wells for each sample on each of the 3 constitutive plates
(e.g., dispense 10 pLinto wells A1-H1, then A2-H2, then A3-H3
of plate “Beta 5,” then plate “Beta 1,” then plate “Beta 2”).



3.2.4 Plate Washing
and Antibody Incubations
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The same pipette tips can be used for all 9 volumes of sample
added to the plates (3 replicates x 3 plates).

. Repeat the addition of guanidine hydrochloride (see step 3 of

Subheading 3.2.3) to each well of the LMP7, LMP2, and
MECLI plates.

. Immediately proceed to sample loading of the immuno sub-

unit plates (see step 4 of Subheading 3.2.3).

. Place all plates on a titer plate shaker for 1 h at a high speed, to

ensure that all samples mix well with denaturant (e.g., setting
~6-7 on a shaker with settings from 1 (minimum speed) to 10
(maximum speed)).

. Remove unbound material by filtration on the vacuum mani-

fold. Blot bottom of plates on a paper towel. Fill wells with
200 pL/well ELISA Buffer.

. Wash a total of five times with 200 pL/well ELISA Buffer.

After each fill, place the plates on a plate shaker for 1-2 min,
using a moderate setting (~3—4). Blot bottom of plates on a
paper towel after each vacuum filtration. For pauses, plates can
be incubated in ELISA Bufter on the plate shaker.

. In 15 mL conical tubes, dilute each primaryantibody in ELISA

Buffer (see Note 12). . Ensure that all antibody stocks are well-
mixed prior to use. Following dilution, invert tube several
times to mix thoroughly. Add 100 pL of antibody solution to
each well of the appropriate subunit plate, using an electronic
repeating multichannel pipettor (starting at row H and ending
with row A).

(a) Beta 5 (1:2,000)=6 pL antibody into 12 mL ELISA
Bufter.

(b) Beta 1 (1:1,000)=12 pL antibody into 12 mL ELISA
Bufter.

(c) Beta 2 (1:1,000)=12 pL antibody into 12 mL ELISA
Butffer.

(d) LMP7 (1:2,000)=6 pL antibody into 12 mL ELISA
Buffer.

(e) LMP2 (1:1,000)=12 pL antibody into 12 mL ELISA
Bufter.

(f) MECLI1 (1:5,000)=2.4 pL antibody into 12 mL ELISA
Bufter.

. Cover the plates with lids and incubate overnight at 4 °C on a

plate shaker, using a moderate speed (~3—4).

. The next day, remove the primary antibody solution by vac-

uum filtration and wash a total of five times with 200 pL /well
ELISA Buffer. After each fill, place the plates on a plate shaker
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3.2.5 Detection
and Data Analysis

for 1-2 min, using a moderate setting (~3—4). Blot bottom of
plates on a paper towel after each vacuum filtration.

. In 15 mL conical tubes, dilute each secondary antibody in

ELISA Buffer. Ensure that all antibody stocks are well-mixed
prior to use. Following dilution, invert tube several times to
mix thoroughly. Add 100 pL of antibody solution to each well
of the appropriate subunit plate, using an electronic repeating
multichannel pipettor (starting at row H and ending with

row A).

(a) Beta 5 (1:5,000, HRP-goat anti-rabbit) =2.4 pl. antibody
into 12 mL ELISA Buffer.

(b) Beta 1 (1:1,000, HRP-goat anti-mouse) =12 pL antibody
into 12 mL ELISA Buffer.

(¢) Beta 2 (1:1,000, HRP-goat anti-mouse) =12 pL antibody
into 12 mL ELISA Bufter.

(d) LMP7 (1:5,000, HRP-goat anti-mouse) =2.4 pL antibody
into 12 mL ELISA Buftfer.

(e) LMP2 (1:5,000, HRP-goat anti-mouse)=2.4 pL antibody
into 12 mL ELISA Buffer.

(f) MECLI1 (1:5,000, HRP-rabbit anti-goat)=2.4 pL anti-
body into 12 mL ELISA Buffer.

. Cover the plates with lids and incubate for 2 h at room tem-

perature on a plate shaker, using a moderate speed (~3—4).

. Remove the secondary antibody solution by vacuum filtration

and wash a total of five times with 200 pL/well ELISA Buffer.
After each fill, place the plates on a plate shaker for 1-2 min,
using a moderate setting (~3—4). Blot bottom of plates on a
paper towel after each vacuum filtration.

. Set up a luminescence reading method on the plate reader

(see Note 13).

. Make 64 mL total of a 1:1 mixture of the two reagents in the

SuperSignal ELISA Pico Chemiluminescent Substrate kit (e.g.,
16 mL luminol/enhancer solution+16 mL stable peroxide
solution in each of zwo 50 mL conical tubes). Starting with one
plate at a time, add 100 pL of substrate to each well using an
electronic repeater multichannel pipettor. Incubate at RT on a
plate shaker at a moderate setting (~3—4) for an optimal
amount of time for signal generation (see Note 14). Time the
addition of substrate and plate reading carefully to ensure that
no more than one plate requires reading at a time.

. Normalize RLU to protein concentrations. Analyze lumines-

cence values (RLU) for samples (e.g., relative to controls)
utilizing a graphing,/mathematical software.
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4 Notes

. Some investigators have suggested the use of 10-20 % glycerol

or 0.25 mmol sucrose to stabilize the complex [45, 59]. We
find that if the lysate is used immediately, addition of these
makes little difference.

2. We recommend that assay solutions and dilutions are made fresh.

. We use a Polytron® tissue homogenizer. Since heart tissue is

quite fibrous and can be difficult to disrupt we pulverize pieces
of heart muscle that have been frozen at =70 °C and then
suspend in 10 volumes of HEPES isolation and assay buffer.
The power setting for heart muscle is 2—-3 for 5 s which is
repeated 4 times with intervening 30 s hiatuses. Depending on
the fibrosity of the tissue, investigators will have to adjust the
power setting and length of homogenization accordingly.

. Polytron®-like homogenizers will generate a lot of heat while

disrupting a tissue. Keep the homogenizing tube immersed in
ice water.

. Supernatant should not be frozen and then used as this leads

to loss of ATP-dependent activity. Also supernatant should not
be allowed to stand for long periods of time as this will also
lead to loss of activity.

. We have detected activity with as little as 10 pg of heart tissue

isolate protein, however a minimum of 30 pg tissue isolate pro-
tein is suggested. Investigators using tissues from other organs
will have to determine the optimal tissue concentration for
their sample.

. Peptidase activities should be determined over a series of four

sequential dilutions of ATP so that the maximal activation is
obtained. Maximal activation will depend on the particular
sample and protein content. We have observed that for 30 pg
rat heart protein, adding sufficient concentrated ATP in 10 pL.
to yield final concentrations of 0, 8, 16, 32, and 64 pM gener-
ally will yield maximal activation of the proteasome. There are
species and tissue variability so investigators will need to deter-
mine maximal activating concentrations of ATP for their par-
ticular samples.

. To confirm specificity of the assay, a separate series of samples

that includes the 0 pM and 2-3 other ATP concentrations
around the expected optimal should be preincubated with a
proteasome peptidase inhibitor. For the 30 pg example above,
chymotrypsin-like activity is inhibited with 10 pM lactacystin
(final). Caspase-like activity can be inhibited with 10 pM
Z-Pro-Nle-Asp-CHO (ENZO Life Sciences catalogue #
BML-7ZW9490-0100) (final). Little benefit is derived from the
addition of higher concentrations of proteasome inhibitors.
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9.

10.

11.

12.

13.

14.

We do not routinely determine trypsin-like activity because
of high background nonproteasome-mediated cleavage of
substrates.

In heart tissue lysates we have observed that cleavage of sub-
strates was linear over this time period. For other tissues inves-
tigators will have to determine the linear time period.

We routinely limit the number of wells per sample to no more
than 8. This allows for 5 concentrations of ATP and an addi-
tional 3 wells for inhibitor-treatment. This way the samples
can be arranged in a single 8 well row allowing for the simulta-
neous determination of 6 different samples if analyzed in
duplicate.

Primary and secondary antibody dilutions should be optimized
for each new vendor or lot of antibody.

Note that some instruments may require equilibration time
following changes in gain settings. For each plate reader uti-
lized, prior empirical optimization should be done to establish
gain settings, etc. to ensure that the full dynamic range of the
instrument is utilized, without saturating signal.

For each plate reader utilized, time course or kinetic studies
should also be performed to determine the optimal lumines-
cence substrate incubation time for each subunit (luminescence

generation will peak, then recede over time).
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Chapter 14

Evaluation of the Adverse Effect of Low Concentration
of Gadmium on Interleukin-4 Induced Class Switch
Recombination in Burkett’s Lymphoma Raiji Gell Line

Vladimir Poltoratsky

Abstract

Affinity maturation of B lymphocytes, a process that includes somatic hypermutation and class switch
recombination, initiates global DNA rearrangements. The interruption of this process has an adverse effect
on human health and results in immunodeficiency and autoimmune disease. Class switch recombination is
a fundamental factor of the human adaptive immunity. Evaluation of the class switch recombination effi-
ciency is an important component of laboratory diagnostic of immunotoxic components. Here, we
describe a method for testing the efficiency of the class switch recombination. Cultivation of Raji Burkett’s
lymphoma cell line with anti-CD40 antibodies and recombinant interleukin-4 (IL-4) triggers a cascade of
signal transduction network events that lead to switching the immunoglobulin isotopes from IgM to IgE.
This chapter describes the methodology of class switch recombination assay for assessment of the effect of
the environmental pollutants in toxicological laboratory diagnostics.

Key words Interleukin-4, Class switch recombination, Cadmium toxicity, Flow cytometry, ELISA
spot assay, NF-kB signaling, STATO signaling

1 Introduction

Adaptive immune response is the third line of defense of the
immune system. After being activated by antigen and T helper
cells, B cells modify the DNA segments encoding the variable and
constant parts of immunoglobulins to improve recognition and
effective functions of antibodies. In humoral immune response,
the isotype switching modulates ability of antibody to interact with
complement complex and isotype-specific surface receptors.
Switching of the IgM class to IgG is required for neonatal immu-
nity, complement activation, Fc receptor phagocyte response,
switching to IgA for mucosal immunity, and switching to IgE for
immunity against helminthes and type I hypersensitivity [1-6].
Invivo T cell-dependent class switch recombination (CSR) in B cells
is induced by activation of the CD40 B cell receptor with T cell

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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Fig. 1 Schematic illustration of class switch recombination

CD195 (CD40L) and activation of the B cell surface receptors by
cytokines secreted by CD4 T cells. In vitro IgM to IgE CSRin B
cells can be triggered by activation of CD40 with anti-CD40 antibod-
ies and IL-4 receptor (IL-4R) with recombinant IL-4 [7-10].

Activation of IL-4R triggers signal transduction pathway that
leads to the phosphorylation, dimerization, and translocation of
transcriptional factor STATG to the nucleus. In nucleus, STAT6 is
activated by proteolysis, and in consort with other activation
nuclear factors, participates in the expression of IgE silent tran-
script promoter and activation induced cytosine deaminase (AID)
[11-13]. It is believed that initiation of the silent transcription
remodels the chromatin and exposes the ssDNA sites for
AID- mediated deamination of the deoxycytosines [14, 15].

An interaction of CD40 with CD195 triggers the signal trans-
duction pathway that leads, through TRAF2 to TRAF6-mediated
signaling, to activation and translocation of NF«kB to the nucleus
[16, 17]. Activation NFkB is required for AID expression [11-13].
Initiation of the sterile RNA transcript of GC-rich switched regions
upstream the IgH chain C regions Cp, Cy, Ce, and Ca is believed
to provide ssDNA regions acceptable to AID. AID deaminates
deoxycytidine (dC) to form DNA lesion, deoxyuracil (dU) [14,
15, 18, 19]. Proteins of the base excision repair cascade excise dU
from DNA and produce single strand DNA breaks. Mismatch
repair (MMR) proteins produce double-strand DNA breaks that
initiate recombination between switch regions upstream of Cp and
other activated C regions (Fig. 1).



IL4-Induced Class Switch Recombination Assay 165

Down-regulation of the MMR pathway diminishes the CSR
efficiency [20-22]. On the other hand, it has been shown that
MMR is inhibited by cadmium, an environmental pollutant [23,
24]. Traces amounts of cadmium inhibit the ATPase activity of
the Msh2-Msh6 complex [23, 25]. Environmental studies dem-
onstrated the immunotoxicological effect of cadmium.
Examination of factory workers exposed to cadmium demon-
strated the avert effect of this pollutant on the innate and adaptive
immunity [26-28]. Here, we provide the protocol for testing
the effect of cadmium on the efficiency of the IgM to IgE class
switched recombination utilizing a Burkett’s lymphoma cell line
Raji as a model system.

2 Materials

2.1 CGell Culture

2.2 Flow Cytometry
Analysis

1. Human Burkett’s lymphoma cells (American Type Cell
Collection) (see Note 1).

2. Complete RPMI medium: RPMI supplemented with 10 mM
Hepes, pH 7.5, 10 % fetal bovine serum (FBS, heat inacti-
vated), 2 mM r-glutamine, 50 pM p-mercaptoethanol, 50 pg/
mL penicillin, and 50 pg/mL streptomycin (see Note 2).

3. Mouse anti-human CD40 antibodies.
4. Recombinant human IL-4 protein (hIL-4).

5. 10 mM cadmium solution: Dissolve 18.34 mg of CdCl, in
10 mL of deionized water. Sterilize solution by filtration
through 0.45 pM filter and store at 4 °C.

6. Hausser™ Bright-Line™ Phase hemacytometer (Hausser
Scientific).

7. Trypan Blue dye.
8. 75 cm? culture flasks and 6-well Plates.

1. Goat anti-human IgM-Texas Red conjugate (Southern
Biotech).

2. Mouse anti-human IgE (Fc)-biotin conjugate (Southern
Biotech).

3. Streptavidin-Quantum Red conjugate (Fisher Scientific).
4. Hank’s Balanced Salt Solution (HBSS).

5. Phosphate Buffered Saline (PBS), pH 7.4: Dissolve 8.0 g
NaCl, 1.44 g Na,HPO,, 0.24 g KH,PO,4, and 0.2 g KClin 1 L
of deionized water, adjust pH to 7.4, and sterilize buffer
through 0.2 pm filter.

6. 4 % paratormaldehyde in PBS.

7. Flow cytometer.
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2.3 Enzyme Linked

1. Capture antibody: mouse anti-human IgE (Southern Biotech)

Immunosorbent Assay (see Note 3).
(ELISA) Spot Assay 2. Detection antibody: mouse anti-human IgE-biotin conjugate
(Southern Biotech) (see Note 3).

3. Streptavidin-alkaline phosphatase conjugate.

4. NBT/BCIP Substrate (Thermo Scientific).

5. 96-well tissue culture plates.

6. Coating butffer: Dissolve 3.03 g Na,COj; and 6.0 g NaHCO;
in 1 L of deionized water; adjust pH to 9.6 with sodium
hydroxide. Sterilize buffer through 0.2 pm filter.

7. Washing buffer: PBS buffer, pH 7.4, supplemented with
0.05 % (V/V) Tween 20 (PBST).

8. Blocking buffer: Dissolve 2 mg bovine serum albumin (BSA)
in 1 mL of PBS.

9. Dilution buffer: Dissolve 1 mg BSA in 1 mL of PBST.

3 Methods

3.1 Cell Culture

In this section, we describe the method for quantification of the
class switch recombination in the Burkett’s lymphoma B cells. The
method is based on activation of the CD40 and IL-4R surface
receptors on B cells. Activation of CD40, the member of the tumor
necrosis factor superfamily, is caused by crosslinking with antibod-
ies against this receptor. This method is schematically depicted in
Fig. 2. Figure 3 illustrates the effect of cadmium on the IgE class
switch recombination. We describe two methods of detection of
the CSR: flow cytometry and ELISA-spot assay. While the flow
cytometry analysis is more accurate and robotic, the ELISA spot
assay does not require expensive equipment, such as flow cytometer,
and could be performed in any laboratory.

1. Grow human Burkett’s lymphoma Raji cells in RPMI complete
medium to a concentration 2 x 10° cells per mL.

Stimulation of CSR with IL-4 and anti CD40 Ab

Flow cytometry ELISA-spot assay

Fig. 2 Schematic illustration of the protocol
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Fig. 3 Flow cytometry analysis of cadmium effect on class switch recombination

2. Count the cells stained with Trypan Blue with hemacytometer
and split them (1 x 10* cells/well) into 4 wells of a 6 well-plate
(see Note 4).

3. Markwellsas 1,2, 3, and 4. Add cadmium to a final concentration
of 10 pg/mL to wells number 2 and 4.

4. Add anti-CD40 antibody and human recombinant IL-4 at
final concentrations of 5 pg/mL and 5 ng/mL, respectively, to
wells number 3 and 4 (see Note 5).

5. Incubate the plate for 4 days in a humidified CO, tissue culture
incubator.

6. After 4 days, wash the cells with fresh media and analyze the
efficiency of the CSR by flow cytometry or ELISA-spot assays.

3.2 Staining Cells 1. Wash the cells with HBSS twice and resuspend the cell pellets
for Flow Cytometry in 1 mL of HBSS solution. Put aside 50 pl of the cell suspen-
Analysis sion to use as an unstained cell control.

2. Add 5 pg of anti-human IgE-biotin conjugate
3. Tap tubes to mix and incubate for 10 min on ice.

4. Wash the cells with 8 mL of HBSS and spin at 600 x g4 °C for
5 min. Pour off supernatant.

5. Repeat washing twice. Pour off supernatant and resuspend
pellets in 1 mL of HBSS.

6. Add 5 pL of Streptavidin-Quantum Red conjugate.

7. Tap tubes to mix and incubate for 10 min on ice, covered from
light.

8. Wash the cells with 8 mL of HBSS and spin at 600 x4 4 °C for
5 min. Pour off supernatant.

9. Repeat washing.
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3.3 ELISA
Spot Assay

10.

11.
12.

13.
14.
15.
16.

17.

10.

Pour oft supernatant and resuspend pellets in 1 mL of 4 %
paraformaldehyde in PBS.

Incubate for 5 min.

Wash cells with 8 mL of HBSS and spin at 600x4 4 °C for
5 min. Pour off supernatant.

Repeat washing.
Resuspend the cells in 1 mL of HBSS.
Just before sorting, filter samples through 70 pm mesh.

Analyze at flow cytometry analyzer using the appropriate
control to set gates.

The efficiency of CSR is calculated by dividing the number of
IgE-positive cells in well number 4 to the number of IgE-

positive cells in well number 3, and multiplying the obtained
number by 100 (Fig. 3).

. Prior to experiment, prepare the plates coated with IgE. Dilute

mouse anti-human IgE capture antibody 1:500 in Coating
Buffer. For one plate, dilute 25 pg of capture antibody in
12.5 mL of Coating Buffer. Add 100 pL of diluted anti-IgE
per well in 96-well plate under sterile conditions, seal it, and
keep at 4 °C overnight.

. Wash wells two times with 200 pL of sterile PBS solution per

well.

. To block nonspecific binding and reduce background, add

200 pL of blocking solution per well.

. Seal the plate and incubate overnight at 4 °C, or at room tem-

perature for 1 h on a plate shaker.

. Wash the wells two times with 200 pL of sterile PBS solution

per well. Add 100 pL of sterile PBS solution per well, seal and
keep plates at 4 °C.

. At the beginning of ELISA-spot assay, collect cells and wash

them four times with sterile PBS. Resuspend cells in RPMI
complete medium and count cell concentration in hemacy-
tometer with Trypan Blue dye (see Note 4).

. Dilute 5.5x 103 cells in 11 mL of RPMI complete medium and

plate 100 pL per well. Incubate overnight at humidified CO,
chamber at 37 °C.

. Wash plates five times with 400 pL of PBST per well and get

rid of remaining solution by dumping the inverted plates on a
paper towel (see Note 6).

. Add 200 pL of 2 % BSA in PBS and incubate for 2 h on a plate

shaker (200 rpm) at room temperature.

Wash the plates five times with 400 pL of PBST per well, and
get rid of remaining solution by dumping the inverted plates
on a paper towel.
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16.
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Dilute anti IgE-biotin conjugated detecting antibody 1:500 in
Dilution Bufter. For one plate, dilute 12 pL of the detecting
antibody in 6 mL of Dilution Buffer. Add 50 pL of diluted
anti-IgE per well in a 96-well plate, seal it and keep at 4 °C
overnight.

Wash the plates five times with 400 pL of PBST per well, and
get rid of remaining solution by dumping the inverted plates
on paper towel.

Dilute anti streptavidin-alkaline phosphatase conjugate detect-
ing antibody 1:5,000 in Dilution Buffer. For one plate, dilute
2 pg of the detecting antibody in 10 mL of Dilution Buftfer.
Add 50 pL of diluted streptavidin-alkaline phosphatase conju-
gate per well in 96-well plate, seal it, and incubate at room
temperature for 1 h on a plate shaker with 200 rpm.

Wash the plates seven times with 400 pL of PBST per well, and
get rid of remaining solution by dumping inverted plates on
paper towel.

Wash the plates two times with 400 pL of PBS per well, and
get rid of remaining solution by dumping inverted plates on
paper towel.

Add 50 mL of NBT/BCIP alkaline phosphatase substrate per
well in 96-well plate, seal it, and keep at room temperature,
covered from light, from 10 min to 3 h (se¢ Note 7).

Wash the plates two times with 400 pL of PBST per well, and
get rid of remaining solution by dumping inverted plates on
paper towel. Wash the plates two times with 400 pL of distilled
water per well and get rid of remaining solution by dumping
inverted plates on paper towel (see Note 8).

Dry the wells and count spots under inverted microscope.

The efficiency of CSR is calculated by dividing the number of
IgE-positive cells in well number 4 to the number of IgE-
positive cells in well number 3, and multiplying the obtained
number by 100.

4 Notes

. Burkett’s Lymphoma Raji is a fast growing suspension cell line

that must be passaged at a 1:10 ratio twice weekly. Cells start
losing viability at high density (>1 x 10 cells/mL).

. Cells must be grown in a 5 % CO, humidified atmosphere at

37 °C. Medium must be supplemented with Hepes to increase
the maximum buffering range of the medium, and f- mercap-
toethanol to minimize B lymphocytes clamping. The comple-
ment system in FBS must be inactivated by incubating serum
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at 56 °C for 30 min. You can also use commercial heat inacti-
vated serum.

. Capture and detection antibodies must recognize different

epitopes of IgE antibodies.

. Mix cell suspension with Trypan Blue. Count the unstained

cells in the chamber; dead cells will be stained blue. The ratio
of the uncolored to blue cells should be more than 95 %.
Cultures that contain significant amount of dead cells will not
perform well in this assay.

. Itis a good practice to add additional control treatments, such

as treating the cells with only anti-CD40 or hIL-4. These cells
should demonstrate minimal CSR.

. After washings, check the plates under inverted microscope for

presence of cells. It is important to remove all cell debris from
wells. Remaining cell fragments form false positive signals.

. Developing time for alkaline phosphatase is determined empir-

ically. Placing the plates in 37 °C incubator will shorten incu-
bation time.

. It is important to wash the wells in the last step with distilled

water. If the wells are washed with PBST, then salt will crystal-
lize on the wells.
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Chapter 15

A Mix-and-Measure Assay for Determining the Activation
Status of Endogenous CGdc42 in Cytokine-stimulated
Macrophage Cell Lysates

Veronika Miskolci, Désirée Spiering, Dianne Cox, and Louis Hodgson

Abstract

Cytokine stimulations of leukocytes many times result in transient activation of the p21 Rho family of small
GTPases. The role of these molecules during cell migration and chemotaxis is well established. The tradi-
tional approach to study the activation dynamics of these proteins involves affinity pull-downs that are often
cumbersome and prone to errors. Here, we describe a reagent and a method of simple “mix-and-measure”
approach useful for determining the activation status of endogenous Cdc42 GTPase from cell lysates.

Key words Cdc42 activity, Biosensor, MeroCBD, Fluorometry, Mix-and-measure

1 Introduction

Activation status of the Rho family GTPases is often cumbersome
to determine using traditional approaches including affinity-
reagent based pull-down experiments [1]. These are often techni-
cally involved and challenging approaches, and thus could lead to
possible artifacts due to the procedural variability and difficulty.
Here, we describe a facile, “mix and measure” assay for determin-
ing the activation status of Cdc42 GTPase from whole-cell lysates.
The approach we discuss here is based on the system described
previously [2], in which a fluorescent biosensor that could detect
the activation status of endogenous Cdc42 in living cells was used
also in a lysate-based assay for neutrophils [2]. This biosensor
(meroCBD) is based on a GTPase binding domain derived from
Wiskott Aldrich Syndrome protein (WASp) with an organic dye
capable of fluorescence modulation dependent on the local solvent
polarity changes. The small binding domain is derivatized with a
merocyanine dye, and upon binding of this dye-labeled domain
to the target (endogenous, active Cdc42), the local solvent polar-
ity changes from aqueous to more hydrophobic increasing the

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_15, © Springer Science+Business Media New York 2014
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fluorescence emission [3, 4]. This sensor system is useful for
in vitro characterization of the GTP-loading state of Cdc42 such as
for the guanine nucleotide exchange assays, as well as for live-cell
imaging experiments where the activation dynamics of Cdc42 can
be monitored in real time [2]. Here, we discuss step-by-step, how
to produce this meroCBD biosensor, characterize it in vitro, and
then to use it to measure the endogenous Cdc42 activity changes
in macrophage lysates during the time course of a cytokine stimula-
tion experiment.

2 Materials

2.1 MeroCBD
Preparation

2.2 MeroCBD
Characterization

[ 2 B NN B S

. LB medium.

. Carbenicillin 100 mg/mL stock.

. IPTG 1 M stock.

. BL21(DE3) competent bacteria (see Note 1).

. Talon Buffer: 50 mM NaH,PO, (monobasic), 5 mM MgCl,,

10 % glycerol, pH 7.4; must be at 4 °C.

. Dialysis/labeling Buffer: 50 mM NaH,PO, (monobasic),

pH 7.4.

. Storage Buffer: 50mM Tris—HCIL,50mM NaH,PO,(monobasic),

5 mM MgCl,, pH 7 .4.

. Amicon Ultra-4 5000MWCO spin columns.

9. 5 M NaCl solution.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

PMSEF stock: 200 mM PMSF in methanol.
B-Mercaptoethanol.

DMSO.

100 mM DTT stock.

EDTA 0.5 M, pH 8.0, stock.
Mero-87-IAA (www.hahnlab.com).

Talon resin (Clontech).

Sephadex G-15.

Imidazole.

Poly-prep chromatography column.

. GTPase lysis buffer: 30 mM Tris—-HCI, pH 7.8 (room tem-

perature), 250 mM NaCl, 5 mM MgCl,, 10 % glycerol. Just
before lysis, add PMSF to final concentration of 1 mM,
f-mercaptoethanol to 2 mM, and 1 pM GTDPyS.

. GTPase dialysis bufter: 50 mM Tris—-HCI, pH 7.6, 50 mM

NaCl, 0.5 mM EDTA, pH 7.0, 5 mM MgCl,, ] mM DTT,
10 nM GDP, 10 % glycerol.



2.3 Cell Lysate
Preparation

2.4 Fluorometry
of Lysates
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12.

13.
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. Imidazole.

. Talon resin (Clontech).

. Amicon Ultra-4 5000 MW CO columns.

. GTPase measurement buffer: 50 mM NaCl, 50 mM Tris—-HCI,

5 mM MgCl, pH 7.6.

. 1 M Tris—HCI, pH 7 4.

. 2 M NaCl.

. 1 M MgClL,.

. 10 % Triton X-100.

. 10x Tris-buffered saline (TBS): 1.37 M NaCl, 250 mM Tris-

Base, adjusted to pH 7 4.

. RAW /LR5 cells derived from RAW 264.7 [5].

. RPMI 1640 medium with glutamine.

. 10 cm cell culture dishes.

. Fractalkine /CX3CL1 (FKN) (R&D Systems); reconstituted at

50 pg/mL with PBS and stored at -80 °C.

Cell lysis buffer: 50 mM Tris—-HCI, pH 7.4, 500 mM NaCl,
50 mM MgCl,, 1 % Triton X-100. Store at 4 °C. Prepare on
the day before use to cool overnight. Cool on ice on the day of
stimulation.

1x TBS: 137 mM NaCl, 25 mM Tris-Base; pH 7.4; prepare on
the day before use to cool overnight. Cool on ice on the day of
stimulation.

Protease inhibitor stock: prepare in double-distilled water and
store at =20 °C.

e 1 M Benzamidine.
* 1 mg/mL Aprotinin.
e 1 mg/mL Leupeptin.

Cell scraper.

. Bradford reagent.

. Spetrofluorometer capable of measuring the fluorescence

response of the sensor (i.e., Horiba-Jobin-Yvon Fluorolog
system).

3 Methods

3.1 MeroGBD
Preparation

. Transform 100 pL. of BL21(DE3) bacteria with 1 pL. of plas-

mid DNA following the manufacturer’s protocols. For the
plasmid DNA, pET21-CBD-EGEFP, or pET21-CBD-MBP can
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be used (see Note 2). These constructs are available from
Addgene.com. The bacteria should be plated out onto 4x LB
agar plates overnight.

. Following day, prepare 2x 520 mL of LB broth in 2 L baffled

flasks, with 100 pg/mL final concentration of carbenicillin
(1:1,000 dilution from the carbenicillin stock solution). Taking
the colonies grown from the day before, rinse using this LB
medium and place the bacterial suspension into the flask using
2x agar plates worth of colonies per one flask (se¢e Note 3).
Culture the bacteria in the shaker incubator at 37 °C, 225 rpm.

. When the bacterial OD600 reading reaches 0.9-1.0, protein

synthesis is induced. IPTG is added to the cultures to make the
final concentration of 0.2 mM from the 1 M stock IPTG solu-
tion. The bacterial cultures are then transferred to a room tem-
perature shaker and incubated for additional 6 h to overnight.

. At the conclusion of the induction period, the bacterial sus-

pension is centrifuged at 6,000 x4 for 10 min at 4 °C. The
pellet can be frozen at this point at -80 °C for processing at a
later date.

. On the day of the protein purification, prepare 200 mL of the

chilled (4 °C) Talon buffer with 300 mM NaCl (sec Note 4).
This will be used from step 6 on.

. Taking 50 mL of the Talon buffer, add PMSF to 1 mM final

concentration, and f-mercaptoethanol to 2 mM final concentra-
tion just prior to resuspending the bacterial pellet (se¢ Note 5).
Here, the bacterial pellet should be weighed. We typically pro-
cess up to 2 g of bacterial pellet into 30 mL of this buffer. Scale
accordingly.

. When the pellet is fully resuspended, proceed to ultrasonica-

tion. Use 4 x 30 s ultrasonic pulses with 30 s to 1 min rest on
ice in between pulses. Users must optimize the ultrasonic
amplitudes for their individual equipment and the probe speci-
fication. We typically use a Y2in. tip probe at 60 % amplitude
setting (see Note 6).

. When the ultrasonication is complete, collect 100 pL as a sam-

ple to run on a PAGE-gel for analysis of the protein expression,
label “Crude lysate.” The crude lysate is spun at 22,000 x 4 for
25 min at 4 °C.

. While the centrifugation is in progress, prepare the Talon resin.

The resin is at 1:1 (v:v) mixture with the storage buffer con-
taining methanol. For 2-3 g bacterial pellet, 2 g of resin is
required, thus 4 mL of the resin suspension is pipetted into a
50 mL conical tube. This is then spun at 750 x4 for 3 min at
room temperature. The suspension buffer is carefully decanted
and the resin is washed twice using 20 mL of the cold Talon
buffer without PMSF or f-mercaptoethanol.
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10. When the bacterial centrifugation is complete, transfer the
supernatant into the tube containing the prepared and washed
Talon resin. Be sure to collect 100 plL sample of the superna-
tant prior to mixing with the Talon resin for later analysis,
labeled “Cleared lysate.” The pellet should also be resuspended
in Talon buffer to the same volume used to resuspend the orig-
inal bacterial pellet. 100 pL sample of this resuspended pellet
should then be kept for later analysis, labeled “Pellet.” The
cleared lysate—Talon resin suspension should be covered in alu-
minum foil and placed on a rotating wheel (or a Nutator) for
1 h at room temperature.

11. When the binding reaction is complete, spin at 750 xg for 3
min at room temperature. Keep 100 pL sample of the unbound
fraction (supernatant) for later analysis, labeled “Unbound.”
Discard the unbound supernatant. Wash with 20 mL of the
Talon buffer twice. At every wash, spin down and keep taking
the 100 pL samples for analysis, labeled “Wash1” and “Wash2.”

12. The final wash should be done in Talon buffer containing
5 mM Imidazole, for 5 min at room temperature on a rotating
wheel (or a Nutator). The imidazole stock solution (1 M)
should be made fresh, just prior to use, in the Talon buffer
being used here). The third wash is then spun and 100 pL
sample of the supernatant is kept, labeled “Wash3.”

13. Using 5 mL of 100 mM imidazole in the Talon bufter, the
protein is eluted from the Talon resin by incubating for 5 min
at room temperature on a rotating wheel (or on a Nutator).
The mixture is then spun, and 100 pL of the eluted protein
(supernatant) is kept for analysis, labeled “Elution” (see Note
7). The supernatant is carefully removed from the Talon resin
by filtration through a Poly-prep chromatography column
(Bio-Rad) to remove any trace of the Talon resin.

14. The eluted protein is dialyzed overnight in 2 L of the cold dialysis
bufter at 4 °C for proceeding directly to dye labeling the follow-
ing day. Otherwise, it can be dialyzed against 2 L of the storage
buffer for freezing and storage at —-80 °C for up to 1 year.

15. Following the overnight dialysis, the protein solution is col-
lected and concentration is determined (see Note 8). The con-
centration is determined by measuring the absorbance at 280
nm. The equation is:

[conc] = absorbance x path length x dilution factor / extinction coefficient

The molar extinction coefficient at 280 nm for CBD-EGFP
is 28,260 M cm™, and for CBD-MBP is 72,970 M~ cm™. The
target concentration ideal for the dye labeling reaction is 100 pM.
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16.

17.

18.

If the protein solution is too dilute, use the Amicon Ultra-4
5000MWCO spin columns to concentrate the protein.

Prepare the reactive dye mixture. The crystals of mero-87-1AA
should be brought up to room temperature, wrapped in foil,
prior to opening the glass vial. Use 30 pL of fresh, anhydrous
DMSO to dissolve the dye crystals, then transfer the dye mixture
into a 0.2 mL Eppendorf tube, spin in a benchtop microcentri-
fuge at 18,000 rcf at room temperature for 2 min to pellet any
undissolved material. Transfer the supernatant into a fresh
0.2 mL tube. The concentration of this dye mixture must be
determined. The dye solution should be diluted in anhydrous
DMSO at 1:5,000, and absorbance should be measured at
596 nm. The molar extinction coeflicient for mero-87 in DMSO
at 596 nm is 135,301 M! cm™!. The same equation as in step
15 can be used to determine the concentration. Ideally, the
reactive dye solution should be at 10-20 mM concentration.

In labeling the protein, the protein to dye ratio and the reac-
tion time must be optimized. As a good starting point, we
recommend 1:5 protein to dye ratio, and 2 h reaction at room
temperature. The goal here is to approach 100 % reaction effi-
ciency at the single, target cysteine site on the CBD molecule
(see Note 9). Place 300 pL of the purified protein solution
(in Dialysis/labeling buffer) into a 2 mL round-bottom
Eppendorf tube, calculate correct amount of the reactive dye
solution to add directly to this solution in order to obtain the
desired protein to dye ratio. The dye solution is added in one
quick shot and immediately the mixture is vortexed. This is
then wrapped in aluminum foil and placed on a rotating wheel
or a Nutator for 2 h at room temperature. At the conclusion
of the reaction, the reaction must be quenched by adding
1 pL of p-mercaptoethanol, allowing the mixture to be
quenched for 5 min, and then column-purified over Sephadex
G-15 column.

The Sephadex G-15 column should be made during the dye
labeling reaction. Sephadex slurry is equilibrated with fresh
Dialysis /labeling bufter, and the slurry should be packed into
a 1 cm diameter glass column, approximately 10 ¢cm tall. The
quenched reaction mixture should be loaded very caretully so
as to maintain as straight and flat a meniscus as possible, which
will enable cleaner separation of the labeled protein from the
unreacted dyes. The labeled protein will travel faster than the
unreacted dyes, so collect the labeled protein fraction when it
reaches the bottom of the column. Once the meroCBD is col-
lected, the concentration must be determined and the dye
labeling efficiency must be determined.
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The absorbance should be measured in the Dialysis/labeling
buffer (aqueous) to determine the protein concentration, and
in DMSO to determine the dye concentration. The mero-87
dye has small amount of absorbance at 280 nm, and this must
be subtracted from the measured 280 nm absorbance in the
aqueous condition. The correction factor for this is 0.07605.
The peak absorbance at 596 nm for the dye is multiplied by the
correction factor and then subtracted from the measured
280 nm absorbance to calculate the protein concentration.
The dye concentration is in turn calculated from the measure-
ment in DMSO, similar to step 16. Once the concentrations
are determined, protein to labeled dye ratio can be calculated
and the reaction condition can be further optimized if required.

The meroCBD is then aliquoted into 0.2 mL tubes (30 pL
per tube) and flash-frozen in liquid nitrogen, and then stored
at =80 °C until use.

. Transform 100 pL of BL21(DE3) bacteria with 1 pL of plas-

mid DNA following the manufacturer’s protocols. For the
plasmid DNA, pET21-Cdc42wt is used. The bacterial propa-
gation, media conditions, and induction conditions are identi-
cal to Subheading 3.1, steps 1 through 4.

. The bacterial lysis and protein purifications steps are similar to

Subheading 3.1, steps 5 through 15, exception being the
GTPase lysis buffer is used, and the overnight dialysis buffer
compositions are different. Furthermore, the buffers must
contain guanosine phosphates to achieve stability of the puri-
fied GTPase. Here, we add 1 pM GTPyS to the lysis buffer,
but during the 2x washes of the Talon resin following the pro-
tein binding, we exchange to 1 pM GDP, the final wash solu-
tion should contain 10 mM imidazole and 1 pM GDPD.
Following elution, concentration is determined by absorption
at 280 nm and the extinction coefficient of 14,650 M~ cm™! is
used. The stock protein can then be frozen at -80 °C.

. To test meroCBD for proper function, we perform an in vitro

fluorometry using the purified Cdc42, loaded with GTDyS,
GDP or no guanosine phosphate. We resuspend the purified
Cdc42 into the GTPase measurement buffer at a final concen-
tration of 1.4 pM, 200 pL per sample (GTPyS, GDP, no gua-
nosine phosphates), together with 1 mM DTT and 10 mM
EDTA. To 190 pL of this mixture, add 10 pL of the guanosine
phosphate solutions (stock at 200 pM) so that the final con-
centration in the Cdc42 mixtures is 10 pM. These samples are
then incubated at 30 °C for 30 min. The nucleotide loading
reaction is quenched by addition of 3 pLL of 1 M MgCl, (final
concentration 15 mM); vortex, wait for 5 min at 30 °C, and
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3.3 Cell Lysate
Preparation
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Fig. 1 Excitation and emission spectra of meroCBD in response to GTPgS-loaded
(black), GDP-loaded (magenta) and Apo (green) wild-type Cdc42. Excitation
spectra are shown with solid lines and the emission spectra are shown with
dashed lines. The protein to dye label ratio for the meroCBD used in this charac-
terization was 69 %

then spin down briefly, and put on ice. The meroCBD is pre-
pared into a separate set of tubes containing 200 pL volume
each of the GTPase measurement buffer so that the final
concentration of meroCBD will be 300 nM, with 15 mM
MgCl,, and placed on ice, shielded from ambient light. Just
prior to the fluorometric measurements, the prepared
meroCBD suspension and the Cdc42 samples are mixed, and
the total volume of 400 pL is loaded into the cuvette and exci-
tation/emission spectra are measured. For the excitation spec-
tral measurement, the emission wavelength is set to 630 nm,
and excitation wavelength is scanned from 400 to 623 nm. For
the emission spectral scan, the excitation wavelength is set to
596 nm, and the emission wavelength is scanned from 603 to
800 nm (Fig. 1) The peak emission intensities are compared
between various guanosine phosphate loaded conditions to
determine the total fold-change in fluorescence emission as a
function of binding to active versus inactive Cdc42.

1. Cool cell lysis buffer and 1x TBS on ice.

2. For serum starvation, replace media on RAW /LR5 cells, which
were plated the night before in 10 cm dishes at approximately
70 % confluent, with RPMI 1640 for at least 4 h.

3. Pre-warm RPMI 1640 to 37 °C for stimulation. Add FKN at
2x concentration to pre-warmed RPMI 1640 right before use.
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Add protease inhibitors to cell lysis buffer right before use;
working concentrations:

e 1 mM Benzamidine.
* 1 pg/mL Aprotinin.
* 1 pg/mL Leupeptin.
Transfer dish to 37 °C water bath.

Add equal volume of 2x FKN solution to cells, bringing FKN
solution to 1x (50 ng/mL) (e.g., add 5 mL 2x FKN solution
to 5 mL serum-starving cells) and swirl gently to mix. Start
timer as adding solution. If there are multiple time points, per-
form one time point at a time.

To stop reaction, quickly aspirate media, place dish on ice and
add ice-cold 1x TBS right at the time when stimulation ends.
It takes ~5 s to aspirate media; start aspirating media while still
in water bath ~5 s before stimulation time ends, so 1x TBS can
be added immediately as the dish is placed on ice.

Immediately aspirate 1x TBS and add ice-cold 0.5 mL of cell
lysis buftfer (containing protease inhibitors).

Scrape cells in dish and transfer lysate to 1.5 mL microcentrifuge
tubes. Keep on ice until all time points have been performed.

Clear lysates of DNA by centrifuging at 22,000 rcf for 10 min
at 4 °C in a microcentrifuge.

Transfer supernatant to clean 1.5 mL microcentrifuge. Avoid
carrying over the DNA pellet. Keep on ice until performing
fluorometry with MeroCBD. Alternatively, lysates can be
stored at —80 °C until use.

Measure the relative concentration differences among the lysates
using the Bradford reagent. Here, protein concentration stan-
dards are not necessary as long as one operates within the linear
range of the detector response of the UV-Visible spectropho-
tometer. Based on the relative absorbance at 595 nm, determine
the correct dilutions necessary to achieve uniform concentra-
tions across all the samples being measured (see Note 11).

. Once the concentrations are adjusted to be uniform, aliquot

400 pL of the cell lysate each into Eppendortf tube on ice (see
Note 12). Based on the concentration of the meroCBD solu-
tion, calculate how much one would have to add to each sam-
ple to achieve 150 nM biosensor final concentration.

. Just prior to the measurement, mix appropriate volume of

meroCBD (may require dilution) with the lysate sample, load
into the cuvette, and measure the emission spectral profile.
This procedure is repeated for all samples. Wash the cuvette in
between each sample to minimize cross-contamination. The
representative result is shown in Fig. 2.
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Fig. 2 Fluorometric measurements of lysates of RAW cells stimulated with
Fractalkine (50 ng/mL) at indicated times (red circles). **P<0.01, *P<0.05,
n=6-7. At T=0 s, samples of lysates were also pre-equilibrated with 100 pM
GTPyS as positive controls (Orange inverted triangle)

4 Notes

1. Choice of bacteria is very important. BL21(DE3) must be
used. Do not use the BL21(DE3)pLysS, as this will severely
reduce the protein yield.

2. pET-CBD-EGEFP will produce a tusion protein of the biosen-
sor CBD with EGFP. This will be useful for determining the
amount of biosensor pipetted into the cuvette during the fluo-
rometric measurements. If the pipetting of biosensor is done
precisely, this step can be omitted and the pET-CBD-MBP
can be used. This version does not contain the EGFP.
Additionally, EGFP contains two cysteines which will interfere
with the stoichiometric labeling of the mero-87-IAA dye,
whereas the CBD-MBP only contains one reactive Cysteine in
the whole molecule, eliminating this problem.

3. Starting from the plated colonies accelerates the bacterial
growth in the flasks as they are still in the log-growth phase.
Overnight liquid starter cultures can be used instead, but
this will significantly slow down the large-scale bacterial
growth as they have reached the plateau-phase in the liquid
starter culture.

4. NaCl must be added to the Talon bufter fresh, just prior to use.
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. PMSE is only useful for approximately 30 min after addition

into an aqueous solution, so add this just prior to bacterial
resuspension.

. When the ultrasonication starts, the consistency of the bacterial

lysis buffer changes from watery, to viscous, to again watery.
This indicates the various stages of bacterial lysis. When the
liquid becomes viscous, the bacterial outer membrane is lysed
but the genomic DNA is not yet sheared. When the viscosity
turns to thin again, it indicates that the DNA has been sheared
and the lysis is more or less complete.

. The samples collected throughout the protein purification

steps should be run on an SDS-PAGE gel, and Coomassie
stained to determine the extent of protein purification.

. Also collect some amount of the bulk dialysis bufter, as this will

be useful for correctly producing the blanking solution during
concentration measurement of the dialyzed protein. Trace
amount of Imidazole present in the protein sample will affect
the absorbance if not properly corrected for by using the bulk
dialysis buffer also containing identical amount of imidazole.

. In the case of CBD-EGFP, prolonged reaction times or

increased dye concentrations will result in overlabeling due to
the presence of two additional cysteines on EGFD. This effect
will reduce the EGFP stability and reduce the fluorescence as
well as reducing the fluorescence emission intensity from the
mero-87. In the case of CBD-MBP, there is only one Cysteine,
but overlabeling is still possible due to reactions with other
residues including lysines and histidines if the reaction times/
dye concentrations are increased unreasonably.

Here, the manner in which pipetting is performed is absolutely
critical to remove errors. Use fresh pipette tips all the time, do
not pipette into a fresh pipette tip more than one time as the
surface wetting and viscosity effects will slightly change the
amount being pipetted.

Here, choose the lowest concentrated lysate and use that as the
baseline. One can always dilute more concentrated lysates to
make it the same concentration, never the reverse.

The volume of lysates could be more or less than the suggested
amount. Use the appropriate cuvettes that are optimized for
various volumes.
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Chapter 16

Analysis of the Cell Surface Expression of Cytokine
Receptors Using the Surface Protein Biotinylation Method

Mahmud Arif Pavel, Clarissa Lam, Parul Kashyap,
Zahra Salehi-Najafabadi, Gurpreet Singh, and Yong Yu

Abstract

Cytokines are pleiotropic, low-molecular-weight proteins that regulate the immune responses to infection
and inflammation. They stimulate the immune responses by binding to cytokine receptors on the cell
plasma membrane. Thus, knowledge of the expression level of particular cytokine receptors on cell surface
is crucial for understanding the cytokine function and regulation. One of the techniques to explore the
membrane embedded cytokine receptors is cell surface biotinylation. Biotinylated surface proteins can
be rapidly purified through the strong interaction between biotin and streptavidin. Here, we describe the
procedure for surface biotinylation and purification of biotinylated cytokine receptors for further down-
stream analysis.

Key words Cytokine receptor, Biotin, Biotinylation, Streptavidin

1 Introduction

Cytokines are pleiotropic regulatory proteins that are involved in
many biological processes that regulate immune and inflammatory
responses, cell survival, differentiation, as well as cell growth,
migration, and proliferation. Cytokines bind to their receptors
present on the cell surface in plasma membrane. Cytokine recep-
tors are transmembrane proteins containing various domains that
trigger downstream signaling once the specific cytokine binds to
the appropriate receptor [1]. For example, CXCR2, a receptor for
interleukin-8 (IL-8, CXCLS8), contains a crucial G-protein dock-
ing site in the second intracellular loop which is required for down-
stream signaling of the MAPK pathway, ultimately leading to cell
growth [2]. To better understand the interaction between cyto-
kines and their receptors, it is crucial to analyze the expression
levels of these receptors on plasma membrane. Cell surface bioti-
nylation is a commonly used technique to fulfill this purpose [ 3, 4],

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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and it has been effectively applied in cytokine research in recent
years [5-11].

In particular, cytokine receptors on cell surface can be modified
covalently with biotin and purified through affinity chromatography
based on the interaction between biotin and streptavidin. The puri-
fied sample can then be detected by SDS-PAGE and Western blot-
ting. The non-covalent binding between biotin and streptavidin is
very stable as it can tolerate anomalous pH or temperature changes.
Also, the presence of detergent, such as 1-2 % SDS, Triton X-100, or
Tween, does not affect the binding between biotin and streptavidin.

Many biotin derivatives have been developed. In this chapter,
we discuss the application of the widely-used sulfo-NHS-SS-biotin
(sulfosuccinimidyl-2-(biotinamido)  ethyl-1,3-dithiopropionate).
Sulfo-NHS-SS-biotin reacts with primary amines on the side-chain
of lysines and the amino-termini of proteins. The negatively
charged sulfo-NHS group makes sulfo-NHS-SS-biotin very easy
to dissolve even in cold water and makes it impermeable to cell
membrane. The latter minimizes nonspecific labeling of cytosolic
proteins, thus increasing the degree of purification of surface pro-
teins. The disulfide bond in its spacer arm can be cleaved by reduc-
ing agents, such as dithiothreitol (DTT), which facilitate the release
of the biotinylated proteins after purification.

In general, cell-surface proteins are incubated with sulfo-NHS-
SS-biotin in aqueous milieu to label all membrane proteins (Fig. 1).
Free biotins are then quenched and cells are lysed. Biotinylated cell
surface proteins can be further precipitated by binding to streptav-
idin-coupled resin. Proteins are then eluted and analyzed with
different methods. The protocol described here is based on the
assumption that SDS-PAGE and Western blotting will be used to
detect the precipitated biotinylated membrane receptor. The entire
procedure is summarized in Fig. 2. This protocol is not only useful
in analyzing cytokine receptor expression but also functional in any
other cell surface protein analysis.

2 Materials

2.1 Surface Receptor
Biotinylation

—

. Cells growing in monolayer in T75 cell culture flasks (or 100 mm

cell culture dishes), or cells growing in suspension.

2. Phosphate Buftered Saline (PBS): 10 mM Na,HPO,, 1.8 mM
KH,PO,, 137 mM NaCl, 2.7 mM KCI in deionized distilled
water, pH 7 4.

3. Sulfo-NHS-SS-biotin (Sulfosuccinimidyl-2-(biotinamido)ethyl-

1, 3-dithiopropionate) solution: Just before use, dissolve sulfo-

NHS-SS-biotin (Thermo Scientific) in PBS at 250 pg/mL

concentration.

4. Quenching Solution: 1 M Tris-HCI, pH 7 .4.

5. Tris Buffered Saline (TBS): 150 mM NaCl, 25 mM Tris-HCI,
pH74.
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Fig. 1 Schematic illustration of labeling proteins by Sulfo-NHS-SS-Biotin. Sulfo-NHS-SS-biotin contains the
biotin part and the sulfo-NHS-SS side chain. Primary amine groups in proteins react with sulfo-NHS-SS-biotin
through formation of an amide bond. Reducing agents can be used to cleave the disulfide bond in Sulfo-NHS-
SS-biotin to release the labeled proteins

6. Protease inhibitor cocktail (Sigma-Aldrich).

7. Lysis Solution: 100 mM NaCl, 50 mM Tris—-HCI, pH 7.4,
10 mM EDTA, 1 % (v/v) Triton X-100. Add protease inhibi-
tor cocktail (Sigma-Aldrich) before use (see Note 1).

—

2.2 Precipitation . Streptavidin agarose (Thermo Scientific).

of Bio_tinylated 2. Wash Solution: 500 mM NaCl, 25 mM Tris-HCIL, pH 7.4, 1 %
Pl'_OtelnS y Triton X-100.

with Streptalfldm 3. SDS-PAGE sample buffer: 62.5 mM Tris—-HCI, pH 6.8, 2 %
Agarose Resin SDS, 10 % glycerol, 0.002 % Bromophenol Blue.

4. Elution Solution: 50 mM DTT (final concentration) is added
into the above SDS-PAGE sample buffer just before use.
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[ Wash cells with cold PBS ]

Y

[ Biotinylation of surface receptors with ]

Sulfo-NHS-SS-Biotin (4°C, 30 min)

Y
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\

Incubate the cell lysate with streptavidin
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)4

Wash resin and elute the proteins with
SDS-PAGE sample buffer with DTT

Fig. 2 Procedure summary of the surface protein biotinylation and isolation using
streptavidin resin. Isolated proteins can be further analyzed with SDS-PAGE and
Western blotting

3 Methods

3.1 Surface Cytokine
Receptor Biotinylation

—

. Grow cells to 90-95 % confluence in a monolayer in a T75 cell

culture flask or on a 100 mm cell culture dish (see Note 2). For
cells growing in suspension, use 1x10°-107 cells for each
milliliter of biotin solution prepared in step 3.

. Remove media from the flask/dish and wash the cells twice

with 10 mL of'ice-cold PBS rapidly (see Note 3). It is preferred
to apply aspiration by Pasteur pipette connected with a vacuum
to discard the medium or PBS (or use centrifugation for cells
in suspension). Keep the flasks on ice for the following steps.

. Add 10 mL of an ice-cold sulfo-NHS-SS-biotin solution into

the flask /dish (see Note 4). For cells in suspension, resuspend
the cells directly in sulfo-NHS-SS-biotin solution and keep on
ice.

. Place flask on orbital shaker. Let it shake gently for 30 min at

4 °C (see Note 5).

. Add 0.5 mL of Quenching Solution into the flask/dish to

quench the biotinylation reaction. Incubate for 5 min at 4 °C.
Ensure even exposure of the quenching solution by gently tip-
ping the flask back and forth.
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. Detach the monolayer cells by repeatedly pipetting the

solutions over them. In case the cells are still firmly attached,
gently scrape the cells into solutions and transfer them into
50 mL conical tube. Rinse the flask with 5 mL of ice-cold TBS
solution and pool the washing into the same tube of the
collected cells.

. Centrifuge the cells at 500xg for 3 min and discard the

supcrnatant.

. Add 5 mL of TBS solution onto the cell pellet and gently

pipette up and down to resuspend the cells. Centrifuge at
500 x g for 3 min. Discard the supernatant.

. Repeat step 8 once (see Note 6).
10.

Add 150 pL of Lysis Solution onto the cell pellet (see Note 7).
Resuspend the cells and transter the cells in the Lysis Solution
to a 1.5 mL microcentrifuge tube.

Optional: to improve solubilization efficiency, disrupt the cells
by sonicating on ice using five 1-s bursts. Use low power
setting to prevent foaming.

Incubate the sample with end-over-end mixing in a tube rota-
tor for 1 h at 4 °C, vortexing in medium speed every 10 min
for 5 s. Optional: perform additional sonications during
incubation.

Centrifuge the cell lysate at 10,000 xg for 15 min at 4 °C.
Collect the supernatant (cell lysate) into a new tube.

Optional: take out 10 pL of cell lysate for using as a control
sample in Western blotting for checking overall expression of
target protein.

. Take out 120 pL of evenly suspended streptavidin agarose

slurry and place it into a 1.5 mL microcentrifuge tube
(see Note 8).

. Centrifuge for 1 min at 2,000 x4 and discard the supernatant

(see Note 9).

. Add 300 pL of Washing Buffer onto the resins and mix well by

pipetting. Centrifuge at 2,000 xg for 1 min and discard the
supernatant.

4. Repeat step 3 twice (see Note 10).

. Add cell lysate obtained in Subheading 3.1, step 13, onto the

washed streptavidin agarose resins.

. Incubate for 1 h at room temperature with end-over-end mix-

ing in a tube rotator. Alternatively, rock back and forth on a
rocking platform or orbital shaker (see Note 11).

. Centrifuge at 2,000x 4 for 1 min to collect the streptavidin

agarose resins.
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Collect the supernatant into another tube. It can be used as
flow-through control.

Add protease inhibitor cocktail into 1.2 mL of Wash Solution
(see Note 12).

Add 300 pL of Wash Solution onto the resins and incubate for
5 min with end-over-end mixing in a tube rotator at room
temperature.

Centrifuge at 2,000 x g for 1 min and discard the supernatant.
Repeat the washing step three times.

Add 150 pL of PBS to resuspend the resins and transfer them
to a fresh tube (see Note 13).

Centrifuge at 2,000 x g for 1 min and discard the supernatant.

Add 100 pL of Elution Solution to the precipitated resins.
Resuspend the resin by tapping on the tube gently (see Note 14).

Incubate the resins for 60 min at room temperature with end-
over-end mixing in a tube rotator (see Note 15).

Centrifuge at 2,000xy4 for 2 min. Transfer the supernatant
into a new tube.

The sample is now ready to be detected using SDS-PAGE
followed by Western blotting.

4 Notes

. Certain membrane protein may be better extracted from cell

membrane with certain detergent. Thus, optimization of the
detergent may be needed to get best extraction yield. Most
commonly used detergents include Triton X-100, NP40, and
n-Dodecyl f-p-maltoside (DDM). Protease inhibitor should
be added immediately before use.

. Depending on the expression level of target proteins, two or

more flasks of cells may be needed for each experiment.

. A quick wash is recommended because longer contact of cells

with PBS may detach the cells from the flask/dish. Do not
pipette cold buffer right on top of the cells, instead direct the
pipette on the side wall of the dish or on the opposite end of
flask surface. For cells growing in suspension, all steps for
washing or replacing solution should be done by gentle cen-
triftugation (1,000 x g, for 3 min).

. Dissolve sulfo-NHS-SS-biotin in PBS immediately before add-

ing to the cells. This will help to reduce the hydrolysis of the
sulfonate group.



10.

11.

12.

13.

14.

15.

Analysis of Surface Receptors Using Biotinylation 191

. Keeping the cells at 4 °C during the biotinylation procedure

will help to reduce uptake of sulfo-NHS-SS-biotin by the cells.

. At this point, cells can be frozen in liquid nitrogen and stored

at =80 °C for afterward processing.

. The volume of Lysis Solution used should be adjusted based

on the volume of cell pellet. Use twice as much of Lysis
Solution as cell pellet volume.

. To get better washing efficiency in the following steps, one can

use column filter set (such as the Ultrafree-MC centrifugal fil-
ter units from Millipore) to hold the resin and perform the
washing steps by centrifuging and discarding the flow-through.
Use pipette tips with the end cut off to prevent damage to the
resins.

. The resin pellet is very loose. In this and following steps, be

very careful when removing the supernatants. Try to remove
the supernatant as much as possible while avoiding taking out
the resin material. Pipette tips with fine ending such as gel
loading tips work well for this purpose.

Commercially available streptavidin or similar resins usually use
ethanol and sodium azide as preservatives. These preservatives
need to be completely removed before use by washing.

If the target protein is not stable, binding can be done at 4 °C
for 2—4 h or overnight.

Some proteins can bind to agarose resin nonspecifically and
affect the correct analysis. One can increase the NaCl concen-
tration to 1 M in Wash Solution to obtain better washing effi-
ciency. In this case, larger volume of Wash Solution and longer
washing incubation will also help.

Transfer to a new tube before elution is necessary since it will
avoid eluting the protein nonspecifically bound on the wall of
the old tube.

Proteins are eluted here with DTT-added to SDS-PAGE sam-
ple butfer on the assumption that samples will be analyzed with
SDS-PAGE and Western blotting. Other elution solution may
be used if SDS-PAGE is not the next analysis method. As long
as DTT is added in the Elution Solution, isolated proteins will
be cleaved off the streptavidin resins at the disulfide bond site
in sulfo-NHS-SS-biotin.

Alternatively, the incubation can be done at 37 °C for 30 min
or 65 °C for 10 min. Usually, boiling should be avoided since
many membrane proteins form aggregates when they are
boiled. Protein aggregation results in difficulty of these pro-
teins to migrate into acrylamide gel.
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Chapter 17

Detection of CXCR2 Cytokine Receptor Surface Expression
Using Immunofluorescence

Clarissa Lam, Mahmud Arif Pavel, Parul Kashyap,
Zahra Salehi-Najafabadi, Victoria Valentino, and Yong Yu

Abstract

The interleukin-8 (IL-8, CXCL8) chemokine, also known as the neutrophil chemotactic factor, is a
cytokine that plays a key role in inflammatory response, cell proliferation, migration, and survival. IL-8
expression is increased not only in inflammatory disorders, but also in many types of cancer, including
prostate cancer. IL-8 acts as a ligand for the C-X-C chemokine receptor 2 (CXCR2) protein present on
the cell plasma membrane. Binding of the IL-8 ligand to the CXCR2 receptor results in an intracellular
signaling pathway mediated by GTP binding proteins coupled to the receptor itself. Knowledge of the
CXCR2 expression levels facilitates the understanding of the role and function of IL-8. In this chapter,
we describe a protocol that uses the immunofluorescence method and confocal microscopy to analyze the
CXCR2 surface expression in human prostate cancer cells. However, this protocol is easily adaptable to
analyze the surface expression of other cytokine receptors in different cell types.

Key words Interleukin-8, CXCR2, Cytokine receptors, Immunofluorescence, Prostate cancer PC3 cells

1 Introduction

The CXCR2 protein belongs to a G protein-coupled receptor
(GPCR) super family. Human CXCR2 is composed of 360 amino
acids and has been found to have about 25-80 % identity with other
chemokine receptors [1]. It has seven transmembrane domains and
is able to couple with GTP binding proteins to transduce intracel-
lular signals when bound to various cytokines [2]. It has been shown
in other chemokine receptors that the extracellular N-terminus plays
an important role in ligand binding, while the second intracellular
loop contains the G protein docking site [1, 2]. As other GPCRs,
CXCR2 may function in higher-order oligomers through dimeriza-
tion [3, 4]. CXCR2 has also been associated with Rho, Rac, and
MAP kinase signaling pathways responsible for cell growth and
migration [1]. It was also found to play a role in aging [5].
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Many chemokine receptors have more than one corresponding
chemokine ligands [2]. IL-8, a member of the CXC chemokine
family, is one such cytokine that is able to act as a ligand for the
CXCR2 receptor. Binding of IL-8 to its receptor activates a specific
signaling pathway that plays a role in inflammatory response [6],
cell proliferation, and cell survival [7]. Endogenously expressed
CXCR2 has been detected in human metastatic prostate cancer
cells, where it has been proposed to play a role in IL-8 signaling
and, consequently, the progression and proliferation of prostate
cancer cells [8].

Immunofluorescence is a versatile method used to visualize
antigen molecules in cells. It utilizes fluorophore-coupled antibody
to detect the location and relative abundance of target protein
molecules. Combined with confocal microscopy, this method is
widely used in detecting the cell surface expression of membrane
proteins. Employing the immunofluorescence technique to study
the cell surface expression of the CXCR2 receptor in prostate can-
cer cells facilitates the understanding of the IL-8 function and reg-
ulation in these cells. Figure 1 illustrates the principle of the
immunofluorescence protocol described here.

2 Materials

2.1 CGell Culture

1. PC3 cells obtained from the American Type Culture Collection.

2. RPMI complete medium: RPMI medium supplemented with
10 % fetal bovine serum (FBS), 2 mM glutamine, 1 mM
sodium pyruvate, and 1 % penicillin—streptomycin solution.
Filter to sterilize using Corning 0.2 pm bottle top filter.

3. Phosphate buffered saline (PBS): to make 1 L of PBS solution,
dissolve 8 g of sodium chloride, 0.2 g of potassium chloride,
1.44 g of sodium phosphate dibasic, and 0.24 g of potassium
phosphate monobasic anhydrous in 800 mL of distilled water.
Adjust pH to 7.2 with HCl or NaOH. Make the final volume
up to 1 L with distilled water. 10x or 1x PBS solutions are
commercially available from many companies.

4. 24-well tissue culture plates.

5. Glass microscope slides and 12 mm circular coverslips.

6. 0.01 % poly-1-lysine solution: Add 50 mL of sterile tissue cul-
ture grade water to 5 mg of poly-L-lysine (se¢ Note 1).

7. 1 M HCl solution: Slowly add 83 mL of 37 % HCl to 917 mL
of deionized water.

8. 95 % ethanol.
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Fig. 1 Schematic illustration of the immunofluorescence method. First, cells are fixed with formaldehyde and
blocked with goat serum. Subsequently, CXCR2 is labeled by using specific primary antibody and fluorophore-
conjugated secondary antibody

2.2 Immunofiuores- 1. 4 % paraformaldehyde solution: Weigh out 0.4 g of parafor-
cence maldehyde and put it in a 15 mL conical Falcon tube. Add
8 mL of distilled water and 10 pLL of 1 M NaOH to the tube.
Heat the solution to 70 °C and mix until the paraformalde-
hyde is completely dissolved. Cool the solution down to room
temperature and adjust the solution volume to 9 mL with dis-
tilled water. Add 1 mL of 10x PBS to make the solution up to
a total volume of 10 mL. Adjust pH to 7.0 using diluted HCI.
Filter the solution through a 0.2 pm syringe filter. The solution
can be aliquoted and frozen for up to 1 month (see Note 2).
2. 0.2 % Triton X-100: Add 0.1 mL of 20 % Triton X-100 stock
solution into 9.9 mL of water and mix well. To make the 20 %
stock solution, add 2 mL of 100 % Triton X-100 into 8 mL of
water and mix well (see Note 3).
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. Blocking solution: Mix 0.1 mL of goat serum in 9.9 mL of PBS

(see Note 4).

4. Fluoromount mounting medium (Sigma Aldrich).

. Primary CXCR2 antibody (mouse monoclonal anti-CXCR2

antibody from Abcam is used here).

. Fluorophore-conjugated secondary antibody (FTIC-conjugated

goat anti-mouse IgG from Jackson Immuno Research Laboratory
is used here).

. Washing solution: PBS +0.05 % Tween 20.
. CoverGrip coverslip sealant (Biotium) or nail polish (se¢ Note 5).

. Fine-tip forceps.

3 Methods

3.1 Preparation
of Acid-Washed Glass
Goverslips (See Note 6)

3.2 Preparation
of Poly-L-lysine Goated
Goverslips

. Separate coverslips from one another and place them into a

glass container containing 1 M HCI solution.

. Heat the coverslips in the temperature range of 50-60 °C

tor about 16 h in this loosely covered beaker.

. After heating, cool the solution to room temperature and rinse

out the HCI solution with distilled water.

. Add distilled water to the beaker and sonicate in water bath

for about 30 min. Repeat this step twice (see Note 7).

. Fill the beaker with fresh 95 % ethanol. The coverslips may

remain in this solution until they are ready to be used.

Perform steps in this section, except for step 3, in a sterile cell
culture hood.

1.

Take out the acid-washed coverslips out of 95 % ethanol and
dry them on a sterile petri dish.

. Place the dried coverslips in a sterile petri dish and cover

them with poly-L-lysine solution. Make sure the coverslips are
separated from each other.

. Place the petri dish on an orbital shaker and shake for at least

30 min at room temperature (se¢ Note 8).

. Suction out poly-L-lysine solution after the incubation period

and rinse the coverslips thoroughly with sterile water
(see Note 9).

. Place the coverslips into 24-well culture plate, one for each

well.

. Let the coverslips dry completely before moving onto the

next step.
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Perform steps in this section in a sterile cell culture hood.

1.

Add 500 pL of RPMI complete medium to the wells with
coverslips.

2. Plate PC3 cells onto the coverslip (se¢ Note 10).

. Place the plate into a CO, incubator and incubate at 37 °C.

. Wait at least a couple of hours for the cells to firmly attach onto

the coverslips.

. Suction out the cell culture RMPI medium and rinse the

coverslips twice with 500 pL of PBS at room temperature.

. Add 200 pL of 4 % paraformaldehyde solution onto each

coverslip. Gently shake the plate on an orbital shaker for 15
min at room temperature.

. Suction out the paraformaldehyde solution and wash the cells

with 500 pL of PBS by gently shaking for 5 min.

4. Repeat the above washing step twice.

. Optional: Add 200 pL of 0.2 % Triton X-100 solution onto

the coverslip and incubate for 20 min at room temperature.
Repeat washing with PBS three times as in steps 3 and 4
(see Note 11).

. Add 200 pL of blocking solution onto each coverslip and block

for 30 min at room temperature.

. Dilute the primary antibody to 10 pg/mL in blocking butfer

(see Note 12).

2. Suction out the blocking solution.

. Add 200 pL of diluted primary antibody into each well

(see Note 13).

. Incubate for 1 h at room temperature or overnight at 4 °C.

Gently shaking the plate during incubation.

. Suction out the antibody solution from the wells.

. Wash the cells with 500 pL. of Washing solution by gently

shaking for 5 min.

. Repeat the above washing step twice.

. Dilute the secondary antibody 50 times with blocking buffer

(see Note 14).

. Add 200 pL of diluted secondary antibody into each well onto

the coverslip.

. Cover the tissue culture plate completely with foil. Keep the plate

covered with foil for all of the following steps (se¢ Note 15).
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3.7 Preparation
for Microscopy

. Incubate for 1 h at room temperature. Gently shake the plate

during incubation.

. Suction out the secondary antibody.
6. Wash the cells with 500 pL of Washing solution by gently shak-

ing for 5 min.

. Repeat the above washing step twice.

. Drop 10 pL of the mounting medium onto a glass slide.

. Pick up the coverslips with a fine-tip forceps and invert the

coverslips facing down onto the mounting medium.

. Remove the excess of mounting medium with fiber-free paper,

without disturbing the coverslip.

. Cover the slides with foil and allow the mounting medium to

dry for 30—45 min at room temperature.

. For long-term storage of the coverslips, seal the edges of cov-

erslips with CoverGrip coverslip sealant and allow them to dry
for about 3 min. The cells are now ready to be analyzed with
confocal microscope.

4 Notes

. Poly-L-lysine promotes the cell adhesion by increasing electro-

static interaction between cell membrane and the culture surface.
Both p- and 1-lysine can be used to coat culture surface. Poly-1-
lysine is widely used for many cell types. However, certain cells
can digest poly-L-lysine. In these cases, poly-p-lysine has to be
used. Although higher molecular weight poly-1-lysine (>300,000)
provides more attachment sites per molecule, it is more viscous
and difficult to work with. Usually poly-L-lysine with molecular
weight of 70,000-150,000 provides sufficient attachment site
density for normal use.

2. Freshly prepared paratormaldehyde solution works better.

. When mixing Triton X-100 with water, do not vortex with

high speed, otherwise a lot of foam will form. Triton X-100 is
very viscous; therefore, cutting the pipette tip to enlarge the
opening will make handling Triton X-100 much easier.

. Blocking solution is used to prevent any nonspecific binding of

antibody to proteins that are not being analyzed. 1-2 % bovine
serum albumin (BSA) is also widely used as blocking solution.

. Traditionally, nail polish has been used to seal the edges of

mounted coverslips. However, nail polish can leach into
aqueous mounting medium and contaminate the sample.
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CoverGrip coverslip sealant or similar product is a good
replacement for nail polish. To save money, nail polish can
still be used if long-term storage is not needed.

. Washing coverslip with acid helps cells and polyamino acids stick

to glass. It also helps to get rid of small particles stuck on the
glass, so better DIC pictures can be obtained under microscope.

. If a sonicator water bath is not available, one may place the

coverslips in water-filled container on an orbital platform
shaker and shake overnight. Change the water and repeat the
shaking once. Use plenty of water to make sure acid residue is
completely removed.

. Alternatively, coverslips can be coated in poly-L-lysine solution

at 4 °C for overnight. The authors sometime even store the
coverslips in poly-L-lysine solution at 4 °C for future use.

. For longer storage, allow coverslips to dry on a piece of sterile

filter paper then store them in a sterile tissue culture dish.
Coated coverslips can be stored for up to a year. After long
time storage, coverslips should be rinsed with 100 % ethanol
and dried before use.

Adjust the number of cells plated to obtain about 70-80 %
confluence when doing immunostaining.

Triton-X 100 is a commonly used detergent to permeabilize
the cell membrane. It should only be used it the goal is to visu-
alize the overall expression of a protein in the cells. If no per-
meabilization is carried out, only the proteins on the cell
surface will be visualized.

The working concentration of the primary antibody needs to
be optimized for different antibodies.

Although it is more convenient, incubation in 24-well plate
needs a larger volume of antibody solution so another incuba-
tion method may be used to conserve antibody. First place the
coverslip, with cell-side facing up, on a piece of parafilm inside
of a petri dish, then slowly cover the cells with a few drops of
the diluted antibody. 50 pL of antibody solution is usually
enough. A piece of water-soaked filter papers can also be placed
in the dish to help keeping the coverslips from drying out.
Cover the dish with its lid and seal the edge of the dish with
parafilm or tape during incubation.

The working concentration of the secondary antibody needs
to be optimized for different antibodies.

Protect fluorescent conjugates from the light. Incubate sam-
ples in the dark and cover whenever possible after the second-
ary antibody is applied.
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Chapter 18

Detecting Tie2, an Endothelial Growth Factor Receptor,
by Using Inmunohistochemistry in Mouse Lungs

Prajna P. Guha, Sascha A. David, and Chandra C. Ghosh

Abstract

Immunohistochemical (IHC) staining is an invaluable, sensitive, and effective method to detect the
presence and localization of proteins in the cellular compartment in tissues. The basic concept of THC is
detecting the antigen in tissues by means of specific antibody binding, which is then demonstrated with a
colored histochemical reaction that can be observed under a light microscope. The most challenging
aspect of IHC techniques is optimizing the precise experimental conditions that are required to get a spe-
cific and a strong signal. The critical steps of IHC are specimen acquisition, fixation, permeabilization,
detection system, and selection of the antigen specific antibody and its optimization. Here, we elaborate
the technique using the endothelial growth factor binding receptor Tie2 in mouse lungs.

Key words Angiopoietins, Antibody, Immunohistochemistry, Tie2

1 Introduction

IHC staining methods use enzyme-labeled antibodies to identify
and quantify proteins in tissues. Although this is a simple technique,
proper optimization of the steps involved determines its outcome.
IHC is now widely used for disease diagnosis and for scientific
research as it does not involve sophisticated microscope and the
detection signal remains stable for years. This technique however
can only detect one antigen as opposed to immunofluorescence
(IF) where multiple antigens can be detected simultaneously.

Our laboratory has longstanding interest in understanding the
vascular integrity via Tie2-angiopoietin pathway in normal and path-
ological conditions [1, 2]. The endothelial receptor tyrosine kinases
(Tiel and Tie2), and their ligands, angiopoietins (Angpt), which
otherwise maintain the quiescent endothelium, play an important
role in acute and chronic inflammation (Fig. 1) [1, 3-7]. The angio-
poietins represent an example of growth factors consisting of both
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Fig. 1 Tie2 angiopoietin pathway

receptor activator (Angpt-1) and receptor blocker (Angpt-2) [3].
In this chapter, we used THC to detect Tie2 in mouse lungs which
was earlier detected by using IF as described previously [8].

2 Materials

Prepare all solutions in ultrapure water. Disposal of the used chem-
icals should be done by following Material Safety Data Sheet
(MSDS) carefully. The toxic materials should be stored inside the
satellite area with proper labeling (date, name of the chemical, and
approximate amount).

2.1 Animals All experiments should be approved by Institutional Animal Care
and Use Committee. Use 8-week-old male C57BL/6] (Jackson
Laboratories, ME) to collect organs.

2.2 Buffers 1.
and Diluents 2.
3

Rinse bufter: 1x Phosphate Buftered Saline (PBS).

Quenching, Blocking buffer/Antibody diluents: Quench the
endogenous peroxidase by using 3 % H,0O,. Add 1 ml of 30 %
H,0, to 9 ml of water. Block nonspecific proteins by using
Protein block-serum free (Dako North America Inc) and 0.1 %
Triton X-100 as the blocking bufter, and use the same to dilute
primary and secondary antibodies.

. Periodate-Lysine-Paraformaldehyde (PLP) fixative buffer:

Prepare solution A and solution B and mix them on the day of
use. Store solution A at -20 °C and prepare solution B on the
day of use.

For solution A: Dissolve 7.3 gL-Lysine-HCI in 200 ml of
water. Add enough of 1 M sodium phosphate, dibasic
(Na,HPO,) to bring the pH to 7.4. To make 100 ml of 1 M
Na,HPO,, dissolve 14.2 g of Na,HPO, in 100 ml of water.
Add 1x PBS to bring the final volume to 400 ml. Aliquot into
18.75 ml and freeze at =20 °C until the day of use.

For solution B: Add 1 drop (~50 pl) of 10 N sodium hydrox-
ide (NaOH) and 0.4 g of para formaldehyde (PFA) to 5 ml of
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1x PBS in 15 ml tube. Dissolve PFA and vortex immediately
for 2 min. Prepare 10 N NaOH solution by adding 40 g of
NaOH into 100 ml of water.

After mixing solutions A and B, add 51 mg of sodium
periodate (NalOy). Keep the mix on ice. Do not reuse the PLP
fixative buffer.

4. Sucrose Buffer: Make 200 ml of 18 % sucrose by dissolving
36 g of sucrose in 200 ml of 1x PBS.

5. The base mold (TissueTek, CA).

6. Optimum Cutting Temperature (OCT) freezing medium
(TissueTek, CA).

1. DAB-hydrogen peroxide substrate solution: In presence of
peroxidase, Vector® DAB Substrate (3, 3’-diaminobenzidine)
produces a brown reaction product.

2. Mayer’s Hematoxylin (Dako, CA).

3. 95 % alcohol: Prepare 95 % alcohol by mixing 5 ml of water
and 95 ml of 100 % alcohol.

4. Xylene (Sigma-Aldrich).

5. Xylene mounting media, VectaMount Permanent Mounting
Medium (Vector Labs).

6. ABC reagent or avidin—peroxidase: VECTASTAIN Universal
Elite ABC kit (Vector Labs).

3 Methods

Paraffin embedding is considered to be the best option for long
term storage of tissue samples; however the tissues need to be fixed
prior to being embedded in paraffin. Tissues can also be snap-
frozen by immersing the sample in liquid nitrogen or in isopentane
cooled on dry ice. These samples do not need to be fixed prior to
freezing, but unlike paraffin embedded samples, they cannot be
stored as long. Frozen tissues can be stored at —-80 °C for about a
year. Fixing the samples preserves the stabilization and morphology
of proteins. Incomplete fixation (under-fixation) causes proteolytic
degradation of antigen, while prolonged fixation (over-fixation)
results in masking of antigens. We found PLP method of fixation
very effective that provides adequate fixation.

The challenge commonly faced with IHC is the nonspecific
interactions between the primary and secondary antibodies with the
tissues which can be overcome by blocking reagents. Since IHC is an
enzyme based chromogenic assay, the endogenous enzyme activity
of the tissues need to be blocked as well (quenching). IHC staining
that uses horseradish peroxidase (HRP) or alkaline phosphatase (AP)
need the quenching step. Organs such as kidney, liver, and heart
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3.1 Tissue
Processing, Fixation,
Sectioning, Mounting,
and Storage

I Tissue sections |

Wash with PBS

| Block endogenous enzyme activity |

Wash with PBS

| Blocking 30 mins |
lWash with PBS

Primary antibody (1:200)
incubation ON, 4°C

lWash with PBS

Biotinylated secondary antibody
(1:200) incubation 45 mins

lWash with PBS

Avidine peroxidase from
Vectastain (1:200) 30 mins

1Wash with PBS

DAB-peroxide
substrate

lWash with water

Counterstain

I Microscopy observation |

Fig. 2 Flow chart of immunohistochemistry method

have high enzyme activity. These steps are performed prior to
antibody incubation.

Counterstaining of immunostained tissues is performed for
better visualization of the nucleus and the tissue morphology.
However, nuclear staining such as hematoxylin must be avoided
when the protein of interest is localized in the cell nuclei (Figs. 2

and 3).

1. Remove tissues, trim and cut in half and quickly wash in ice-
cold 1x PBS. Place the tissues in ice-cold PLP fixation buffer on
ice or perform the process in a cold room, for 2 h (se¢ Note 1).

2. Incubate the tissues overnight in ice-cold 18 % sucrose bufter
and place it at 4 °C.
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20X » | -4OX

Fig. 3 Tie2 is detected (brown DAB staining) in endothelial cells lining of the alveolar vasculature and in bron-
chial endothelial cells (black bar) as shown (a) 20x magnification and (b) 40x magnification. Nuclei were

counterstained with hematoxylin

3.2 Quenching/
Blocking Endogenous
Enzyme Activity

[\

. Label the base mold appropriately and partially fill with OCT

freezing medium.

. Place a beaker with isopentane on dry ice and let it cool

adequately.

. Place the tissue into the mold and then completely immerse

the mold carefully in cold isopentane.

. Allow OCT to solidify and store in -80 °C freezer until
sectioning.
. Equilibrate the block to -20 °C temperature for cryostat. Place

the tissue sample in the specimen disk of the cryostat and cut
about 6-8 pum sections.

. Place the sections on Superfrost slides and let them dry for

30 min. At this point, the slides can be stored in a sealed slide
box at -80 °C for future staining. When ready to stain, remove
the slides from the freezer and equilibrate at room temperature
(RT) for about 10 min.

. Carefully dry slides and surround individual tissue slices with a

hydrophobic barrier using a barrier pen, ImmEdge Pen.

. Wash the slide three times with 1x PBS for 5 min.

. Block the endogenous peroxidase enzyme activity by incubat-

ing the slides with 3 % H,O, for 30 min (se¢ Note 2).

. Gently wash the slides three times with 1x PBS for 2 min (drain

the slides between washes; DO NOT rinse).

. Block nonspecific binding with blocking bufter for 30 min at

room temperature (RT) (see Note 3).
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3.3 Antibody
Incubation and
Detection

3.4 Counterstaining
Tissue Sections

p—

. Drain slides gently to remove excess blocking bufter.

. Incubate with primary antibody (1:200 in blocking buffer)

overnight at 4 °C (sec Notes 4-8).

. Wash 3 times with rinse buffer with 5 min incubation. Drain

gently after washes.

. Incubate with biotinylated secondary antibody for 45 min at

RT in dark.

. Wash the slide three times with rinse buffer with 1 min incuba-

tion. Drain gently after each wash.

. Apply 1:200 ABC reagent or avidin—peroxidase to the biotinyl-

ated secondary antibody for 30 min. It amplifies the signal
as compared to secondary antibody conjugated with HRP
(see Note 4).

. Wash three times with rinse buffer.

. Develop with chromogen, add the prepared substrate DAB-

H202 and incubate for 5 min (se¢ Notes 9 and 10).

. Rinse the sections very gently under running water for 5 min.

. Drain the slides gently and proceed to counterstaining section.

. Place the slides in a slide rack and immerse slides in hematoxy-

lin solution for 1 min.

. Drain the excess hematoxylin dye for 30-60 s and carefully

rinse the slides twice in water for 1 min (see Notes 11 and 12).

. Wash in 95 % alcohol for 2 min. Drain excess alcohol.
. Wash in 100 % alcohol for 2 min. Drain excess alcohol.

. Immerse the slides in xylene for 5 min, three times, and then

place the coverslip on the tissue sections using xylene based
mounting solution avoiding any bubbles. Dry the slides over-
night (see Notes 13 and 14). The slides are now ready for
visualization.

4 Notes

. Tissue over- or under-fixation can be overcome by decreasing

or increasing the fixation durations, respectively.

. Iftissue contains higher levels of endogenous enzymes, increase

the quenching time.

. If there is nonspecific binding of secondary antibody, it can be

overcome by using the serum derived from same species as the
secondary antibody for blocking reagent. Care must be taken
to avoid mouse antibodies used on mouse tissues or tissue
must be treated with mouse on mouse blocking reagent prior
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to primary antibody incubation. If there are inadequate washes
of sections, increase the duration of washes

. If the antibody concentration is too low or too high, increase or

decrease concentrations of primary and/or secondary antibod-
ies by performing serial dilutions and determining the optimized
antibody concentration, respectively. Titration of incubation
time can be achieved by increasing or decreasing the duration of
the primary and /or secondary antibody incubations.

. There are several monoclonal and polyclonal antibodies avail-

able for IHC staining. Monoclonal antibodies are known to
give lesser background as compared to polyclonal antisera.
Care must be taken while choosing specific antibodies from a
whole range of antibodies. Once the antibody is chosen, the
optimal concentration needs to be determined by performing
serial dilution.

. Avoid using sodium azide as a preservative as it inhibits enzyme

activity.

. The entire process must be performed in a moist and dark

atmosphere. For this, a covered box can be wrapped with
aluminum foil and a wet sponge can be used to make the box
moist.

. To evaluate the nonspecific binding and Fc receptor binding,

same isotype as the primary antibody must be analyzed in par-
allel with the primary antibody staining. If an isotype control
tfor an antibody is not available, a negative antibody control
must be performed where instead of using the primary anti-
body, the blocking buffer is used. A positive control is strongly
recommended to ensure the antibody performance, where
staining is performed on tissues where the protein of interest is
known to be present.

. After adding substrate, color intensity must be visualized under

microscope and the incubation must be stopped by washing
slides in water. It chromogen substrate incubation is too high,
decrease the duration of reaction.

Since DAB is toxic and a potential carcinogen, its proper dis-
posal is mandatory. DAB can be inactivated by adding bleach
or sodium hypochlorite. The solution will turn black and can
then be washed down the drain with plenty of water. But this
step needs to be approved by the waste hazard officer.

If there is inadequate hematoxylin staining, repeat step 2 in
Subheading 3.3.

Choice of counterstain is critical in THC so that it is compatible
with the color of the chromogenic reagent. In this chapter, we
have used hematoxylin stain as a counterstain but there are a
wide variety of counterstains available that can be looked up
for compatibility.
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13. Some other slide adhesives (e.g., poly-L-lysine) can be used if
sections seem to get detached from the slide.

14. Xylene based mounting media binds strongly to plastic. Hence
care must be taken during drying step.
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Chapter 19

Use of shRNA for Stable Suppression of Chemokine Receptor
Expression and Function in Human CGancer Cell Lines

Nicole Salazar, Daniel Muioz, James Hoy, and Bal L. Lokeshwar

Abstract

In this chapter, we describe a protocol used for stable silencing of chemokine receptor CXCR7 in human
cancer cells using ShRNA in a lipid transfection setting, previously published by our laboratory. We provide
thorough detail and background information about the process of shRNA to clarify the importance of this
process. We use CXCR7 shRNA and scrambled sequence shRNA constructs cloned into a pRS plasmid
under the control of a U6 promoter for stable expression. Human cancer cells are transfected with shRNA-
pRS using Lipofectamine 2000. Cells stably expressing the shRNA are selected from transfected cultures
following 2 weeks in medium containing the selection antibiotic puromycin. The emergent cell colonies
are evaluated for knockdown of CXCR7 mRNA and protein expression by q-PCR and immunoblotting
with rabbit anti-CXCR7 IgG, respectively.

Key words shRNA, Lipofectamine 2000, Stable transfection, Selection, CXCR7

1 Introduction

The discovery that double-stranded RNA was orders of magnitude
more potent than single-stranded RNA at gene silencing revolution-
ized modern biology and opened the door to RNAI [1]. This dis-
covery in 1998 carned Fire and Mello the Nobel Prize in Medicine
in 2006 [2]. Lee and Ambros described that conserved RNA species
undergo processing through a system known as the RNAi machin-
ery, and that the starting product of this process is a stem-loop or
short hairpin RNA precursor [3]. This RNA precursor is produced
endogenously in the cell as a long double-stranded non-coding
RNA transcript known as pri-miRNA. The pri-miRNA forms a hair-
pin or stem-loop shaped structure as the RNA anneals with itself due
to sense and antisense sequences that flank the loop. This double-
stranded precursor is then processed by Drosha in the nucleus and
exported to the cytoplasm where it is further processed by Dicer
to fragment it into pieces of mature microRNA (miRNA) [4, 5].
These short dsRNA sequences are recognized by the RISC complex.

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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Fig. 1 Schematic illustration of the use of shRNA for stable suppression of
chemokine receptor expression and function in human cancer cell lines. (7) Pri-
miRNA endogenously produced in all mammalian nuclei or shRNA is introduced
through transfection. (2) Drosha enzyme processes pri-miRNA to pre-miRNA,
which is recognized and exported by Exportin V to the cytoplasm. (3) Dicer recog-
nizes pre-miRNA and digests it into short oligos of 2025 nucleotides of dsRNA
called miRNA. (4) RISC complex can bind to this miRNA or to an introduced set of
SiRNA delivered through transfection. (5) The mi/siRNA-RISC complex then binds
to the target mRNA and prevents its translation. lllustrated by Ms. Maite Lopez

The complex combined with the miRNA can recognize and halt
targeted mRNA transcripts from being translated. See Fig. 1 for a
schematic illustration.

Since miRNAs produced by mammalian cells do not have
complete complementarity to their targets, it is possible to produce
and deliver small interfering RNAs (siRNA) that mimic the func-
tion of miRNAs but are designed to have greater specificity to their
targets by having complete complementary sequences [6]. One
significant drawback to this assay however, is the depletion of
siRNA over a few days from delivery. An alternative to this direct
delivery method is the development of shRNA and its delivery
through a vector-expressing plasmid which contains a selection
marker. Expression of the shRNA sequence includes a 29-mer
region complementary to the target transcript, followed by a
7-nucleotide loop, followed again, by the antisense sequence of the
29mer region [7]. This produces a dsRNA structure that is similar
to the naturally produced pri-miRNAs of the cell and is processed
accordingly to its miRNA mimic, the siRNA. This setup allows for
the continuous, stable expression of the shRNA for suppression of
the target gene [4, 8].
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In this protocol we describe an efficient approach to stably
silence the chemokine receptor, CXCR7 adapted from the manu-
facturer’s guide to using the transfection reagents. We use RNA
interference (RNAi) implemented with short hairpin RNA
(shRNA). Vector expressing shRNA can be used to stably suppress
gene expression in cell lines. We used a retroviral silencing plasmid
(pRS) that contains the puromycin resistance gene obtained from
Origene [7]. Our lab has successtully used these shCXCR7s from
Origene to stably down regulate CXCR7 expression in breast and
prostate cancer cell lines used for functional assays including in-vivo
xenograft tumor assays [9]. Origene provides four different shRNA
plasmids for the sequence of interest, fully verified by sequencing,
thus guaranteeing that at least one of the four constructs provides
over 90 % gene expression inhibition. This allows us to use the vec-
tors for sequence modifications and be able to perform RNA rescue
experiments with ease. More information about these and lentiviral
shRNA vectors can be found at www.origene.com. Origene now
also offers a lentiviral vector for CXCR7 shRNA knockdown, which
may provide better transfection efficiency.

2 Materials

2.1 Cell Culture

2.2 Transfection

1. MCF7 cells (American Type Culture Collection, Manassas, VA).

2. LNCaP cells (American Type Culture Collection, Manassas, VA).

3. 12-well cluster plates.

4. RNAase and DNAase-free sterile 1.5 microcentrifuge tubes
and barrier-filter tips.

5. Trypsin-EDTA.

6. RPMI complete medium: RPMI 1640 with 1-glutamine, 10 %
fetal bovine serum (FBS), 20 pg/mL of gentamicin sulfate
solution.

1. Transtection medium: RPMI 1640 with L-glutamine; 10 %
FBS; no gentamicin.

2. Complex medium: Opti-MEM I reduced serum medium
(Invitrogen, Gibco, 31985-062). If not available, use serum-
free medium, such as RPMI.

3. Plasmid DNA (see Note 1): HuSH 29mer shRNA construct
against CMKORI (chemokine receptor CXCR7), Origene.

4. Transfection reagent: Can be lipid based or viral based
(see Note 2). Lipofectamine 2000 or Lipofectamine LTX with
Plus reagent (Invitrogen, 52887 and 94756).

5. Rabbit anti-CXCR7 IgG antibody.
6. E.Z.N.A.® RNA Isolation Kit (101319-242), Omega Bio-Tek.
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2.3 Stable Clone

1.

Complete medium with antibiotics as described in

Selection Subheading 2.1.
2. Puromycin stock (1 mg/mL) for kill curve dilutions.
3. Freezing medium: 70 % RPMI, 20 % FBS, 10 % dimethyl sulf-
oxide (DMSO; cell culture grade). Add gentamicin sulfate to a
final concentration of 20 pg/mL.
3 Methods

3.1 Transfection

of Human Gancer GCell
Lines LNGaP/MCF-7
with shCXCR7

For transfection of human cancer cell lines (LNCaP /MCEF-7) with
shCXCR7, perform all transfection experiments in a bio-safety
level IT cell culture hood. If plating on a smaller plate, vary concen-
trations proportionately according to well area. Example: In a
12-well plate, plate 1.0x 10> MCF-7 or LNCaP cells per well in
antibiotic-free medium 1 day before transfection. Cells should be
healthy, well adhered, and 80-90 % confluent at the time of trans-
fection. Wait a maximum of 24 h after plating to transfect the cells
(see Note 3). Refer to Table 1 for an example of calculations.

1.

For each transfection sample, prepare the transfection reagent
as follows (see Note 4). Also see example in Table 1.
TUBE I:

(a) Add the required amount of Opti-MEM medium (100 pL
final volume minus Lipofectamine volume).

(b) Add Lipofectamine reagent into Opti-MEM medium.
(c) Mix/vortex gently.
TUBE 2:

(a) Add the required amount of Opti-MEM medium (100 pL.
final volume minus DNA volume). Add total volume of
DNA required for 0.5 pg (in a 12-well plate well).

(b) Mix/vortex gently.

(c) Allow mixtures to incubate at room temperature for 5 min.

. After the 5 min incubation, combine the diluted DNA with the

diluted Lipofectamine and incubate 25 min at room tempera-
ture. You should have 200 pL. of DNA/reagent complex.
While waiting for the complex to form, remove old media
from cells, and add 800 pL of antibiotic-free media per well, so
the final volume in the well is 1 mL after the complex is added.

. Add the required amount of complex to each well (200 pL per

well).

4. Incubate at 37 °C in a CO, incubator for 6 h.

. Replace with antibiotic-free complete media after 6 h of trans-

fection to minimize cell toxicity.
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3.2 Generating
Stable Clones
(See Note 6)

6.

Incubate for 24-72 h before measuring gene expression by
real-time quantitative polymerase chain reaction (RT-qPCR),
western blot (WB), or the observed presence of a green fluores-
cent protein (GFP)-tag signal if you use shGFP as an expression
marker. We find that 24 h after transfection, mRNA levels indi-
cate the efficiency of the reaction, and 48 h after transfection is
optimal for protein level assessment by western blot analysis
(see Note 5). The cells can be evaluated for knockdown of
CXCR7 mRNA and protein expression by q-PCR and immunob-
lotting with rabbit anti-CXCR7 IgG antibody, respectively.

. Seventy-two hours after transfection, begin antibiotic selection

of the cells with puromycin. Pick up cells from the well by
trypsinization and resuspend them in enough media to aliquot
them into a 96-well plate to generate a kill curve (see Note 7)
for the resistance gene; in this case, puromycin.

. Plate approximately 1x10* cells per well in triplicate wells of

the 96-well plate or in duplicate if using a 48-well plate. Use
complete media. Freeze the remainder of your transfected cells
for future selection needs (see Note 8). You may wait until the
cells settle, then change the media to the puromycin contain-
ing media, or wait 24 h and change media to selection media.

. Make a concentration gradient of puromycin ranging at least 6

concentrations. Make 2.0 pg/mL of antibiotic the middle
point of the curve, since Origene recommends this concentra-
tion as the selection concentration for its plasmid. For exam-
ple, use the following concentrations: 0, 0.25, 0.5, 1.0, 2.0,
3.0,5.0, and 7.5 pg/mL of puromycin.

. Change the media every 3 days and replace with fresh com-

plete media with puromycin dilutions. Check for death of non-
transfected cells before every media change. Note the lowest
and highest concentrations at which the cells survived. The
lowest concentration at which the cells survived is the selection
concentration (see Note 9).

. After 1-2 weeks, you should be able to see colonies forming

that are your stable clones. Select at least three separate clones
and transfer to a well of a 6-well plate, while continuing selec-
tion. Once cultures are 50 % confluent, split them into wells of
a 12-well plate for RNA and protein extraction and passage
remaining cells into a T25 flask, using the routine Trypsin-
EDTA cell detachment procedure.

. Assay your stable knockdown efficiency of CXCR7 mRNA and

protein expression with RT-qPCR and immunoblotting with
rabbit anti-CXCRY7 IgG antibody, respectively (see Note 10).

. We recommend doing mRNA analysis before protein analysis.

If the mRNA results are successful, then proceed to the Western
blot analysis.
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8. mRNA analysis. For mRNA expression analysis of CXCR7,
purify RNA and use the isolated RNA as the template. Use
CXCR7 mRNA transcript specific primers for the qPCR reac-
tion. You can design the primers using Primer-BLAST from
the NCBI Web site and mFOLD (http://mfold.rna.albany.
edu/?q=mfold) to ensure no secondary structure interferes
with the primer target. The qPCR reaction mix from PerfeCTa
SYBR Green FastMix for iQ PPS is as follows:

PerfeCTa SYBR Green FastMix for iQ (2x) 10 pL

Forward primer 0.5 pL
Reverse primer 0.5 pL
Nuclease-free water 4 uL

Total volume 15 pL

The SYBR Green FastMix itself includes dNTPs, a Tag DNA
Polymerase, SYBR Green 1 dye, and stabilizers. Load 5 pL. of
c¢DNA sample to complete the reaction. Load each reaction
into a low-profile 96-well unskirted PCR plate, and run the
reaction in the qPCR System using the programmed cycle
shown below:

1 95°C 30s
2  95°C ls
3  60°C 25s
4 55-95°C 0.5 °Cincrements  10s

Repeat steps 2 and 3, 3045 times

We use the PPIA transcript as the reference mRNA. We ana-
lyze the results using the Bio-Rad CFX Manager software.
Expression levels are calculated by Threshold Cycles (Ct) of a
predetermined relative fluorescence unit (RFU). We calculate
relative expression by using the difference between the Cts of
CXCRY7 and PPIA and taking the inverse squared of this differ-
ence for comparable values among different cDNA samples
<1/[2A {Cttest -Ct reference}])'

9. Protein analysis: Analyze the expression of specific proteins in
treated cells by immunoblotting. We analyze the CXCR7
expression by a 10 % SDS-PAGE, followed by immunoblotting
to Immobilon P-(PVDF) membrane. The membrane is
blocked with 5 % milk in TBS-T. CXCR7 signal is detected
using anti-CXCRY7 IgG antibody diluted 1:5,000 in 5 % milk
in TBS-T. Signal is detected using ECL. The specific CXCR7
(~42 kDa) band shows up slightly above f-actin and right
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below the 55 kDa mark. Relative protein band intensities can
be quantified using densitometry. Band densities are normal-
ized to those of B-actin.

4 Notes

. DNA: Using plasmid DNA with a concentration greater than

0.8 pg/pL gives less toxicity. We recommend using 0.5 pg of
DNA when working in a 12-well plate. For western blot and
RT-qPCR analysis, 12-well plates provide enough material for
analysis (2 wells for RNA and 1 well for protein are sufficient)
for analysis of transfection efficiency. Use a 1:2-1:4 ratio of
DNA (pg) to Lipo (pL) reagent. If using the Lipofectamine
LTX reagent, use a 1:1 ratio of DNA (pL) to PLUS (pL)
reagent, as in the manufacturer’s instructions.

. We recommend lipid transfection as it is fast approach that

requires a single transfection round of the target cells. Our
transfection efficiency is 50-90 % on transient transfections and
50-80 % on stable transfections. Delivery of shRNA via viral
vectors requires two steps. At first, a transfection of virus pro-
ducing cells with lentiviral plasmids, which results in the pro-
duction of lentiviral particles is required. Those vectors are then
isolated from the supernatant of the virus producing cells and
are used for transduction/infection of target cells. Thus, deliv-
ery of shRNA via a lentiviral system is more labor intensive
compared to lipid mediated transfection. The advantage of viral
transfection is its high efficiency, therefore, stable selection
using puromycin is rapid (3-5 days versus 1-weeks). However,
we have seen similar efficiency in delivery of shRNA via viral
vectors compared to delivery of shRNA via lipid transfection as
evaluated by RT-qPCR and Western blot analysis. For lipid
based transfections-our lab has successfully used Lipofectamine
2000, and Lipofectamine L'TX transfection reagents.

. Cells should be at a maximum of 80-90 % confluency. This is

because the cells should have enough space to divide, in order
to be in the growth phase of the cell cycle, allowing for the
plasmid DNA to be most efficiently incorporated.

. The Lipofectamine L'TX manufacturer’s protocol accounts for

pipetting variations, so there is no need to multiply by an extra
factor. If following the Lipofectamine 2000 protocol multiply all
volumes by a factor of 1.1 to account for pipetting error and vol-
ume loss. We focus on Lipofectamine 2000 use as Lipofectamine
LTX s usually recommended for more delicate and hard to trans-
fect cells, such as slow growing primary cell cultures.

. Itis a good idea to use GFP as a marker of successful transtec-

tion. Counting the number of fluorescent cells versus the total
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number of cells provides a good measure of the transfection
efficiency. A flow-cytometry based selection can also be used
for rapid isolation and selection of transfectants.

. When generating stable cell lines, it is important to have a posi-

tive control and a negative control. For positive control, the
cell line transfected with the empty vector backbone is ideal as
it will be used to assess biological effect of the specific gene
knockdown versus the vector effect. As a negative control, the
un-transfected cell lines are used to ensure the puromycin is
killing non-transfected cells.

. A kill curve is used to determine the minimum optimal antibi-

otic concentration required to select the cells successtully
transfected with the knockdown shRNA from those without it.
Selection is seen from 3 days to a week.

. To ensure the long-term efficiency of the shRNA in the stable

cell lines, it is important to freeze stocks from early passages. It
is possible after multiple passages that some cells may lose the
shRNA gene silencing effect while maintaining resistance to
the selection antibiotic. Stocks from earlier passages can be
used to replace the older line, so non-expressing resistant cells
do not overtake those expressing the shRNA gene. Such a situ-
ation can be caught early by occasionally analyzing the stable
line via RT-qPCR or WB and ensuring the expression of the
shRNA is consistent at later passages.

. We suggest using the concentration of puromycin at twofold

the concentration at which no cells survived. For example, if
you see no live cells at 0-2 pg/mL puromycin after 7 days, use
4.0 pg/mL of puromycin for selection.

For examples of how the CXCRI1, CXCR2, and CXCR7
shRNA can be applied after successful stable down-regulation
in vitro and in vivo human cancer cell lines, please see our stud-
ies published previously [9-11].
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Chapter 20

Intracellular Staining and Detection of Cytokines
by Fluorescence-Activated Flow Cytometry

Giulia Freer

Abstract

The detection of cytokines inside cells producing them has made a tremendous impact on the way
immune reactivity is measured. Intracellular cytokine staining is the only immunological technique
allowing determination of antigen-specific T cell function and phenotype at the same time; for this rea-
son, it is one of the most popular methods to measure antigenicity in the evaluation of vaccine efficacy
and in the study of infectious diseases. It is a flow cytometric technique based on staining of intracellular
cytokines and cell markers (surface or cytoplasmic) with fluorescent antibodies after short term culture
of stimulated immune cells in the presence of a protein secretion inhibitor, followed by fixation and
permeabilization. Most experiments involve detection of five to ten different colors but many more can
be detected by modern flow cytometers. Here, we discuss our experience using a standard protocol for
intracellular cytokine staining.

Key words Intracellular cytokine staining, T lymphocyte response, Antigen-specific immunity,
Brefeldin A

Abbreviations

BFA Brefeldin A

BSA Bovine serum albumin

FBS Fetal bovine serum

h Hour

1CS Intracellular cytokine staining
IFNy Interferon vy

M Tonomycin

PBMCs Peripheral blood mononuclear cells
PMA Phorbol 12-myristate 13-acetate
RT Room temperature
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1

Introduction

Intracellular cytokine staining (ICS) has provided a method to
assess what cytokines and what cells are responsible for an antigen-
specific immune reaction. It is now the gold standard method for
the determination of immune reactivity in the preclinical and clini-
cal phases of vaccine evaluation, and it has replaced most tradi-
tional methods to quantitate immune reactivity to specific antigens,
such as the 3H-thymidine incorporation proliferation assay or the
S1Cr release cytotoxicity assay. The main reason for its success is
that it allows detection of several properties of the same single
cells, thanks to retention of newly synthesized cytokines within
antigen-specific cells. Because flow cytometry allows gating on the
cells of interest, there is no need for prior enrichment of cell popu-
lations to obtain detailed information on subsets thereof.

The standard procedure used by many laboratories is typically
performed on peripheral blood mononuclear cells (PBMCs) or
heparinized whole blood. PBMCs are obtained from heparinized
blood by density gradient centrifugation and resuspended in
medium, then they are activated by antigen, peptides, or polyclonal
stimuli; the latter are also always used to obtain positive control
samples. The cells are allowed to process and present antigen for
2 h at 37 °C. Then, to obtain cytokine retention, a protein secre-
tion inhibitor such as Brefeldin A (BFA) is added to cells; this also
accelerates cytokine detection, thereby increasing sensitivity com-
pared to cytokine EIA assays. Incubation is carried out for another
4-8 h. At the end, all the cells are detached from culture vessels by
a short incubation in EDTA and washed. At this point, they can be
stained with fluorescently labeled antibodies against cell surface
markers then fixed, or they can be fixed directly if the antibodies
chosen still react with their epitopes after fixation. To stain cyto-
kines retained inside the cells, permeabilization is achieved by add-
ing saponin, a mild detergent. All samples are acquired with a flow
cytometer and data are analyzed successively. The procedure can
be conveniently interrupted at various steps without significant loss
in performance.

Thanks to the ability of modern flow cytometers to analyze a
wide variety of fluorochromes at the same time, 5-10 different colors
are used in most routine work, although the most sophisticated mod-
ern cytometers can detect up to 18 colors [1]. Numerous sites online
can be extremely helpful in selecting the wide variety of different
combinations of markers and cytokines that can be analyzed [2, 3].

Because the choice of antigens, protein transport blocker, acti-
vation conditions and incubation period are critical parameters for
the accurate analysis of intracellular cytokines in a given cell popu-
lation, it is essential to optimize each ICS assay condition empiri-
cally [4]. To assist the investigator, many firms have developed
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reference tables and protocols that can be a starting point [5, 6].
It is very important to treat all samples exactly alike. To help in
this, mastermixes are recommended when the same reagents must
be added to more samples.

Sensitivity of ICS depends on the level of positive response to
a given stimulus compared to background, defined as the number
of positive events in the absence of a stimulus. It is also influenced
by the number of events acquired, on antibodies/fluorochromes
used, cytokines investigated and other factors [7]. To lower back-
ground, and increase sensitivity, care must be taken to gate out
autofluorescent and dead cells, because they can contribute to
background significantly. Cells with low level staining should
only be taken into account if viability staining is performed, oth-
erwise they are likely to include dead cells staining nonspecifically
[7]. On the other hand, dead cells should be gated out of the
population of interest; to this aim, a viability dye can be added to
cells before fixation. Fixable viability stains for flow cytometry
with different lasers, and compatible with the ICS protocol, are
available on market [8]. Propidium iodide, a DNA intercalating
agent that emits red fluorescence commonly used to stain dead
cells, cannot be used.

ICS is presently the only method that allows simultaneous
enumeration and phenotyping of antigen-specific T cells. The con-
tinuous development of new reagents and fluorochromes that can
be used in highly sophisticated cytometers allows to obtain so
much information during the evaluation of candidate vaccines that
its suboptimal sensitivity is considered a minor problem. A future
challenge of the method might be accurate standardization among
laboratories involved in vaccine evaluation so that results can be
compared.

Modifications of the original protocol may include determina-
tion of proliferation at the same time as cytokine production and
cell surface markers. The ability of cells to proliferate, seen as the
number of divisions they perform, in terms of halving of the viable
fluorescent cell dye carboxyfluorescein diacetate succinimidyl ester
in 5-7 days of culture, can be additional information confirming
their antigen specificity [9].

2 Materials

2.1 Reagents

1. Complete medium: RPMI 1640, 3 % autologous plasma or
5-10 % fetal bovine serum (FBS), 2 mM vr-glutamine, 50 pg/
ml gentamycin (see Note 1).

2. Ficoll-Paque (GE Healthcare Bio-Sciences GmbH) or
equivalent.
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2.2 Other Equipment

13.

14.
15.

16.

—

. Tiirk solution: 3 % acetic acid in distilled water, 0.01 % crystal

violet, sterile filtered (see Note 2).

. Trypan blue solution: Trypan blue, 0.4 %, in PBS, sterile

filtered.

. Positive control stimuli. Phorbol 12-myristate 13-acetate

(PMA)/ionomycin (IM): PMA stock solution is 10 mg,/ml in
ethanol, store at -20 °C in 5 pl aliquots. IM: stock solution is
1 mg/ml in ethanol; store at -20 °C in 5 pl aliquots. Right
before adding to cells, add 0.4 ml of RPMI to the IM aliquot
(1:100 dilution), dilute PMA 1:100 in RPMI then add 125 pl
to the IM solution. Add 5 pl of this mixture to 500 pl of cell
suspension. Discard the rest (see Note 3).

. Antigen of choice (see Note 4).
. Costimulatory antibodies: anti-human CD28, clone 28.2, and

anti-Human CD49d, clone 9F10, functional grade purified.
Stock concentration 1 mg/ml in medium, 0.5 % human serum.
Store at -20 °C until use. Dilute 10 pl of each antibody in
80 pl of complete medium; once diluted, store at 4 °C. Add
10 ul to each test tube (see Note 5).

. BFA. Dissolve 5 mg of powder in 1 ml of ethanol (5 mg/ml).

Store at —20 °C. Before adding to cells, dilute 1:10 in medium
and add 10 pl to each tube (final 10 pg/ml).

. EDTA, 20 mM, in PBS.
10.
11.
12.

(Optional) Fixable viability dye (see Note 6).
FACS bufter: PBS, 1 % BSA, 0,1 % sodium azide.
(Only required ifwhole blood is used as a cell source) OptyLyse

B (Beckman Coulter) or FACS Lysing Solution (Becton
Dickinson) or equivalent.

Fix solution: PBS, 1 % paraformaldehyde. Add 1 g of parafor-
maldehyde to 100 ml of PBS. Heat to 70 °C under a fume
hood while stirring until dissolved. Store at 4 °C. PFA is very
toxic and aerates easily. Avoid breathing in powder or fumes.

5 % Saponin: dissolve 5 g in 100 ml of FACS bulffer.

Permeabilization buffer: add 10 ml of 5 % saponin to 95 ml of
FACS bufter (0.5 % saponin final concentration).

Fluorescent antibodies (see Note 7).

. 15 and 50-ml polycarbonate or polypropylene tubes.

. Falcon conical 12x75 mm 5 ml polystyrene or polypropylene

tubes (see Note 8).

. Table top centrifuge.

. Flow cytometer.
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3 Methods

3.1 Cell Preparation

3.2 In Vitro Short-
Term Gulture
of Lymphocytes

All procedures should be carried out at room temperature (RT).
Mastermixes can be made of Brefeldin A /costimulatory antibod-
ies/peptides, or of saponin and staining antibodies, so that a
volume of maximum 10-20 pl is added to each sample.

1.
2.

N O Ol kW

o]

10.

11.

12.

13.

9]

Draw 20 ml of heparinized blood (se¢ Note 9).

Layer 7.5 ml of whole blood over 4 ml of Ficoll-Paque in 3
15-ml conical polystyrene tubes (see Note 10).

. Centrifuge tubes at 500 x g for 15 min with no brake.

. Collect plasma (see Note 1).

. Collect the PBMC ring into a 50-ml tube (see Note 11).

. Fill with RPMI and centrifuge at 400 x4 for 10 min to wash cells.
. Resuspend the cell pellet obtained in RPMI and centrifuge

again at 300 x4 for 10 min.

. Resuspended PBMCs in 10 ml of complete medium.

. Mix 10 pl of cell suspension in 90 pl of Ttirk solution and make

a total cell count.

Mix 10 pl of cell suspension in 90 pl of Trypan blue solution
and make a viable cell count.

Bring to 4x10° cells/ml in complete medium, or freeze it
desired (see Note 12).

Aliquot 0.5 ml in Falcon conical 12 x 75 mm polystyrene tubes.
Set up a sufficient number of tubes (see Note 13). Total cells
per tube should be between 1.5 and 3 x 10° cells.

Leave overnight at 37 °Cin a 5 % CO, humidified atmosphere
(resting) (see Note 14).

. (Optional) Add 10 pl of costimulatory antibodies anti-CD28 /

CD49d to all tubes (1 pg/ml final concentration) (see Note 5).

. Add antigens to the appropriate tubes (see Note 4).
. Add positive stimulus to vials, for example, PMA/IM

(see Note 3).

4. Incubate for 2 hat 37 °Cin a 5 % CO, humidified (se¢ Note 15).

. Add BFA to a final concentration of 10 pg/ml to all vials

(see Note 16).

. (Optional) Briefly spin the tubes to speed up contact between

cells.

. Incubate for another 4 h (total 6 h) at 37 °C ina 5 % CO,

humidified atmosphere (see Note 17).
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3.3 Staining for Flow
Cytometry

3.4 Flow Cytometry
Acquisition and
Analysis

14.

. Add 50 pl of 20 mM EDTA in PBS to every tube and vortex

cells.

. Incubate for 15 min.
10.
11.
12.
13.

(Optional) Stain with fixable viability dye (see Note 18).
Add 1 ml of Fix solution while constantly vortexing (se¢ Note 19).
Incubate cells in Fix solution for 15 min.

Resuspend in FACS buffer and centrifuge at 400 x g for 10 min
twice.

Vortex the pellets and leave them in approximately 100 pl in
their capped tubes (see Note 20).

. Resuspend samples in Permeabilization buffer and centrifuge

at 400 x g for 10 min.

2. Resuspend in 100 pl of Permeabilization bufter (see Note 21).

. Make mastermixes of the antibodies used for staining (one

containing the anticytokine antibody and the other for the iso-
type control) (see Note 22).

4. Add the appropriate amount of mix to each tube.

. Incubate in the dark for 30 min. Avoid longer incubation.

. Resuspend samples in Permeabilization buffer and centrifuge

at 400 x g for 10 min.

. Resuspend in FACS bufter, 350-500 pl. Concentration should

be 20,000-100,000 cells/ml.

Acquisition is the step requiring the most expertise. Instrument
setup and optimization vary between different cytometers. The fol-
lowing is a brief outline for a BD flow cytometer and based on [10]:

1.

Create an acquisition template for future experiments. You
should create a file with an FSCxSSC dot plot, histograms for
each fluorescence used, and dot plots of FL1 xFL2, etc. to
adjust compensation. Quadrants should be set, no gate should
be active while setting the instrument.

. Set PMT voltage (Instrument gain). This is the first thing to do:

once set, PMT voltage should not be changed because compen-
sation is voltage dependent. In setup mode, use a fixed, permea-
bilized, unstained sample of the cells of interest to find the
minimal voltage needed to ensure that each detector has enough
gain applied to show dim signals. Adjust the voltage of FSC and
SSC photomultiplier tubes until the bulk of cells appear roughly
in the lower left quadrant of the FSCxSSC dot plot.

. Use a fixed, permeabilized, negative control sample of the cells

of interest, stained with one fluorescent antibody to adjust the
FL1, FL2 etc. voltage (log scale) till the fluorescence peak is
between 10° and 10
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Fig. 1 Gating strategy for three-color ICS. Live cells are gated by SSC x FSC (R1), then CD3* lymphocytes are
selected (R2). Cells gated on R1+R2 are analyzed for CD4 and IFNy. The percentage of CD4* IFNy * lympho-
cytes will be obtained by subtracting the percentage of events in the upper right quadrant of the plot from
untreated cells (a) from the same percentage in the plot of antigen-treated cells. (b) In the example, the latter

plot was obtained by stimulating

human PBMCs with cytomegalovirus-infected cell lysate, while the positive

control (¢) was obtained with PMA/IM

. Set compensation. Use a positive control sample stained with

FL1 antibody and start acquisition in the setup mode. While
looking at the FLL1 x FL2 dot plot, adjust (FL2=FL2-%FL1)
so that events positive for FLL1 do not exceed a value of 10! for
FL2. Repeat for each fluorescence channel.

. Set an FSC threshold below which data will not be stored. A

value of 50 is usually sufficient and will help making files smaller.

. Gate cells of interest: to set up a gate, draw a “Region” with a tool

from the tool palette around the cells of interest (se¢ Note 23).
Make sure the gate chosen is suitable for all samples analyzed.
In any case, gated and ungated events will be stored in the
relevant files, unless otherwise chosen in “Acquisition and
Storage” (Fig. 1).

. Select a place where you want to store your experimental files

under “Parameter description,” and name sample identity. It is
a good idea to take note of the file number as well.
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. Select the number of events you need to acquire and the events

you want to save in a file. In the “Acquisition” window, dese-
lect the “Setup” button and program the instrument to acquire
300.000 events (at least) in the CD3+ gate (see Note 24).

. Analyze acquired events by gating on the cells of interest.

4 Notes

. We use 3 % autologous plasma during cell activation. Plasma is

collected in a separate vial after gradient centrifugation of
whole blood and stored at 4 °C. However, to avoid potential
effects of traces of Ficoll, a separate tube of blood can be
obtained for the preparation of autologous serum or plasma.
In most protocols in the Literature, 5-10 % heat-inactivated
FBS is used.

. Tirk solution is used for leukocyte counting. It will cause red

blood cells to lyse. Viability determination cannot be carried
out in this solution, but counting human PBMC is easier
because all visible cells should be taken for good; we found
viability was always >95 % atter PBMC isolation.

. The positive control stimulus used depends on the cytokine of

interest: the most common is PMA /IM at final concentrations
of 10 and 250 ng/ml, respectively. This stimulus bypasses the T
cell receptor and is extremely strong; therefore, no costimuli
need to be added to this sample. PMA /IM is toxic for cells even
at the concentration recommended for optimal stimulation.
Also, PMA/IM tend to lose activity upon freezing—thawing;
therefore, all leftovers should be discarded.

Not all cytokines are produced under PMA/IM: for
example, to produce interleukin 12, interferon (IFN) y and
lipopolysaccharide are used to stimulate human PBMCs. For a
list of stimuli, manufacturers of labeled antibody (eBioscience,
Becton Dickinson, and others) often have useful online guides.
Positive controls can be obtained also with immobilized anti
CD3 antibody, or with Staphylococcal Enterotoxin A or
Staphylococcal Enterotoxin B, that act as superantigens and
stimulate T lymphocytes via their VB chain [11]. Mitogens,
such as pokeweed mitogen, can be also used [12].

. Several forms of antigens can be chosen and stored as 50x

stock solutions at =20 °C. Repeated freezing/thawing is not
recommended, although it may be found to be acceptable for
defined antigens. Optimum antigen concentration is empiri-
cally defined. As a guideline:

—  Peptides are often used in pools of overlapping 20-mers
designed on the basis of the primary amino-acid sequence
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ofthe protein of interest [ 13]. Use between 1 and 0.01 pg/
ml for each peptide (this concentration may vary a lot with
peptide affinity to MHC molecules).

—  Whole recombinant protein between 1 and 5 pg/ml.
Surprisingly, whole recombinant antigens are sometimes
found to be less effective than single peptides thereof [ 14].

—  Inactivated purified virus between 1 and 5 pg/ml.

- Complex protein mixtures, such as infected cell lysates as a
source of viral antigens, bacterial extracts etc. at 5-20 pg/
ml (this concentration varies with the percentage of the
protein of interest in the protein mixture).

5. CD28 is a ligand for CD80 (B7-1) and CD86 (B7-2) and is a
potent co-stimulator of T cells; specific clones of anti CD28
antibodies, such as clone 28.2; mimic the stimulatory effect of
B7 binding. Human CD49d is an integrin a4 subunit, which,
once bound by antibodies, acts as a costimulatory molecule.
Many Authors recommend using costimulatory antibodies
because they increase cytokine production by low-affinity T
cells. However, if used, they must be included in negative con-
trol tubes as well, where they can increase the number of posi-
tive nonspecific T cells (background), therefore their use is
optional.

6. Fixable viability dyes are used to irreversibly label dead cells
prior to cryopreservation, fixation and/or permeabilization
procedures. Using fixable viability dyes allows exclusion of
dead cells from analysis. Every fixable viability dye can be
excited by a selected laser wavelength and has a peak excitation
that can be detected by specific filters, therefore the choice of
such dyes is limited by the FACS used. In turn, the use of such
dyes will diminish the number of colors that can be analyzed
by one; for example, Viability Dye eFluor® 450 cannot be
used on a FACScan because the latter does not have the appro-
priate (405 nm) laser; the dye can be used on a FACScanto,
but not together with Pacific Blue because they emit in the
same blue fluorescence channel. A useful fluorophore selection
guide to see what color can be used in different FACS instru-
ments can be found online [15].

7. When selecting a panel of fluorescent antibodies for an ICS
experiment, it is critical to know some basic fluorochrome
properties:

—  Excitation wave length. The number and type of fluoro-
chromes that can be used depends, in first instance, on the
flow cytometer available. This must have a laser for the

fluorochrome chosen (488-nm laser output, the one they
all have, for PE, 633-nm laser output for APC, etc.). Old
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models such as FACScan only have a 488-nm laser and can
only analyze three colors at a time and a limited number of
fluorochromes (mainly FITC, PE, and PerCP, in addition
to tandem dyes). When using newer-generation cytome-
ters, which can have up to seven different lasers [ 1], ICS is
often optimized for the determination of eight to ten col-
ors [4, 7]; more can be analyzed, although one must bear
in mind that emission of one fluorochrome into the spec-
trum of another needs to be compensated at the expenses
of sensitivity.

—  Stability depends on the buffers used and on the chemical

nature of the fluorochrome. Tandem dyes (molecules
chemically coupled to transfer excitation from one to the
other) are particularly tricky, being sensitive to photo-
bleaching, to prolonged incubation in fixation buffers and
prone to uncoupling.

—  Brightness. The most often used fluorochromes are PE and

APC (the latter cannot be used on a FACScan) because
these fluorochromes are amongst the brightest ones,
whereas FITC is chosen because it is cheaper but it is dim-
mer and should be used to detect highly expressed mole-
cules (e.g., CD3). The brightest fluorochromes should be
coupled to antibodies against the proteins that are less
abundant in cells, generally cytokines. Fluorochrome
brightness charts are available from many sites online.

—  Fluorescence emission spectrum overlap: Numerous sites

online show fluorochrome excitation and emission charts
for fluorochromes online [ 3]. Emission spectra of the fluo-
rochromes used should not overlap; if they do, compensa-
tion is required: this will mean subtracting events that fall
in the overlap from the positive event count, thereby
decreasing sensitivity. For a great discussion on compensa-
tion see ref. 16.

8. We use tubes because they allow short term culture, staining

and FACS acquisition in a single vessel. Only one wash after
each protocol step, done by filling the tube, is enough. If
monocytes/macrophages are the cells of interest, polypropyl-
ene tubes are recommended, as a number of blood monocytes
and activated macrophages adhere to polystyrene. We gener-
ally handle a maximum of 30-50 tubes. If more samples are
prepared, 96-well polypropylene plates can be used for activa-
tion and staining, but more washes will have to be done at the
end of each step and, eventually, all samples will have to be
transferred to tubes for acquisition [17].

. The most commonly used cells for ICS are fresh PBMCs obtained

from whole venous blood. Blood must be drawn in the presence
of heparin and it can be stored 8 h at room temperature (RT)



10.

11.

12.

13.

Intracellular Cytokine Staining by FACS 231

before processing, if necessary [7]. Although whole blood may
be much simpler to use [12], we are not keen on using it because
(1) too much antigen is required to obtain the same amount of
stimulated cells as with PBMGCs; (2) whole blood may lead to
underestimate frequencies of antigen-specific cells [ 18]. If whole
blood is used, 0.5-1 ml of heparinized whole blood is added to
individual tubes and red blood cells need to be lysed at the end
of the 6-h incubation; excellent lysing solutions are available on
market; most fix cells at the same time as lysing.

Because density depends on temperature, it is important that
blood and Ficoll-Paque are at RT. Avoid 50-ml tubes for gra-
dient separation because the yield of PBMCs will be lower. For
higher PBMC purity, follow Ficoll-Paque manutfacturers’
instructions. In this case, plasma will be diluted 1:2.

A layer made up of red blood cells/platelets, Ficoll-Paque, a
flufty thin disk of PBMCs and plasma (from bottom to top)
should be visible. When autologous plasma is needed, collect
the top plasma layer in a separate sterile vial and store at 4 °C.
We collect all the PBMC ring and half of the Ficoll-Paque vol-
ume, carefully harvesting the cells sticking to the tube wall, to
increase yield.

At this stage, PBMCs can be frozen for later use: resuspend
pellet after second wash by tapping and add 1 ml 90 % FBS,
10 % dimethylsulfoxide in polypropylene cryovials. We usually
freeze enough cells for a 10-sample experiment in a single
tube, i.e., 20-30x 10° cells. Tubes are placed in a freezing unit
(e.g.: Nalgene Mr. Frosty, cat. number 5100-0001) at RT,
which is then put in a -80 °C freezer for no longer than 3 days.
The cells are stored in liquid nitrogen until use. To thaw them,
incubate the tubes in a 37 °C water bath and, as soon as they
are thawed, immediately place the cells in a 15-ml tube. We
then slowly add 14 ml warm RPMI and centrifuge for 10 min
at 250x g [19]. They are counted and aliquoted in tubes as
described. Resting is highly recommended (se¢ Note 14).
Reactivity of cryopreserved cells should not be compared with
fresh ones; cell recovery and viability should be>70 % to pre-
serve antigen-specific reactivity.

For all samples, one will be stained with the antibody panel
selected, the other should be stained with all antibodies except
the cytokine antibody, replaced by a matching isotype/fluoro-
chrome (see Note 23). The following tubes with 0.5 ml of cell
suspension are required for each patient PBMC:

(a) megative control, two tubes (medium and costimulating
antibodies only).

(b) positive control tubes (medium and an appropriate stimulus
for cells/cytokines), two tubes. In addition, one tube of
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14.

15.

16.

17.

18.

positive control should be set up for every single antibody
(employed as controls to set compensation) and two tubes
for negative control.

(c) antigens of intevest, two tubes for each. It might be a good
idea to analyze PBMCs from naive donors stimulated with
the antigens of interest to assess possible nonspecific mito-
genic effect of the antigen (specificity control).

Fresh PBMC may be left to “rest” in a 37 °C CO, incubator
until antigen is added the next day. The resting step has been
found to improve performance of ICS for fresh and thawed
PBMC s [7]. Rested cells are counted again the next day.

This incubation allows antigen processing to occur, therefore it is
not required for peptides and PMA /IM. It is advisable to make
a mastermix of BFA, costimulatory antibodies and antigens that
do not require this incubation and add them in a total 10-20 pl.

BFA is a fungal metabolite which disrupts the structure and func-
tion of the Golgi apparatus thereby inhibiting secretion, allowing
cytokines to be retained intracellularly. Monensin may be better
in certain circumstances [5]. It is recommended to test which
inhibitor to use or, alternatively, use both at 5 pg,/ml each.

Duration of incubation after addition of BFA depends on the
cytokine used as a read out, with IFNy and tumor necrosis
factor o as the most commonly chosen ones. It also depends on
the cells studied and stimuli used; retention of cytokines in
lymphocytes generally peaks between 4-8 h and up to 12 h
(for interleukin 12) [20]. Helpful suggestions as to the incuba-
tion times for different cytokines, and other variables, may
come from manufacturers of labeled antibody (for example
[5]). Protein secretion inhibitors exert toxic effects after incu-
bations lasting longer than 8-10 h. We found that BFA could
not be left in cultures for more than 8-10 h; even when BFA
concentration was decreased to 3 pg,/ml, as suggested by eBio-
science, overnight incubation altered cell morphology and
decreased the number of positive events.

The experimental procedure to stain dead cells varies accord-
ing to the fixable dye chosen. As an outline:

— After the EDTA incubation step, before or after staining
tor surface markers, wash the cells in PBS (without protein
or azide) twice.

— Resuspend in 1 ml PBS.

— Add 1 pl of the fixable viability dye, or according to manu-
facturers’ instruction, and mix.

— Incubate for 30 min at 4 °C in the dark.
—  Wash with FACS buffer.
— Carry on with the fixing step.
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Many monoclonal antibodies bind native molecules better
than fixed ones, therefore many Authors stain unfixed cells
with anti-surface marker antibodies, then fix. Certain antibod-
ies will not bind their fixed antigen at all, especially if they are
used on species they cross-react with.

After fixing, we prefer to store samples in FACS buffer at 4 °C
and stain them within 3 days. For longer storage, they can be
frozen at -80 °C in FBS, 10 % DMSO. BD FACS lysing solu-
tion has also been used to freeze the cells [21].

If samples are already in 100 pl FACS butffer, 5 % saponin can
be added instead of washing, saving time and loss of cells. Even
better, 5 % saponin can be included in the mastermixes of stain-
ing antibodies (10 pl/sample).

The amount of antibody needed to stain is empirically deter-
mined. Use double the lowest quantity that gives maximum
staining for the cells number used in 30 min (saturating quan-
tity). We found big differences with the manufacturers’ recom-
mended amount, which can be up to ten times higher than
required. Using more than needed can increase fluorescence of
the negative population. One tube should be stained with
matching isotype /fluorochrome instead of the cytokine anti-
body. Most manufacturers sell antibodies and their matched
isotype/fluorochrome controls for this purpose. This control
is important to establish the number of nonspecifically stained
stimulated PBMCs; it will be essential to establish a negative
cutoff value during analysis.

For example, a gate based on physical parameters of cells can
be drawn in the FSC x SSC dot plot. However, gating on phys-
ical parameters of permeabilized cells is of limited use because
permeabilization tends to shrink cells and, in addition, a num-
ber of positive events may be gated out because activated cells
may have greater scatter than resting ones. If multicolor stain-
ing is performed, for example CD3-CD4-IFNy, then the
acquisition gate will be set on the broader cell phenotype
marker, i.e., CD3. In this case, CD3+ cells will be displayed
and events analyzed will be CD4+/IFNy+. One can also use
more than one gate; in the example, first gate all leucocytes by
ESCxSSC, then gated them again by CD3 using the function
AND when selecting the region (see Fig. 1).

When analyzing rare cells such as antigen-specific T cells, the
number of events acquired in a given gate depends on the fre-
quency expected. A spreadsheet to calculate the minimum
sample size with statistical significance has been made available
online [3]. We recommend storing all events except those
below an FSC threshold; this will give a large file but will allow
to examine different populations amongst PBMCs, indepen-
dently from the acquisition gate, during analysis.
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Cytokine Detection by Flow Cytometry
Jian-Ge Qiu, Xiao-Long Mei, Zhe-Sheng Chen, and Zhi Shi

Abstract

Analysis of intracellular cytokines is extremely important in the clinical treatment of numerous diseases.
Flow cytometry (FCM) is a highly effective technique that detects intracellular cytokines using specific
fluorescence-labeled antibodies. The common steps of this assay include cell collection, fixation, permea-
bilization, blocking, intracellular staining and analysis by FCM. This technique also allows for analyzing
the biological function of cytokines. In this chapter, we describe a modified method to detect the specific
intracellular cytokine staining using FCM, with an emphasis on the effects of variables including samples,
temperature, buffers, data acquisition, and analysis.

Key words Cytokines, Flow cytometry, Antibody, Intracellular cytokine detection

1 Introduction

The cancer morbidity is getting higher all around the world, and
drug resistance remains a major problem in cancer chemotherapy.
Our previous findings strongly suggest a close link between cyto-
kines and drug resistance in cancer cells, especially the 1L-6 and
IL-8 [1]. Cytokines are a type of polypeptide hormones regulating
growth and function of various cells [2]. They execute a variety of
pleiotropic actions, including cell growth, ditferentiation, apopto-
sis, wound healing, signal transduction, and homeostasis [3].
Inappropriate activation of the cytokine network is associated with
many diseases. Cytokine dysregulation has been linked to cancer
progression, response to chemotherapy, and metastatic status [4—6].
Therefore, as cytokines form a complex network and many are
regulated through the same mechanisms, it is critical to profile
cytokines expression.

Cytokines in supernatants are customarily measured by ELISA,
limiting dilution analysis (LDA), immunohistochemical staining,
and other methods [7]. Since the cytokine production by individ-
ual cell subsets cannot be determined, these methods, though

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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useful, provide only an incomplete picture. During the last years,
it has become increasingly clear that the production of most
cytokines is not confined to one cell type [8, 9]. Thus, a method to
detect cytokines at single cell level would be helpful to study the
contribution of different cells to cytokine production in heteroge-
neous cell populations. Followed with the techniques of cell fixa-
tion and permeabilization, the identification of respective cytokine
producing cells by indirect immunofluorescence microscopy
became possible [10, 11]. Owing to the poor discernible ability of
lymphocyte phenotype and cytokine production, these methods
are helpful but laborious. However, flow cytometry (FCM), a
method to detect cytokines at single cell level can be useful to
study the contribution of different cells to cytokine production in
heterogeneous cell populations [9]. The capability of multi-parameter
FCM permits simultaneous detection of two or more cytokines
in a single cell with the high throughput inherent of instrument,
giving cytokine staining a tremendous advantage over existing
signal-cell methods [12, 13].

Fluorescence-labeled cytokine-specific monoclonal antibodies
are very useful for the intracellular staining and multiparameter
FCM analysis of individual cytokine-producing cells within mixed
cell populations [ 14]. The staining of intracellular cytokines based
on the identification of cytokine-specific monoclonal antibodies,
and a fixation-permeabilization procedure are compatible with the
identification [10, 15, 16]. After treated with carboxylic iono-
phore monensin for 4-6 h to collect intracellular cytokines, cells
were generally digested with tryptase which contained 0.5 %
EDTA. If target cytokines embed in the membrane, the process of
treated with carboxylic ionophore monensin should be abandon
and go to the step of blocking directly. A fixation and permeabili-
zation procedure is necessary subsequently, the stabilization
of cell membranes and preservation of intracellular antigenicity of
cytokine were achieved with paraformaldehyde fixation, and the
fixation allows preservation of cell morphology and intracellular
antigenicity, while also enabling cells to withstand permeabiliza-
tion by detergent [17]. Then cells were treated with detergent
(e.g., Triton X-100) to permeate the membrane, which permits
the cytokine-specific monoclonal antibodies to penetrate the cell
membrane, cytosol, and membranes of the endoplasmic reticulum
and Golgi apparatus [18, 19]. With this system, a blocking step is
often added prior to intracellular cytokine staining to block the
nonspecific binding sites. This procedure reduces the nonspecific
staining to the greatest extent and improves the veracity of detec-
tion [20, 21]. Next, samples are detected by FCM, and data are
analyzed by gating on the cell population of interest. A variety of
reagents for the process of staining are used by different laborato-
ries. Below, we describe a protocol based on commercially avail-
able reagents.
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2 Materials

2.1 Reagents

2.2 Equipment

. Antibodies: Anti-P-glycoprotein, anti-interleukin-8 (IL-8),

mouse IgG, and anti-mouse Ig-PE (see Note 1).

. Monensin: 10 mM carboxylic ionophore monensin in ethanol (or

carbinol); store at -20 °C. The working concentration is 10 pM.

. Cell culture medium: DMEM medium, 10 % fetal bovine serum

(FBS), tryptase containing 0.5 % EDTA, antibiotic solution
(1,000 UI/mL penicillin and 1,000 UI/mL streptomycin).

4. Fixation Buffer: 4 % paratormaldehyde in PBS (see Notes 2—4).

. Permeabilization Buffer: 0.3 % Triton X-100 in PBS (se¢ Note 5).

6. Blocking Bufter: 10 % heat inactivated FBS and 0.3 % Triton
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X-100 (add when analyzing intracellular cytokines) in PBS.

. Antibody Dilution Bufter: 0.3 % Triton X-100 (add when analyzing

intracellular cytokines) and 3 % heat inactivated FBS in PBS.

. Cell culture dishes (6 cm).

. Cell incubator with 5 % carbon dioxide concentration.
. Low-speed refrigerated centrifuge.

. Blood counting chamber.

. Flow cytometer with at least four fluorescence channels.

3 Methods

3.1 Cytokine
Gathering

3.2 Sample
Collection
(See Notes 5 and 6)

3.3 Sample Fixation
(See Notes 3 and 4)

When analyzing cytokines on cell membrane, skip this step, and go
directly to Subheading 3.2.

1.
2.

1.

the

Add monensin to cells at the final concentration of 10 pM.

Incubate for 4-6 h in cell incubator.

Discard the supernatant and wash the attached cells gently
with PBS buffer.

. Treat the cells with tryptase containing 0.5 % EDTA, and sus-

pend them in DMEM medium.

. Collect 1x10° to 1x10° cells after cell counting using blood

counting chamber.

Go to Subheading 3.5 directly if the acquired cytokines are on
surface of membrane.

. Centrituge the cell suspension at 200 x g for 5 min, aspirate the

supernatant, and resuspend the pellets in PBS by pipetting.
Repeat the washing step two times (see Note 7).

. Add 1 mL of Fixation Buffer to each tube, resuspend the pel-

lets gently, and incubate at room temperature for 15 min.
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3.4 Sample
Permeabilization
(See Notes 3 and 5)

3.5 Blocking the
Nonspecific Sites

3.6 Sample Staining
(See Note 1)

3.7 Flow-Cytometric
Analysis (See Note 8)

. Centrifuge the cell suspension at 200 x g for 5 min, aspirate the

Fixation Buffer, and resuspend the pellet in PBS by pipetting.
Repeat the washing step two times.

. Add 1 mL of Permeabilization Buffer to each tube, suspend the

pellets gently, and incubate at room temperature for 15 min.

. Centrifuge the cell suspension at 200 x g for 5 min and aspirate

the above Permeabilization Buffer.

. Add 1 mL of Blocking Buffer to each tube, resuspend the

pellets, and incubate the cell suspension at room temperature
for 1 h.

. Centrifuge the cell suspension at 200 x g for 5 min and aspirate

the above Blocking Buffer.

. Resuspend the pellets in 100 pL of Antibody Dilution Buffer

gently, add 1 pL of primary antibody, and incubate at 4 °C for
1h.

. Centrifuge the cell suspension at 200 x g for 5 min, aspirate the

above antibody solution, and wash the pellets three times with
Antibody Dilution Buffer.

. Resuspend the pellet in 100 pL of Antibody Dilution Buffer,

add 1 pL of secondary antibody, and incubate at 4 °C for 1 h
in the dark.

. Centrituge the cell suspension at 200 x4 for 5 min, wash the

pellets twice with Antibody Dilution Buffer, and then resus-
pend the pellet with 200 pL. of PBS. The samples could be
analyzed by FCM after passing through the 200 mesh sieve.

. Check whether there is enough sheath liquid in the Sheath

liquid barrel. If not, turn the gas valves to the “VENT” posi-
tion, and add sheath liquid to the 4/5 volume of the sheath
liquid barrel.

. Make sure to tighten the lid of the sheath liquid barrel to pre-

vent the gas leak.

. Forward scatter (FSC) reflects the size of cells and side scatter

(SSC) shows the complexity of intracellular components. Set
a scatter diagram of FSC-SSC to eliminate debris while still
retaining the population, and set a secondary threshold on
channels of fluorescently labeled antibody subsequently to
show the fluorescence intensity of retaining cell population.

. Set proper number (e.g., 15,000) of acquisitive cell and source

of samples. Number of cell acquisition should depend on the
concentration of samples. Run the samples on “low” (e.g., on
a BD FACS Calibur™) to improve precise of the detection.
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Fig. 1 The expression of P-gp/IL-8 in KB and KBy, cells was analyzed by FCM. The effect regions were created
for FSC and SSC (R1 in panel a and R5 in panel e), isotype control (R2 in panel b and R6 in panel f), P-gp posi-
tive (R3 in panel ¢ and R7 in panel g), and IL-8 positive (R4 in panel d and R8 in panel h) in KB and KBy, cells.
The P-gp and IL-8 positive rate of KBy, showed significantly higher than those of KB

3.8 Data Analysis
(See Note 9)

5. Set the parameters and gate while running the first sample to
obtain an optimum figure, save the template and parameters
for the latter samples.

6. Acquire data from samples.

In this chapter, a pair of human epidermoid cancer cell lines (KB
and KBy,g9) was used as an example to detect membrane surface
and intracellular cytokines. KBy,q, the vincristine-resistant strain
of KB cell line, overexpresses the transmembrane P-glycoprotein
(P-gp) and the intracellular cytokine IL-8.

1. Analyze data by defining an effective sample region in FSC and
SSC (Fig. la, e), and a region on the positive samples (Fig. 1c,
d, g, h). These regions can be defined by automated gating
algorithms. Be sure to size these regions appropriately to
include relevant cells.

2. Create a dot plot gated on both of the regions defined in
step 1, displaying P-gp/IL-8 staining.
3. Using an isotype control sample, draw a region that includes

all events of nonspecific positive straining. The region can be a
conventional region tethered to the false positive population

(Fig. 1b, f).
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. Record the positive percent in the response region for

each sample. Subtract the percent positive of isotype sample
from each of the acquired samples to obtain the positive
population.

. The percent analysis can be taken as an absolute number of

positive cells per milliliter of cell samples by multiplying by the
count of P-gp /1L-8 cells per milliliter.

4 Notes

. Staining controls: Using a correct antibody control should

reduce the errors in cytokine detection. The antibody that has
the same source, subtype or sub-chains, fluorescent labeled
with the first antibody should be used as isotype control anti-
body for the analysis.

. Batching of samples: Samples can be stored at —-80 °C at the

end of step 2 (Subheading 3.2). Because the samples are fixed,
they can be frozen directly in the fixation buffer.

. Temperature of fixation and permeabilization: The fixation

and permeabilization of cells are temperature dependent. The
fixation and permeabilization solution should be stored and
used at room temperature. If the temperature of solution
above or below 20-25 °C, a temperature controlled incuba-
tion should be done.

. Fixation buffer: Low concentration of paraformaldehyde can-

not fix the cell completely, which results in cells lysed after
permeabilization. 2—4 % paraformaldehyde in PBS could be
used as fixation bufter.

. Permeabilization buffer: Triton X-100 in PBS. NP-40, Tween-20,

Saponin, Digitonin, and Leucoperm may also be used and are
mild membrane solubilizers. Their percentage (0.1-1 %) depends
on the size of cells.

. Centrifugation speed: Fixation and permeabilization cause

increased cell buoyancy. Cells should be collected at 200 x 4 to
reduce loss.

. Washing buftfer: PBS could be used as washing buftfer before

permeabilization, then the washing buffer and incubation but-
fer of the following step need to add agent of permeabilization
(e.g., 0.3 % Triton X-100). Cells have to always stay in the
circumstance of permeabilization due to the mobility of phos-
pholipid bilayer, which is beneficial for antibody entering into
cell and binding with antigens.

. Setting of gate: Setting correct gate can ensure veracity of

detection results. The gate should wipe out the cell debris.
With a proper gate setting, positive and negative control
samples can be obtained clearly.
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9. Collection number of events: Detection of antigen-specific
intracellular cytokine from small population demand requires
plenty of effective cell samples, This protocol suggests
collecting 15,000 cells, which is sufficient to analyze small pos-
itive cell population as little as 0.01 % with reasonable statistical

significance.
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Chapter 22

Analysis of IL-17 Production by Flow Cytometry
and ELISPOT Assays

Ling Zhao, Yuan Chou, Yanfang Jiang, Zhenyu Jiang,
and Cong-Qiu Chu

Abstract

Interleukin (IL)-17 represents a family of cytokines with six members, namely IL-17A, B, C, D, E, and F.
IL-17A and IL-17F are best studied proinflammatory cytokines. CD4* T helper cells producing I1L-17A
have been identified as a distinct T helper subset, Th17 cells. IL-17 and Th17 cells are important media-
tors in tissue inflammation in immune-mediated inflammatory diseases. IL-17 is also produced by other
immune cells and plays an important role in host defense against microbial infection. Cell-based assays are
sensitive and quantitative, and enable identification of cellular sources of IL-17 production. This chapter
describes usage of flow cytometry and ELISPOT assays to quantify IL-17A-producing cells in discase and
in vitro experiments to study T cell function.

Key words Interleukin-17, Th17 cells, Inflammation, Flow cytometry, ELISPOT assay

1 Introduction

Interleukin-17 (IL-17) represents a family of cytokines consisting
of six members, IL-17A, B, C, D, E, and F. The prototype mem-
ber, IL-17A (commonly referred to as 1L.-17), was originally
described and cloned in 1993 [1] as CTLA8 (cytotoxic
T-lymphocyte-associated protein 8), which shows 58 % homology
with an open reading frame of the T lymphotropic herpesvirus
samirii. Subsequently five additional family members, 1L-17B to
IL-17F, were identified by homology-based cloning. Among the
1L-17 family members, IL.-17F has the highest degree of sequence
homology with IL.-17A, while IL-17E (also named 11.-25) is most
distant. In contrast to the other family members, IL.-17E induces
allergic response and exerts inhibitory effects in IL.-17-mediated
inflammation [2, 3].

IL-17 is generally considered to be a pro-inflammatory cyto-
kine, which is attributable mainly to the properties of IL-17A and
IL-17F. IL-17F is often co-expressed with IL-17A and can form an

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_22, © Springer Science+Business Media New York 2014
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1L-17A/F heterodimer [4]. Considerable attention has been paid
to IL.-17 chiefly due to the identification of Th17 cells, a T helper
subset, which is distinctive from Thl and Th2 cells. It was first
noted by Aggarwall et al. that activated/memory CD4* T cells
produce substantial amount of I1.-17 upon stimulation by I1.-23
[5]. Subsequent studies formally established Thl7 cells [6, 7].
Under the so-called Th17 polarizing condition with combination
of cytokines, naive CD4* T cells can be induced in vitro to differ-
entiate into IL-17-producing Th17 cells. Upon T cell receptor
engagement, transforming growth factor (TGF)-p in combination
with proinflammatory cytokines, in particular, IL-6, initiates the
differentiation of naive CD4* T cell towards Th17 [8, 9]. IL-23
perpetuates the expansion and stabilization of Th17 clone. This
has been confirmed in vivo. IL.-23-deficient animals do not pro-
duce stable Th17 cells and are protected from developing experi-
mental inflammatory diseases [10-12]. The importance of Th17
cells in immune-mediated inflammatory disorders in human has
been well demonstrated and blocking 11.-17 activity is highly effi-
cacious in some of these conditions [3].

On the other hand, to some extent it has been less appreciated
that I1L-17 plays essential role in host defense against microbial
infections. Many cells other than CD4* T cells produce IL-17A, in
particular, those innate immune cells, namely y/8 T cells, NK cells,
NK T cells, monocytes, and dendritic cells which are important in
host defense rather than causing inflammation [ 3, 13]. For instance,
IL-17A produced by y/8 T cells are essential for protection of host
again staphylococcus aureus infection in the skin [14]. Deficiency
in IL-17 receptor in humans leads to chronic mucocutaneous can-
didiasis disease [15]. In addition, not all the proinflammatory and
host defense properties are shared by IL-17A and IL-17F [15, 16].
It is therefore important to identify the cellular source of IL-17 in
diseased state.

IL-17A is primarily a secreted cytokine but the cells producing
it can be identified by sensitive cell-based assays. Intracelluar detec-
tion of IL-17A with flow cytometry is a sensitive assay and detects
IL-17A at single cell level. In combination with cell surface stain-
ing, IL-17A-producing cells can be identified and the cell activa-
tion status can also be verified. This is particularly useful to detect
IL-17A-producing cells in a mixed cell population such as human
peripheral blood mononuclear cells (PBMC). The enzyme linked
immunospot (ELISPOT) assay is a highly reproducible and sensi-
tive cellular assay which can detect as few as 1 in 100,000 cells
producing secreted proteins. ELISPOT assay has been widely used
to enumerate cytokine-producing eftector T cells in responding to
different antigen stimulations [17, 18].

In this chapter, we focus on the detection of IL-17A produced
by CD4* T cells in human PBMC in patients with rheumatoid
arthritis (RA) and systemic lupus erythematosus (SLE) [19, 20]
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Fig. 1 Analysis of IL-17A-producing CD4+ T cells in PBMC by flow cytometry. PBMC from patients with RA, SLE
and healthy controls were stained with mouse anti-human CD4-PerCP and mouse anti-human IL-17A-Alexa
Fluor as described in Subheading 3.1, and were analyzed using a FACSCanto and Flowjo software. Normal
mouse IgG1-Alexa Fluor was used as isotype control for anti-human IL-17A-Alexa Fluor. (a) Representative Dot
plot of flow cytometry profiles show percent of IL-17A-producing CD4+ T cells in patients with RA, SLE or
healthy controls. (b) Summary of IL-17A-producing CD4+ T cells in patients with RA, SLE or healthy controls
(n=7 in each group). PBMC peripheral blood mononuclear cells, HC healthy controls, RA rheumatoid arthritis,
SLE systemic lupus erythematosus

(Figs. 1 and 2), on in vitro generated IL-17A-producing CD4* T
cells of mice [21] using flow cytometry (Fig. 3), and on IL-17A
production by cloned human Thl cells in an enzyme linked immu-
nospot (ELISPOT) assay [22] (Fig. 4). Monoclonal antibodies
against IL-17F are also available for analysis of I1.-17F production
and the detection protocol can be adopted from the protocols
described in this chapter.

2 Materials

2.1 Materials 1. Blood collection tube containing sodium heparin (Becton
for Detection Dickinson) stored at room temperature.

of IL-17A-Producing 2. Histopaque-1077 (Sigma); store at 4 °C.

Cells in PBMC

3. PMA (phorbol 12-myristate 13-acetate); store aliquots at
-20 °C.
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Fig. 2 Analysis of IL-17A-producing cells in different cell populations. (a) PBMC from a patient with RA were
stained with mouse anti-human CD4-PerCp, mouse anti-human IL-17A-Alexa Fluor, anti-human IFN-y-FITC, and
anti-human IL-22-PE. A live gate was drawn based on cell distribution. CD4+ cell gate was drawn and IFN-y-
producing cells were excluded for further analysis of IL-17A and IL-22 producing cells. (b) PBMC from a healthy
individual were stimulated with anti-CD3 (1 pg/ml), and anti-CD28 (10 pg/ml) with addition of lipopolysaccharide
(100 ng/ml), and were stained with anti-human CD30-APC, IL-17A-Alexa Fluor, anti-human IFN-y-FITC. IL-17A-
and IFN-y-producing cells were analyzed in total live cell population or in CD30 expression cells. (c) Activated
PBMC and as in (b) were stained with anti-IL-17A, IFN-y, and anti-ICOS. Analysis was on CD4* T cells (see Note 8).
APC allophycoerythrin, FITC fluorescein isothiocyanate, /COS inducible costimulation molecule, IFN interferon,
PE phycoerythrin

4. Ionomycin; store aliquots at =20 °C.
5. Brefeldin A dissolved in DMSO; store aliquots at =20 °C.

6. Mouse anti-human CD4 PerCP (Becton Dickinson); store
at4 °C.

7. Mouse anti-human IFN-y-fluorescein isothiocyanate (FITC)
(Becton Dickinson); store at 4 °C.
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Fig. 3Th17 cells were differentiated from naive CD4+ T cells in vitro. Naive CD4+ T cells were isolated from the
spleen of a 6-week-old female C57BL/6 mouse and were stimulated to differentiate to IL-17A-producing cells.

Intracellular staining with rat anti-

mouse IL-17A-PE and IFN-y-FITC as described in Subheading 3.2 at day 1,

2, or 3 after culture. Normal rat IgG1-FITC and normal rat IgG2a-PE were used for isotype controls for anti-
IFN-y and anti-IL-17A, respectively. FITC fluorescein isothiocyanate, IFN interferon, PE phycoerythrin

10.
11.

12.
13.

14.

15.
16.

17.

2.2 Materials 1.
for Generation

of IL-17A-Producing )
CD4* T Cells in Mice

. Mouse anti-human IL-17A-Alexa Fluor (Becton Dickinson);

store at 4 °C.

. Mouse anti-human IL-22-phycoerythrin (PE) (R&D System);

store at 4 °C.
Normal mouse IgG1- FITC (Becton Dickinson); store at 4 °C.

Normal mouse IgG1l-Alexa Fluor (Becton Dickinson); store
at 4 °C.

Normal mouse IgGl-phycoerythrin (PE) (R&D System);
store at 4 °C.

Normal mouse IgG (Jackson Immunology); store aliquots at
-20 °C.

RPMI complete medium: RPMI-1640 supplemented with
10 % fetal calf serum (FCS), 100 U/ml penicillin and 100 U/
ml streptomycin; store at 4 °C.

2 % formaldehyde in phosphate buffer saline (PBS) (se¢ Note 1);
store at 4 °C.

Permeabilization buffer: 0.5 % saponin in PBS containing 1 %
bovine serum albumin (BSA); store at 4 °C.

FACS (fluorescence activated cell sorting) buffer: PBS con-
taining 1 % BSA and 0.01 % sodium azide; store at 4 °C.

Mice: C57BL/6, female, age of 6-8 weeks (The Jackson
Laboratory), kept in a specific pathogen-free facility until use.

. Recombinant mouse transforming growth factor (TGF)-pl

(R&D System); store aliquots at =20 °C.

. Recombinant mouse IL-6 (eBioscience); store aliquots at —20 °C.
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Fig. 4 Superantigen-induced IL-17A production from MOG-specific Th1 clones.
MOG3s_s5-specific cloned Th1 cells were cultured with MOGss_s5; peptide only or
cocultured with superantigen SEB for 24 h in a 96-well PVDF ELISPOT pate as
described in Subheading 3.3. Cells producing IL-17A or IFN-y or both were ana-
lyzed by T.C.L. plate reader. (@) Wells in row C contain T and NK cell-depleted APC
only without cloned T cells show no IL-17A- or IFN-y-producing cells. Wells in
row D contain cloned T cells and T and NK cell-depleted APC. C2, D2, C4, and D4
were coated with anti-IL-17A capture antibody only and developed with anti-IL-
17A detection antibody. C3, D3, C5, and D5 were coated with both anti-IL-17A
and anti-IFN-y capture antibodies and developed with both anti-IL-17A and anti-
IFN-y detection antibodies. Numbers in blue indicate IL-17A-producing cells and
number in pink indicate IL-17A and IFN-y dual producing cells (one representa-
tive experiment with duplications). (b) Cloned CD4+ T cells were stimulated with
MOGss_ss peptide only. E2 shows no IL-17A production and F2 shows IFN-y-
producing spots. (c) Summary of IL-17A and IL-17A/IFN-y dual producing SFC as
in (a) (pooled data of three experiments). APC antigen presenting cells, FITC fluo-
rescein isothiocyanate, /FN interferon, MOG myelin olygodendrocyte glycopro-
tein, PE phycoerythrin, SEB staphylococcal endotoxin B, SFC spot forming cells

4. Recombinant mouse IL-23 (eBioscience); store aliquots
at -20 °C.

5. Purified rat anti-mouse CD3 (BioLegend); store aliquots
at =20 °C.

6. Purified rat anti-mouse CD28 (BioLegend); store aliquots
at =20 °C.
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. Purified rat anti-mouse IFN-y (BioLegend); store aliquots

at =20 °C.

. Rat anti-mouse IL-17A-PE (BioLegend); store at 4 °C.

9. Rat anti-mouse IFN-y-FITC (BioLegend); store at 4 °C.

10.
11.

12.
13.
14.

10.

11.

12.

13.
14.
15.

Purified anti-mouse CD16,/CD32 (BioLegend); store at 4 °C.
Anti-mouse CD4-allophycoerythrin (APC) (BioLegend);
store at 4 °C.

Normal Rat IgG2a-PE (BioLegend); store at 4 °C.

Normal rat IgG1-FITC (BioLegend); store at 4 °C.

RPMI medium with 2-mercaptoethanol: RPMI-1640 supple-
mented with 10 % FCS, 100 U/ml penicillin, 100 U /ml strep-
tomycin and 100 pM 2-mercaptoethanol (2-ME); store
at 4 °C.

. ELISPOT plates with PVDF 0.45 pm filter membrane

(Millipore); store at room temperature.

. Purified mouse anti-human IL-17A antibody (eBioscience).

Keep sterile and store at 4 °C.

. Purified mouse anti-human IFN-y antibody (BioLegend).

Keep sterile, store at 4 °C.

. FITC-conjugated mouse anti-human IFN-y antibody

(BioLegend); store at 4 °C.

. Biotinylated mouse anti-human IL-17A antibody (eBiosci-

ence); store at 4 °C.

. Streptavidin-alkaline phosphatase (AP) conjugate (Vector

Laboratories); store at 4 °C.

. Anti-FITC-horse radish peroxidase (HRP) (Southern Biotech);

store at 4 °C.

. Cloned human CD4* T cells specific to myelin oligodendro-

cyte glycoprotein (MOG;;5 55) peptide (previously generated,
see Note 2).

. Antigen presenting cells (APCs) (T and NK cell-depleted

PBMC, see Note 3).

Custom synthesized MOG-3;5 55 peptide (NeoBioscience) dis-
solved in PBS; store aliquots at =20 °C.

Superantigen, staphylococcal endotoxin B (SEB) (Sigma);
store aliquots at =20 °C.

RPMI medium: RPMI-1640 supplemented with 10 % FCS;
store at 4 °C.

Sterile PBS; store at 4 °C.
PBS/BSA: PBS containing 1 % BSA; keep sterile, store at 4 °C.
PBS-Tween: PBS containing 0.05 % Tween-20.
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16.

17.

18.
19.

Vector Blue alkaline phosphatase substrate kit III (Vector
Laboratories); store at 4 °C.

3-amino-9-ehtylcarbazole (AEC) substrate for peroxidase
(Vector Laboratories); store at 4 °C.

100 mM acetate bufter, pH 5.0; store at room temperature.

Hydrogen peroxide solution.

3 Methods

3.1 Intracellular
Staining for Detecting
IL-17A-Producing
Cells in PBMC

. Collect 10 ml of venous blood into a heparinized tube and

shake well (see Note 4).

. Dilute the blood in a 50 ml Falcon tube with PBS. For 10 ml

of blood, add 20 ml of PBS and mix well.

. Draw 13 ml of Histopaque and place the tip of the pipette to

the bottom of 50 ml tube containing blood. Slowly release the
Histopaque. This will form two layers of solution with
Histopaque at the bottom and blood on the top (see Note 5).

4. Centrifuge the tube at 1,500 x4 for 20 min at 20 °C.

10.

11.

12.

13.

14.

. Aspirate the milky white middle layer (containing PBMC) and

transfer to a new 50 ml tube. Add 50 ml of PBS and mix well.

. Centrifuge at 913 x4 for 7 min at 20 °C.
. Discard supernatant, PBMC remains at the bottom of tube.

Resuspend the cells with 10 ml of PBS, centrifuge at 913 x g4
for 5 min at 20 °C (see Note 6).

. Resuspend the PBMC with RPMI complete medium to adjust

the cell density to 1 x10°/ml.

. Culture the PBMC at 1x10°/ml, 200 pl/well in a 96-well

U-bottomed plate, in RPMI complete medium containing
PMA at 50 ng/ml, ionomycin 500 ng/ml and brefeldin at
10 pg/ml for 5 h (see Note 7).

Harvest the cells into a 1.5 ml centrifuge tube and add 1 ml of
FASC bufter, centrifuge at 200 x g in a bench top microcentri-
fuge for 5 min, discard supernatant.

Resuspend the cells with 50 pl of FACS bufter, add mouse
anti-CD4-PerCP (see Note 8) and mix well. Incubate on ice
for 15 min.

Wash cells by adding 500 pl of FACS buffer, resuspend the
cells, and centrifuge at 200 x g for 5 min. Repeat once.

Fix cells by adding 500 pl of 2 % paraformaldehyde, mix well,
and incubate for at least 30 min at room temperature.
Centrifuge at 300 x g for 5 min, discard supernatant.

Permeabilize cells by adding 500 pl of permeabilization butfter,
resuspend, and incubate for at least 30 min at room temperature.
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16.

17.
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Centrifuge at 300xyg for 5 min, discard supernatant
(see Note 9).

Resuspend cells in 50 pl of permeabilization buffer, add 10 pl
of normal mouse IgG at final concentration 10 pg/ml, and
incubate for 10 min (see Note 10).

Add anti-1L.-17A-Alexa Fluor, anti-IFN-y-FITC, and anti-IL-
22-PE, diluted in permeabilization buffer; isotype controls for
each antibody to cytokines should be added in separate tubes.
Incubate for 30 min at room temperature (see Note 11).
Wash with 500 pl of permeabilization buffer for three times,
discard the supernatant.

Resuspend the cells in 300 pl of FASC butffer in a FACS tube
for flow cytometry analysis (see Note 12).

. Isolate naive CD4* T cells from a mouse spleen (see Note 13).

Naive CD4* T cells are defined as CD4*/CD621M /CD44%
and the purity is >96 %.

. Coat a 96-well flat-bottomed plate with purified anti-mouse

CD3 antibody, diluted at 5 pg/ml in sterile PBS, 100 pl/well,
incubate at 37 °C for at least 1 h.

. Wash plate with sterile PBS for two times.

4. Add purified naive CD4* T cells at 1 x10°/ml, 200 pl/well in

10.
11.
12.

13.

14.

RPMI. Add recombinant mouse 1L-6 at 20 ng/ml, TGF-p at
10 ng/ml, IL-23 at 20 ng/ml, purified anti-IFN-y antibody at
10 pg/ml and anti-CD28 at 0.5 pg/ml. Incubate the cells in a
5 % CO, incubator at 37 °C for a total of 3 days (sec Note 14).

. Add PMA at 50 ng/ml, ionomycin at 500 ng,/ml and brefeldin

A at 10 pg/ml and incubate at 37 °C for 5 h.

. Harvest cells into 1.5 tubes for staining for flow cytometry

analysis. Cells are washed in PBS once.

. Resuspend cells in 50 pl of FACS bulfter.
. Add purified anti-mouse CD16/32 antibody at 1 pg/ml,

incubate for 15 min on ice (see Note 15).

. Wash cells once with FACS buffer as in step 10 of

Subheading 3.1.
Add anti-mouse CD4-APC, incubate 15 min on ice.
Wash cells in FACS bufter twice.

Fix and permeabilize the cells as in steps 13 and 14 of
Subheading 3.1.

Add anti-1L-17A-PE and anti-IFN-y-FITC, or isotype control
antibodies diluted in permeabilization buffer and incubate
tor 30 min.

Follow steps 17 and 18 of Subheading 3.1.
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3.3 SEB-Induced
IL-17A Production
from Cloned Th1 Cells

Fully differentiated Th17 cells can be redirected to produce IFN-y
when stimulated by IL-12. In contrast, Thl cells exhibit little plas-
ticity, that is, it is difficult to redirect fully differentiated Th1 cells
to produce IL-17 [23]. We challenged this dogma to induce
IL-17A production by stimulating highly polarized MOG-specific
Th1 clones with a superantigen, SEB [22].

1.

Coat plates with antibodies to human IL-17 or IFN-y (in sep-
arate wells) diluted in sterile PBS at 10 pg/ml, 100 pl/well
(see Note 16). For capturing cells producing both IL-17 and
IEN-y, dilute both antibodies in the same sterile PBS solution
at the final concentration 10 pg/ml each, and add 100 pl/well.

. Incubate plates at 4 °C overnight (see Note 17) in a humidified

box.

. Wash plates with sterile PBS at 200 pl/well three times.

Remove PBS by flicking the Plate.

. Block plates with sterile PBS /BSA, 200 pl/well at room tem-

perature for 1 h.

. Wash plates as in step 3 of Subheading 3.3.

6. Add cloned CD4* T cells at 1 x10° and APCs at 1 x10°/well

with MOG-35 55 at 10 pM with or without SEB at 100 ng/ml
in RPMI.

. Incubate Plates 24 h at 37 °C in a humidified 5 % CO, incuba-

tor (see Notes 18 and 19).

. Wash plates with PBS, 200 pl/well, three times (see Note 20).

9. Wash plates with PBS-Tween, 200 pl/well, three times.

10.

11.

12.

13.

14.

15.

16.

Add biotinylated anti-human IL-17A antibody or FITC-
conjugated anti-IFN-y antibody at 10 pg/ml diluted in PBS-
Tween, or both antibodies for detecting both IL-17A- and
IEN-y-producing cells in the same well (see Note 21).
Incubate plates overnight at 4 °C.

Wash plates with PBS-Tween for three times.

Add streptavidin-AP (diluted 1:1,000) or anti-FITC-HRP
(diluted 1:1,000) or both in PBS-BSA and incubate for 1 h at
room temperature (see Note 22).

Wash plates with PBS-Tween for three times, followed by
washing with PBS for two times.

Add AEC at 200 pl/well and wait for color development (red)
for 30 min (see Note 23). Wash with PBS for two times.

Add Vector Blue solution 200 pl/well and wait for develop-
ment (blue) for 30 min (see Note 23). Wash with PBS for two
times.
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Rinse plates with tap water and air dry them in an upright
position in a hood overnight to have completely dry mem-
branes before imaging analysis.

Spot forming cells (SFC) are counted by imaging analysis on
a Cellular Technology Limited (C.T.L.) ELISPOT reader.
This is read by an independent technician at C. T.L. (Fig. 4)
(see Note 24).

4 Notes

. Perform this procedure in chemical fume hood. Pre-heat PBS

to 80 °C and add paraformaldehyde slowly while PBS is being
stirred. Keep stirring until paraformaldehyde is dissolved.
Slowly cool solution down and store solution at 4 °C. Make
fresh solution every 4-6 weeks.

. MOGg; s5-specific CD4* Thl clones were generated from

PBMC of a healthy individual by limiting dilution and repeated
antigen stimulation as described [24]. These cloned Th1 cells
produce IFN-y, but not IL-17A, in response to MOGgs 55 [22].

. T and NK cell-depleted APCs: T and NK cells were removed

from PBMC by negative selection using mouse anti-human
CD3, anti-CD56, and subsequently Dayna-beads-conjugated
anti-mouse Ig (Invitrogen) and followed by irradiation at
2,500 rad [22, 24].

. From each 10 ml blood, expect to obtain 13-30x 10° PBMC,

depending on individual donors.

. Alternative method for laying blood on Ficoll-Paque: Add

Ficoll-Paque at the bottom of the tube, then lay blood onto
the Ficoll-Paque by releasing blood onto the wall of the tube.

. Count the cell number, and determine the volume of RPMI to

add for resuspending the cells to the desired cell density.

. Brefeldin A is a lactone antibiotic that inhibits transport of

cytokines from endoplasmic reticulum to Golgi and leads to
cytokine accumulation in the endoplasmic reticulum. The
intracellular accumulated cytokines are detected by antibodies.
The time for incubation with brefeldin A ranges between 4 and
6 h. Monensin A has also been used for this purpose and its
usual concentration is 10 pg/ml. Brefeldin A and monensin A
can be combined at 5 pg/ml each.

. The optimal concentration of anti-CD4-PerCp is predeter-

mined by titration in pilot studies. Staining with antibodies to
other cell surface proteins can also be done at this stage (Fig. 2)
to evaluate the cell activation status. CD30 and inducible
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10.

11.

12.

13.

14.

15.

16.

17.
18.

costimulation (ICOS) molecules are expressed by activated T
cells. Figure 2 shows IL-17A-producing cells expressing CD30
and ICOS.

. After the cells are fixed, they can be resuspended in FACS but-

fer and stored at 4 °C for up to 1 week. At the time of staining,
the cells can be permeabilized as in step 14 of Subheading 3.1.
There are commercial available fix/permeabilization buffers
for one step procedure. After fix/permeabilization, cells can be
stored at 4 °C for up to 1 week before staining. It is advised to
store the fixed/permeabilized cells no longer than 1 week;
otherwise the signal for cytokine staining becomes weaker.

Normal mouse IgG is added to block the Fc receptor, which
can bind to anti-cytokine antibodies and give rise to false posi-
tive signal.

The optimal concentration of anti-cytokine antibodies is pre-
determined in pilot studies by titration. It is important to add
the same concentration of isotype control antibodies as anti-
cytokine antibodies, respectively.

Readers are advised to work with local flow cytometry facility
to determine the suitable instrument for acquisition and soft-
ware for analysis.

Spleen cells were prepared from a female C57BL /6 mouse and
naive CD4* T cells were isolated using a CD4*/CD62L* Kit 11
(Miltenyi Biotec). This is a negative selection for purification of
naive CD4* T cells. First, a cocktail of biotinylated antibodies to
mouse CD8a, CD45R, CD11b, CD25, CD49b, TCRy /5, and
Ter-119 was added to the spleen cells, followed by magnetic
microbeads labeled anti-biotin antibodies. The microbeads
labeled cells were removed through a column and magnetic
separator. The pre-enriched CD4* cells were labeled with
anti-CD62-microbeads and then separated. Flow cytometry-
based cell sorting can also be used to purify naive CD4* T cells.

Cells can be harvested at day 1 or day 2 of culture as desired
(Fig. 3). Intracelluar staining for cytokines can be performed
after stimulation with PMA and ionomycin in the presence of
brefeldin A. If desirable, further culture for another 3 days can
also be done and addition of extra IL-23 is optional.

Addition of anti-CD16,/CD32 antibodies to block Fc receptor
to prevent false positive signal from Fc receptor binding to
anti-cytokine antibodies.

Each antibody batch should be titrated to find optimal
concentration.

Four hours of incubation is sufficient if it is done at 37 °C.

Incubation for 24 h is sufficient. Longer incubations may pro-
duce nondiscrete spots and cause error in spot counting.
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All the above procedures should be performed in a sterile tissue
culture hood.

This and all the following procedures are performed in a
nonsterile condition.

The optimal concentration of detecting antibodies is deter-
mined by pilot experiments.

For each batch of the conjugate, the optimal dilutions need to
be titrated.

Prepare AEC solution immediately before use. AEC stock solu-
tion is 50 mg/ml in acetate buffer. Dilute AEC stock solution
1:10 in distilled water and add hydrogen peroxide solution at a
final concentration of 10 %. Monitor spot color development
by watching for the spots in the superantigen or antigen con-
taining wells and the lack of coloration in the control wells. For
developing dual colors, develop AEC (red) first, wash with PBS
for 2 times, then develop blue color.

For independent, objective analysis results, SFC counting and

image scan can be done through C.T.L. service.
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Chapter 23

Interleukin-1 (IL-1) Inmunohistochemistry Assay
in Oral Squamous Cell Carcinoma

Takaaki Kamatani

Abstract

This chapter describes an immunohistochemistry method to analyze interleukin-1 (IL-1) in oral squamous
cell carcinoma. The described protocol has been optimized for IL-1 detection in formalin-fixed paraffin-
embedded oral tissue sections by light microscopy. A few common pitfalls and problems associated with
immunohistochemical staining are discussed.

Key words Immunohistochemistry, Interleukin-1, Oral squamous cell carcinoma, Formalin fixed,
Paraffin embedded

1 Introduction

The interleukin-1 (IL-1) family comprises 11 cytokines, which play
an important role in the regulation of immune and inflammatory
responses [1]. The IL-1 family has a conserved beta-trefoil struc-
ture [2] and binds to receptors belonging to the IL-1 receptor
tamily [3]. Discovery of the cytokines began with studies on the
pathogenesis of fever [4]. The basis for the term interleukin was to
streamline the growing number of biological properties attributed
to soluble factors from macrophages and lymphocytes. Cells of oral
squamous cell carcinoma also express the 1L-1 [5]. IL-1lalpha and
beta are the most studied members [6], because they were discov-
ered first. IL-1 alpha and beta bind to the same receptor molecule,
which is called type I IL-1 receptor [3].

Immunohistochemistry is an immunoassay used to localize
antigens in tissue sections using labeled antibody as specific
reagents through antigen—antibody interactions that are visual-
ized by markers, such as fluorescent dye, enzyme, radioactive ele-
ment, or colloidal gold [7]. With the expansion and development
of the immunohistochemistry technique, enzyme labels have
been introduced such as peroxidase and alkaline phosphatase [8].
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The diaminobenzidine (DAB) molecule is also conjugated to
antibodies during the same period [9]. Since immunohistochem-
istry involves specific antigen—antibody reaction, it has apparent
advantage over traditionally used special enzyme staining tech-
niques that identify only a limited number or proteins, enzymes,
and tissue structures. This is especially useful for assessing the
progression and treatment of disease. Therefore, immunohisto-
chemistry has become a crucial technique and widely used in
medical research laboratories as well as clinical diagnosis [10].
There are numerous immunohistochemistry methods that may
be used to localize antigens. The selection of a suitable method
should be based on parameters such as the type of specimen
under investigation and the degree of sensitivity required.

2 Materials

1. 10 % Neutral-Buffered Formalin (NBF): Add 6.5 g anhydrous
disodium hydrogen phosphate (Na,HPO,), 4.0 g sodium
dihydrogen phosphate, monohydrate (NaH,PO,-H,0), and
100 ml of 37 % formaldehyde solution to 900 ml of double
distilled water. Adjust pH to 7.0 with 1 N NaOH or 1 M HCL
Adjust volume to 1,000 ml. Store at 4 °C (see Note 1).

2. 10x Tris-Buffered Saline (TBS): Add 24.2 g Trizma base and
80 g NaCl to 900 ml of double distilled water. Adjust pH to
7.6 with concentrated HCI. Adjust volume to 1,000 ml.

3. TBS containing 0.05 % Tween 20 (TBST): Add 100 ml of 10x
TBS and 0.5 ml of Tween 20 to 900 ml of double distilled
water. Adjust volume to 1,000 ml.

4. Phosphate-Buffered Saline (PBS): Add 8 g NaCl, 0.2 g KCl,
1.44 g anhydrous disodium hydrogen phosphate (Na,HPOy,)
and 0.24 g potassium phosphate monobasic anhydrous
(KH,PO,) to 900 ml of double distilled water. Adjust volume
to 1,000 ml.

5. Sodium Citrate Buffer: Add 2.9 g trisodium citrate dehydrate
to 900 ml of double distilled water. Adjust pH to 6.0 with 1 M
HCI. Add 0.5 ml of Tween 20. Adjust volume to 1,000 ml.
Store at room temperature, or at 4 °C for storing longer than
3 months.

6. 3 % Hydrogen Peroxide: Add 10 ml of 30 % H,O, to 90 ml of
double distilled water.

7. 1 % diaminobenzidine (DAB): Add 0.1 g DAB to 10 ml of dou-
ble distilled water. Add three to five drops (1 drop=50 pl) of
10 N HCl and solution turns light brown color. Shake for 10 min
and DAB should dissolve completely. Aliquot and store at —20 °C.

8. 0.3% H,0,: Add 1 ml of 30 % H,O, to 99 ml of double distilled
water. Mix well. Store at 4 °C, or aliquot and store at -20 °C.
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9. DAB Working Solution: Add 250 pl of 1 % DAB to 5 ml of
PBS, pH 7.2, and mix well. Add 250 pl of 0.3 % H,0O, and mix
well. Use the solution within 30 min after preparation
(see Note 2).

10. Ethanol.
11. Xylene.

3 Methods

3.1 Tissue Fixation
and Preparation

3.2 Antigen Retrieval

To ensure the preservation of tissue architecture and cell morphol-
ogy, prompt and adequate fixation is essential. Inappropriate or pro-
longed fixation may significantly diminish the antibody binding
capability (se¢ Note 3). There is no one universal fixation that is ideal
for the demonstration of all antigens. However, in general, many
antigens can be successfully demonstrated in formalin-fixed paraffin-
embedded tissue sections with the use of antigen retrieval techniques
(see Note 4). Tissues should be fixed by adding directly to the 10 %
NBF for at least 24 h. NBF has a very slow diffusion coefficient so
the tissue needs to be no more than 1 ¢cm thick (see Note 5).

1. Prepare 3-5 pm sections using the microtome and place on
clean, positively charged microscope slides (se¢ Note 6).

2. Heat the slides on tissue-drying oven at 60 °C overnight.
Paraffin wax is the most widely used embedding medium for
diagnostic histopathology in routine histological laboratories.

3. For deparaffinization, incubate slides 3 times in xylene for
3 min each, followed by 3 min incubation in 100 % ethanol,
3 min incubation in 95 % ethanol, 3 min incubation in 70 %
ethanol, and 3 min incubation in 50 % ethanol (se¢ Note 7).

4. Wash slides 2 times in PBS for 5 min each.

5. Keep the slides in PBS until ready to perform antigen retrieval
(see Note 8).

The demonstration of many antigens can be significantly improved
by pretreatment with the antigen retrieval reagent that breaks the
protein cross-links formed by formalin fixation, and thereby uncov-
ers hidden antigenic sites. There are several methods of antigen
retrieval. The techniques involve application of heat for varying
lengths of time to formalin-fixed, paraffin-embedded tissue sections
in an aqueous solution. The most common method is heat-mediated
retrieval in sodium citrate bufter using microwave for IL-1 immu-
nohistochemistry assay in oral squamous cell carcinoma.

1. Add the appropriate 10 mM sodium citrate buffer to the
microwaveable vessel and place it inside the microwave.

2. Heat slides in 10 mM sodium citrate buffer, pH 6.0, at
95-100 °C for 20 min.
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3.3 Blocking

3.4 Immunohisto-
chemical Staining

3.5 Dehydrate
and Mount Slides

3. Remove from the microwave and let stand at room temperature
in buffer for 20 min.

4. Rinse in TBST for 1 min.

5. If using a domestic microwave, set to full power (see Note 9).

Background staining may be specific or nonspecific. The main
cause of nonspecific background staining is non-immunological
binding of the specific immune serum by hydrophobic and electro-
static forces to certain sites within tissue sections. This form of
background staining is usually uniform and can be reduced by
blocking those sites with normal serum. Endogenous peroxidase
activity is found in many tissues and can be detected by reacting
fixed tissue sections with DAB substrate. The solution for eliminat-
ing endogenous peroxidase activity is by the pretreatment of the
tissue section with hydrogen peroxide prior to incubation of pri-
mary antibody.

1. Wash slides in 3 % hydrogen peroxide in methanol for 10 min.
2. Wash sections twice in PBS for 5 min each.

Special controls must be run in order to test the protocol and for
the specificity of the antibody being used. A positive tissue control
is recommended to ensure that the antibody is performing as
expected. It may also be useful to include a negative tissue control
in which the protein of interest is not expected to be found.

1. Apply 100 pl per slide of primary IL-1 antibody at recom-
mended concentration diluted in TBS. Incubate 60 min
at room temperature or overnight at 4 °C (see Notes 10-14).

2. Wash slides in TBST 4 times for 5 min each.

3. Apply a 100 pl per slide of conjugated secondary antibody
diluted in TBST. Incubate for 30 min at room temperature in
the moisture chamber.

4. Wash slides in TBST 4 times for 5 min each.

5. Apply DAB substrate solution. Incubate sections for 1-3 min
at room temperature. Adjust the reaction time by microscopic
observation.

6. Wash the slide with distilled water at room temperature for
5 min.

7. Apply color development (i.e. hematoxylin) for 10 s.
8. Wash slides in distilled water for 1 min.

1. Wash slides 2 times in 80 % ethanol for 1 min each.
. Wash slides 2 times in 95 % ethanol for 1 min each.
3. Wash slides 3 times in 100 % ethanol for 1 min each.

[\
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4. Wash slides 3 times in xylene for 1 min each.

. Apply coverslip with sealants.

4 Notes

10.

. Formaldehyde, a gas highly soluble in water, is typically sold as

a saturated aqueous solution of 37 % by mass. This is also
referred to as “100 % formalin.” 10 % neutral-buffered forma-
lin is the tenfold dilution of this solution, giving a final concen-
tration of formaldehyde of 3.7 %.

. pH value is important. pH <7.0 will reduce staining intensity.

pH>7.6 will cause background staining.

. Inadequate or delayed fixation may give rise to false positive

results due to the passive uptake of serum proteins and diffu-
sion of the antigen. Such false positives are common in the
center of large tissue blocks or throughout tissues in which
fixation was delayed.

. Certain cell antigens do not survive routine fixation and parat-

fin embedding. Thus, the use of frozen sections still remains
essential for the demonstration of many antigens. However,
the disadvantage of frozen section includes poor morphology,
poor resolution at higher magnifications, special storage
needed, limited retrospective studies, and cutting difficulty.
IL-1 can be successfully demonstrated in formalin-fixed
paraffin-embedded oral tissue sections.

. Delayed or inadequate fixation can cause no staining because

antigen is denatured or masked during the fixing process. Use
less-potent fixative and decrease the fixing time.

. Tissue sections are best mounted on positively charged or APES

(amino-propyl-tri-ethoxy-silane)-coated slides. Otherwise, tis-
sue sections will come off from the slides.

. Incomplete removal of paraffin can cause poor staining of the

section. Remove paraffin thoroughly from the section.

. Do not allow tissues to dry at any time during the staining

procedure. Drying out will cause nonspecific antibody binding
and therefore high background staining.

. Twenty minutes is only a suggested antigen retrieval time. Less

than 20 min may leave the antigens under-retrieved, leading to
weak staining. More than 20 min may leave them over-
retrieved, leading to nonspecific background staining and also
increasing the chances of sections dissociating from the slides.

Antibodies, especially polyclonal antibodies, are sometimes
contaminated with other antibodies due to impure antigen
used to immunize host animal.



262

Takaaki Kamatani

11.

12.

13.

14.

Dilutions of the primary and secondary antibody are listed on
the datasheets or are determined by testing a range. Adjust
dilutions appropriately from the results obtained.

Inadequate incubation with the antibody may cause no stain-
ing or only weak staining results. Provide sufficient time for
reaction with antibody. In particular, primary antibody should
be incubated for longer time.

A high room temperature can cause nonspecific staining due to
acceleration of enzyme reactions. Keep room temperature at
15-25 °C.

A shallow, plastic box with a sealed lid and wet tissue paper in
the bottom is an adequate chamber.
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Chapter 24

Immunofiuorescence and Subsequent Gonfocal
Microscopy of Intracellular TNF in Human Neutrophils

Janet Rollins and Veronika Miskolci

Abstract

Immunofluorescence is an important technique required to observe expression, localization and colocalization
of proteins within the cell. Here we describe the immunofluorescence and subsequent confocal microscopy
technique of tumor necrosis factor-a (TNF) in human neutrophils (polymorphonuclear leukocytes; PMN).
The qualitative technique can be used to observe the expression pattern changes from resting to stimulated
leukocytes. Colocalization with other cytokines, proteins, or organelles can be observed. This immunofluores-
cence technique can be done in 1-2 days.

Key words Cytokines, Immunofluorescence, Leukocytes, Confocal microscopy, Neutrophils, TNF

1 Introduction

Immunofluorescence is a powerful technique that allows for the
detection of a wide variety of antigens including cytokines. The tech-
nique also allows for the visualization of antigen expression patterns
at various stages of the immune responses. When employing this
technique, one can not only look for changes in subcellular location
but also determine if the antigen is interacting with other proteins.
This paper describes the technique of indirect immunofluorescence,
which will yield a more robust signal than direct immunofluores-
cence. Many antibodies are commercially available against various
cytokines from different organisms so a wide variety of research and
clinical applications can be achieved by this technique. Planning the
experiment for your particular conditions is a key factor of this tech-
nique. The primary antibody, which will bind to the antigen it was
raised against, must be carefully chosen and tested at different condi-
tions. The secondary antibody that has the fluorophore covalently
attached will amplify the signal from the primary antibody since there
are multiple sites that the anti-IgG can bind to. Matching the second-
ary antibody’s organism to the animal the primary antibody is crucial
along with picking different and nonoverlapping fluorophores.

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_24, © Springer Science+Business Media New York 2014
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¢ isolate neutrophils
* fix cells
 cytospin onto slides

* block

* primary antibody

* wash

e secondary antibody

Immunofluorescence * nuclear stain (optional)
* mount slides with anti-fade medium

 confocal microscopy
» Z-stacks through the whole cell

Fig. 1 Schematic illustration of the overall procedure

Confocal microscopy is the desired form of microscopy when
visualizing the immunofluorescent samples. The laser gives you the
precise excitation and the out of focus light gets eliminated from
your image unlike epi-fluorescence that includes all the light in the
image. This can lead to false positives in colocalization studies plus
the filters of the wide-field scope are much broader that the precise
laser wavelengths. This can lead to bleed-through between two
channels. Confocal microscopy also allows you to scan at various
depths through the cell, which can give you more precise cellular
localization data that might have been overlooked using a wide-
field microscope. Figure 1 illustrates the individual steps of this
technique.

2 Materials

2.1 Preparation
of Cells

All solutions should be prepared with ultrapure water.

1. PBS: Dilute 10x PBS, pH 7.4, 1:10 with water. Many solu-
tions will use PBS for dilutions, so make plenty (see Note 1).

2. 2 % FCS-PBS: Add 2 ml of fetal calf serum (FCS) into 98 ml of
PBS.

3. 1 % BSA-PBS: Add 1 g of bovine serum albumin (BSA) into
100 ml of PBS.



2.2 Immunofiuores-
cence

2.3 Mounting
and Visualization
of Slides
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4.

Permeabilization solution PBST: 0.1 % Triton-X 100 in PBS.
Add 200 pl of Triton-X 100 to 200 ml of PBS (see Note 2).

. 4 % Paraformaldehyde fixative: Add 4 g of paraformaldehyde

to 100 ml of water. Warm solution gently and spin until dis-
solved (see Note 3).

. Microscope slides: Use precleaned frosted slides.

. Cytospinner.

. Blocking solution PBST/BSA: Weigh out 6 g of BSA and

bring up the volume to 200 ml with PBST (se¢ Note 4).

. Primary antibodies: Dilute with blocking solution PBST /BSA

(see Note 5).

. Disposable pipettes: Use if washes are done on the slides.

. Humid chamber: There are commercially available humid

chambers where the slides stick lightly to a rack and this makes
washing very simple. If that is not an option, then a humid
chamber can be made by lining multiple layers of paper towels
to a bottom of a plastic container and wetting the paper tow-
els. Make sure the surface is flat so the slides are level. The
chamber can be made dark by covering it with aluminum foil.

. Pap pen (Sigma-Aldrich).
. Secondary antibodies: Dilute with blocking solution (se¢ Note 6).
. Nuclear stain: Propidium iodide (PI) or 4',6-diamidino-2-

phenylindole (DAPI), 5 pg/ml (see Note 7).

. Kim-wipes.
. Mounting medium: Mowiol 10 % (w/v, Calbiochem), 25 %

glycerol, 100 mM Tris-HCI, pH 8.5. Add 2.4 g of Mowiol
4-88 to 6 g of glycerol. Stir to mix. Add 6 ml of H,O and leave
for several hours at room temperature. Add 12 ml of 0.2 M
Tris—Cl, pH 8.5, and heat to 50 °C for 10 min with occasional
mixing. DABCO 1,4-diazabicyclo[2.2.2]octane 2.5 % can be
added for prevention of fading (se¢ Note 8).

. 1.5 coverslips: Most modern microscope objective lenses are

optimized for glass that is 0.17 mm thick, and no. 1.5 cover-
slips correspond most closely to this figure.

3 Methods

3.1 Isolation
of Human Neutrophils

. Obtain fresh blood from healthy adult human volunteers in

heparinized preservative-free tubes [1, 2] (see Note 9).

. Isolate neutrophils by Ficoll centrifugation under endotoxin-

free conditions [ 3].
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3.2 Cytospin onto
Microscope Slides
(See Note 11)

3.3 Permeabilization
and Blocking

3.4 Primary Antibody

. Stimulate neutrophils with lipopolysaccharide (LPS), 100 ng/

ml, for 3 h.

. Fix the cells with 2 % paraformaldehyde (sec Note 10).

. Wash cells in cold 2 % FCS-PBS twice and dilute in 100 pl of

cold 1 % BSA-PBS. Be sure to keep all samples on ice.

. Place slides and filters into appropriate slots in the cytospin

with the cardboard filters facing the center of the cytospin. In
the event that there are few cells available, aliquot about 100 pl
of cold 1 % BSA-PBS into each of the wells and spin for 1-2
min. This will serve to wet the filter and allow more cells to
reach the slide. Also, be sure that each filter and slide pair is
flushed with each other and that the hole in the filter is in
proper position so that cells will be able to reach the slide.

. Quickly aliquot 100 pl of each sample into the appropriate

wells of the cytospin. Be careful not to confuse the slides so
that the samples are not aliquoted into the wrong wells.
Marking the slides with pencil is helpful and less likely to smear.

. Carefully place the lid of the cytospin over the samples and spin

at maximum speed for 1-3 min.

. Remove the filters from their slides without contacting the

smears on the slides.

. Examine each slide under the microscope to be sure that the cells

have adhered properly. The cells should appear to have normal
morphology and should be lying flat on the slide. For staining
purposes, the cells should also be in a flat layer on the slide.

. If fixation was already done (see Note 11), wash the slides in

PBST, 3x for 20 min each.

. When washing the slides, use a plastic disposable pipette to

place a quick rinse, and then drain wash solution. Try not to let
the slides dry out between washes (see Note 12).

. Block for 45-60 min with PBST /BSA at room temperature, or

overnight at 4 °C (see Note 13).

. Prepare your primary antibody dilutions by diluting with

PBST/BSA (see Note 14).

2. Drain off blocking solution; do not wash the slides.

. Wipe off excess blocking solution on the exterior of the slide

being careful not to touch the cells.

. Using a PAP pen, draw a circle around the cells. This provides

a hydrophobic well for small amounts of antibody solution to
make contact with the cells.

. Immediately place the antibody solution on the appropriate

slide (see Note 15).



3.5 Secondary
Antibody

3.6 Washes,
and DAPI or PI
Staining

3.7 Mount

3.8 Confocal
Microscopy
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6.

Control slide should get PBST/BSA instead of the primary
antibody. It will be subsequently treated the same as the other
slides.

. Incubate overnight at 4 °C or 2 h at room temperature in a

moist chamber.

. If primary antibody was incubated overnight, allow slides to

come to room temperature.

2. Wash slides with PBST, 3 x 10 min.

. Prepare secondary antibody by diluting it with PBST/BSA

(see Notes 16 and 17).

. Add the secondary antibody to slides and incubate in a moist

chamber at room temperature in the dark for 1 h.

. Wash 1x10 min with PBST followed by 2x10 min washes

with PBS.

2. Make DAPI or PI dilution (se¢ Note 18).

. Incubate slides with DAPI or PI for 10 min.

4. Wash 2 x5 min with PBS.

. Dry off excess PBS and wick oft on the exterior where the cells

are using a Kim-wipe.

. Place 15-20 pl of Mowiol mounting medium or other com-

mercially available anti-fade mounting medium on the slide; be
careful to avoid bubbles.

. Carefully place 1 cover-slip on the slide. If you plan to view the

slides the same day, then you need to seal with nail polish to
avoid movement at the microscope.

. If slides are to be viewed within the next few days, nail polish is

not necessary since the Mowiol (and some other commercially
available media) will harden. This is the preferred way to view
since there is no movement of the cover-slip across the cells.

. Find the best area to view on the microscope and view image

on the screen.

. Set up the parameters recommended for your confocal
microscope.
. Set the upper and lower parameters of the Z-stack in order to

view the entire cell.

. When capturing your images, use the highest resolution

because you never know which image will be the one you use
tor publication.

. When looking for colocalization of a cytokine with another

protein, a single layer of a series must determine if the two
colocalize, not a projection (Fig. 2).



268 Janet Rollins and Veronika Miskolci

Fig. 2 Confocal microscopy of TNF in human neutrophils. Anti-TNFa in green and nucleus stained with
propidium iodide in red. () and (b) are single scans of each channel. (c) is overlay of (b) and (¢). (d) is an
overlay projection of all the layers scanned. Note there appears to be much more colocalization (yellow) of the
TNF with the nucleus in the projection

4 Notes

. Commercially available 10x PBS is the fastest, easiest, and

most accurate way to make PBS solution.

. Triton-X 100 is a viscous solution, so take care in pipetting it.

Give time for the solution to fully go into the pipette and wipe
off any residual on the pipette tip.

. It is much more convenient to use ampules containing 16 % para-

formaldehyde (Electron Microscopy Sciences). Open the ampule,
aliquot 250 pl into 1.5 ml vials, and store at =20 °C for about 6
months. Make the diluted solution fresh before using. If making
4 % solution, add 750 pl of PBS to vial, and mix.

. Other blocking solutions can be used, such as 10 % goat serum

or bovine serum [ 3, 4].
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5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Only about 50-100 pl per slide is required, so when you make
the dilutions, take that into consideration as not to waste pre-
cious antibody. For example, if you have 5 slides, only 400 pl
of antibody is required since the control slide will have no pri-
mary antibody.

. Store in the dark at 4 °C until ready to use.
. Store in the dark at 4 °C until ready to use.

. Stirring vigorously with a magnetic stirrer helps dissolve the

Mowiol. Aliquot into vials and store at =20 °C.

. When using human subjects, make sure to get informed written

consent and approval from your Institutional Review Board.

Many protocols call for 4 % paraformaldehyde for fixation. The
percentages can vary depending upon the time of fixation.
We have used 2 % for 2 h and even 0.5 % overnight and the
cells were preserved properly.

An alternate procedure would be to cytospin first, then fixation
on the slide.

Washes, permeabilization, and blocking can either be done on the
slide in a plastic box (to avoid the sample from drying out) or in
coplin jars, which will guarantee that the samples will not dry out.

If incubating at 4 °C overnight, be sure to put the slide in a
moist chamber or in coplin jar. The length of incubation and
the type of blocking solution should be experimentally deter-
mined by varying the types of agents, such as goat serum,
bovine serum, or bovine serum albumin.

The primary antibody concentration should also be experi-
mentally determined. Some signals are very weak and fleeting
and require a higher concentration. We used 1:10, 1:50, and
1:100 dilutions of primary antibodies [ 3, 4].

When checking for colocalization of two proteins, the antibodies
must be raised in different animals, such as rabbit and mouse [5].

Usually start at 1:500 dilution for the secondary antibody but
test higher and lower concentrations. The control no primary
antibody slide will determine if there is nonspecific binding of
the secondary antibody even at higher concentrations.

Secondary antibodies should match the animal that the anti-
body was raised in, i.e., if the primary antibody was produced in
rabbit, the secondary antibody should be anti-rabbit IgG conju-
gated to a fluorophore. If you are using two primary antibodies
and looking for colocalization, the secondary antibody fluoro-
phores should be far apart on the spectrum to avoid any false
positive by bleeding through the channels at the confocal.

If staining with PI, pretreatment with RNase is necessary.
There are other far-red stains commercially available, such as
Draq 5 or To-Pro 3. DAPI can only be used if your confocal
has a UV laser.
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Chapter 25

Evaluating Cytoplasmic and Nuclear Levels
of Inflammatory Cytokines in Gancer Gells by Western
Blotting

Himavanth R. Gatla, Bipradeb Singha, Valerie Persaud,
and Ivana Vancurova

Abstract

Increased expression and cellular release of inflammatory cytokines, interleukin-8 (IL-8; CXCLS), and
high mobility group box-1 (HMGBI1) are associated with increased cell proliferation, angiogenesis,
and metastasis during cancer progression. In prostate and ovarian cancer cells, increased levels of IL-8 and
HMGBI correlate with poor prognosis. We have recently shown that proteasome inhibition by bortezo-
mib (BZ) specifically increases IL-8 release from metastatic prostate and ovarian cancer cells. In this chap-
ter, we describe a protocol to analyze the cytoplasmic and nuclear levels of IL-8 and HMGBI in prostate
and ovarian cancer cells by western blotting. IL-8 is localized in the cytoplasm in both cell types, and its
protein levels are significantly increased by BZ. In contrast, HMGBI is localized in the nucleus, and BZ
increases its nuclear levels only in ovarian cancer cells. The protocol includes isolation of cytoplasmic and
nuclear extracts, followed by SDS electrophoresis and western blotting, and can be easily modified to
analyze the cytoplasmic and nuclear cytokine levels in other cell types.

Key words Bortezomib, HMGBI, IL-8, Nuclear localization, Ovarian cancer, Prostate cancer

1 Introduction

Increased expression of the pro-inflammatory proteins, interleu-
kin-8 (IL-8; CXCL8) and high-mobility group box-1 (HMGB1),
contributes to cancer progression through their induction of tumor
cell proliferation, survival, and migration. In addition, tumor-
derived IL-8 and HMGB1 promote angiogenesis, induce neutro-
phil recruitment, and activate neutrophils and the tumor-associated
macrophages to release more 1L-8 and HMGBI, which further
amplifies the pro-survival, pro-angiogenic, and metastatic etfect.
I1L-8 and HMGBI1 expression is increased in many types of
advanced cancers, including the metastatic prostate and ovarian
cancers, and correlates with poor prognosis [1-21].

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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Fig. 1 Analysis of IL-8 and HMGB1 cytoplasmic and nuclear levels in BZ-treated prostate cancer cells.
(@) Western blotting of cytoplasmic (CE) and nuclear extracts (NE) prepared from PC3 cells treated with increas-
ing concentrations of BZ for 24 h, and analyzed by using IL-8 and HMGB1 antibodies. To confirm equal protein
loading, the membrane was stripped and reprobed with actin antibody. Nuclear contamination in the cytoplas-
mic fraction was assessed by using lamin B-specific antibody. The presence of cytoplasmic proteins in nuclear
fraction was evaluated by reprobing the membrane with lactate dehydrogenase (LDH) antibody. Each lane cor-
responds to approximately 5x 10 cells. (b) Densitometric evaluation of IL-8 and HMGB1 levels in BZ-treated
PC3 cells, illustrated in Fig. 1a. The IL-8 and HMGB1 bands were scanned and their densities were normalized to
the densities of actin used as a loading control. The values for untreated cells were arbitrarily set to 100 %, and
the other values are presented relative to these values. The data represent the means of three experiments + SE

We have recently shown that proteasome inhibition by
bortezomib (BZ) specifically increases 11.-8 mRNA expression
and protein release from metastatic prostate and ovarian cancer
cells [22, 23]. In this chapter, we have analyzed the intracellu-
lar protein levels and nuclear-cytoplasmic distribution of IL-8
and HMGBI in BZ-treated prostate and ovarian cancer cells.
In both cell types, IL-8 is localized in the cytoplasm, and its
protein levels are significantly increased by 0.1 pM BZ (Figs. 1
and 2), which approximately corresponds to the clinically used
BZ concentrations. However, the BZ-mediated increase of
1L-8 protein levels is considerably lower compared to the IL-8
mRNA expression in prostate and ovarian cancer cells [22, 23].
This is likely caused by the rapid IL-8 protein release from cells [22].
The cytoplasmic localization of IL-8 in ovarian and prostate
cancer cells is in agreement with the previously described cyto-
plasmic localization of this cytokine [24].

In contrast to IL-8, the cellular localization of HMGBI in
prostate and ovarian cells is exclusively nuclear. Interestingly, while
BZ did not significantly increase the HMGBI1 nuclear levels in
prostate cancer cells (Fig. 1), it increased the nuclear HMGBI lev-
els in ovarian cancer cells (Fig. 2). While the intracellular HMGB1
localization in most cell types is predominantly in the nucleus,
where it associates with chromatin, HMGB1 can also localize in
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Fig. 2 Analysis of IL-8 and HMGB1 cytoplasmic and nuclear levels in BZ-treated ovarian cancer cells.
(a) Western blotting of cytoplasmic (CE) and nuclear extracts (NE) prepared from OVCAR3 cells treated with
increasing concentrations of BZ for 24 h, and analyzed by using IL-8 and HMGB1 antibodies. To confirm equal
protein loading, the membrane was stripped and reprobed with actin antibody. Nuclear contamination in the
cytoplasmic fraction was assessed by using lamin B-specific antibody. The presence of cytoplasmic proteins
in nuclear fraction was evaluated by reprobing the membrane with lactate dehydrogenase (LDH) antibody.
Each lane corresponds to approximately 5 x 10* cells. (b) Densitometric evaluation of IL-8 and HMGB1 levels
in BZ-treated OVCAR3 cells, illustrated in Fig. 2a. The IL-8 and HMGB1 bands were scanned and their densities
were normalized to the densities of actin used as a loading control. The values for untreated cells were arbi-
trarily set to 100 %, and the other values are presented relative to these values. The data represent the means
of three experiments = SE

the cytoplasm and be either released from cells in response to
pro-inflammatory stimuli, or degraded by autophagy [17-21].
The protocol described below includes the isolation of cyto-
plasmic and nuclear extracts from BZ-treated prostate and ovarian
cancer cells, followed by SDS electrophoresis, western blotting,

and densitometric evaluation of the nuclear and cytoplasmic 1L.-8
and HMGBI levels.

2 Materials

2.1 Cell Culture 1. OVCARS3 and PC3 cells (American Type Culture Collection,
Manassas, VA).

2. RPMI complete medium (CM): RPMI 1640 medium supple-
mented with 10 % fetal bovine serum (FBS), 2 mM glutamine,
1 mM sodium pyruvate, and 1 % penicillin-streptomycin
solution.

3. Bortezomib stock solution: Dissolve BZ in dimethylsulfoxide
(DMSO) to a final concentration of 10 mM. Store at -20 °C.

4. 75 cm? culture flasks.
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10.

11.
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2.3 SDS-PAGE 1.

. 0.25 % trypsin-EDTA.

. 15 mL centrifuge tubes.

. Phosphate bufter saline, pH 7.4 (PBS).
. Trypan Blue solution.

. 1.5 mL microcentrifuge tubes.

. Standard 6-well plates with clear flat bottom.

. 1.5 mL microcentrifuge tubes.

. 2 mL microcentrifuge tubes.

. Phosphate bufter saline, pH 7.4 (PBS).

. Relaxation buffer (RB): To 50 mL of distilled water, add 1 mL

of 1 M HEPES, pH 7.5, 0.25 mL of 4 M KCl, 75 pL of 4 M
NaCl, 0.3 mL of 1 M MgCl,, 0.2 mL of 0.5 M EDTA and
0.2 mL of 0.5 M EGTA. Make up the volume to 100 mL using
distilled water and store at 4 °C.

. 1 M dithiothreitol (DTT): Dissolve 154 mg of DTT (Cleland’s

reagent) in 1 mL of distilled water and store at -20 °C
(see Note 1).

. 100 mM phenylmethylsulfonylfluoride (PMSEF): Dissolve 17

mg of PMSF in 1 mL of absolute ethanol and store at -20 °C
(see Note 2).

. Protease inhibitor cocktail (PIC) for mammalian cell extracts

containing pepstatin A, Dbestatin, leupeptin, aprotinin,
4-(2-aminoethyl)-benzenesulfonyl fluoride (AEBSF), and
trans-epoxysuccinyl-L-leucylamido(4-guanidino)butane

(E-64) (see Note 3).

. Cytoplasmic extract relaxation buffer (CERB): To 1 mL of RB,

add 2 pL of 1 M DTT, 20 pL of 100 mM PMSF and 70 pL of
PIC (see Note 4).

. Nuclear Wash Buffer (NWB): To 1.5 mL of RB, add 3 pL of

1 M DTT and 30 pL of 100 mM PMSF (see Note 5).

10 % Igepal CA-630: Add 1 mL of 100 % Igepal CA-630 to
9 mL of distilled water. Invert several times and store at room
temperature (see Note 6).

5x sample buffer (5xSB): To 6 mL of distilled water, add 2 mL
of 0.5 M Tris-HCI, pH 6.8, 3.2 mL of 50 % glycerol, 3.2 mL
of 10 % SDS, 0.8 mL of 1 % (w/v) bromophenol blue, and
0.8 mL of 2-mercaptoethanol (ME). Add ME just before use,
and store at room temperature (see Note 7).

2x sample buffer (2xSB) (see Note 8).

70 % ethanol: Add 300 mL of distilled water to 700 mL of
ethanol.

. 10 % ammonium persulfate (APS): Dissolve 100 mg of APS in

1 mL of distilled water (se¢ Note 9).
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.10 % (w/v) sodium dodecyl sulfate (SDS): Dissolve 10 g of

SDS in 90 mL of distilled water and make up the volume to
100 mL. Store at room temperature.

. 30 % acrylamide /bss solution: Dissolve 29.2 g of acrylamide

and 0.8 g of N’ N'-bis-methylene-acrylamide in 50 mL of
distilled water, and make up the volume to 100 mL. Filter and
store in dark at 4 °C (see Note 10).

. Tetramethylethylenediamine (TEMED).

6. 1.5 M Tris—HCI, pH 8.8: Dissolve 18.15 g of Tris in 50 mL of

10.

1.

g o N

10.

11.

distilled water, adjust to pH 8.8 using 1 M HCI, and make up
the volume to 100 mL. Store at 4 °C.

. 0.5 M Tris—HCI, pH 6.8: Dissolve 6 g of Tris in 50 mL of

distilled water, adjust to pH 6.8 using 1 M HCI, and make up
the volume to 100 mL. Store at 4 °C.

. Glass plates, casting frames and stand, plastic combs, clamping

frame, and electrode assembly.

. 10x running buffer (10xRB): Dissolve 30.3 g of Tris, 144 g of

glycine and 10 g of SDS in 600 mL of distilled water. Make up
the volume to 1 L. Store at 4 °C.

Kaleidoscope prestained markers.

Transfer Buffer (TB): Dissolve 3.03 g of Tris and 14.4 g of
glycine in 500 mL of distilled water. Add 200 mL of methanol
and make up the volume to 1 L using distilled water.

. Nitrocellulose membrane.

. Extra-thick filter paper.

. Semi-dry transfer apparatus.

. 10xTBS: Dissolve 81.8 g of NaCl and 3.04 g of MgCl, in

500 mL of distilled water, and add 100 mL of 1 M Tris—HCI,
pH 7.5. Make up the volume to 1 L using distilled water and
store at 4 °C.

. TBST: Add 2.5 mL of 20 % Tween-20 to 100 mL of 10x TBS,

and adjust the volume to 1 L with distilled water. Store at 4 °C.

. TBSTM blocking solution: Dissolve 5 g of nonfat dry milk in

100 mL of TBST and store at 4 °C. Filter. Prepare fresh each day.

. Small containers for incubating the membranes with antibodies.
. IL-8, HMGBI, actin, lactate dehydrogenase (LDH), and lamin

antibodies.

Horseradish  peroxidase (HRP)-labeled secondary IgG
antibodies.

ECL western blotting detection reagents and chemilumines-
ence imaging system.
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12. Stripping buffer: Dissolve 7.5 g of glycine, 0.5 g of SDS and
5 mL of Tween-20 in 400 mL of distilled water, adjust the pH
to 2.2 with 1 M HCI, and make up the volume to 500 mL.
Prepare fresh just before use.

3 Methods

3.1 Cell Culture

In this section, we describe the protocol for analysis of cytoplasmic
and nuclear levels of IL-8 and HMGB1 in BZ-treated prostate and
ovarian cancer cells. The main steps of the protocol are: (1) PC3
and OVCARS3 cell culture and incubation with BZ; (2) preparation
of cytoplasmic (CE) and nuclear protein extracts (NE); (3) SDS-
PAGE, and (4) western blotting, detection and analysis (Fig. 3).
This protocol can be easily modified and used for analysis of differ-
ent intracellular proteins in different cell types. On average, it can
be accomplished within 4 days.

1. Grow PC3 and OVCAR3 cells in CM medium until they reach
about 90 % confluency (see Note 11).

2. Discard the media. Trypsinize the cells by adding 4 mL of
0.25 % trypsin-EDTA and 15-min incubation at 37 °Cina 5%
CO, humidified atmosphere (sec Note 12).

3. Neutralize the trypsin by adding 8 mL of CM, transfer the cell
suspension to a 15 mL centrifuge tube, and centrifuge
at 130 x4 for 5 min at room temperature.

4. Discard the supernatants and resuspend the cell pellets in 3 mL
of CM.

CELL CULTURE.
Grow OVCAR3 and PC3 cells.

Plate the cells and treat them with bortezomib.

PROTEIN EXTRACTION.

Extract and isolate cytoplasmic and nucler proteins.

SDS-PAGE.

Prepare 14% gels and run the protein samples.

WESTERN BLOTTING AND DETECTION.

Transfer the proteins to nitrocellulose membranes and
detect them using ECL detection solution.

Fig. 3 Schematic representation of the steps involved in the protocol
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. To count the cells, transfer 50 pL of the above cell suspension

into a 1.5 mL microcentrifuge tube, add 50 pL of 1xPBS and
100 pL of Trypan Blue solution. Mix well (see Note 13).

. Add 10 pL of the Trypan Blue cell suspension obtained from

step 5 to each chamber of the hemocytometer.

. Count the number of viable cells, and calculate the cell

concentration using the following formula: Cell concentra-
tion=average cell count in four squares x4 x 10* cells/mL.

. Dilute the cells suspension obtained from step 4 to a final

concentration of 0.5x 106 cells/mL using CM.

. Mix well, and plate 2 mL of the above cell suspension into each

well of a 6 well plate, so that each well has 1 x 10° cells.
Incubate the plate 24 h at 37 °C in a 5 % CO, humidified
atmosphere tissue culture incubator, to allow cell attachment.

After 24 h, discard the medium, and add 2 mL of new CM
containing BZ of the required concentration (0, 0.1, 1, and
10 pM) into each well.

Incubate cells for 24 h at 37 °C in 5 % CO, humidified
atmosphere.

All following steps are performed on ice or at 4 °C, unless other-
wise stated.

1.

Following cell incubation, collect 2 mL of unattached cell sus-
pension from each well, and transfer it into two labeled 1.5 mL
microcentrifuge tubes; each tube will get 1 mL of the cell sus-
pension. Centrifuge at 1,700 x4 for 5 min (see Note 14).

. Detach the adherent cells still in the wells by adding 800 pL of

0.25 % trypsin-EDTA, followed by 10 min incubation at 37 °C
in 5 % CO, humidified atmosphere.

. After 10 min, neutralize trypsin by adding 700 pL of CM into

each well.

. Carefully discard supernatants from the centrifuged 1.5 mL

microcentrifuge tubes (from step 1), and resuspend the cell
pellets in 1.5 mL of the trypsinized cell solution from step 3.
Centrifuge at 1,700 x g for 5 min.

. Discard supernatants, and wash the cells using 1 mL of ice-

cold 1x PBS. Centrifuge at 1,700 x4 for 5 min.

. Carefully discard supernatants, resuspend the pellets in 150 pL

ofice-cold CERB, and let stand on ice for 15 min (sez Note 15).

. Start boiling water in a 1 L beaker (to be used later, in steps

10 and 14).

. At the end of the 15 min cell incubation on ice (from step 6),

add 8 pL of 10 % Igepal CA-630 to each tube, vortex vigor-
ously for 10 s and let stand on ice for 10 s (se¢ Note 16).
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3.3 SDS-PAGE

9.

10.

11

12.

13.

14.

15.

10.

11

Centrifuge the permeabilized cells at 200 x4 for 5 min. After
centrifuging, keep tubes on ice.

Transfer the cytoplasmic supernatants (approximately 150 pL)
into new 1.5 mL microcentrifuge tubes, add 50 pL. of 5xSB
and boil for 7 min (se¢ Note 17).

. After boiling, centrifuge tubes at 1,700 x4 for 5 min at room

temperature.

Transfer supernatants into new 1.5 mL tubes, label as cytoplas-
mic extract (CE) and store at -70 °C.

Wash the nuclear pellets from step 9 with 250 pL of ice-cold
NWRB, and centrifuge at 1,700 x4 for 5 min.

Discard supernatants, and resuspend the nuclear pellets in
50 pL of 2xSB. Vortex well, and boil immediately for 7 min.

Centrifuge at 6,700 x g for 5 min at room temperature. Transfer
supernatants into new 1.5 mL microcentrifuge tubes. Label as
nuclear extract (NE), and store at -70 °C.

. Clean electrophoresis glass plates and combs using 70 %

ethanol.

. Place the plates in the casting frame and fasten it to the casting

stand (see Note 18).

. To prepare two 14 % resolving gels, mix in a beaker: 2.7 mL of

distilled water, 4.7 mL of 30 % acrylamide/bis, 2.5 mL of
1.5 M Tris-HCI, pH 8.8, and 0.1 mL of 10 % SDS.

. Swirl the ingredients, and just before casting the gels, add 5 pL

of TEMED and 50 pL of 10 % APS to induce polymerization.
Mix well again.

. Immediately after adding TEMED and APS, pour the gels

using a micropipette. Carefully overlay the gels with distilled
water to even the gel tops and remove air bubbles.

. Allow the resolving gels to polymerize for 30 min.

. Once the gels are polymerized, remove water on the top by

inverting the casting stand and using Kim wipes.

. Prepare stacking gels (4 %) by mixing 6.1 mL of distilled water,

1.3 mL of 30 % acrylamide/&zs, 2.5 mL of 0.5 M Tris—-HCI,
pH 6.8, and 0.1 mL of 10 % SDS.

. Swirl the ingredients, and add 10 pL of TEMED and 50 pL of

10 % APS.

Add combs to gels in the casting frame, and fill the remaining
spaces by adding the stacking gel solution using a micropipette
(see Note 19).

. Allow stacking gels to polymerize for 40 min.
12.

Meanwhile, thaw the frozen protein samples by boiling them
for 7 min.
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Place the plates in the running module and assemble them in
the gel tank.

Fill the inner chamber with 1xRB, and gently remove the
combs.

Clean the wells with 1xRB using a syringe.

Using gel loading tips, add the CE and NE samples, as well as
prestained markers into the wells (se¢ Note 20).

Fill the tank with 1xRB.

Run gels at 120 V until the blue dye reaches the bottom of the
gel (see Note 21).

. Dissemble plates, discard the stacking gels, and soak the resolv-

ing gels each in 400 mL of TB for 10 min.

. Soak two filter papers and one nitrocellulose membrane per gel

in TB for 10 min.

. Clean the anode platform of semi-dry transfer apparatus with

70 % ethanol and assemble the sandwich in the order from bot-
tom to top (see Note 22):

(a) Filter paper (top)

(b) Gel

(c) Nitrocellulose membrane
d)

(

Filter paper (bottom)

. Place lid on top, and run the transfer according to the para-

meters below:
(a) One 14 % gel: 18 V, 3 A, 25 min
(b) Two 14 % gels: 20 V, 3 A, 40 min

. After transfer, disassemble the sandwich, and cut the nitrocel-

lulose membrane with transferred proteins to the size of the
blocking container, to minimize the amount of needed anti-
body (see Note 23).

. Transfer membranes to containers for incubation with anti-

bodies, and add blocking solution (TBSTM) to each container
(see Notes 24 and 25).

. Incubate membranes in the blocking solution TBSTM for 2 h

at room temperature, with gentle rocking (see Note 26).

. After 2 h, remove the blocking solution, and add primary anti-

body diluted in TBSTM solution. Each primary antibody
requires different dilution. For IL-8 and HMGBI, we use
1:100 dilutions.

. Incubate membranes with primary antibodies 2 h at room

temperature, followed by overnight incubation at 4 °C, with
gentle rocking.
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10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

After incubation with primary antibody, remove the antibody
solution, and wash the membranes six times in 50 mL of TBST,
5 min each wash.

Transfer membranes into new blocking containers, and add
secondary HRP-labeled antibody diluted 1:2,000 in TBSTM
(see Note 27).

Incubate on a rocking platform for 1 h at room temperature.

Remove the secondary antibody solution, and wash the mem-
branes six times with TBST buffer, 5 min each wash.

Mix required amounts of ECL solution A and solution B in a
15 mL centrifuge tube as shown below (see Note 28):

(a) 1 membrane: 2 mL of solution A and 50 pL of solution B.
(b) 2 membranes: 3 mL of solution A and 75 pL of solution B.

Careftully blot the membranes to remove any remaining TBST,
place them on parafilm, and add enough ECL solution A + B to
cover the surface of the membranes. Incubate at room tem-
perature for 5 min.

Cover the membranes with plastic wrap and visualize proteins
using chemiluminesence imaging system.

To probe the membranes with other antibodies, incubate them
twice in 50 mL of stripping buffer (10 min each wash), followed
by two 5 min washes in TBST.

Block the membranes for 2 hin 5 % TBSTM at room tempera-
ture with gentle rocking.

Incubate the membranes with primary and secondary antibod-
ies as described above.

4 Notes

. DTT, being a strong reducing agent, is used to prevent forma-

tion of intramolecular and intermolecular disulphide bonds in
proteins.

. PMSEF, being unstable in water, should be mixed in absolute

alcohol (ethanol, methanol, or isopropanol).

. PIC is a broad-spectrum protease inhibitor, inhibiting serine,

cysteine, and aspartic proteases, and amino peptidases.

. Prepare CERB buffer fresh just before each experiment, by

adding DTT, PMSEF, and PIC to 1 mL of RB. Keep it on ice.

. The NWB buffer is the same as the CERB buffer, but it does

not contain PIC. It should be prepared fresh just before use,
and kept on ice.
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. Igepal CA-630 is a nonionic, nondenaturing detergent, which

is chemically indistinguishable from Nonidet P-40. It permea-
bilizes the plasma membrane.

. 5x8B (without 2-mercaptoethanol) can be prepared and stored

at room temperature in dark. Before each experiment, use the
required amount of 5xSB, and add 2-mercaptoethanol.

. Prepare required volumes of 2xSB by diluting 5xSB with

distilled water.

. Always prepare fresh APS. Old APS results in incomplete catal-

ysis and long polymerization time.

Unpolymerized acrylamide is toxic and can be easily absorbed
by skin. Proper gloves should be worn while handling the gels.

It is optimum to grow the cells until they reach about 90 %
confluency.

Do not “over-thaw” the trypsin-EDTA solution; remove it
from water bath right after it melts. Increasing temperature of
trypsin decreases its activity.

Make sure to mix the cells evenly by pipetting up and down.
Uneven mixing results in incorrect cell counts.

It is advisable to centrifuge all tubes in one position—hinges
either up or down, so that the pellets can be easily seen.

CERB is a hypotonic solution; cells will swell at the end of
this step.

Cell exposure to 10 % Igepal CA-630 for longer times results
in the disruption of nuclear membrane, and loss of nuclear
proteins.

Boiling the protein samples in sample bufter (2xSB or 5xSB)
denatures proteins, so that the samples can be stored for longer
periods. It is better to aliquot the samples in smaller volumes,
so that they are not repeatedly thawed.

Make sure that the plates are leak-proof by aligning them
correctly. Otherwise, the gel solution might leak.

Avoid air bubbles, which could result in improper well
formation.

Load markers in different positions in the two gels, so that they
can be used to differentiate the gels.

Keep checking the gel run. Fall in the level of the running but-
fer halts the run.

Avoid air bubbles, especially between the gel and the mem-
brane. Bubbles result in improper transter of proteins.

To avoid cutting out an important piece of membrane with
transferred proteins, cut along the outer borders of the mark-
ers and the blue dye on the bottom of the gel.



For blocking, use either TBSTM, or 5 % BSA in TBST, which
works better for most phosphoproteins.

The membrane has to be completely covered with the blocking
solution. Typically, 6 mL of blocking solution will be sufficient
for one membrane in a small container.

Western blotting can be interrupted at this point, by blocking

Always use the secondary antibody raised against animal species
in which the primary antibody was raised.

Since ECL solutions are light sensitive, keep the solution

282 Himavanth R. Gatla et al.
24.
25.
26.
overnight at 4 °C.
27.
28.
mixture in dark.
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Chapter 26

Western Analysis of Intracellular Interleukin-8 in Human
Mononuclear Leukocytes

Veronika Miskolci, Louis Hodgson, Dianne Cox, and Ivana Vancurova

Abstract

Most cytokines are stored in the cytoplasm until their release into the extracellular environment; however,
some cytokines have been reported to localize in the nucleus. Traditional whole cell extract preparation
does not provide information about the intracellular localization of cytokines. Here, we describe how to
prepare cytoplasmic and nuclear extracts that can be analyzed by immunoblotting. While in this chapter
we use this method to analyze intracellular localization of interleukin-8 (IL-8) in human mononuclear
leukocytes, this protocol is adaptable to any cell type or protein of interest.

Key words Cytokines, Interleukin-8, Intracellular localization, Cytoplasmic extract, Nuclear extract,
Immunoblotting

1 Introduction

Interleukin-8 (IL-8) is a potent pro-inflammatory chemokine.
Based on its structure it belongs to the CXC chemokine class and
is also denoted as CXCL8. The expression of I1L-8 is mainly regu-
lated by NFkB transcription factor and it is synthesized as 99-amino
acid precursor that is subsequently processed to a 72-amino acid
mature form. While it is produced by many cell types, leukocytes
are the major source of secreted IL-8 [1, 2]. Secretion of IL-8
can be stimulated by many different signals, including bacterial
lipopolysaccharide (LPS) or other pro-inflammatory signals such
as Tumor Necrosis Factor (TNFa). Extracellular IL-8 binds
G-protein-coupled receptors CXCRI1 and CXCR2 leading to the
activation of multiple downstream signaling pathways including
pathways that regulate cell proliferation and survival [2]. IL-8
plays a critical role in the immune response of the host by mediat-
ing the recruitment of neutrophils and monocytes to sites of
inflammation. However, the unresolved secretion of IL-8 can lead
to the development of chronic inflammatory diseases such as acute
respiratory distress syndrome [3, 4]. IL-8 expression has also been

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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Following stimulation, collect and wash cells

Swell up cells in hypotonic lysis buffer

Add detergent to lyse plasma membrane

Collect cytoplasmic and nuclear fractions

Denature cytoplasmic and nuclear fractions

Analyze by denaturing gel electrophoresis and
immunoblotting

Fig. 1 Schematic outline of preparing cytoplasmic and nuclear extracts

shown to be associated with the progression of cancer [2], therefore
the regulation of IL-8 is an important area of research.

There are a variety of methods to study and measure secreted
cytokines as described in other chapters of this book. This chapter
describes the detection of intracellular cytokines by immunoblot-
ting. Unlike immunofluorescence microscopy techniques that
detect intracellular cytokines in their native forms, immunoblot-
ting uses denaturing conditions. Most cytokines are localized in
the cytoplasm before secretion, however some exhibit nuclear
localization, such as HMGBI, IL-1a, and TNFa [5-7]. Whole cell
extract preparations represent total protein expression levels, while
cytoplasmic and nuclear extracts can provide information about
localization in these cellular compartments. We have previously
shown cytoplasmic localization of IL-8 by subcellular fractionation
[7]. Here we describe how to prepare cytoplasmic and nuclear
extracts, and analyze IL-8 expression in LPS-stimulated human
peripheral blood mononuclear cells (PBMCs) by immunoblotting.
The preparation of cytoplasmic and nuclear extract is outlined in
Fig. 1; it involves the sequential lysing of plasma and nuclear mem-
branes in order to separate the two cellular compartments. First,
cells are incubated in hypotonic lysis buffer without detergent to
swell up the cells. The plasma membrane of the swollen cells is
then lysed by adding nonionic, nondenaturing detergent and the
nuclei are pelleted. Cytoplasmic fraction (supernatant) is collected,
and both the cytoplasmic fraction and the nuclei are denatured
in sample buffer. The denatured proteins can be resolved on dena-
turing polyacrylamide gel, transferred to nitrocellulose or PVDF
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Fig. 2 Intracellular localization of IL-8 in LPS-stimulated human PBMC. Western
blot analysis of cytoplasmic (CE) and nuclear extracts (NE) prepared from human
PBMC (5 x 108) stimulated with LPS (100 ng/mL) over time as indicated. CE and NE
were resolved on 14 % denaturing polyacrylamide gels and transferred to nitrocel-
lulose membrane. IL-8 expression was analyzed by using polyclonal IL-8 antibody
(Santa Cruz, sc-7922). The purity of CE and NE was monitored by LDH and lamin
B antibodies, respectively. Each lane contains approximately 5 x 10° cells

membrane, and protein expression analyzed by immunoblotting.
This chapter focuses on the analysis of intracellular IL-8 in human
PBMC:s (Fig. 2); however, this protocol can be adapted to any cell
type to analyze any intracellular protein.

2 Materials

2.1 Stock Solutions

All solutions are prepared in double-distilled water and stored at
room temperature unless noted otherwise.
1. 1 M Hepes, pH 7.5, store at 4 °C.
. 1 M KCL
. 1 M NaClL
. 1 M MgCl,,
. 0.5 M EGTA.

. 0.5 M EDTA, pH 8.0: To prepare 100 mL, add 20.81 g of
endotoxin-tested EDTA (MW 416.2) to ~50 mL of cell-culture
grade water. Add NaOH pellets as necessary to start dissolving
EDTA. EDTA will not dissolve until the pH is close to 8.0.
Adjust pH to 8.0, bring to final volume. Filter. Store at room
temperature.

7. 0.5 M Tris-HCI, pH 6.8.
8. 50 % glycerol.
9. 10 % SDS.
10. 1 % (w/v) Bromophenol blue.

11. 10 % NP-40 (Nonidet P-40, can be substituted by IGEPAL
CA-630).
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2.2 Isolation

of Peripheral Blood
Mononuclear Gells
(PBMCs)

2.3 Stimulation
of PBMCs

2.4 Preparation
of Cytoplasmic
and Nuclear Extracts

. 15 mL polypropylene centrifuge tubes, sterile and pyrogen-free.
. Transfer pipette, sterile and pyrogen-free.
. Ficoll-Paque PLUS (endotoxin-tested). Store at 4 °C.

. Phosphate-buffered saline without Ca* and Mg** (PBS),
pH 7.4, sterile.

5. 10x red blood cell (RBC) lysis buffer: 1.55 M NH,Cl, 100 mM
NaHCO3;, 1 mM EDTA. To prepare 100 mL of 10x stock,
dissolve 8.291 g NH,Cl and 0.8401 g of NaHCO; (endotoxin-
tested) in cell-culture grade water. Add 1 mL of 0.5 M EDTA,
pH 8.0. Adjust pH to 7.4. Bring to 100 mL and filter sterilize.
Store at 4 °C. Use at 1x to lyse red blood cells.

6. Culture medium: RPMI 1640 supplemented with heat-
inactivated fetal bovine serum (FBS) at 10 %. Penicillin-
streptomycin at 1 % is optional.

B N

7. Wright/Giemsa stain.

1. 1.5 mL microcentrifuge tubes, sterile and pyrogen-free.

2. Lipopolysaccharide reconstituted at 1 mg/mL with PBS and
stored at =20 °C.

1. Hypotonic lysis buffer (detergent-free): 10 mM Hepes,
pH 7.5, 10 mM KCIl, 3 mM NaCl, 3 mM MgCl,, 1 mM
EDTA, 1 mM EGTA. Filter. Store at 4 °C. Add inhibitors just
before use.

2. Protease inhibitors stock concentration: 1 M dithiothreitol
(DTT; 500x), 100 mM phenylmethylsulfonyl fluoride (PMSF)
prepared in absolute ethanol (50x), 20 mM sodium orthovan-
adata (20x), protease inhibitor cocktail for mammalian cell
extract (10x).

3. 5x sample bufter: 62.5 mM Tris-HCI, pH 6.8, 10 % (v/v)
glycerol, 2 % (w/v) SDS, 0.01 % (w/v) bromophenol blue,
5 % (v/v) B-mercaptocthanol. B-mercaptoethanol is added
right before use. Stock without B-mercaptoethanol can be
stored at room temperature.

3 Methods

3.1 |Isolation
of PBMCs

This section describes the procedure to isolate PBMCs from freshly
collected, heparinized whole blood (se¢ Note 1). PBMCs are mix-
ture of lymphocytes and monocytes (see Note 2). It is not necessary
to perform this procedure in cell culture hood unless cells will be
cultured for longer than 24 h; however, it is critical to minimize pre-
activation of cells prior to stimulation. To prevent pre-activation, use



3.1.1 Ficoll Gradient
Sedimentation

3.1.2 RBC Lysis
(Optional, See Note 5)

3.1.3 Washing

3.1.4  Resuspending
Cells in Culture Medium
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all materials that come into contact with cells, including solutions
and plastic ware, certified endotoxin-tested /pyrone-free; check to
use cell-culture grade (endotoxin-tested) powdered chemicals in
preparing stock solutions. In addition, proceed in a timely fashion
and keep isolated PBMC:s cold until stimulation.

1.
2.

o N O U
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Add 5 mL of Ficoll to 15 mL tube.

Careftully layer 8 mL of undiluted heparinized blood over 5 mLL
of Ficoll using a pyrogen-free transfer pipette (sec Note 3).

. Centrifuge at 400xyg for 40 min. For the remaining of the

procedure, keep cells and all solutions cold on ice. This is to
minimize pre-activation of cells.

. Collect the interphase layer (between serum and Ficoll layers)

using a transfer pipette into a new 15 mL tube (sec Note 4).

. Bring up to 10 mL with cold PBS.
. Invert few times to rinse.
. Spin cells at 300 x g for 10 min.

. Discard supernatant.

. Add 10 mL of cold 1x RBC lysis buffer to cell pellet.

. Resuspend cell pellet using a transfer pipette.

. Gently mix by inverting tube 10-20 times (se¢ Note 6).
. Centrifuge at 300 x4 10 min.

. Discard supernatant.

. Add 10 mL of cold PBS to cell pellet.

. Resuspend cell pellet using a transfer pipette.
. Invert few times to rinse cells.

. Centrifuge at 200 x4 for 10 min (see Note 7).
. Discard supernatant.

. Repeat washing twice more (see Note 8).

. After the last wash, discard supernatant, resuspend cell pellet in

residual fluid and pool cells if there are multiple 15 mL tubes.

2. Bring to 5 mL with cold culture medium.

. Count cells; use trypan blue to determine viability. Adjust

volume for final cell concentration of 5x10° cells/mL (or as
optimal for cell type used).

. To determine PBMC purity by differential morphology, smear

~100 pL of cell suspension onto a glass slide and air dry. Stain
with Wright/Giemsa stain according to manufacturer’s instruc-
tions. Count at least 100 cells. Expected purity is~95 %.
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3.2 Stimulation
of PBMCs

3.3 Preparation
of Cytoplasmic
(CE) and Nuclear
Extracts (NE)

4.
5.

. Add 1 mL of cell suspension to 1.5 mL pyrogen-free test tubes

(see Note 9).

. Transfer tubes to 37 °C water bath. Equilibrate tubes for 15 min

to bring to 37 °C.

. Add LPS to tubes at a final concentration of 100 ng/mL.

Invert tubes to mix and start timing stimulation and place back
into water bath.

Incubate until desired times.

Place tubes on ice to cool (see Note 10).

Keep cells and solutions cold on ice at all times. All centrifugation
steps are performed at 4 °C. Volumes can be scaled to number of
cells (e.g., for 2.5x10° cells use half the volume at each step).

1.

10.

11.

Centrifuge cells for 3 min at 300xg at 4 °C in a
microcentrifuge.

. Aspirate supernatant. Wash cells by adding 1 mL of cold PBS

and resuspend cell pellet by pipetting up and down. Centrifuge
as in step 1 (see Note 11)

. While the cells are centrifuging add protease inhibitors to

hypotonic lysis buffer (see Note 12).

. Aspirate supernatant and add 150 pL of hypotonic lysis butfer

(with protease inhibitors). Resuspend cell pellet gently by
pipetting up and down. Keep on ice for 15 min (see Note 13).

. Add 8 pL of 10 % NP-40, at a final concentration of 0.5 %.

Vortex vigorously for 10 s. Keep on ice for 10 s (see Note 14).

. Centrifuge for 5 min at 845 x g at 4 °C in a microcentrifuge (see

Note 15). Place tubes back on ice. Keep both the supernatant
and the pellet.

. Transfer supernatant to new 1.5 mL microcentrifuge tube.

This is the cytoplasmic extract (CE) fraction.

. The pellet is the nuclear fraction. Wash nuclear pellet by add-

ing 300 pL of hypotonic lysis buffer (with protease inhibitors)
to the nuclear pellet and resuspend gently by pipetting up and
down. Centrifuge 5 min at 2400 x4 in a microcentrifuge.

. Save 5 pL of the cytoplasmic fraction to measure protein

concentration.

Add 36 pL of 5x sample buffer to the remaining cytoplasmic
fraction and heat immediately for 5 min at 95 °C (see Note 16).
Spin and store CE at -20 °C.

Aspirate supernatant from the washed nuclear pellet. Resuspend
the nuclear pellets in 50 pL of 2x sample buffer. Vortex well.
Heat immediately for 5 min at 95 °C. Centrifuge 5 min at
9400 x g in a microcentrifuge. Transfer supernatant (NE) to a
new tube and store at -20 °C.
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Determine protein concentration of cytoplasmic fraction. If your
laboratory does not have a routine method already to measure
protein concentration, there are commercially available kits such
as Coomassie Plus.

. Due to the small size of cytokines (IL-8 is ~8 kDa), use 14 or

15 % polyacrylamide gel.

. Load equal protein amounts per lane; volumes are calculated

based on protein concentrations. The recommended volumes
for loading are 20 pL of CE and 5 pL of NE, equivalent of
~5x 105 cells.

. Proteins can be transferred onto nitrocellulose or PVDF

membrane.

. Monitor purity of cytoplasmic and nuclear fractions by analyzing

lactate dehydrogenase (LDH; cytoplasmic-specific) and lamin B
(nuclear-specific) expression, as shown in Fig. 2.

. Detection can be done by preferred method; chemilumines-

cence was used in Fig. 2.

4 Notes

. The procedure to collect whole blood must be reviewed and

approved by the respective Institutional Review Board. Start pro-
cedure to isolate PBMCs immediately after blood was collected.
Keep whole blood at room temperature until isolation.

. Monocytes and lymphocytes can be separated using additional

methods [8].

. When layering whole blood over Ficoll, make sure not to break

the interface between Ficoll and blood; mixing Ficoll and
whole blood will destroy the gradient and prevent successful
PBMC isolation.

. Ficoll gradient creates four distinct layers: the top yellow layer

contains serum, followed by the clear Ficoll layer in the mid-
dle, and red layer at the bottom containing RBCs and granu-
locytes. There is a thin, cloudy layer between the serum and
Ficoll layers. It is possible to directly collect the interphase
using a transfer pipette. Alternatively, serum layer may be
removed first. Take care to minimize collecting the Ficoll layer
as this layer can be a source of non-PBMC cells.

. RBC lysis is optional. There are usually little contaminating

RBCs in the interphase layer collected from adult blood; how-
ever, the interphase is usually heavily contaminated from a cord
blood source.
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6.

10.

11.
12.

13.

14.

15.

16.

This step is time sensitive. Time in RBC lysis buffer should be
minimized to prevent lysis of non-RBCs.

. The slower speed allows removal of contaminating platelets.

. At this point the cell suspension can be used separate mono-

cytes or lymphocytes [8].

. Alternatively, cells can be stimulated in cell culture dishes.

If preparing whole cell extracts, cells may be directly lysed in
the cell culture dish after stimulation. However, for preparing
cytoplasmic and nuclear extracts, cells have to be collected into
1.5 mL centrifuge tubes first.

Alternatively, sample can be quick-spun for 10 s and lysed
immediately. The time to quick-spin and aspirate supernatant
is part of the incubation time, and the hypotonic lysis buffer is
added exactly at the end of the incubation time point.

This step is optional.

Inhibitors should be added right before use as some protease
inhibitors have short half-lives once in aqueous solution; e.g.,
PMSEF has a half-life of ~30 min. If the time points are more
than 30 min apart we recommend adding inhibitors freshly at
each time point. Each cell type has its own unique combination
of proteases. The inhibitors listed here are minimal required;
hypotonic lysis buffer can be supplemented with additional
protease inhibitors and optimized for working concentrations
as necessary depending on the cell type used.

During the incubation in hypotonic lysis buffer cells will swell
up; do not exceed more than 30 min at this step as it may result
in partial lysis of cells and loss of cytoplasmic material.

This step is time sensitive. Do not exceed the indicated times
as NP-40 may start lysing the nucleus as well, resulting in the
cross-contamination of the cytoplasmic fraction.

The speed used to pellet the nuclei may have to be optimized
for other cell types, e.g., 200 x g in a microcentrifuge is suffi-
cient for human neutrophils.

If a heat block is not available, tubes may be suspended in boil-
ing water.
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Chapter 27

Quantitative Analysis of Bortezomib-Induced IL-8 Gene
Expression in Ovarian Gancer Cells

Bipradeb Singha, Sai A. Phyo, Himavanth R. Gatla,
and Ilvana Vancurova

Abstract

Interleukin-8 (IL-8), originally discovered as the neutrophil chemoattractant and inducer of leukocyte-
mediated inflammation, contributes to cancer progression through its induction of tumor cell prolifera-
tion, survival, and migration. IL-8 expression is increased in many types of advanced cancers, including
ovarian cancer, and correlates with poor prognosis.

Bortezomib (BZ) is the first FDA-approved proteasome inhibitor that has shown remarkable antitu-
mor activity in multiple myeloma and other hematological malignancies. In solid tumors, including ovarian
carcinoma, BZ has been less effective as a single agent; however, the mechanisms remain unknown. We have
recently shown that in ovarian cancer cells, BZ greatly increases IL-8 expression, while expression of other
NF«xB-regulated cytokines, IL-6 and TNEF, is unchanged. In this chapter, we describe a protocol that uses
real-time qRT-PCR to quantitatively analyze mRNA levels of IL-8 and IL-6 in BZ-treated ovarian cancer
cells. The protocol can be easily modified and used for analysis of other cytokines in different cell types.

Key words Bortezomib, Interleukin-8, Interleukin-6, NFkB, Ovarian cancer, Proteasome inhibition

1 Introduction

1L-8, a member of the CXC cytokine family, is a neutrophil
chemotactic and activating factor. It was first described as a pro-
inflammatory cytokine produced by immune cells in response to
stimulation [1-5]. However, IL-8 also contributes to cancer pro-
gression through its induction of tumor cell proliferation, sur-
vival, and migration. In addition, tumor-derived IL-8 activates
endothelial cells to promote angiogenesis, induces neutrophil
recruitment, and activates neutrophils and the tumor-associated
macrophages to release more IL-8, which further amplifies the
pro-survival, pro-angiogenic, and metastatic effect. IL-8 expres-
sion is increased in many types of advanced cancers and correlates
with poor prognosis [6-15].

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
DOI 10.1007/978-1-4939-0928-5_27, © Springer Science+Business Media New York 2014
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In addition to IL-8, many tumors produce high levels of IL-6,
a pro-inflammatory cytokine that is also regulated at the transcrip-
tional level by NFxB [16-20].

In most unstimulated cells, NFkB resides in the cytoplasm in
an inactive complex with its inhibitor, IkBa [21-24]. After cell
stimulation, IxBa is phosphorylated, ubiquitinated, and degraded
by the proteasome [25-29]. This releases NFxB proteins, which
then translocate to the nucleus and stimulate transcription of tar-
get genes, including IL-8 and IL-6. In ovarian cancer, the NFkB
activity is constitutively increased, and conveys a poor outcome
[30, 31]. Bortezomib (BZ; PS-341, Velcade), the first FDA-
approved proteasome inhibitor, has been originally developed as
an inhibitor of the constitutive NFxB activity, and has been remark-
ably effective in the treatment of multiple myeloma and other
hematological malignancies [32-35]. In solid tumors, including
ovarian carcinoma, BZ has been less effective; however, the
mechanisms remain elusive. Our recent studies have indicated that
one of the underlying mechanisms consists of the increased 11-8
expression induced by proteasome inhibition in prostate and ovar-
ian cancer cells [ 36, 37].

In this chapter, we describe a protocol that uses real-time qRT-
PCR to analyze the mRNA expression levels of IL-8 and IL-6 in
ovarian cancer cells treated with BZ. The main points of the proto-
col are: (1) Cell culture of ovarian cancer OVCAR 3 cells and incu-
bation with BZ; (2) Extraction of total RNA; (3) Real-time
qRT-PCR using primers for human IL-8 and IL-6 genes. The assay
can be accomplished within 3 or 4 days, depending on the time of
cell incubation with BZ.

2 Materials

2.1 CGell Culture

1. Human ovarian cancer OVCAR3 cells (American Type Culture
Collection).

2. RPMI complete medium: RPMI supplemented with 20 % fetal
bovine serum (FBS), 2 mM glutamine, 1 mM sodium pyruvate
and 1 % penicillin-streptomycin solution.

3. Bortezomib stock solution: Dissolve bortezomib in dimethyl-
sulfoxide (DMSO) to a final concentration of 10 mM. Store at
-20 °C (see Note 1).

. 75 em? culture flasks.
. Tissue culture-treated 6-well plates.

. Hemocytometer and cover slips.

N O\ Ul

. Trypan Blue dye for cell counting (see Note 2).



2.2 RNA Extraction
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. Phosphate buftered saline (PBS), pH 7 4.
. 1.5 mL micro-centrifuge tubes.

. 0.25 % trypsin-EDTA.

. RNeasy mini-kit (Qiagen).

1

2

3

4

5. B-mercaptoethanol.
6. 70 % ethanol.

7. RNAse-free DNAse.
8. RNAse-free water.
9. RNA secure reagent.

10. Quartz cuvettes.

2.3 qRT-PCR 1. iScript™ SYBR® Green (Biorad).
2. Nuclease-free water.
3. iScript™ Reverse Transcriptase.
4. iCycler iQ™ PCR Plates, 96 wells.
5. iCycler iQ™ Optical tape.

3 Methods

3.1 Cell Gulture

In this section, we describe the protocol for quantitative RT-PCR
analysis of IL-8 and IL.-6 mRNA levels in BZ-treated ovarian can-
cer cells. However, this protocol can be easily modified and used
for analysis of other genes in different cell types. Figure 1 repre-
sents a schematic illustration of the protocol, starting from cell
culture to real-time RT-PCR. Figure 2 illustrates the mRNA
expression levels of IL-8 and IL-6 in OVCARS cells treated differ-
ent times with 1 pM BZ. Table 1 explains the calculation of I1L-8
and IL-6 mRNA levels in OVCAR3 cells.

1. Grow ovarian cancer OVCARS3 cells to a concentration of
0.5x10° cells/mL in RPMI complete medium. You will need
about 22 mL of the cell suspension.

2. Set up the experiment in five 6-well cell culture plates and label
them as 0, 3, 6, 24, and 48 h. Use two wells in each plate; one
well will have untreated cells and the other well will have cells
treated with 1 pM BZ. Add 2 mL of the cell suspension to each
well. Incubate the plates for 24 h in tissue culture incubator
(37 °C, 5 % CO,, humidified atmosphere) to allow the cells to
attach to the surface of the culture plate.

3. After 24 h, discard the media and add BZ to a final concentra-
tion of 1 uM in 2 mL of fresh media.
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* Grow OVCARRS cells
* Seed cells in 6 well cell culture plates for 24 h
¢ Treat with 1 uM BZ for desired times

* Harvest cells using trypsin
» Extract total RNA with RNeasy mini-kit
* Calculate total RNA yield and purity

RNA extraction

* Prepare 100 puL of RNA solution of concentration 20 ng/uL

* Perform real time RT-PCR using specific primers
Real time 9sp P

RT-PCR

Fig. 1 Schematic illustration of the protocol

4000 -

3000

e 2000

mRNA (%
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\

100

0 3 6 24 48
Time (h)

Fig. 2 Real-time RT-PCR analysis of IL-8 and IL-6 mRNA levels measured in OVCAR3
cells incubated with 1 pM BZ for up to 48 h. The values represent the mean + SE of
four experiments and are expressed as the % of values compared to 7=0h

3.2 Extraction 1. At desired times, remove media from each well into two
of RNA 1.5 mL tubes to obtain the detached cells. Centrifuged at
2,000 x g for 5 min at 4 °C. Discard the supernatant, and keep

321 Cell Harvesting the cell pellets (detached cells) on ice.

2. Wash the remaining attached cells in wells with 1 mL of 1x
PBS. After removing PBS, add 700 pL of 0.25 % trypsin-EDTA
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Calculation of IL-8 and IL-6 mRNA levels in OVGARS3 cells from Gt values for IL-8, IL-6, and actin
obtained after qRT-PCR

BZ (uM) T(h) Ctvalues forIL-8 Ct values for actin® Actin-IL8 2(®ctin-iLd) IL8 mRNA (%)
1 0 28.45 18.93 -9.52 0.0014 100.00

1 3 26.55 18.70 -7.86 0.0043 316.02

1 6 23.96 18.66 -5.30 0.0255 1,863.6

1 24 24.47 19.70 -4.77 0.0367 2,681.6

1 48 25.74 21.38 -4.37 0.0485 3,550.6

BZ (uM) T(h) Ctvalues forIL-6 Ct values for actin® Actin-IL6 2(®ctin-IL6) IL6 mRNA (%)
1 0 29.73 18.98 -10.75 0.0006 100.00

1 3 29.56 18.80 -10.76 0.0006 99.31

1 6 29.73 18.64 -11.09 0.0005 79.28

1 24 30.24 19.82 -10.42 0.0007 126.14

1 48 32.29 21.49 -10.80 0.0006 96.60

“The increasing Ct values for actin during cell incubation with BZ are caused by the BZ-induced cell killing, resulting
in reduced amounts of total extracted RNA

3.2.2 Total RNA

Extraction (See Note 4)

to each well. Incubate at 37 °C until the cells start to detach
from the surface. Neutralize trypsin by adding equal amount
of complete media (see Note 3).

. Collect cells in 1.5 mL tubes and centrifuge at 2,000 x g for 5

min at 4 °C. Discard supernatant and resuspend the cell pellets
in 1 mL of 1x PBS. In this step, the cell pellets obtained from
step 1 can be also added to the tubes. Centrifuge tubes at
2,000 x4 for 5 min at 4 °C. Discard supernatant and keep the
cell pellets on ice.

. Disrupt cells obtained from step 3 (Subheading 3.2.1) by add-

ing 350 pL of RLT buffer (from RNeasy mini kit) containing
B-mercaptoethanol (see Note 5). Keep cells on ice, and vortex
vigorously (se¢e Note 6). Homogenize the lysates by pipetting
up and down.

. Add 350 pL of 70 % ethanol to the homogenized lysates and

mix well by pipetting (see Note 7).

. Transfer 700 pL of each sample obtained from step 2 (above;

see Note 8) into each RNeasy spin column placed in a 2 mL
collection tube.

. Centrifuge at 8,000 x4 for 15 s at room temperature. At this

step, RNA binds to membrane of the spin column, while most
other components pass through. Discard the flow-through.
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3.2.3 RNAYield
and Purity Calculation

3.3 Real-Time
qRT-PCR

5.

10.

11.

Add 350 pL of buffer RW1 to each RNeasy column and
centrifuge at 8,000 xg for 15 s at room temperature. This is
the wash step. Discard the flow-through.

. For each RNeasy column, mix 10 pL. of DNAse stock solution

with 70 pL of RDD buffer, and pipette the entire volume onto

the RNeasy column. Leave the column at room temperature
for 15 min (see Note 9).

. After 15 min, add 350 pL of buffer RW1 to each RNeasy col-

umn and centrifuge at 8,000 x g at room temperature for 15 s.
This is the second wash step. Discard the flow-through and the
collection tube.

. Place the RNeasy column in a new 2 mL collection tube and

add 500 pL of RPE buffer to each column. Centrifuge at
8,000 x g for 15 s. Discard the flow-through, and reuse the col-
lection tube for the next step.

. Add 500 pL of RPE butffer to each column and centrifuge for

2 min at 8,000 x g (see Note 10).

Transfer the column to a new 1.5 mL collection tube. Add
50 pL of RNase-free water into the membrane. Incubate for
2 min at room temperature and then centrifuge at 8,000x 4
for 1 min in a micro-centrifuge at room temperature.

Add 2 pL of RNA secure reagent to the 50 pL eluate, and
incubate 10 min at 60 °C in a water bath.

. Take 5 pL of extracted RNA and add it to 495 pL of RNase-

free water.

. Determine absorbance (Abs) at 260 and 280 nm against water

in a 0.5 mL quartz cuvette.

. For calculating the yield of RNA, use the following formula:

Absy0x40 ng/pl.x 100 (dilution factor)

. For calculating purity of RNA, find the ratio of Abs,s over

Abs,g. Ideally, the ratio should be within the range of 1.8 and
2.1 (see Note 11).

. Store the extracted RNA at -80 °C (see Note 12).

. From the extracted total RNA, prepare 100 pL of RNA solu-

tion with a concentration of 20 ng/pL. From this diluted RNA
sample, take 5 pL for each PCR reaction; each PCR reaction
will thus contain 100 ng of total RNA as a template.

. For each PCR reaction, prepare a master mix solution con-

taining 12.5 pL of SYBR green, 6 pL of RNase-free water,
0.5 pL of reverse transcriptase and 1 pL of specific gene primer
(see Note 13).

. Add a total of 25 pL (20 pL of master mix+5 pl. of diluted

RNA template) into each well of a 96 well PCR plate. Seal the
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plate carefully using an optical sealing tape, and continue with
the real-time PCR reaction in the thermal cycler (see Note 14).

. For calculating the mRNA relative expression values, subtract

the Ct value of IL-8 /IL-6 from the Ct value of actin for each
time point (se¢ Note 15). Usually, the Ct values for actin are
lower compared to the Ct values of studied genes, resulting in
a negative value after subtracting the Ct values of 1L-8 /1L-6,
from the Ct value of actin. Since after each cycle of PCR, the
amount of DNA doubles compared to DNA in the previous
cycle, calculate the value of 2¥ (where N=Ct value of actin - Ct
value of IL-8 /IL-6) for each time point. Consider the 2~ value
obtained for 7=0 h as 100 %. Calculate mRNA levels for other
time points using the formula below:

(ZN value for each time point with BZ treatment

< x100.
2" value for Oh BZ treatment

4 Notes

. Bortezomib (MW 384.2) is a potent, specific, and reversible

inhibitor of the 26S proteasome. It can be purchased from
Sigma, Biomol, Santa Cruz Biotechnology, or ChemieTek.
Prepare a stock concentration of 10 mM BZ in DMSO, and
store at —80 °C. The final working concentration of BZ is
1 nM to 1 pM, depending on the cell type. Control untreated
cells should always receive an equal volume of DMSO.

. Cell counting using Trypan Blue should be quick since Trypan

Blue is toxic to cells. Longer cell incubations with Trypan Blue
before the cell counting may lead to lower cell viability, and
thus error in the counting.

. Neutralize trypsin with complete media as soon as the cells

start detaching. Longer incubation of cells with trypsin is toxic
to the cells.

. During RNA extraction, do not to talk, sneeze, or cough

near the working place since the RNA sample may become
contaminated with saliva, which contains ribonuclease that
can degrade the extracted RNA. Work quickly, and use gloves
all time.

. Add 10 pL of p-mercaptoethanol per 1 mL of RLT buffer

before use. The RLT buffer containing f-mercaptoethanol can
be stored at room temperature for 1 month.

. Vortex the sample vigorously, at least for 15 s, at maximum speed.

Ineffective vortexing may lead to a lower yield in total RNA.
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7.

10.

11.

12.

13.

14.

15.
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Mix the disrupted cell suspension in RLT buffer and 70 %
ethanol. Incomplete homogenization leads to reduced RNA
yields and can clog the column.

. Do not worry about some precipitate that may form during

this step; it will not interfere with the assay.

. Make sure to pipette the DNase/RDD bufter solution exactly

on the membrane, so that it does not stick to the inner walls of
the column. Extracted RNA sample may have genomic
contamination if this step is not done etfectively.

Dry the column completely by centrifugation, since the resid-
ual ethanol may interfere with the PCR. After centrifugation,
it is reccommended to blot the residual ethanol from the tip of
the column using Kim-wipes.

Do not use RNA sample if the Abs,sy over Abs,g, ratio of the
extracted RNA is below 1.8; this would mean that the RNA
sample is contaminated with protein.

Aliquot the extracted RNA into two equal fractions, and store
them at —-80 °C. When using the RNA for real-time RT-PCR,
use one aliquot at a time. This will ensure that the other frac-
tion does not have to go through the freeze—thaw cycle.

Prepare the master mix for all PCR reactions, rather than pre-
paring it individually for each reaction. Then add the specific
primers and vortex it gently so that it is mixed thoroughly. Do
not mix by pipetting, since SYBR green has a tendency to stick
to the inner walls of the pipette tip, thus leading to the loss of
the master mix.

Add the RNA template (5 pL) to the wells of the PCR plate
before adding the master mix (20 pL).

You can use actin, GAPDH, or other housekeeping gene to
normalize for changes of the studied gene(s).
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Analysis of LPS-Induced, NFkxB-Dependent Interleukin-8
Transcription in Kidney Embryonic Cell Line Expressing
TLR4 Using Luciferase Assay

Tamara Yunusova, Mumtaz Akhtar, and Vladimir Poltoratsky

Abstract

Gene expression is orchestrated by a complex network of signal transduction pathways that typically
originate on cell surface receptors and culminate in DNA-binding transcription factors, which translocate
to the nucleus and bind cis-regulatory elements in promoter regions of genes, thereby inducing de novo
synthesis of the nascent RNA transcripts and their splicing. Gene expression arrays monitor abundance of
the matured, spliced cDNA, which undergoes additional posttranscriptional modifications that greatly
affect the half-life of the cDNA. Thus, the relative abundance of ¢cDNA is not necessarily commensurable
with the activity of promoters of the corresponding genes. In contrast, reporter gene assays provide valu-
able insight into the regulation of gene expression at the level of transcription and allow for discerning the
contribution of individual transcription factors into changes in gene expression. Here, we describe a robust
reporter gene assay method that is useful for exploration of transcription regulatory network, which regu-
lates gene expression in response to inflammation. The method is exemplified by using the promoter
region of the prototypic pro-inflammatory chemokine interleukin-8 (IL-8, CXCLS8), which plays an
important role in immune response as well as carcinogenesis. Using the luciferase reporter gene assay, we
analyze the activation status of the IL-8 promoter in lipopolysaccharide (LPS)-stimulated human embry-
onic kidney cells.

Key words Interleukin-8, TLR4, Gene expression, Luciferase assay, Promoter activity, NFxB signaling,
AP-1 signaling

1 Introduction

A hallmark of the immune response is the migration of leukocytes
from the bloodstream to the site of injury. Various chemotactic
agonists direct this migration, and interleukin-8 (IL-8, CXCLS8) is
one of them. IL-8, a neutrophil chemotactic polypeptide, was puri-
fied in 1987 [1] and current research has demonstrated its role in
inflammation [2-5]. In addition to its role in immune system
response, 1L-8 plays a significant role in carcinogenesis both indi-
rectly, by promoting inflammation and recruiting leukocytes to
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tumors, and directly, by enhancing the viability of endothelial cells
and regulating angiogenesis [6].

1L-8 is a member of the CXC chemokine subfamily, which is
characterized by the presence of an amino acid between two cyste-
ine residues. The protein consists of 72 amino acids and has a
molecular weight of 8 kDa. It is resistant to plasma peptidases, heat,
and extreme pH levels, but can be inactivated via reduction of the
disulfide bonds. X-ray crystallography studies have revealed that
IL-8 forms dimers. The monomer consists of an N terminal domain
that is attached by two disulfide bonds to a core structure contain-
ing three anti-parallel p strands followed by terminal alpha helix.

The IL-8 gene was localized to 4q12-q21 region [7, 8]. It spans
approximately 4 kb and consists of four exons; the first three of the
four exons code the protein. Single nucleotide polymorphism of
IL-8 has been associated with inflammatory, cardiovascular, and
autoimmune diseases [9-15]. Polymorphism of 11.-8 has also been
connected with several types of cancer [16-20].

IL-8 is expressed in a number of cells including leukocytes,
endothelial cells, fibroblasts, keratinocytes, hepatocytes, human
gastric cells, adipose tissues, and various malignant cells [ 14, 21-24].
The IL-8 expression can be induced by inflammatory signaling,
hormones, hypoxia, acidosis, hyperglycemia, and oxidative and
genotoxic stress [25-28]. In addition, the IL-8 gene expression
can be elevated by upregulation of RAS oncogene and downregu-
lation of PTEN, a tumor suppressor gene [29-31].

Expression of IL-8 is regulated predominantly on transcriptional
level [32]. Two additional levels of regulation include regulation of
mRNA stability and translation [28, 32-35]. Chromatin immuno-
precipitation (ChIP) identified NFxB as a major transcription factor
responsible for the inducible IL-8 expression [36-38]. The pro-
inflammatory stimuli (e.g., LPS through TLR4) activate NFxB
pathway through IkB kinase (IKK), which in turn phosphorylates
IkB, an inhibitor of NFkB. IKK phosphorylation leads to degrada-
tion of IkBa, and subsequent translocation of NFkB to the nucleus,
where it drives transcription of the IL-8 gene [39, 40]. Several
additional cis-regulatory elements have been identified within the
-133 to +1 bp region upstream the TATA box of the IL-8 promoter,
including binding sites for AP-1, HIFla, C/EBP, and NRF. Thus
many additional transcription factors play an important role in the
regulation of IL-8 gene expression (Fig. 1) [36-38].

In this chapter, we describe a method to determine the activa-
tion status of the IL-8 promoter using the luciferase reporter gene
assay. The luciferase assay is widely used for assessing the role of the
cis-acting transcription factors. As a reporter gene, luciferase is
1,000 times more sensitive than GFP fluorescence and has become
a standard method for measuring the promoter activity. To quan-
tify the promoter strength, the luciferase reporter gene is placed
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Fig. 1 Schematic illustration of human IL-8 promoter

Transfection of test cells with reporter
and reference plasmid DNA

Stimulation of cells with inducer (e.g.
LPS, etc.)

Protein extraction

Luciferase assay

Fig. 2 Schematic illustration of the protocol

downstream of the promoter of interest. The luciferase genes
were isolated from firefly ( Photinus pyralis) or sea pansy (Renilin
reniformis).

The major steps of the assay include: (a) transfection of test
cells with the reporter and reference plasmid DNA; (b) stimulation
of cells with inducer (e.g., LPS); (¢) protein extraction; (d) luciferase
assay (Fig. 2). Activity of the promoter is monitored by quantifying
the reporter enzyme activity, subcloned downstream the promoter
sequence. Luciferase reporters have higher sensitivity, low back-
ground, and wide dynamic range over traditional ones, including
B-galactosidase, alkaline phosphatase, chloramphenicol acetyltrans-
ferase, and fluorescent proteins.
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Fig. 3 Oxidative decarboxylation of D-luciferin by firefly pLuc luciferase (a) and of colentrazine by Renilla rLuc
luciferase (b)

The firefly (pLuc) or Renilla (rLuc) luciferase enzymes catalyze
the oxygenation of substrate in the presence of molecular oxygen,
to yield product of the reaction and give off light. PLuc and rLuc
luciferases have different chemical preferences and therefore their
activities could be measured in the same tube. Pluc catalyzes the
ATP-dependent carboxylative oxidation of D-luciferin in the pres-
ence of oxygen and Mg?*, producing oxyluciferin and photon of a
yellow light (Amax=475 nm) (Fig. 3a). Rluc catalyzes ATP and
Mg?* independent oxidation of the coelenterazine to coelenter-
amide with a release of the photon of a blue light (Amax=560 nm)
(Fig. 3b).
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The firefly luciferase activity is typically measured 16-72 h after
transfection. The luminescence is measured in relative light units
(RLU) that are proportional to the strength of the promoter.
Activity of the test promoter is normalized to empty reporter vector
(without the promoter) or to the reporter construct comprising
Renilln luciterase placed under control of constitutive promoter.

2 Materials

2.1 DNA Constructs,
Cells, Growth Media
(See Note 1)

2.2 Transfection
and Induction
Solutions (See Note 5)

2.3 Luciferase
Solutions and
Reagents

1. Vector pGL4.32_IL-8 encoding modified pLuc (luc2p)
under control of IL-8 promoter (-272 to+46 bp) promoter
(see Note 2).

2. Reference vector pGL4.74 encoding rLuc under control of
constitutive HSV-TK promoter (see Note 2).

3.293_TLR4 human embryonic kidney cells, expressing
human TLR4, MD2, and CDI14 (Invogene, Inc. Catalog #
293-htlr4md2cd14) (see Note 3).

4. Complete Dulbecco’s Modified Eagle’s Medium (DMEM):
DMEM containing high glucose (4.5 g/L.), and supplemented
with 1 mM sodium pyruvate, 10 % of fetal bovine serum (FBS),
2 mM L-glutamine, 10 pg/mL blasticidin, 50 pg/mL hygro-
mycin, 50 pg/mL penicillin, and 50 pg/mL streptomycin.

5. DMEM without antibiotics: DMEM as described above, but
without antibiotics: blasticidin, hygromycin, penicillin, and
streptomycin (see Note 4).

6. Tissue culture incubator.

1. 2 M CaCl,: Dissolve 29.4 g CaCl, x 2H,0 in 100 mL of H,O.

2. 2x HBS: Dissolve 8 g NaCl, 0.37 g KCI, 201.1 mg
Na,HPO,x7H,0, 1.0 g dextrose, and 5.0 g Hepes in 400 mL
of H,O. Adjust pH to 7.05 with NaOH, add water to 500 mL,
and sterilize solution by filtration through 0.22 pm filter. Store
at room temperature.

3. 10 mM TE buffer: Mix 1 mL of 1 M Tris—=HCI, pH 7.5, with
200 pL of 0.5 M EDTA and adjust water to 100 mL. Sterilize
solution by filtration through 0.22 pm filter and store at room
temperature.

4. Lipopolysaccharide (LPS) solution: Dissolve 10 mg of LPS in
1 mL of PBS. Sterilize solution by filtration through 0.45 pM
filter and store at 4 °C.

1. Luciferin solution 100x (100 mM): Dissolve 30.23 mg of
D-luciferin in 10 mL of distilled water. Keep in frozen aliquots
at —=20 °C for short storage; for longer storage, keep at =80 °C
in polypropylene tubes under nitrogen, protected from light.
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2.

ATP solution 100x (300 mM): Dissolve 165.4 mg of ATP
disodium salt in 10 mL of distilled water. Aliquot and freeze
for storage at =20 °C in polypropylene tubes.

. 1.5 M MgSO, solution (100x): Dissolve 370 mg of

MgSO,x7H,0 in 10 mL of distilled water. Aliquot and store
at +4 °C in polypropylene tubes.

. 1 M Hepes buffer, pH 7.8: Dissolve 23.83 g Hepes in 80 mL

of distilled water, adjust pH to 7.8 by sodium hydroxide solu-
tion and add distilled water to 100 mL.

. PLuc luciferase assay buffer: 25 mM Hepes, pH 7.8, 15 mM

MgSO,, 4 mM EGTA, 100 pM coenzyme A, 1 mM DTT.

. Colentrazine solution 100x (100 mM): Dissolve 4.23 mg of

colentrazine in 10 mL of acidified ethanol (10 mL ethanol plus
0.2 mL of 3 M HCI). Keep in aliquots for short storage at
-20 °C, and for longer storage at —-80 °C in polypropylene
tubes under nitrogen, protected from light.

. RLuc luciferase substrate solution with quenching pLuc lucif-

erase buffer: 220 mM sodium phosphate, pH 5.1, 1.1 M NaCl,
2.2 mM EDTA, 0.44 mg/mL BSA, 1.3 mM NaN;, 1 ptM
colentrazine. Prepare fresh prior to use.

. Cell lysis buffer: 100 mM Hepes, pH 7.8, 2 mM DTT, 4 mM

EGTA, 0.2 % Triton X100, 10 % (v/v) glycerol plus protease
inhibitors cocktail (Sigma).

3 Methods

3.1 Transfection
Using GaCl,

and Induction
(See Note 5)

. One day before transfection, plate 2—4x10° cells in 10 mL

of DMEM without antibiotics in 10 c¢m tissue culture dishes.
The cells should be at 60-80 % confluence at the time of
transfection.

. Next day, change medium to 8 mL with fresh DMEM without

antibiotics.

. To prepare DNA complexes in tissue culture hood, add 10 pg

of DNA of pGL.4.32_IL.8 and 1 pg pGL4.7 to 64 pL of CaCl,
and adjust volume to 500 pL with sterile, endotoxin- and
nuclease-free H,O. Mix gently. In separate 15 mL tube, add
500 pL of 2x HBS (see Note 6).

. Place the HBS-containing tube on a Vortex on low speed and

add drop-wise DNA solution with constant mixing.

. Incubate without shaking for 20 min at room temperature

(solution may appear cloudy due to the formation of the calcium
phosphate-DNA complex) (sec Note 7).



3.2 Luciferase
Reporter Assay

10.
11.

12.
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. Gently mix solution and add it to plated cells drop wise. Mix

by gently rocking the plate (se¢ Note 8).

. Incubate cells at 37 °C in a 5 % CO, humidified incubator for

5-16 h.

. After incubation is complete, wash cells two times with DMEM

medium or sterile PBS.

. Trypsinize cells and plate in a 6-well dish in complete DMEM

medium at density 2 x 10° cells per well.
Incubate at 37 °C in a CO, incubator.

After overnight incubation, add LPS to a final concentration of
100 ng/mL in complete DMEM medium. Culture cells for
8 h in CO; incubator. For one well containing 2 mL of media,
add 20 pL of stock LPS solution (sec Note 9).

. Wash cells with PBS and add 500 pL of the cell lysis buffer per

well.

. Incubate at room temperature for 15 min on a shaker platform

at 200 rpm.

. Transfer lysates to Eppendort tubes, centrifuge at 10,000 x4

for 5 min. Discard the cell debris and transfer supernatants to
new tubes.

. Prepare pLuc luciferase assay mix. Mix pLuc luciferase buffer

with ATP and luciferin solution. Add 100 pL of luciferin and
100 pL of ATD solutions per 10 mL of pLuc luciferase assay
buffer (see Note 10).

. Mix 20 pL of the sample with 100 pL of the pLuc luciferase buf-

fer in triplicates in opaque or white 96 well plate (se¢ Note 11).

. Incubate in dark at room temperature for 10 min.

. Quantity the light emission of the firefly luciferase using

luminometer.

. Prepare rLuc luciferase substrate solution with quenching

pLuc luciferase buffer (se¢ Note 10).

. Add 100 pL of prepared rLuc solution to tested wells.
10.
11.

Incubate in dark at room temperature for 10 min.

Quantify the light emission of the Renilia luciferase using
luminometer.

Calculate the firefly luciferase activity, using activity of Renilla
luciferase as an internal control for determining the transfec-
tion efficiency, and present results, as a normalized relative
light units (RLU).
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4 Notes

1. At the start, the experiments should include both negative and

positive controls. As a negative control, we use the empty
pGL4.10 vector that encodes luc2p under minimal promoter,
and as a positive control, we use pGL4.10_SV40 vector encod-
ing luc2p under SV40 promoter.

. It is important to purify plasmids from the endotoxin.

Investigators could use Endo-Free plasmid purification kits that
are available from Qiagen and BIOMIGA companies. Another
efficient alternative method of removing LPS from the purified
plasmid is the extraction with Triton X-114 [41]. For one
extraction, mix plasmid with TritonX-114 to a final concentra-
tion of 1.0 % (w/w) on ice and incubate on ice for 10 min.
Then, incubate the samples at 45 °C for 10 min, and follow with
centrifugation at 37 °C for 10 min. Then, transfer the upper
phase to a fresh Eppendorf tube. After the third extraction, pre-
cipitate the DNA after addition of the equal volume of isopropa-
nol and centrifuge for 10 min at 10,000xy4. Discard the
supernatant and wash the pellet twice with 70 % ethanol. After
air dry is complete, dissolve the pellet in TE buffer.

. 293_TLR cells are rapidly growing cells. They have to be

replated regularly. Avoid keeping cells in confluent monolayer.
This will decrease viability and transfection efficiency of cells.

. It is important to keep cells during transfection in a medium

without antibiotics. Increased accumulation of the antibiotics
decreases viability of the transfected cells. Alternatively to calcium
phosphate method of transfection, you can use commercially
available transfection reagents, including Lipofectamine (Life
Technologies), Fugene (Roche), and T7anslt LT (Mirus). Other
possibility is electroporation that requires expensive equipment.
Ditterent transtection methods have different efficiency in differ-
ent cell types.

. Solutions contaminated with lipopolysaccharide (LPS, endo-

toxin) will increase expression of IL-8. Therefore it is impor-
tant to use double-distilled, endonuclease- and endotoxin-free
water to prepare all solutions.

. The ratios between pGlL4.32_IL8 and reference pGL 4.74

vectors are determined empirically for different tested systems,
depending on the level of 11-8 expression in tested cells.

. The complexes stay stable for 2 h.

. Itis a good practice to transfect tested cells in parallel with plas-

mid encoding green fluorescent protein (GFP) and monitor the
transformation efficiency by calculating ratio of GFP-positive to
GFP-negative cells observed under a fluorescent microscope.
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9. Individual times for expression depend on the cells used in the

experiment.

10. The pLuc, rLuc substrates, and ATP solutions are unstable and
have to be mixed right before assay.

11. Luciferase assay requires specific opaque or white plates. Do not
use the transparent 96 well plates, because luminescence signals
from neighboring wells would interfere.
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Chromatin Inmunoprecipitation Analysis of Bortezomih-
Mediated Inhibition of NFkB Recruitment to IL-1
and TNFa Gene Promoters in Human Macrophages

Shannon Sanacora, Tzu-Pei Chang, and Ivana Vancurova

Abstract

Interleukin-1p (IL-1) and tumor necrosis factor-o (TNF) are important pro-inflammatory cytokines
involved in the mediation of the immune response, inflammation, tissue repair, and tumor progression.
Regulation of IL-1 and TNF expression is mediated at the level of transcription by the transcription factor
NF«B. Inhibition of NFkB activity by the proteasome inhibitor bortezomib (BZ) has been used as a front-
line therapy in multiple myeloma and other hematological malignancies. In this chapter, we describe a
protocol that uses chromatin immunoprecipitation (ChIP) to analyze the NFkB recruitment to endoge-
nous IL-1 and TNF promoters in BZ-treated human macrophages. Corresponding to the BZ-suppressed
mRNA levels of IL-1 and TNF, we show that BZ inhibits p65 NFkB recruitment to IL-1 and TNF
promoters. This study specifically uses U937 macrophages, but the protocol could be easily modified to
analyze the regulation of NFxB recruitment in other cell types.

Key words NFkB, IL-1p, TNFa, Macrophages, Bortezomib

1 Introduction

Macrophages play a pivotal role in the immune response by initiat-
ing, sustaining, and resolving inflammation. Induced by microbial
invasion and/or tissue damage, macrophages initiate the produc-
tion and release of both pro-inflammatory and anti-inflammatory
cytokines. IL-1p and TNFa are two key pro-inflammatory cyto-
kines involved in immunity and inflammation as well as cancer
progression. Derived from the cell wall of gram-negative bacteria,
lipopolysaccharide (LPS) may be used to activate macrophages to
induce the production of these cytokines. Upon LPS activation,
cytokine expression is induced through a cascade of events and
regulated at the level of transcription [1-8].

The transcription factor NFxB family plays a crucial role in
the transcriptional regulation of a variety of genes involved in the
immune and inflammatory responses, cell survival, proliferation,
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and differentiation [9-13]. Constitutive activation of NFkB is
implicated in numerous types of cancer, chronic inflammation,
and angiogenesis [14-19]. Synthesis of pro-inflammatory
cytokines, such as IL-1 and TNE, is mediated by NFkB; there-
fore, transcriptional regulation of such genes provides a potential
therapeutic target.

The NFkB family is comprised of five subunits including p65
(Rel A), Rel B, c-Rel, p50, and p52 [9-13]. These subunits form
specific homo- or heterodimers, imperative for target DNA bind-
ing. In unstimulated cells, these inactive NFkB dimers are often
found in the cytoplasm bound to the inhibitory protein IxBa
[9-11]. Induced by extracellular stimuli, such as inflammatory
cytokines, IkBa is phosphorylated by the enzymes of IkB kinase
(IKK) complex, ubiquitinated, and selectively degraded by the
26S proteasome, thus resulting in the release of NFxB [9-13].
Upon release, NFxB translocates to the nucleus and binds to the
promoter sequences of NFkB-dependent pro-inflammatory and
pro-survival genes, thus inducing their transcription.

Inhibition of NFkB activity and NF«xB-dependent transcrip-
tion by the 26S proteasome inhibitor bortezomib (BZ) has been
used as a frontline therapy in multiple myeloma and other hemato-
logical malignancies [20-23]. However, our recent studies have
demonstrated that BZ has a gene-specific effect on the regulation
of NFkB-controlled genes, depending on the composition of the
recruited NFkB complexes, and their posttranslational modifica-
tions [24-28].

In this chapter, we describe a protocol that uses chromatin
immunoprecipitation (ChIP) to analyze the BZ regulation of NFxB
p65 recruitment to IL-1p and TNFa promoters in human macro-
phages. We show that in LPS-stimulated human U937 macro-
phages, recruitment of NFkB p65 to IL-1f and TNFa promoters is
suppressed by BZ, and corresponds with the reduced mRNA levels
of IL-1p and TNFa. The main points of this protocol are: (1) Cell
culture and incubation of differentiated U937 macrophages with
BZ;(2) ChIP analysis of NFxB p65 recruitment to NFkB-dependent
promoters using p65 antibody; and (3) Quantitative real-time PCR
analysis using primers for IL-1p and TNFa gene promoters.

2 Materials

2.1 Cell Culture

1. U937 cells obtained from the American Type Culture
Collection.

2. RPMI 1640 medium supplemented with 10 % fetal bovine
serum (FBS), 2 mM glutamine, 1 mL sodium pyruvate, and
penicillin—streptomycin solution.

3. Phorbol 12-myristate 23-acetate (PMA) dissolved at 1 mg/mL
in dimethyl sulfoxide (DMSO) and stored at -80 °C.



2.2 Chromatin
Immunoprecipitation

2.2.1 Protein-DNA
Cross-Linking, Cell Lysis,
and DNA Shearing

2.2.2 Preclearing,
Immunoprecipitation,
and Washing
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. Lipopolysaccharide (LPS) is dissolved at 1 mg/mL in sterile

water and stored at -80 °C.

. Bortezomib (BZ) dissolved at 10 mM in DMSO and stored

at -20 °C.

. Phosphate buftered saline (PBS), pH 7 4.
. 75 cm? culture flasks.
. Standard 6-well plates with clear flat bottom.

. 2 mL microcentrifuge tubes.

. 37 % tormaldehyde solution: Aliquot in sterile 15 mL tubes in

the laminar flow cabinet and store at room temperature.

. 2.5 M glycine solution: Dissolve 3.75 g of glycine in 20 mL of

deionized water and store at room temperature.

. 100 mM phenylmethylsulfonyl fluoride (PMSEF): Dissolve

17 mg of PMSF in 1 mL of absolute ethanol. Store at =20 °C
(see Note 1).

. Protease inhibitor cocktail for mammalian cell extracts con-

taining pepstatin A, Dbestatin, leupetin, aprotinin,
4-[2-aminoethyl]-benzenesulfonyl fluoride [AEBSF], and
transepoxysuccinyl-1-leucylamido  [4-guanidino]  butane
(E-64) (Sigma) (see Note 2).

. SDS lysis buffer: 1 % (w/v) SDS, 10 mM EDTA and 50 mM

Tris—-HCI, pH 8.1.

. ChIP dilution buffer: 0.01 % (w/v) SDS, 1.1 % (v/v) Triton

X-100, 1.2 mM EDTA, 16.7 mM Tris-HCI, pH 8.1, and
167 mM NaCl.

. 15 mL centrifuge tubes.
. 1.5 mL microcentrifuge tubes.

. Vibra cell sonicator.

. Protein A/G PLUS-agarose.

2. Immunoprecipitating antibody NFkB p65.

. Low-salt immune complex wash buffer: 0.1 % (w/v) SDS, 1 %

(v/v) Triton X-100, 2 mM EDTA, 20 mM Tris-HCI, pH 8.1,
and 150 mM NaCl. Adjust pH to 8.1. Store at 4 °C. Add pro-
tease inhibitors (2 mM PMSF and 2 % protease inhibitor cock-
tail) just before use.

. High-salt immune complete wash bufter: 0.1 % (w/v) SDS,

1 % (v/v) Triton X-100, 2 mM EDTA, 20 mM Tris—HCI,
pH 8.1, and 500 mM NaCl. Adjust pH to 8.1. Store at 4 °C.
Add protease inhibitors (2 mM PMSF and 2 % protease inhibi-
tor cocktail) just before use.

. LiCl immune complex was buffer: 0.25 M LiCl, 1 % (v/v)

IGEPAL CA-630, 1 % (w/v) deoxycholic acid (Na salt), 0.1 %
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2.2.3 Elution and
Reverse Cross-Linking

2.2.4 DNA Extraction

2.3 Real-Time PCR
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(w/v) SDS, 1 mM EDTA and 10 mM Tris—-HCI, pH 8.1.
Store at 4 °C. Add protease inhibitors (2 mM PMSF and 2 %
protease inhibitor cocktail) just before use.

. Ix Tris—-EDTA (TE) buffer: 1 mM EDTA and 10 mM Tris—
HCI, pH 8.1. Adjust pH to 8.1. Store at 4 °C.

. Elution buffer: 1 % SDS and 0.1 M NaHCO3. Add 100 pL of
10 % SDS and 100 pL of 1 M NaHCO3 to 0.8 mL of deionized
water to make 1 mL of elution buffer. Each sample requires
500 pL of elution bufter. Prepare fresh before reaction; each
sample requires 500 pL of elution buffer (see Note 3).

.5 M NaCl: Dissolve 29.2 g of NaCl in 100 mL deionized
water. Store at 4 °C.

. 0.5 M EDTA: Dissolve 18.6 g of cthylenediaminetetraacetic
acid (EDTA) disodium salt dihydrate in 100 mL of deionized
water. Store at 4 °C.

. 1 M Tris—HCI, pH 6.5: Dissolve 12.1 g of Tris base in 80 mL
of deionized water. Adjust pH to 6.5 with 6N HCI. Bring total
volume to 100 mL. Filter and store at 4 °C.

. Proteinase K solution, 20 mg,/mL (Invitrogen).

. 1.5 mL microcentrifuge tubes.

. Phenol: chloroform: isoamyl alcohol, 25:24:1, pH 8.0.
. Chloroform: isoamyl alcohol, 24:1.
. Ethanol, absolute.

. 70 % ethanol: Add 70 mL of absolute ethanol to deionized
water to make up a volume of 100 mL. Store at 4 °C.

. Gen-Elute-LPA.

. 3 M sodium acetate (NaOAc): Dissolve 6.15 g of anhydrous
NaOAc in 25 mL of deionized water. Adjust pH to 5.2 using
glacial acetic acid. This stock solution can be stored at room
temperature.

. Nuclease-free water.

. 1.5 mL microcentrifuge tubes.

. 1Q SYBR Green Supermix (Bio-Rad).

. iCycler iQ PCR Plates, 96-well (Bio-Rad).
. 1Cycler iQ Optical Tape (Bio-Rad).

. Nuclease-free water.

. Specific primers (10 pM working stock solutions) for different
promoter regions.

. 1.5 mL microcentrifuge tubes.



ChIP of NFxB Recruitment to IL-1 and TNF Promoters 319

3 Methods

3.1 Cell Culture

3.2 Chromatin
Immunoprecipitation

3.2.1 Protein-DNA
Cross-Linking, Cell Lysis,
and DNA Shearing

In this section, we describe the protocol for analysis of NFkB
recruitment to IL-1p and TNFa promoters using ChIP in U937
macrophages. However, this protocol can be easily modified for
other cells as well. First, the promoter region of specific gene is
obtained from NCBI Web site (http://www.ncbi.nlm.nih.gov/
pubmed/) or (http://www.ncbi.nlm.nih.gov/gene/). By search-
ing the name of the gene, the information about accession num-
ber, genomic location, DNA sequence, and transcript can be
obtained (see Note 4). Then, we use the TEFSEARCH Web site
(http: //www.cbrc.jp /research/db/TFSEARCH.html) to search
the putative transcription factor binding sites. After entering the
DNA sequence and choosing the classification, many putative
binding sites of different transcriptional factors appear; sites with
the score >85 should be considered (see Note 5). For designing
the ChIP primers, there are two primer-designing Web sites that
can be wused: http://www.idtdna.com/Scitools/Applications/
Primerquest/ or http://www.yeastgenome.org/cgi-bin/web-
primer (see Notes 6 and 7). The recruitment is then analyzed by
quantitative real-time PCR. On average, this protocol can be
accomplished within 4-6 days. Figure 1 illustrates the principle of
the ChIP assay. Figure 2 illustrates IL-1p and TNFa gene expres-
sion through mRNA analysis. Figure 3 illustrates the recruitment
of the NFkB subunit p65 to the promoter sites of IL-1p and TNFa.

1. Grow U937 monocytic cells in complete RPMI medium to a
concentration 1x10°¢ cells/mL in tissue culture incubator at
37 °Cin 5 % CO, humidified atmosphere.

2. Induce differentiation of U937 cells into macrophages by add-
ing PMA at a final concentration 10 ng/mL. Mix well but gen-
tly. Transfer the cells to a 6-well plate; each well will receive
5 mL of the above cell suspension.

3. Incubate the plate 1 day in tissue culture incubator to allow
cell differentiation (induced by 24 h treatment with PMA).

4. After 24 h, add BZ at a final concentration of 100 nM and /or
add LPS at a final concentration of 1 pg/mL. Incubate the
cells in tissue culture incubator for the desired times.

1. At desired times, cross-link proteins to DNA by adding 135 pL.
of 37 % formaldehyde stock solution to 5 mL of cell culture so
that the final concentration of formaldehyde is 1 %. Perform
this step in the laminar flow cabinet.

2. Incubate the cells with formaldehyde for 15 min in tissue
culture incubator (37 °C, 5 % CO, humidified atmosphere).
Be consistent with the fixation conditions for all time points
(see Note 8).
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Fig. 1 Schematic illustration of the ChIP assay. First, cells are fixed with formal-
dehyde and lysed. Subsequently, chromatin is fragmented to around 500 bp
fragments by sonication. The transcription factor—chromatin complex is then
immunoprecipitated by using specific antibody. After DNA purification, the
enrichment of particular DNA sequence is quantified by real-time PCR

3. Stop the formaldehyde induced cross-linking by adding 250 pL
of 2.5 M glycine solution into each well so that the final con-
centration of glycine is 0.125 M.

4. Scrape the cells from the wells and collect them in 15 mL
centrifuge tubes. Centrifuge at 1,700 x g for 4 min in a refrig-
erated centrifuge (see Note 9).

5. Carefully aspirate the supernatant and remove as much medium
as possible.

6. Add 2 mL of ice-cold PBS containing protease inhibitors into
the tubes and centrifuge at 1,700 x g for 4 min in a refrigerated
centrifuge. Repeat this wash step one more time.

7. Resuspend the pellets in 250 pL of SDS lysis buffer and transfer
to a prechilled 1.5 mL microcentrifuge tube. Incubate on ice
for 10 min to aid the cell lysis.
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Fig. 2 mRNA analysis of IL-1p and TNFa in BZ-treated human macrophages.
U937 cells were differentiated with 10 ng/mL PMA for 24 h. Cells were then
treated 2 h with BZ (100 nM), followed by LPS stimulation (1 pg/mL, 6 h). mRNA
levels were measured and quantified by real-time PCR. The data are presented
as a fold over PMA mRNA levels without LPS stimulation or BZ treatment
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Fig. 3 ChIP analysis of NFkB p65 recruitment to IL-1p and TNFa promoters in
U937 macrophages. U937 cells were differentiated with 10 ng/mL PMA for 24 h.
Cells were then treated 2 h with BZ (100 nM), followed by LPS stimulation (1 pg/
mL, 6 h). The NFxB p65 binding to endogenous IL-1p and TNFo promoters was
measured by ChlP analysis and quantified by real-time PCR. The data are pre-
sented as the change in occupancy over the human IGX1A (SA Biosciences)
sequence control

8. Sonicate the lysates on ice to shear DNA into 400-500 bp
fragments. Sonication conditions: four 10-s pulses followed by
30-s rest periods at output 40 (see Note 10).

9. Centrifuge the sonicated samples for 10 min at 12,000 x4
at 4 °C (see Note 9).
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10.

11.

12.

3.2.2 Preclearing, 1.

Immunoprecipitation,
and Washing

Transfer the supernatants to new prechilled 2 mL microcentrifuge
tubes and discard the pellets.

Dilute the sonicated cell supernatants to a final volume of
2 mL by adding 1.75 mL of ChIP dilution buffer containing
the protease inhibitors.

Set aside a portion of the diluted cell supernatant (100 pL) to
quantify the amount of DNA present in different samples. This
sample is considered to be your input/starting material and
needs to have the protein—-DNA cross-links reversed by heating
at 65 °C for 4 h (see step 4 of Subheading 3.2.3).

To reduce the nonspecific background, add 75 pL of protein
A/G PLUS-agarose slurry to 1.9 mL of the diluted cell super-
natant (from step 11 of Subheading 3.2.1) and incubate for
1 h at 4 °C while rotating the tubes on a shaker (se¢ Note 11).

. Pellet the agarose beads by briet centrifugation at 150 x4 at

4 °C and carefully collect the supernatant in a prechilled 2 mL
microcentrifuge tube.

. Add 5 pg of immunoprecipitating p65 antibody per reaction

and incubate overnight at 4 °C with constant rotation in a
shaker (see Note 12).

. The next day, add 75 pL of protein A/G PLUS-agarose slurry

to each sample and incubate for 2 h at 4 °C with rotation to
collect the specific antibody—protein complexes (see Notes
11 and 13).

. Pellet the agarose beads with bound protein complexes by

gentle centrifugation (150 xgat 4 °C for 1 min). Carefully dis-
card the supernatants containing unbound, nonspecific pro-
tein—-DNA. The A/G agarose pellets now contain the specific
protein—antibody complexes.

. Add 1 mL of ice-cold low-salt immune complex wash buffer

containing the protease inhibitors to the tubes containing the
protein A/G agarose antibody—protein complexes. Incubate
the complexes at 4 °C for 5 min with constant rotation.

. Pellet the agarose beads by centrifugation (150x4, 1 min,

4 °C). Careftully discard the supernatants and keep the pellets
on ice.

. Add 1 mL of ice-cold high-salt immune complex wash buffer

containing the protease inhibitors to protein A/G agarose
antibody—protein complexes and incubate 5 min at 4 °C while
rotating on a shaker.

. Centrifuge the agarose beads at 150xg for 1 min at 4 °C.

Carefully discard the supernatants and add 1 mL of ice-cold
LiCl immune complex wash buffer containing the protease
inhibitors to the pellets. Incubate the beads at 4 °C for 5 min
with constant rotation.
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Centrifuge the agarose beads at 150x g for 1 min at 4 °C.
Careftully discard the supernatants and add 1 mL ofice-cold 1x
TE bufter. Incubate the beads at 4 °C for 5 min with constant
rotation. Centrifuge as described above and carefully remove
the supernatant as much as possible.

. Add 250 pL of freshly prepared elution buffer to the pelleted

A/G agarose antibody—protein complexes. Vortex briefly (5 s)
and incubate at room temperature for 10 min with constant
rotation.

. Pellet down the agarose beads by centrifuging at 150 x g for

1 min at room temperature. Carefully transfer the supernatant
(eluate) to a new, labeled 1.5 mL microcentrifuge tube.

. Add 250 pL of freshly prepared elution buffer to the pellets.

Repeat steps 1 and 2 described above to elute the remaining
proteins from the agarose beads. Centrifuge at 150 xg for
1 min at room temperature and transfer the supernatant to
1.5 mL microcentrifuge tube already containing 250 pL of
supernatant from step 2. You should now have 500 pL of elu-
ate per reaction.

. Add 20 pL of 5 M NaCl to the combined eluates (500 pL) and

4 pL of 5 M NaCl to the input/starting material (100 pL)
from step 12 of Subheading 3.2.1 to reverse the protein—-DNA
cross-links. Incubate the complexes 4 h in a 65 °C water bath.

. After 4 h, add 10 pL of 0.5 M EDTA, 20 pL of 1 M Tris—HCI,

pH 6.5, and 1 pLL of 20 mg/mL proteinase K to the combined
eluates. Incubate for 1 h at 45 °C.

. For the input sample, add 2 pL. of 0.5 M EDTA, 4 pL of 1 M

Tris—HCI, pH 6.5, and 0.2 pL of 20 mg,/mL proteinase K and
incubate for 1 h at 45 °C.

. Add equal volume of phenol: chloroform: isoamyl alcohol

(25:24:1) to the microcentrifuge tube containing the ecluate
with protein—-DNA cross-links reversed. Vortex vigorously for
5 s. Centrifuge at 12,000 x4 for 3 min at room temperature.
Collect the top (aqueous) layer.

. Add equal volume of chloroform: isoamyl alcohol (24:1) to the

aqueous layer from step 1 (above) in a microcentrifuge tube.
Vortex vigorously for 5 s. Centrifuge at 12,000 x g for 3 min at
room temperature. Collect again the top (aqueous) layer.

. Add twice the volume of 100 % (absolute) ethanol, 1,/10th

volume of 3 M NaOAc, pH 5.2, and 2 pL of GenElute-LPA to
the aqueous layer from step 2 in a microcentrifuge tube. Mix
by inverting the tube. Keep the microcentrifuge tube at =20 °C
overnight to allow DNA precipitation (se¢ Note 14).

. The next day, centrifuge the microcentrifuge tube at 12,000 x g

for 30 min at 4 °C. Collect the DNA containing pellet.
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3.3 Real-Time PCR

3.3.1  Design and Dilution
of the Primers

3.3.2 Setting Up the
Real-Time PCR

. Wash the pellet with 100 pL of ice-cold 70 % ethanol.

Centrifuge at 12,000 x g for 10 min at 4 °C. Collect the pellet.
Try to remove as much ethanol as possible.

. Allow the pellet to air dry.
. Dissolve the DNA pellet in 50 pL of nuclease-free water.

Perform real-time PCR as described below.

. Design all PCR primers with the optimum annealing tempera-

ture at 55 °C.

. Prepare a 100 pM stock of both forward and reverse primers.

From the 100 pM primer stocks, prepare 10 pM working stock
solutions for PCR reaction (see Note 15).

. Each PCR reaction has a volume of 25 pLL and will use 1 pL of

each 10 pM primer so that the final concentration of each
primer in PCR reaction is 0.4 pM.

. The input DNA should be diluted five times in nuclease-free

water before performing PCR reaction. Each PCR reaction
(25 pL volume) for the input sample will use 5 pL of five times
diluted input DNA.

. Set up the PCR reaction on ice.

. Each reaction using immunoprecipitated DNA has a total

volume of 25 pL and is set up as follows (see Note 16):
(a) SYBR Green Supermix: 12.5 pL.

(b) Nuclease-free water: 7.5 pL.

(c) Forward primer (10 pM): 1.0 pL.

(d) Reverse primer (10 pM): 1.0 pL.

(e) DNA sample: 3.0 pL.

. Each reaction using input DNA has a total volume of 25 pL

and is set up as follows:

(a) SYBR Green Supermix: 12.5 pL.

(b) Nuclease-free water: 5.5 pL.

(¢) Forward primer (10 pM): 1.0 pL.

(d) Reverse primer (10 pM): 1.0 pL.

(¢) Input DNA sample (five times diluted): 5.0 pL.

. After loading the master-mix and the DNA into the wells of

the PCR plate, seal the plate carefully using an optical tape
and continue with the real-time PCR reaction in the ther-
mal cycler.

. Each reaction for both the immunoprecipitated and input sam-

ples should include a positive and negative control (see Note 17).
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4 Notes

. PMSF is unstable in aqueous environment. It is essential that it

is dissolved in absolute alcohol (ethanol, methanol, or isopro-
panol); it will not freeze at -20 °C. Add PMSF to bufters in the
final working concentration of 2 mM just before use.

. This protease inhibitor cocktail contains protease inhibitors

with a broad specificity for the inhibition of serine, cysteine
and aspartic proteases, and aminopeptidases. It should be
stored at =20 °C, and added to buffers just before use.

. Prepare stock solutions of 10 % SDS and 1 M NaHCO; by dis-

solving 5 g of SDS in 50 mL of deionized water, and 4.2 g of
NaHCOj; in 50 mL deionized water, respectively. These stock
solutions can be stored at room temperature.

. It is important to get all information about the genomic

sequence of promoter region, mRNA, and protein. Copy and
save the genomic sequence that is near the transcription start
site (TSS), especially the 2,000 bp region upstream and 500 bp
region downstream of the TSS.

. A score higher than 85 indicates binding of the transcription

factor to the sequence.

. For designing the ChIP primers, select 150 nucleotides

upstream and 150 nucleotides downstream from the transcrip-

tion factor (TF) binding site. Below are some general rules for

designing the ChIP primers:

(a) Primer length (bp): Optimum, 20; Minimum, 18;
Maximum, 22.

(b) Tm (°C): Optimum, 55; Minimum, 53; Maximum, 57.

(c) GC content (%): Optimum, 50; Minimum, 40;
Maximum, 60.

(d) The size of the PCR fragment should be between 100 bp
and 200 bp.

Design at least two sets of primers for each TF binding site,
since the primers not always work properly.

. The reverse copy of the primer or a sequence can be reversed

manually or using the Web site http://www.thelabnotebook.
com/sequence.php?seq=1.

. Formaldehyde is a reversible protein-DNA cross-linking agent

that preserves protein—-DNA interactions in cells.

. It is helpful to always centrifuge the tubes in one position (for

example, when using 1.5 mL microcentrifuge tubes, position
them with cap snaps facing towards the center of the rotor). This
way you can always expect the pellets to be at the same place.



Make sure to keep the samples on ice at all times in between
the shearing. In addition, it is also helpful to place the tip of
the sonicator a beaker filled with ice for 30 s in between suc-
cessive 10-s pulses to ensure that the tip is not overheated.
When using a new sonicator, it is important to calibrate it so
that the sheared DNA fragments are between 400 bp and

Make sure Protein A/G PLUS-agarose slurry is completely

In this protocol, we use 2.5 pl. of p65 NFkB antibody
(200 pg/0.1 mL) to obtain 5 pg of antibody per each immu-

At this point, the agarose beads bind the antibody—TF-DNA

The presence of LPA during ethanol precipitation results in
complete recovery of fragments larger than 20 base pairs. The
nucleic acid-LPA coprecipitate is visible upon addition of

The primers for amplifying the NFxB binding sites in IL-1f
and TNFa promoters were designed to anneal optimally at
55 °C. Prepare a 10 pM working stock solution of each primer

It is convenient to prepare a master-mix by mixing all compo-
nents (for desired amount of reactions) except for the DNA.
Prepare the master-mix in a 1.5 mL microcentrifuge tube.
Aliquot 22 pL of the master-mix into each well of the PCR plate.
Add 3 pL of immunoprecipitated DNA sample into each well.

The positive control primers provide a control for successful chro-
matin immunoprecipitation and gene transcription. In this proto-
col, we use the ChIP-qPCR Human GAPDH Proximal Promoter
Positive Control primer (GPHI10001C(+)01A, Qiagen). The
negative primer provides a reference of the amount of nonspecific
genomic DNA that co-immunoprecipitates during the proce-
dure. In this protocol, we use ChIP-qPCR Human 1GXI1A
Negative Control primer (GPH 00001C(-)01A, Qiagen).
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Analysis of TGFp1 and IL-10 Transcriptional Regulation
in CTCL Cells by Chromatin Immunoprecipitation

Tzu-Pei Chang, Myra Kim, and Ivana Vancurova

Abstract

The immunosuppressive cytokines transforming growth factor f1 (TGFp1) and interleukin-10 (IL-10)
regulate a variety of biological processes including differentiation, proliferation, tissue repair, tumorigen-
esis, inflammation, and host defense. Aberrant expression of TGFf1 and IL-10 has been associated with
many types of autoimmune and inflammatory disorders, as well as with many types of cancer and leukemia.
Patients with cutanecous T cell lymphoma (CTCL) have high levels of malignant CD4+ T cells expressing
IL-10 and TGFp1 that suppress the immune system and diminish the antitumor responses. The transcrip-
tional regulation of TGFB1 and IL-10 expression is orchestrated by several transcription factors, including
NF«B. However, while the transcriptional regulation of pro-inflammatory and anti-apoptotic genes by
NF«B has been studied extensively, much less is known about the NFkB regulation of immunosuppressive
genes. In this chapter, we describe a protocol that uses chromatin immunoprecipitation (ChIP) to analyze
the transcriptional regulation of TGFp1 and IL-10 by measuring recruitment of NFkB p65, p50, c-Rel,
Rel-B, and p52 subunits to TGFB1 and IL-10 promoters in human CTCL Hut-78 cells.

Key words Chromatin immunoprecipitation, Cutaneous T cell lymphoma, IL-10, NFkB, TGFp1,
Transcriptional regulation

1 Introduction

TGEFBI and IL-10 are immunosuppressive cytokines that have been
linked to immune defects associated with malignancy and autoim-
mune disorders, increased susceptibility to infections, as well
as chronic inflammatory conditions. Cutaneous T cell lymphoma
(CTCL) represents a heterogeneous group of non-Hodgkin lym-
phomas characterized by skin invasive T cells that exhibit Th2-like
phenotype by secreting the immunosuppressive cytokines I1L-10
and TGFp1 [1-6]. In patients with Sézary syndrome, an erythro-
dermic leukemic variant of CTCL, the skin CTCL cells contain a
high level of constitutive NF«B activity, which is responsible for the
resistance to apoptosis of these cells [7-12]. In addition to the
increased expression of anti-apoptotic and pro-inflammatory genes

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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in CTCL cells, resulting in their increased proliferation and survival,
NF«B also induces expression of IL-10 and TGEp1, thus contribut-
ing to the immunosuppressive nature of CTCL [13-16]. However,
while the NFkB regulation of anti-apoptotic and pro-inflammatory
genes has been studied extensively, relatively very little is known
about the NFxB regulation of immunosuppressive genes.

The mammalian NFkB family consists of p65 (RelA), c-Rel,
Rel-B, p50 (NFkB1), and p52 (NFkB2) subunits. These proteins
form various combinations of homodimers and heterodimers that
regulate their target genes by binding to the specific kB enhancer
sites [17-19]. The signaling pathways that mediate NFxB activa-
tion can be broadly divided into the canonical and noncanonical
pathways. The canonical pathway is engaged by ligands for antigen
and cytokine receptors, and leads to the cytoplasmic degradation
of the NF«B inhibitor, IkBa, resulting in the nuclear translocation of
p50/65 and p50/c-Rel heterodimers. The noncanonical NFkB
pathway is initiated by stimulation of different signaling molecules
and leads to the activation of p52 /RelB dimers [20-23]. While the
cytoplasmic pathways leading to nuclear translocation and activa-
tion of NFkB dimers have been studied extensively, much less is
known about the nuclear events regulating NFxB-dependent tran-
scription [24-26].

Regulation of IL-10 and TGEFp1 expression is complex, and is
controlled by several transcription factors and regulators, including
NFxB. In vitro studies using the electrophoretic mobility shift
assay (EMSA) in CTCL Hut-78 cells have indicated that the
NFkB-binding site in human IL-10 promoter is regulated predom-
inantly by p50,/50 homodimers [15, 16]. However, more recent
chromatin immunoprecipitation (ChIP) experiments have shown
that the ability of specific genes to selectively recruit certain NFxB
dimers cannot be predicted based on the in vitro EMSA data or
over-expression experiments. For example, previous studies from
our laboratory have demonstrated that while the p65/p50 het-
erodimers are the most predominant NFkB dimers in CTCL
Hut-78 cells, they regulate only a subset of NFkB dependent
genes, such as cIAP1 and cIAP2, while Bcl2 is regulated mainly by
p50,/50 homodimers [27-29].

In this chapter, we describe a protocol that uses ChIP to
analyze the regulation of IL-10 and TGFB1 expression by NFkB
subunits in CTCL Hut-78 cells. The main points of this protocol
are: (1) identification of the putative NFxB-binding sites within
the IL-10 and TGFBl promoter regions and designing specific
primers for the ChIP assay; (2) ChIP analysis of NFkB recruitment
to IL-10 and TGFB1 promoter regions using p65, p50, c-Rel,
Rel-B, and p52 NFkB antibodies; and (3) quantitative real-time
PCR analysis using primers for human TGFpl and IL-10 gene
promoters.
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2 Materials

2.1 Gell Culture

2.2 Chromatin
Immunoprecipitation

. CTCL Hut-78 cells (American Type Culture Collection).
. RPMI complete medium: RPMI supplemented with 10 % fetal

bovine serum (FBS), 2 mM glutamine, 1 mM sodium pyruvate
and 1 % penicillin-streptomycin solution.

. 75 cm? culture flasks.

. 6-well plates with clear flat bottom.

. 37 % formaldehyde solution: Aliquot in sterile 15 mL tubes in

the laminar flow cabinet, and store at a room temperature.

. 2.5 M glycine solution: Dissolve 3.75 g of glycine in 20 mL of

deionized water, and store at room temperature.

. Phosphate bufter saline (PBS, pH 7.4).

4. 100 mM phenylmethylsulfonyl fluoride (PMSEF): Dissolve

10.

11.

12.

17 mg of PMSF in 1 mL of absolute ethanol. Store at =20 °C
(see Note 1).

. Protease inhibitor cocktail for mammalian cell extracts containing

pepstatin A, bestatin, leupeptin, aprotinin, 4-[2-aminoethyl]-
benzenesulfonyl fluoride [AEBSF], and trans-epoxysuccinyl-
L-leucylamido [4-guanidino] butane (E-64) (sec Note 2).

. SDS lysis buffer: 1 % (w/v) SDS, 10 mM EDTA, 50 mM Tris—

HC, pH 8.1.

. ChIP dilution buffer: 0.01 % (w/v) SDS, 1.1 % (v/v) Triton

X-100, 1.2 mM EDTA, 16.7 mM Tris-HCI, pH 8.1, 167 mM
NacCl.

. Protein A/G PLUS-Agarose.

. Immunoprecipitating antibodies: Antibodies recognizing

human NFxB p65, NFxB p50, c-Rel, Rel-B, and p52
subunits.

Low-salt immune complex wash buffer: 0.1 % (w/v) SDS, 1 %
(v/v) Triton X-100, 2 mM EDTA, 20 mM Tris-HCI, pH 8.1,
150 mM NaCl. Adjust pH to 8.1. Store at 4 °C. Add protease
inhibitors (2 mM PMSF and 2 % (v/v) protease inhibitor cock-
tail) just before use.

High-salt immune complex wash buffer: 0.1 % (w/v) SDS, 1 %
(v/v) Triton X-100, 2 mM EDTA, 20 mM Tris-HCI, pH 8.1,
0.5 M NaCl. Adjust pH to 8.1. Store at 4 °C. Add protease
inhibitors (2 mM PMSF and 2 % protease inhibitor cocktail)
just before use.

LiCl immune complex wash buffer: 0.25 M LiCl, 1 % (v/v)
IGEPAL CA-630, 1 % (w/v) deoxycholic acid (Na salt),
0.1 % (w/v) SDS, 1 mM EDTA, 10 mM Tris-HCI, pH 8.1.
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13.

14.

15.

16.

17.

18.
19.
20.
21.
22.

23.
24.

25.

Adjust pH to 8.1. Store at 4 °C. Add protease inhibitors
(2 mM PMSF and 2 % protease inhibitor cocktail) just
before use.

1x Tris-EDTA (TE) buffer: 1 mM EDTA, 10 mM Tris—-HCI,
pH 8.1. Adjust pH to 8.1. Store at 4 °C.

Elution buffer: 1 % SDS, 0.1 M NaHCOj;. Add 100 pL of 10 %
SDS and 100 pL of 1 M NaHCOj; to 800 pL of deionized
water to make 1 mL of elution buffer. Prepare fresh before
each reaction; each sample requires 500 pL of elution buffer
(see Note 3).

5 M NaCl: Dissolve 29.2 g of NaCl in 100 mL of deionized
water. Store at 4 °C.

0.5 M EDTA: Dissolve 18.6 g of ethylenediaminetetraacetic-
acid (EDTA) disodium salt dihydrate in 100 mL of deionized
water. Store at 4 °C.

1 M Tris—HCI, pH 6.5: Dissolve 12.1 g of Tris base in 80 mL
of deionized water. Adjust pH to 6.5 with 6 N HCI. Bring the
total volume to 100 mL, filter, and store at 4 °C.

Proteinase K solution, 20 mg,/mL.

Phenol: chloroform: isoamyl alcohol mixture, 25:24:1, pH 8.0.
Chloroform: isoamyl alcohol mixture, 24:1.

Ethanol, absolute.

70 % Ethanol: Add 70 mL of absolute ethanol to deionized
water to make up a volume of 100 mL. Store at 4 °C.

Linear polyacrylamide (LPA), 25 mg/mL.

3 M sodium acetate (NaOAc): Dissolve 6.15 g of anhydrous
NaOAc in 25 mL of deionized water. Adjust pH to 5.2 using
glacial acetic acid. This stock solution can be stored at room
temperature.

Nuclease-free water.

2.3 Real-Time 1. SYBR Green Supermix.
Polymerase Chain 2. Real-Time PCR Plates, 96 well.
Reaction ,
3. Optical tape.
4. Specific primers (10 pM working stock solutions) for different
promoter regions.
5. Nuclease-free water.
3 Methods

In

this section, we describe the protocol for analysis of

NF«B recruitment to IL-10 and TGFB1 promoters using chro-
matin immunoprecipitation (ChIP) in CTCL Hut-78 cells.
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Fig. 1 Schematic illustration of the ChiP assay. First, cells are fixed with formaldehyde and lysed. Subsequently,
chromatin is fragmented to around 500 bp fragments by sonication. The transcription factor—chromatin
complexes are immunoprecipitated by using specific antibodies. After DNA purification, the enrichment of
particular DNA sequence is quantified by real-time PCR

However, this protocol can be easily modified for other cells as
well. First, the promoter region of specific genes (IL-10 and
TGEP) is obtained from NCBI website (http://www.ncbi.nlm.
nih.gov/pubmed/) or (http://www.ncbi.nlm.nih.gov/gene/).
By searching the name of the gene, the information about acces-
sion number, genomic location, DNA sequence, and transcript
can be obtained (see Note 4). Then, we use the TEFSEARCH
website  (http://www.cbrc.jp/research/db/TFSEARCH.html)
to search for the putative transcription factor-binding sites. After
entering the DNA sequence and choosing the classification, many
putative binding sites of different transcriptional factors appear;
sites with the score >85 should be considered (se¢ Note 5). For
designing the ChIP primers, there are two primer-designing
websites that can be used: http://www.idtdna.com /Scitools/
Applications/Primerquest/ or http://www.yeastgenome.org,/
cgi-bin/web-primer (see Notes 6 and 7). The recruitment is then
analyzed by quantitative real-time PCR. On average, this proto-
col can be accomplished within 4-6 days. Figure 1 illustrates the
principle of the ChIP assay. Figure 2 illustrates the NFxB-binding
sites in human IL-10 and TGFp promoters. Figure 3 illustrates
the recruitment of individual NF«xB subunits to these sites.
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Fig. 2 The putative NFkB binding sites in IL-10 and TGF3 promoters. IL-10 promoter locates in the genomic
region 1q31-g21(-) and contains three putative NFkB-binding sites: B 1 (-188,337), kB 2 (-5,734), and kB
3 (—1,496). Three specific ChIP primers, P1-I1L10, P2-IL10, and P3-IL10 were designed to analyze the NFxB
recruitment to IL-10 promoter. TGFP1 locates in the genomic region 19q13.1(—) and contains only one putative
NF«B-binding site, kB 1 (+94). The specific ChIP primer P1-TGFp1 was designed to analyze the NF«B recruit-
ment to TGFP1 promoter
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Fig. 3 ChIP analysis of p65, p50, c-Rel, Rel-B, and p52 recruitment to IL-10 and TGFp1 promoters in Hut-78
cells. Recruitment of NFkB subunits p65, p50, c-Rel, Rel-B, and p52 to IL-10 and TGF31 promoters was ana-
lyzed by ChIP and quantified by real-time PCR. The data are presented as the change in occupancy over the
human IGX1A sequence control
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10.

11.

. Grow Hut-78 cells in RPMI complete medium to 1 x 106 cells/

mL concentration. Incubate in a humidified 5 % CO, atmo-
sphere at 37 °C overnight. At desired times, cross-link proteins
to DNA by adding 135 pL of 37 % formaldehyde stock solu-
tion to 5 mL of cell culture, so that the final concentration
of formaldehyde is 1 %. Perform this step in the laminar flow
cabinet.

. Incubate cells with formaldehyde for 15 min in culture

incubator (37 °C, 5 % CQO,). Be consistent with the fixation
condition for all time points (se¢ Note 8).

. Neutralize the formaldehyde induced cross-linking by adding

250 pL of 2.5 M glycine solution into each well so that the
final concentration of glycine is 0.125 M.

. Collect cells into 15 mL centrifuge tubes and then centrifuge

at 1,700 x g for 5 min in a refrigerated centrifuge (see Note 9).

. Carefully remove the supernatant as much as possible.

Resuspend the cell pellets in 2 mL of ice-cold PBS containing
the protease inhibitors (2 mM PMSF and 2 % protease inhibitor
cocktail) and centrifuge at 1,700 x g for 5 min in a refrigerated
centrifuge. Repeat this wash step one more time.

. Carefully remove the supernatant as much as possible.

Resuspend the cell pellets in 250 pL of SDS lysis butfer and
transfer to a prechilled 1.5 mL microcentrifuge tube. Incubate
on ice for 10 min to aid the cell lysis.

. Sonicate the cell lysates on ice to shear DNA into 400-500 bp

fragments. Sonication conditions: four 10-s pulses followed by
30-s rest periods at output 40 (see Note 10).

. Centrifuge the sonicated samples for 10 min at 12,000 x4 at

4 °C (see Note 9). Transfer the supernatants to new prechilled
2 mL microcentrifuge tubes and discard the pellets.

. Dilute the sonicated cell supernatants to a final volume of

2 mL by adding 1.75 mL of ChIP dilution buffer containing
the protease inhibitors (2 mM PMSF and 2 % protease inhibi-
tor cocktail).

Set aside a portion of the diluted cell supernatant (100 pL) to
quantify the amount of DNA present in the sample. This sam-
ple is considered to be your input/starting material and needs
to have the protein-DNA cross-links reversed by heating at
65 °C for 4 h (see step 26 of Subheading 3.1).

To reduce the nonspecific background, add 80 pL of Protein
A/G PLUS-Agarose slurry to 1.9 mL of the diluted cell super-
natant (from step 9, above) and incubate for 2 h at 4 °C while
rotating the tubes in a rotator (se¢ Note 11).
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12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Pellet the Agarose beads by a brief centrifugation at 150 x g at
4 °C, and carefully collect the supernatant in a prechilled 2 mL
microcentrifuge tube.

Add 5 pg of specific immunoprecipitating antibody per reac-
tion and incubate overnight at 4 °C with constant rotation in
a rotator (see Note 12).

The next day, add 50 pL of Protein A /G PLUS-Agarose slurry
to each sample and incubate for 2 h at 4 °C with rotation to
collect the specific antibody—protein complexes (se¢ Notes 11
and 13).

Pellet the Agarose beads with bound protein complexes by gen-
tle centrifugation (150 x4 at 4 °C for 1 min). Carefully discard
the supernatants containing unbound, nonspecific protein—
DNA complexes. The A/G Agarose pellets should now contain
only the specific antibody—protein—-DNA complexes.

Add 1 mL of ice-cold low-salt immune complex wash buffer
containing protease inhibitors (2 mM PMSF and 2 % protease
inhibitor cocktail) to the tubes containing the Protein A/G
Agarose—antibody—protein complexes. Incubate the complexes
at 4 °C for 5 min with constant rotation.

Pellet Agarose beads by centrifugation (150 xgat 4 °C for 1 min).
Carefully discard supernatants and keep the pellets on ice.

Add 1 mL of ice-cold high-salt immune complex wash buffer
containing the protease inhibitors to protein A/G Agarose—
antibody—protein complexes and incubate at 4 °C for 5 min
with constant rotation.

Pellet the Agarose beads by centrifugation (150 x4 at 4 °C for
1 min). Carefully discard the supernatants and keep the pellets
on ice.

Add 1 mL ofiice-cold LiCl wash buffer containing the protease
inhibitors to the bead pellets. Incubate the beads at 4 °C for
5 min with constant rotation.

Centrifuge the beads at 150x g at 4 °C for 1 min. Carefully
discard the supernatants.

Add 1 mL of ice-cold 1x TE buffer and incubate the beads at
4 °C for 5 min with constant rotation. Centrifuge as described
above and carefully remove the supernatant as much as possible.

Add 250 pL of freshly prepared Elution Buffer to the pelleted
A/G Agarose—antibody—protein complexes. Vortex briefly
(5-10 s) and incubate at room temperature for 15 min with
constant rotation.

Pellet down the Agarose beads by centrifuging at 150 x4 for
1 min at room temperature. Carefully transfer the supernatant
(eluate) to a new, labeled 1.5 mL microcentrifuge tube.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Add 250 pL of freshly prepared Elution Buffer to the pellets.
Repeat step 23 described above to elute the remaining pro-
teins from the Agarose beads. Centrifuge at 150 xg for 1 min
at room temperature and transfer the supernatant (eluate)
to 1.5 mL microcentrifuge tube already containing 250 pL of
supernatant from the step 24. You should now have 500 pL
of the eluate per reaction.

Add 20 pL of 5 M NaCl to the combined eluates (500 pLL) and
4 pL of 5 M NaCl to the input/starting material (100 pL,
from step 10 of Subheading 3.1) to reverse the protein-DNA
cross-links. Incubate the complexes for 4 h in a 65 °C water
bath.

After 4 h, add 10 pL of 0.5 M EDTA, 20 pL of 1 M Tris—HCI,
pH 6.5, and 1 pL of 20 mg/mL Proteinase K to the combined
cluates and incubate for 1 h at 45 °C.

For the input sample, add 2 pL. of 0.5 M EDTA, 4 pL of 1 M
Tris—HCI, pH 6.5, and 0.2 pL. of 20 mg/mL Proteinase K and
incubate for 1 h at 45 °C.

Add equal volume of phenol:chloroform:isoamyl alcohol
(25:24:1, pH 8.0) to the microcentrifuge tubes containing the
cluate and the input sample. Vortex vigorously for 5 s.
Centrifuge at 12,000xg for 3 min at room temperature.
Collect the top (aqueous) layers into new microcentrifuge
tubes.

Add equal volume of chloroform:isoamyl alcohol (24:1) to the
aqueous layers from step 29 (above). Vortex vigorously for
5 s. Centrifuge at 12,000 x g for 3 min at room temperature.
Collect again the top (aqueous) layers into new microcentri-
fuge tubes.

Add twice the volume of 100 % (absolute) ethanol, 1,/10th
volume of 3 M NaOAc, pH 5.2, and 2 pL of LPA to the aque-
ous layers from step 30 (above). Mix by inverting the tubes.
Keep the microcentrifuge tubes at -20 °C for overnight to
allow DNA precipitation (see Note 14).

The next day, centrifuge the microcentrifuge tubes at 12,000 x g
for 30 min at 4 °C. Collect the DNA containing pellets.

Wash the pellets with 100 pL. of ice-cold 70 % ethanol.
Centrifuge at 12,000 x4 for 10 min at 4 °C. Collect the pellets.
Try to remove as much ethanol as possible. Allow to air dry
until the white pellets become invisible.

Dissolve the DNA pellets in 50 pL. of nuclease-free water
and store the samples at —20 °C. Perform real-time PCR as
described below.
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3.2 Real-Time

1.

Prepare a 100 pM stock of each primer using nuclease-free

Polymerase Chain water, for both the forward and reverse primers. From the
Reaction 100 pM primer stocks, prepare 10 pM working stock solutions
for PCR reaction using the nuclease-free water (see Note 15).

2. Each PCR reaction has a volume of 25 pL. and will use 1 pL of
each 10 pM primer, so that the final concentration of each
primer in PCR reaction is 0.4 pM.

3. The input DNA should be diluted 3 times in nuclease-free
water before performing PCR reaction. Each PCR reaction
(25 pL volume) for the input sample will use 3 pL of 3 times
diluted input DNA.

4. Set up the PCR reactions on ice.

5. Each reaction using immunoprecipitated DNA has a total
volume of 25 pL, and is set up as follows (see Note 16):

(a) SYBR® Green Supermix: 12.5 pL.

(b) Nuclease-free water: 7.5 pL.

(c) Forward primer (10 pM): 1.0 pL

(d) Reverse primer (10 pM): 1.0 pL

(e) Immunoprecipitated DNA sample: 3.0 pL.

6. Each reaction using input DNA has a total volume of 25 pL,

and is set up as follows (see Note 17):

(a) SYBR® Green Supermix: 12.5 pL.

(b) Nuclease-free water: 7.5 pL.

(c) Forward primer (10 pM): 1.0 pL

(d) Reverse primer (10 pM): 1.0 pL

(e) Input DNA sample (3 times diluted): 3.0 pL.

7. After loading the master-mix and the DNA into the wells of
the PCR plate, seal the plate carefully using an optical tape and
continue with the real-time PCR reaction in the thermal cycler.

8. Each reaction for both the immunoprecipitated and input sam-
ples should include a positive and negative control (see Note 18).

4 Notes

. PMSF is unstable in aqueous environment. It is essential that it

is dissolved in absolute alcohol (ethanol, methanol, or isopro-
panol); it will not freeze at -20 °C. Add PMSF to bufters in the
final working concentration of 2 mM just before use.

. This protease inhibitor cocktail contains protease inhibitors

with a broad specificity for the inhibition of serine, cysteine,
and aspartic proteases, and aminopeptidases. It should be
stored at —20 °C, and added to buffers just before use.
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3. Prepare stock solutions of 10 % SDS and 1 M NaHCO; by
dissolving 5 g of SDS in 50 mL of deionized water, and 4.2 g
of NaHCO; in 50 mL deionized water, respectively. These
stock solutions can be stored at room temperature.

4. It is important to get all information about the genomic
sequence of promoter region, mRNA, and protein. Copy and
save the genomic sequence that is near the transcription start
site (TSS), especially the 2,000 bp region upstream and 500 bp
region downstream of the TSS.

5. A score higher than 85 indicates binding of the transcription
factor to the sequence.

6. For designing the ChIP primers, select 150 nucleotides
upstream and 150 nucleotides downstream from the
TF-binding site. Below are some general rules for designing
the ChIP primers:

(a) Primer length (bp): Optimum, 20; Minimum, 18;
Maximum, 22.

(b) Tm (°C): Optimum, 55; Minimum, 53; Maximum, 57.

(c) GC content (%): Optimum, 50; Minimum, 40; Maximum, 60.

(d) The size of the PCR fragment should be between 100 bp
and 200 bp.

Design at least two sets of primers for each TF-binding site,
since the primers not always work properly.

7. The reverse copy of the primer or a sequence can be reversed
manually or using the website http://www.thelabnotebook.
com/sequence.php?seq=1.

8. Formaldehyde is a reversible protein-DNA cross-linking agent
that preserves protein—-DNA interactions in cells.

9. It is helpful always to centrifuge the tubes in one position (for
example, when using 1.5 mL microcentrifuge tubes, position
them with cap snaps facing towards the center of the rotor).
This way you can always expect the pellets to be at the same
place.

10. Make sure to keep the samples on ice at all times in between
the shearing. In addition, it is also helpful to place the tip of
the sonicator in a beaker filled with ice for 30 s in between suc-
cessive 10-s pulses to ensure that the tip is not overheated.
When using a new sonicator, it is important to calibrate it so
that the sheared DNA fragments are between 400 bp and
500 bp in size.

11. Make sure Protein A/G PLUS-Agarose slurry is completely
resuspended before adding.

12. In this protocol, we used 2.5 pL each of p65 NFkB antibody
(200 pg/0.1 mL), p50 antibody (200 pg/0.1 mL), c-Rel



340

13.
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18.
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antibody (200 pg/0.1 mL), Rel-B antibody (200 pg/0.1 mL)
and p52 antibody (200 pg/0.1 mL) to obtain 5 pg of antibody
per each immunoprecipitation reaction.

At this point, the Agarose beads bind the antibody—TF-DNA

complexes.

The presence of LPA during ethanol precipitation results in
complete recovery of fragments larger than 20 base pairs. The
nucleic acid-LPA coprecipitate is visible upon addition of
ethanol.

The primers for amplifying the NFkB-binding sites in IL-10
and TGFp1 promoters were designed to anneal optimally at
55 °C. Prepare a 10 pM working stock solution of each primer
and store at -20 °C.

It is convenient to prepare a master-mix by mixing all compo-
nents (for desired amount of reactions) except for the DNA.
Prepare the master-mix in a 1.5 mL microcentrifuge tube.
Aliquot 22 pL of the master-mix into each well of the PCR
plate. Add 3 pL of immunoprecipitated DNA sample into
each well.

Prepare a master-mix containing all of the above except the
input DNA in a 1.5 mL microcentrifuge tube. Aliquot 22 pL
of the master-mix into each well of the PCR plate. Add 3 pL of
input DNA sample (3 times diluted) into each well.

The positive control primers provide a control for successful
chromatin immunoprecipitation and gene transcription. In this
protocol, we used the ChIP-qPCR Human GAPDH Proximal
Promoter Positive Control primer (GPH10001C(+)01A). The
negative primer provides a reference of the amount of nonspe-
cific genomic DNA that co-immunoprecipitates during the
procedure. In this protocol, we used ChIP-qPCR Human
1GX1A Negative Control primer (GPH 00001C(-)01A).
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Radiolabeled Semi-quantitative RT-PCR Assay
for the Analysis of Alternative Splicing of Interleukin Genes

Felitsiya Shakola, Stephen Byrne, Kainaat Javed, and Matteo Ruggiu

Abstract

Alternative splicing evolved as a very efficient way to generate proteome diversity from a limited number
of genes, while at the same time modulating posttranscriptional events of gene expression—such as stabil-
ity, turnover, subcellular localization, binding properties, and general activity of both mRNAs and pro-
teins. Since the vast majority of human genes undergo alternative splicing, it comes to no surprise that
interleukin genes also show extensive alternative splicing. In fact, there is a growing body of evidence
indicating that alternative splicing plays a central role in modulating the pleiotropic functions of cytokines,
and aberrant expression of alternatively spliced interleukin mRNAs has been linked to disease. However,
while several interleukin splice variants have been described, their function is still poorly understood. This
is particularly relevant, since alternatively spliced cytokine isoforms can act both as disease biomarkers and
as candidate entry points for therapeutic intervention. In this chapter we describe a protocol that uses
radiolabeled semi-quantitative RT-PCR to efficiently detect, analyze, and quantify alternative splicing pat-
terns of cytokine genes.

Key words RNA, Gene expression, Alternative splicing, Reverse transcription, PCR, RT-PCR

1 Introduction

A healthy, functional immune system is able to adopt a rapid and
effective response to changing environmental conditions in order to
identify and interact with foreign molecules and to ultimately pro-
tect the organism from disease-causing agents. Activated macro-
phages and neutrophils employ an intricate network of signaling
molecules, chemical messages, and secreted proteins that are released
upon injury or infection—cytokines and interleukins. The diverse
members of this group of proteins can either elicit and stimulate an
inflammatory response or inhibit it by regulating the proliferation,
differentiation, or function of different immune cell types.

A convenient, rapid, efficient, and tightly regulated mode of
fine-tuning gene expression and generate proteomic diversity is
alternative splicing of pre-mRNA [1]. Alternative splicing occurs

Ilvana Vancurova (ed.), Cytokine Bioassays: Methods and Protocols, Methods in Molecular Biology, vol. 1172,
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when distinct mRNA molecules are generated from the same
primary transcript by the combinatorial inclusion and/or skipping
of specific exons [2, 3]. This form of gene expression regulation
requires the interaction of trans-acting factors (small nuclear ribo-
nucleoprotein particles or snRNPs; splicing factors) with cis-acting
sequences (splice sites; exonic and intronic enhancers and inhibi-
tors)—much like RNA polymerase employs different transcription
factors binding to different promoter sequences. Splicing patterns
include the selective inclusion or skipping of cassette exons, mutu-
ally exclusive exons, competing splice sites, and polyadenylation
signals. Unlike transcription, however, alongside transcript abun-
dance alternative splicing can also alter the structure, stability, and
turnover of transcripts, and the proteins they encode, thus control-
ling the binding properties, enzymatic activity, protein stability,
posttranslational modifications, and intracellular localization of a
large number of protein isoforms originating from a single gene
[4, 5]. About 94 % of human genes undergo alternative splicing
[6], and about 50 % of disease-causing genetic mutations affect
pre-mRNA splicing [7, 8]. Alternative splicing networks play an
important role as a source of protein complexity in the immune
system [9-11]. For example, alternative splicing can downregulate
gene expression by creating protein isoforms that are unstable or
not functional, as well as creating isoforms of cytokine and their
receptors with antagonistic functions [12].

The functional role of alternative splicing in cytokine biology
both in normal conditions and in disease is only recently becoming
to be elucidated. An example of intense research on cytokine splic-
ing is interleukin 7 (IL-7; Fig. 1). IL-7 is known to play an impor-
tant role in the development of B and T cells [13-16]. While in
healthy individuals it stimulates the proliferation of antitumor reac-
tive cells, IL-7 overexpression can lead to a variety of malignancies
[17-20]. Other studies performed with the canonical, full-length
form of IL-7 point toward a role in arthritis pathology [21], lym-
phopenia [22, 23], and host versus graft disease [24].

Recent research focusing on the role of alternatively spliced
cytokine isoforms in disease revealed that the IL-7 splice variant
1L-785 stimulates human breast cancer cell proliferation [25]
probably by altering binding to the IL-7 receptor (IL-7R) result-
ing in activating of a different signaling pathway, phosphorylation
of STAT5, and tumor cell survival [26]. Furthermore, 11.-785-
mediated phosphorylation of STAT5 in CD4+ and CD8+ T cells
stimulates thymocyte maturation and T-cell survival [27], suggest-
ing a role of IL-785 in leukemia. Indeed seven more splice variants
of IL-7 have been identified in leukemic cells from children with
acute lymphoblastic leukemia, although their biological function
remains to be elucidated [19]. IL-7 transcripts lacking exon 4 are
the predominant transcript in peripheral blood mononuclear cells
from patients with multiple sclerosis [28]. Interestingly, a soluble,
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mRNA Function Ref.

Development, differentiation, 13,14,15,16
and survival of B and T cells.

% IL-7¢ Expressed in various tumors. 17,18,19,20

Glial lineage differentiation of 30

NHNP cells.
IL-753 Lymphopenia. 15,22,23
Major transcript in human 28
otz PBM cells.
Thymocyte maturation and T 27
cell survival (superagonist).
Human breast cancer cell 25
IL-785 proliferation.
Glial lineage differentiation of 30
NHNP cells.
IL-753/4 Expresseq in malignant 19
hematopoietic cells.
Glial lineage differentiation of 30
IL-754/5 NHNP cells.
IL-753/4/5 Expressed in PBM cells from 28

multiple sclerosis patients.
Expressed in malignant 19
M— IL-7(-56bpE2) hematopoietic cells.
Fig. 1 The various splice isoforms of IL-7, their function, and occurrence. Schematic representation of the
human /L-7 gene. Located on chromosome 8 q21.12, IL-7is comprised of six exons and five introns spanning
73 Kb. Constitutive exons 1, 2, and 6 are indicated as blue boxes, while alternatively spliced exons 3, 4, and 5
are indicated as red boxes. Introns and exons are not drawn to scale. IL-7c¢: canonical isoform including all six
exons. The letter & indicates alternatively skipped exons. NHNP cell normal human neuronal progenitor cells,
PBM cell peripheral blood mononuclear cell, —56bpE2 splice isoform that uses an alternative 5’ splice site in

exon 2; only one isoform is shown, although the alternative 5’ splice site is also present in isoforms skipping
exon 4, and exons 3/4/5. Relevant references are indicated

alternatively spliced isoform of IL-7R is associated with an increased
risk of developing multiple sclerosis [29]. The importance of this
splice event in disease pathology, however, is still unclear. 1L-7
splice variants have also been demonstrated to play a key role in
brain development, mediating differentiation of glial cells from
human neural progenitor cells [ 30], evidence suggesting that alter-
native splicing can regulate pleiotropic cytokine functions outside
of the immune system (Fig. 1).

Alternative splicing can also lead to production of cytokines
with antagonistic functions. An example of that is IL-6 and its
splice isoform IL-684. The two subunits of IL-6R only associate in
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the presence of IL-6 [31]. The smaller I1L.-664 isoform is unable to
bind to one subunit of the IL-6R, and absence of the binding sites
required to recruit the signaling subunit of the receptor results in
inhibition of IL-6 signaling [32]. It has been hypothesized that
this mechanism can potentially block the differentiation of CD4+
T cells to T helper 2 cells [33].

There is a growing body of evidence indicating that alternative
splicing plays a central role in modulating the pleiotropic functions
of cytokines, both in normal conditions and in disease. This is par-
ticularly relevant, since alternatively spliced cytokine isoforms can
act both as disease biomarkers and as candidate entry points for
therapeutic intervention. In this chapter we describe a protocol
that uses radiolabeled reverse transcriptase polymerase chain reac-
tion (RT-PCR) to efficiently detect, analyze, and quantify alterna-
tive spicing isoforms of cytokine mRNAs.

2 Materials

2.1 Gell Culture

2.2 RNA Extraction

1. Celllines obtained from the American Type Culture Collection.

2. Complete Dulbecco’s modified Eagle medium (DMEM):
DMEM medium supplemented with high glucose containing
10 % tetal bovine serum (FBS), 2 mM glutamine, and 0.1 mg/
mL gentamicin.

3. Phosphate buftered saline (PBS), pH 7.4 without calcium and
magnesium.

4. 10 cm culture dishes.

5. Fluid aspiration system or vacuum pump.
6. Cell scrapers.
7

. 1.5 mL microcentrifuge tubes.

. TRIzol Reagent (Life Technologies) for RNA extraction.
. 1 mL syringes.

. 25G disposable hypodermic needles.

1
2
3
4. 1.5 mL microcentrifugation tubes.
5. Chloroform.

6. Isopropyl alcohol.

7

. 75 % ethanol: Add 75 mL of absolute ethanol to deionized
water to make up a volume of 100 mL. Store at 4 °C.

o

. RNase-free water.
9. DNase 1.
10. RNase inhibitor 20 U /uL.

11. UltraPure phenol:chloroform:isoamyl alcohol (25:24:1, v /v,
pH 8.0).
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Chloroform:isoamyl alcohol (24:1).

3 M sodium acetate (NaOAc): Dissolve 6.15 g of anhydrous
NaOAc in 25 mL of deionized water. Adjust pH to 5.2 using
glacial acetic acid. This stock solution can be stored at room
temperature.

Glycogen solution: Dissolve 5 mg of glycogen in 1 mL of
RNase-free water.

Molecular grade absolute ethanol.

. RevertAid First strand cDNA synthesis kit (Thermo Scientific;

see Note 1), containing M-MuLV Reverse Transcriptase
200 U/pL and oligo d(T);5 0.5 mg/mL.

2. Thermocycler PCR machine.

. PCR tubes (0.2-0.5 mL, depending on PCR machine).

. RNase-free water.

. Appropriate personal protective equipment and plexiglass

screens and containers for radioactivity work with beta
cmitters.

2. ATD, [y-*2P]-6000 Ci/mmol, 10 mCi/mL.

o)

QN U1 W N~

. T4 polynucleotide kinase.
. Specific DNA primers for each alternative splicing event; 5 pM

in RNase-free water (see Note 2).

. ®X174 DNA/Hinfl dephosphorylated markers (Promega;

see Note 3).

. RNase-free water.
. 1.5 mL microcentrifuge tubes.
. Ilustra MicroSpin G-25 column (GE Healthcare).

. Forward DNA primer 5 pM.

. Reverse DNA primer 5 pM.

. Radiolabeled forward DNA primer.

. dNTP mix, 10 mM each.

. AmpliTaq Gold® DNA polymerase (Life technologies).

. 10x PCR Buffer: 100 mM Tris—HCI, pH 8.0, 500 mM KClI,

15 mM MgCl,.

7. Thermocycler PCR machine.

o)

. PCR tubes (0.2 mL).
. RNase-free water.
10.

2x RNA loading dye: 95 % formamide; 0.025 % sodium
dodecyl sulfate (SDS); 0.025 % bromophenol blue; 0.025 %
xylene cyanol FF; 0.025 % ethidium bromide; 0.5 mM EDTA.



348 Felitsiya Shakola et al.

2.5.2 Electrophoresis
of PCR Products

on Denaturing
Polyacrylamide Gel

2.5.3 Gel Drying

1.

[S 20"~ I O]

[©))

10.

11.
12.
13.
14.
15.
16.

N Ul B W

Hoefer SE660 vertical gel electrophoresis apparatus or
equivalent, including glasses, 1 mm thick combs and spacers
(see Note 4).

. High voltage power supply.

. 40 % acrylamide stock solution (acrylamide:bisacrylamide 19:1).
. 10 % ammonium persulfate (APS; w/v).

. N,N,N', N'-Tetramethylethylenediamine (TEMED), electro-

phoresis grade.

. Electrophoresis grade urea, ultrapure.
. 0.5 M EDTA, pH 8.0: In a 500 mL beaker dissolve 93.06 g of

EDTA in 300 mL of ultrapure deionized water. Adjust pH to
8.0 with glacial acetic acid. Bring volume to 500 mL with
ultrapure deionized water and filter sterilize.

. 10x TBE buftfer: In a large beaker dissolve 108 g of Tris base

and 55 g of boric acid in 800 mL of ultrapure deionized water;
add 40 mL of 0.5 M EDTA, pH 8.0. Bring volume to 1 L with
ultrapure deionized water. The solution can be stored at room
temperature (see Note 5).

. 10 % acrylamide, 8 M urea solution in 1x TBE: In a large bea-

ker combine 240.24 g of electrophoresis grade urea, 125 mL
of 40 % acrylamide stock solution (19:1), and 50 mL of 10x
TBE stock solution. Stir to dissolve with a baked stir bar. Bring
volume to 500 mL with ultrapure deionized water. Store solu-
tion at room temperature shielded from light.

6 % acrylamide, 8 M urea gel in 1x TBE (final volume: 30 mL):
In a small beaker combine 18 mL of 10 % acrylamide, 8 M urea
solution in 1x TBE; 12 mL of 8 M urea in 1x TBE; 200 pL of
10 % APS; 10 uL of TEMED (see Note 6).

2x RNA loading dye.

Heat block preset to 95 °C.

Flat-tipped micropipette gel loading tips.
Dishwashing liquid detergent.

70 % ethanol (v/v).

50 mL Falcon tube.

. Gel fixing solution: 50 % methanol (v/v); 10 % acetic acid

(v/v) in water.

. Gel opening device or thin spatula.
. Clear plastic lab wrap.

. Whatman 3MM paper.

. Glass or plastic tray.

. Funnel.
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7. Orbital shaker.

. Gel dryer with vacuum pump.

o)

. Geiger counter.
. Baby powder.
. Quantification imaging screen.

. Quantification imaging device and software.

[ 2 O I S R

. Software for statistical analysis such as Excel (Microsoft) or
Prism (GraphPad).

3 Methods

In this section, we describe the protocol for the detection, analysis,
and quantification of alternatively spliced mRNA isoforms by semi-
quantitative RT-PCR from total RNA extracted from tissue culture
cell lines. However, this protocol can be easily modified and used
for other applications, such as RNA analysis from tissue samples.

Sequence information for a specific transcript can be obtained
from the NCBI website (http://www.ncbi.nlm.nih.gov/gene/).
A search by gene name will provide gene ID number, official full
name, chromosomal location, and genomic sequence. By clicking
on “Nucleotide” on the menu on the right handside of the page,
it is then possible to access the sequence of single mRNA mole-
cules, including specific splice variants of that gene. After selecting
a specific mRNA to analyze, by selecting the “Pick Primers” option
on the right handside of the page it is possible to access Primer-
BLAST: a primer-designing software that allows to find primers
specific for our PCR template. Given that we are looking at alter-
natively spliced molecules, it is important that primers are selected
to span exon-exon junctions (see Note 7). Alternatively, a specific
sequence can be analyzed using a primer design software such as
AmplifX. In this case, the location of exon-exon junction onto the
mRNA sequence has to be known in advance (see Note 8).

Most RT-PCR assays used for the detection of alternatively
spliced cytokine mRNAs rely on densitometric analysis of band
intensity for the quantification of PCR products resolved by gel
electrophoresis [ 19, 27, 28, 30, 34, 35], a technique of poor accu-
racy and reproducibility due to the low dynamic range of ethidium
bromide gels. In this chapter, we describe a PCR-based technique
that relies on radioactively labeled PCR products for quantifica-
tion. The major advantages of semi-quantitative RT-PCR over
real-time RT-PCR include:

1. The ability to detect multiple alternatively spliced isoforms in a
single reaction using a single pair of amplifying primers.

2. Aninternal control (a housekeeping gene such as tubulin, actin,
GAPDH, or ribosomal RNA) to compensate for variation in
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the amounts of input template RNA is not needed, since
each alternatively spliced isoform represents a percentage of
the total.

3. The ability to detect alternatively spliced exons that may be too
small in size to allow the design of a primer or primer pair within
that exon. In fact, semi-quantitative RT-PCR has been used to
efficiently detect and quantify exons as small as 24 nt [36].

Conversely, real-time RT-PCR combines amplification and detec-
tion in a single step [37], while semi-quantitative RT-PCR requires
separation of amplified products by DNA gel electrophoresis, and
data analysis through quantification imaging devices such as
PhosphorImager (Molecular Dynamics) or Typhoon (GE Healthcare).
Moreover, semi-quantitative RT-PCR offers a limited dynamic range
and requires more optimization steps, such as the determination of
exponential phase of the PCR reaction—the linear range, for each
PCR product of that target gene [37-39]. This step is particularly
critical, since shorter PCR products will be preferentially amplified
within the same PCR reaction. However, the sensitivity—defined as
the lower detection limit of the assay, of the two methodologies is
similar [40], and splice isoforms representing as little as 1 % of the
total can be efficiently detected and quantified [36]. Finally, while
real-time RT-PCR is more accurate, it is also more expensive.

Figure 2 describes the major steps involved in this protocol.
On average, the entire protocol can be accomplished in 3 days:
RNA extraction, reverse transcription, and RT-PCR for determina-
tion of linear range of amplification can all be accomplished in Day
1; gel electrophoresis, and gel drying can be accomplished in Day
2; analytical RT-PCR and gel electrophoresis can be accomplished
in Day 3 (Fig. 2). If the number of samples to be processed and the
number of alternatively spliced events to be analyzed (that is, the
number of different PCR reactions for each RT sample) is not very
large, steps in Day 1 and Day 2 can be performed in 1 day.

Figure 3 illustrates a typical radiolabeled semi-quantitative
RT-PCR  experiment. A first radiolabeled semi-quantitative
RT-PCR experiment is performed in order to identify the linear
range of amplification for a specific alternative splicing event
(Fig. 3a, b). The linear range of amplification takes place in the
PCR reaction when reaction components are still in excess. During
this linear phase of amplification PCR products are accumulating at
a constant rate, making quantification in this phase reliable, since
the amount of PCR product in the reaction is expected to accumu-
late exponentially and, in ideal conditions, double at every cycle.
On the other hand, the amount of PCR product measured beyond
the exponential phase (i.e. during the plateau phase) is extremely
sensitive to very little variations in initial amplification of the target,
making quantification of products in this phase of the reaction
curve unreliable [37].



3.1 Cell Gulture

RT-PCR Analysis of Interleukin Alternative Splicing 351

RNA Purification

y— Primer Design

Reverse Transcription
Primer Labeling and Purification

Linear Range RT-PCR

Gel Electrophoresis ——p Quantification
| l Data Analysis

Day 1

Day 2

Analytical RT-PCR

!

Gel Electrophoresis =—p

Day 3

Quantification
Data Analysis

Fig. 2 Schematic flowchart and timeline of RT-PCR assay. The entire assay can
be usually completed in 3 days. If needed, steps in Day 1 and Day 2 can be per-
formed in 1 day

To determine the linear range of amplification, a PCR reaction
is performed at increasing cycle numbers—or, more conveniently,
a fixed amount of PCR reaction from a single tube is collected at
different PCR cycles, and the radiolabeled PCR products are
resolved by electrophoresis on a denaturing polyacrylamide gel
(Fig. 3a; seeref. 41). After exposing the processed gel to the screen
of a quantification imaging device, PCR products are quantified
with computer software. Cycle number can be plotted against the
signal obtained in order to identify the exponential (linear) range
and the plateau phase. If cycle number is plotted against the log of
the signal, samples in linear range amplification should lay on a
straight line (Fig. 3b). Subsequently, a second, analytical radiola-
beled semi-quantitative RT-PCR experiment is performed at a
PCR cycle corresponding to the previously determined linear range
of amplification (Fig. 3c). Finally, PCR products corresponding to
different alternatively spliced isoforms are quantified and plotted
cither as percentage of total (Fig. 3d), or as fold change normal-
ized to a control sample (Fig. 3e).

1. Grow cells in complete DMEM medium. Incubate in a
humidified 5 % CO, atmosphere at 37 °C until subconfluent
(see Note 9).

2. Wash cells once with 5 mL ofice-cold PBS. Discard PBS using
a fluid aspiration system.
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Fig. 3 Example of radiolabeled semi-quantitative RT-PCR assay for detection and quantification of alternatively
spliced mRNA isoforms. (a) Autoradiogram of semi-quantitative RT-PCR for the identification of the linear range
of amplification. A single RT sample was amplified, and a fixed volume of PCR reaction was collected at the indi-
cated PCR cycles; PCR products were resolved on a denaturing polyacrylamide gel. Cartoons of the two alterna-
tively spliced isoforms are shown on the right; constitutive exons are shown as blue boxes, while the alternatively
spliced exon is shown as a red box. Red asterisks indicate “shadow” or “ghosts” bands with aberrant migration
due to PCR product overload. (b) Phosphorimager quantification of the gel shown in (a). The intensity of the bands
corresponding to the two alternatively spliced isoforms is plotted in Log scale versus the PCR cycle number. The
linear range of amplification, which in this case happens between cycle 26 and 28, is indicated as an orange
rectangle. For analytical RT-PCR, 27 PCR cycles were chosen (dotted green line). (c) Autoradiogram of radiola-
beled analytical semi-quantitative RT-PCR for the same alternatively spliced event as in (a) from two different
tissue culture samples. PCR conditions were the same as in (a), but 27 PCR cycles were used. Note that equal
amounts of radiolabeled PCR products were loaded in each lane. (d) Quantification of the experiment in (c), where
each alternatively spliced isoform for sample 1 and sample 2 is shown as percentage of the total for that sample.
(e) Quantification of the experiment in (c), where exon inclusion is shown as fold change relative to sample 1

3. Collect cells by adding 0.5 mL of ice-cold PBS to the plate;
scrape cells, and transfer cells into labeled 1.5 mL microcentri-
tuge tubes by using a P1000 pipette.

4. Pellet cells by centrifugation for 5 min at 250x4. Discard
supernatant using a fluid aspiration system.
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. Homogenize the cell pellet using 0.5 mL of TRIzol Reagent; pass

the cell lysate several times through a P1000 pipette. Add another
0.5 mL of TRIzol reagent to the tube (total volume: 1 mL).

. Using a 1 mL disposable syringe, pass the cell lysate five times

through a 25G disposable needle; this step will help the lysis
and will shear genomic DNA (se¢ Note 10).

. Incubate the homogenized samples 5 min at room tempera-

ture to allow complete dissociation of nucleoprotein
complexes.

. Add 200 pL of chloroform per 1 mL of TRIzol Reagent. Shake

tubes vigorously with a vortex for a few seconds, and incubate
at room temperature on the bench for 2-3 min.

. Centrifuge samples at <12,000 x gfor 15 min at 4 °C. Following

centrifugation, the mixture separates into a lower red, phenol-
chloroform phase, an interphase, and a colorless aqueous upper
phase (see Note 11).

. Without touching the interphase, transfer the aqueous phase

into a labeled fresh 1.5 mL microcentrifuge tube.

. Precipitate the RNA by adding 0.5 mL of isopropyl alcohol per

1 mL of TRIzol Reagent used for the initial homogenization.

. Incubate samples 10 min at room temperature and centrifuge

at <12,000 x4 for 10 min at 4 °C.

. Remove supernatant with fluid aspiration system, and wash

RNA pellet by adding 1 mL of 75 % ethanol per 1 mL of
TRIzol reagent used for the initial homogenization. Invert the
tubes a few times by hand, and centrifuge them at <8,000 x g
for 5 min at 4 °C.

. Carefully remove supernatant with fluid aspiration system (see

Note 12), and air dry the pellet for 10 min at room tempera-
ture on the bench.

. Resuspend pellet in 40 pL of RNase-free water.

. Set up the DNase I digestion on ice.

. Each reaction has a final volume of 50 pL and is set up as fol-

lows (see Note 13):

(a) 10x TURBO DNase bufter: 5 pLL
(b) RNase Inhibitor 20 U/pL: 0.5 pL.
(c) TURBO DNase 2 U/pL: 3 pLL
(d) RNA: 40 pL

(e) RNase-free water: 1.5 plL

. Incubate samples at 37 °C for 30 min to 1 h.



354 Felitsiya Shakola et al.

3.2.4  Phenol/Chloroform
Extraction

3.2.5 RNA Precipitation

3.3 Reverse
Transcription

1.

Bring sample volume to 180 pL by adding 130 pL. of RNase-
free water.

. Add equal volume of phenol:chloroform:isoamyl alcohol

(25:24:1) to each microcentrifuge tube containing the RNA
samples. Vortex vigorously for 5 s. Centrifuge at 12,000 x 4 for
5 min at room temperature. Collect the top (aqueous) layer
into a new microcentrifuge tube.

. Add equal volume of chloroform:isoamyl alcohol (24:1) to the

aqueous layer from step 1. Vortex vigorously for 5 s. Centrifuge
at 12,000 x g for 5 min at room temperature. Collect again the
top (aqueous) layer into a new microcentrifuge tube.

. To each sample add 20 pL of 3 M sodium acetate, pH 5.2

(final concentration: 0.3 M).

. To each sample add 2 pL of glycogen solution.
. Precipitate the RNA by adding 500 pL (equals to 2.5 volumes)

of absolute ethanol.

. Vortex vigorously for 5 s. Centrifuge at 12,000 x4 for 15 min

at 4 °C.

. Remove supernatant with fluid aspiration system, and wash

RNA pellet by adding 500 pL of 75 % ethanol. Invert the tubes
a few times by hand, and centrifuge them at 12,000x 4 for
5 min at 4 °C.

. Carefully remove supernatant with fluid aspiration system

(see Note 14), and air dry the pellet for 10 min at room tem-
perature on the bench.

. Resuspend pellet in 50 pL of RNase-free water.
. Determine the RNA concentration by reading the optical

density at 260 nm with a spectrophotometer (see Note 15).

. Set up the reverse transcription reaction on ice, using 500 ng

of total RNA per sample.

. Aliquot the equivalent of 500 ng of total RNA in PCR tubes.

Add RNase-free water to 11 pL. To each tube add 1 pL of
oligo d(T);s. Final volume: 12 pL.

. Denature RNA by incubating samples 5 min at 65 °C in PCR

machine. Chill at 4 °C.

. Each reaction has a final volume of 20 pL and is set up as

follows:

(a) 5x reaction buffer: 4 pL

(b) RiboLock™ RNase Inhibitor: 1 pL
(¢) 10 mM dNTP mix: 2 pL.

(d) M-MuLV Reverse Transcriptase: 1 pL
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and Purification
of Primer and DNA
Molecular Weight
Marker

3.4.1 %P Labeling
of Primer and DNA
Molecular Weight Marker

3.4.2 Column
Purification of 5 -End
Labeled Primer and DNA
Molecular Weight Marker

. Each reverse transcriptase reaction should include a
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. Incubate samples at 42 °C for 1 h in PCR machine.

L‘no

enzyme” negative control for genomic DNA contamination.

. Bring final volume to 50 plL with water (1 pL of reverse tran-

scriptase reaction is the equivalent of 10 ng of starting total
RNA). If not to be used immediately, store samples at -20 °C.

. Resuspend DNA primers to 5 pM in RNase-free water.
. Set up the labeling reaction on ice, using 10 pmoles of DNA

primer for each reaction.

. Each reaction has a final volume of 10 pL and is set up as

follows:

(a) 10x T4 polynucleotide kinase buffer: 1 pL

(b) Forward primer 5 pM: 2 pL.

(c) ATD, [y-*P]-6000 Ci/mmol, 10 mCi/mL: 6 pL
(d) T4 polynucleotide kinase (10 U/pL): 1 pL.

4. Incubate samples at 37 °C for 45 min.

[\

QN U1 W W

10.

. Stop the labeling reaction by incubating the sample at 95 °C

for 10 min and chill on ice.

. Add 20 pL of RNase-free water (final volume: 30 pL).
. Also label the same way 100 ng of ®X174/Hinf I dephos-

phorylated DNA molecular weight marker.

. Resuspend the resin in the G-25 column by vortexing.

. Loosen the cap one-quarter turn and twist oft the bottom

closure.

. Place the column in the supplied collection tube.
. Spin for 1 min at 735 x .
. Place the column into a fresh 1.5 mL microcentrifuge tube.

. Slowly apply appropriate volume of sample to the top-center of

the resin, being careful not to disturb the resin bed.

. Spin column for 2 min at 735 x 4. The purified sample is col-

lected at the bottom of the 1.5 mL microcentrifuge tube.

. Dispose appropriately of the radioactive column.

. Dilute the radioactively labeled DNA molecular weight marker

sample 1:50 in nuclease-free water.

Store the purified, labeled samples at =20 °C in plexiglass con-
tainer for radioactivity work with beta emitters until needed
(see Note 16).
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3.5 Reverse 1.

Transcriptase

Polymerase Chain )
Reaction to Determine

the Linear Range

of Amplification

3.5.1 Reverse
Transcriptase Polymerase

Chain Reaction
3
4
5
6

3.5.2 Electrophoresis 1.

of PCR Products

on Denaturing

Polyacrylamide Gel
2
3
4.

Set up the reverse transcription polymerase chain reaction
(RT-PCR) on ice.

. The final volume of each RT-PCR reaction will vary depending

on the number of samples that will be collected at different
PCR cycles for each RT sample (5 pL. of PCR reaction per
sample every 2 cycles) as a total volume of 50 pL and is set up
as follows:

(a) 10x Gold Taq Buffer: 5 pL.

(b) 10 mM dNTP mix: 1 pL

(¢) Forward primer (5 pM): 2 pL.

(d) Reverse primer (5 pM): 2 pL

(e) ¥P, 5'-end labeled and purified forward primer: 2 pL
(f) RT reaction: 7.5 pL.

(g) AmpliTaq Gold® DNA polymerase 5 U/pL: 0.5 pL
(h) Nuclease-free water: 30 pL.

. The PCR conditions should be as follows: a single 5 min dena-

turation cycle at 95 °C; 30-35 cycles where each cycle is: 20 s
denaturation at 95 °C; 20 s annealing at 50-55 °C; 30 s exten-
sion at 72 °C.

. Collect 5 pLL of PCR reaction from each sample every 2 cycles,

starting at cycle number 20, and transfer into a fresh PCR
tube.

. Add 15 pL of 2x RNA loading dye to each sample, for a total

volume of 20 pL.

. Store samples at —20 °C until ready to be loaded.

Wash glass plates, spacers, and combs in a diluted solution of
dishwashing liquid detergent; rinse thoroughly in deionized
water. To prevent water spots, rinse the plates with 70 % etha-
nol and allow them to air dry (see Note 17).

. Assemble gel glasses and spacers, and pour a 10 % polyacryl-

amide, 8 M urea denaturing gel.

. With the aid of an automatic pipettor (se¢ Note 18) and a

10 mL pipette, slowly but steadily pour the gel solution in the
assembled gel plates. Once the solution reaches the top of the
glasses, insert the comb. Leave the remainder of the gel solu-
tion in the 50 mL Falcon tube to check for polymerization.
Once the solution has completely polymerized (~15-20 min),
leave the gel for another 5-10 min (se¢ Note 19). It is impor-
tant to ensure that the partitions between the teeth of the
comb are completely formed (see Note 20).

Prepare sufficient amounts of 1x TBE running bufter.
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. Once the gel has polymerized, carefully remove the comb and

with the aid of'a 10-20 mL syringe with needle thoroughly rinse
the wells with 1x TBE to remove urea residues (see Note 21).

. Add 1x TBE running buffer to the top and bottom running

chambers. Prerun the gel at 2545 mA for 40 min (see Note 22).

. Prepare samples to be loaded: load 5 pL of diluted DNA

marker, adjust volume with 2x RNA loading dye so that the
volume of DNA marker loaded on the gel is the same as the
PCR samples (20 pL.). Heat denature samples 5 min at 95 °C,
and chill on ice.

. Turn the power supply oft. Thoroughly rinse wells with 1x

TBE as at step 7. With the aid of a flat-tipped micropipette
loading tip, load samples on gel (see Note 23).

. Run the gel at 25-45 mA the appropriate gel distance to opti-

mize the resolution of the bands of interest. For a 6 % denatur-
ing acrylamide gel, the apparent migration of loading dyes is
26 bp for bromophenol blue and 106 bp for xylene cyanol.

. Turn the power supply oft and drain the bufter. The bottom

buffer will be particularly radioactive and should be handled
accordingly.

. Put the gel face down, slide the spacers out of the gel, and with

the help of a gel opening device slowly pry the top plate up,
starting from a corner. Make sure that the gel remains attached
to the bottom plate.

. Put the bottom plate with the gel on a glass or plastic tray; add

gel fixing solution to cover the gel, cover tray with clear plastic
lab wrap, and gently rock on orbital shaker for 30 min. Part of
the gel may detach from the glass plate.

. Carefully take the glass plate with the gel on it out of the tray

and put on flat surface over clean bench paper. Make sure that
the gel doesn’t slide off the plate.

. Trim two pieces of Whatman 3MM paper to the size of the gel;

soak one piece of paper in gel fixing solution, and carefully lay
it over the gel. Carefully pick up the paper starting from a cor-
ner, making sure that the gel is securely attached to the paper.
Slowly lift the paper with the gel attached to it, turn it over,
and lay them “gel side up” on clean bench paper. Now the
loading side of the gel is face up.

. Cover the gel with plastic wrap; put the second piece of dry,

Whatman 3MM paper at the bottom. With the help of scissors,
trim the paper and plastic wrap in excess, and dry at 80 °C
using a vacuum-driven gel drier (see Note 24).

. With the help of a funnel recover the used fixing solution.

Fixing solution can be reused multiple times.
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3.5.4 Quantification
of PCR Products

3.6 Analytical
Reverse Transcription
Polymerase Chain
Reaction

3.6.1 Reverse
Transcription Polymerase
Chain Reaction

3.6.2 Electrophoresis
of PCR Products

on Denaturing
Polyacrylamide Gel

1.

Take gel out of drying apparatus. Switch off drying apparatus.
With the help of a Geiger counter, check the radioactivity of
the gel. The plastic wrap will help prevent the gel from sticking
to the imaging device screen (see Note 25).

2. Expose gel to quantification imaging screen for 3 h.

. Quantity gel bands using imaging device and software
(see Note 26).

. Determine the linear range of amplification of each PCR
product.

. Pick a PCR cycle number that is within the linear range of

amplification for all splice products.

. Set up the RT-PCR reaction on ice, using 3 pLL of reverse tran-

scriptase product (cDNA) per sample (equivalent to 30 ng of
starting RNA) generated in step in Subheading 3.3 and stored
at =20 °C.

. Each reaction has a total volume of 20 pLL and is set up as

follows:

(a) 10x Gold Taq Buffer: 2 pL.

(b) 10 mM dNTP mix: 0.4 pL

(¢) Forward primer (5 pM): 0.8 pL

(d) Reverse primer (5 pM): 0.8 pL

(e) 3P, 5'-end labeled and purified forward primer: 0.8 pL
(f) RT reaction: 3 pL.

(g) AmpliTag Gold® DNA polymerase 5 U/pL: 0.2 pL.
(h) Nuclease-free water: 12 pL.

. Each PCR reaction should include a “no RT” negative control

and a “water-only” negative control as PCR templates instead
of RT reaction.

. The PCR conditions should be as follows: a single 5 min dena-

turation cycle at 95 °C; x cycles (where x is the cycle number
determined to be within the linear range of amplification)
where each cycle is: 20 s denaturation at 95 °C; 20 s annealing

at 50-55 °C; 30 s extension at 72 °C; a single 7 min extension
cycle at 72 °C.

. Add 2 volumes (equals to 40 pL) of 2x RNA loading dye to

each sample, for a total volume of 60 pL.

. Same as in Subheading 3.5.2. Load 7.5 pL (equivalent to

1/8th of total volume) of each sample per lane (see Note 27).

. Store samples at =20 °C in plexiglass container for radioactivity

work with beta emitters until needed.

. Follow same procedure as in Subheading 3.5.2.
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. Dry gel as in Subheading 3.5.3.
. Expose gel to quantification imaging screen.
. Quantify PCR products as in Subheading 3.5 .4.

. After gel quantification with imaging device, it may be useful

to run a new, normalized gel so that the amount of radioactiv-
ity is the same for each lane (Fig. 3c).

4 Notes

. Other reverse transcription enzymes, such as SuperScript III

by Life Technologies work equally well. However, since
SuperScript IIT works at 50 °C instead of 42, this reverse tran-
scriptase is preferable when strong RNA secondary structures
are expected.

. The concentration of the DNA primers should be determined

by reading the optical density of primers diluted in water with
a spectrophotometer. For a 1-cm path length, the optical den-
sity at 260 nm (OD,4) equals 1.0 for a 30-37 pg/mL solution
of DNA primers.

. The 20 DNA fragments range in size from 24 to 726 bp.

. The best results are obtained with a cooled system, which

allows PCR products to run in a straight front, limiting the
“smiling” migration of products and dyes on the gel.

. Undissolved clumps may be made to dissolve by placing the

bottle of buffer in a hot water bath. Although the buffer can be
sterilized by autoclaving, this is not necessary.

. TEMED has to be added last, immediately before pouring the

gel. The gel can be used immediately, or store up to 24 h at
room temperature, or 48 h at 4 °C. To prevent the gel from
drying during storage, cover the top of the gel and the comb
with a paper towel dampened with 1x TBE.

. Size of the PCR products will vary depending on the size of

the alternatively spliced exon(s). However, when possible
product size should be kept small, i.e. below 500 bp. Moreover,
the difference in size between PCR products and, subsequently,
amplification efficiency should be taken into account as well.
Since smaller PCR products will be preferentially amplified,
having products that are very different in size will make identi-
fication of a PCR cycle number that falls within the linear range
of the reaction for all PCR products more difficult.

. Publicly available online resources about genome annotation

of alternative splicing include the USCS Genome Browser
(http: //genome.ucsc.edu/), Fast DB (http: //www.fast-db.com/
fastdb2 /frame.html), EASANA (https://www.casana.com/),



360

Felitsiya Shakola et al.

10.

11.

12.

13.
14.

15.

16.

17.

18.
19.

20.

21.

ECgene (http://genome.ewha.ac.kr/ECgene/), Splicelnfo
(http:// spliceinfo.mbc.nctu.edu.tw/), ProSplicer (http://
prosplicer.mbc.nctu.edu.tw/), the Burge Laboratory Web
Server (http://hollywood.mit.edu/), and other databases
listed on EURASNET (http://www.eurasnet.info/tools/
asdatabases).

. Cells should not be allowed to reach confluency, since that may

affect gene expression and alternative splicing patterns.

After homogenization and before addition of chloroform,
samples can be stored at -80 °C for several weeks.

Although usually not necessary, glycogen can be added as a
carrier if low yields of RNA are expected.

Be very gentle in aspirating the supernatant, since at this stage the
pellet will detach itself from the minicentrifuge tube very easily.

These conditions will remove up to 30 pg of genomic DNA.

Be very gentle in aspirating the supernatant, since at this stage the
pellet will detach itself from the minicentrifuge tube very easily.

For a 1-cm pathlength, the optical density at 260 nm (OD,)
equals 1.0 for a 40 pg/mL solution of RNA. Calculate the
OD360/0ODsg ratio for an indication of nucleic acid purity.
Pure RNA has an OD,40/OD5g ratio of ~2.0. Low ratios could
be caused by protein or phenol contamination. The expected
yield of RNA will vary from cell line to cell line, but a subcon-
fluent 10 cm petri dish should give 10-50 pg of total RNA.

Steps in Subheadings 3.4.1 and 3.4.2 can be accomplished
while the reverse transcription reaction from step in
Subheading 3.3 is running.

To prevent glass contamination with skin oils, wear talc-free
gloves and handle plates by their edges.

A 60 mL syringe will work just as well.

If you are planning to run the gel the same day you are also
doing the RT-PCR reaction, you can prepare the gel the day
before.

As polymerization proceeds, the change in refractive index
between the polymerized and nonpolymerized acrylamide
in the gel will become visible as a “Schlieren line” around the
edges of the comb.

If the wells are not properly washed, this will result in bands
appearing elongated, in the shape of a drop. Figure 3a repre-
sents an example of a gel in which the wells were not properly
washed, resulting in PCR products migrating as elongated
bands. Note that the elongated appearance of the bands will
not interfere with quantification, as shown in Fig. 3b. In
Fig. 3c the wells were properly washed, resulting in PCR prod-
ucts migrating correctly.
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The amount of current will vary depending on the size of the
gel. Foran 18 x16 cm, 1 mm thick gel, use 25 mA.

Load samples quickly to avoid formation of urea precipitates.

Make sure that the gel is completely dry before opening the
dryer. If the drier is opened too soon, the gel may crack, or
shrink, or break.

If the amount of radioactivity is particularly weak, gently peel
off the plastic wrap. Put some baby powder on the gel, elimi-
nate excess powder, and expose gel to imaging screen for
quantification.

Experiment shown in Fig. 3a shows the appearance of
“shadow” or “ghost” bands, indicated with red asterisks. When
cloned and sequenced, these shadow bands appear identical in
size and nucleotide composition to the expected PCR prod-
ucts. Shadow bands, therefore, are not the result of amplifica-
tion of new alternatively spliced isoforms, but rather aberrantly
migrating PCR products that appear when an excessive amount
of PCR product is present in the gel. Note that the shadow
bands become apparent at PCR cycles that are no longer within
the linear range of the reaction.

It may be convenient to adjust the final volume of sample to be
loaded on the gel to 20 pL by adding a further 12.5 pL of 2x
RNA loading dye to each sample, asin step 7 in Subheading 3.5.2.
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