Chapter 2

Laser Capture Microdissection as a Tool to Study
Tumor Stroma

Nicholas R. Bertos and Morag Park

Abstract

Laser capture microdissection (or LCM) allows for isolation of cells from specific tissue compartments,
which can then be followed by DNA, RNA, and/or protein isolation and downstream characterization.
Unlike other methods for cell isolation, LCM can be directed towards cells situated in specific anatomical
contexts, and is therefore of significant value when investigating the tumor microenvironment, where
localization is often key to function. Here, we present a summary of ways in which LCM can be utilized,
as well as protocols for the isolation of tumor and tumor-associated stromal elements from frozen breast
cancer samples, with a focus on preparation of samples for RNA characterization.
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1 Introduction

Investigations of tumor stroma, specifically in the field of breast
cancer, have been greatly aided by the use of laser capture micro-
dissection (LCM). This technology has been utilized to investigate
genomic [1-3], transcriptional [4-14], and protein-level [15, 16]
alterations in the human breast cancer microenvironment. Work in
our group has principally been carried out using breast tumors
from patients and murine models, with a downstream goal of
generating mRNA expression profiles and analyzing these to iden-
tify stromal influences on breast cancer development, progression,
and outcome [11-14]. Importantly, the datasets generated by such
experiments constitute key resources for further analyses and vali-
dation of findings from other approaches—the datasets generated
from some of our studies [12, 14], for example, have been utilized
to support multiple additional investigations [17-30].

Laser capture microdissection was first effectively developed in
the mid-1990s as a means to rapidly isolate distinct subpopulations
of cells from heterogeneous tissues under direct microscopic
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visualization [31, 32]. The underlying principle of the initial infrared
(IR) laser-based systems was the placing of a thin thermolabile
transparent film over a tissue section placed on a microscope slide.
Following visualization of the areas of interest, a short focused
laser pulse selectively adheres the film to a small area of tissue;
when the film is removed, these tissue regions remain attached and
can then be isolated and subjected to downstream assays (Fig. 1).
Note that the forces counteracting tissue lifting include both inter-
actions with the slide surface and with neighboring cells; thus, for
tissues with very strong intercellular adhesion, other approaches
may be needed. These include the use of membrane slides where
the area of interest can be cut out using a UV laser which cuts
through both the sample and the membrane itself, obviating the
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Fig. 1 Schematic image of IR-mediated LCM. (a) Thermolabile film (black line) is
placed above tissue on slide (bottom). (b) Laser (dashed line/arrowhead) melts
film and causes it to contact cells of interest (dark grey), avoiding undesired cells
(light grey). () Film bearing cells of interest is lifted, separating these from the
remaining cells
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need for tissue detachment by lifting from either the slide or the
neighboring tissue. A somewhat different technology is used in the
laser catapult system (e.g., Zeiss PALM MicroBeam), where a UV
laser is used to both cut around the region of interest, and to sub-
sequently “catapult” the excised tissue into a collection cap.

Among existing means for isolating specific cell subpopulations
from heterogeneous samples, LCM stands out due to the ability to
select cells based on their anatomical context. Fluorescence-activated
cell sorting and antibody-bead conjugate-based systems are agnostic
with respect to cell localization within a tissue context, while manual
microdissection is limited to relatively large areas of interest.
Identification of cells for targeted isolation by LCM can be con-
ducted either by standard staining and visual identification or by
immunohistochemistry- or immunofluorescence-guided selection.

Since its initial development, various permutations of LCM
have been developed, including the use of an ultraviolet (UV) cut-
ting laser either alone or in conjunction with the IR laser. UV lasers
are used to ablate unwanted tissue, cut around regions of thick or
adherent tissues so that these can be detached using IR laser-
mediated adhesion (or isolated separately in the case of sections
mounted on membrane slides), and /or to catapult isolated regions
into a retrieval container. Semiautomated methods for identifica-
tion of regions to be isolated are also under development [33].

Candidate materials for LCM include frozen tissue as well as
formalin-fixed paraffin-embedded (FFPE) samples—note that
staining protocols must be modified for FFPE samples, due to the
requirement for deparaffinization. Cytology smears and live cells
have also been targeted for this approach. Depending on cell and
tissue type and isolation desired, yields can vary widely; pilot exper-
iments should be conducted to determine how much LCM is
required to obtain desired target quantities when working with a
new experimental system.

Especially for RNA isolation and downstream assays, the
importance of maintaining a clean working environment cannot be
overstated. The use of dedicated space and equipment, including
cryostats for sample preparation, reduces the chances of sample
degradation (e.g., by RNase used on adjacent benches) and cross-
contamination. In addition, LCM efficacy can be influenced by
environmental conditions. Humidity levels above 50% lead to
increased adhesion between the tissue section and the slide, which
can make it impossible to isolate the selected regions. If room
humidity is too high, then the use of a portable dehumidifier may
be necessary,

In our experience, the time elapsed between tissue isolation
from the organism and initial freezing is key to sample quality and
assay success. For human clinical breast tumor samples, we have
found that times in excess of 30 min are generally associated with
failure to isolate RNA of acceptable quality following LCM;
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however, the precise timing is likely to vary between tissues and
LCM protocols used, and should be determined experimentally for
each experimental condition.

Our standard operating procedure is to immediately place tis-
sue samples obtained in a cryovial (Nalgene) containing ca. 1 mL of
Tissue-Tek O.C.T. Compound (“O.C.T.,” Sakura Finetek, USA),
cover them with additional O.C.T., and then rapidly freeze the vial
in liquid nitrogen. Although samples can be frozen directly and
later mounted in O.C.T. prior to sectioning, this entails additional
manipulation and risks loss of sample morphology. Other approaches
that better preserve tissue morphology involve fixation in 4 % para-
formaldehyde or in ethanol on ice prior to equilibration in O.C.T.
and less rapid freezing. However, some RNA degradation may
occur with the latter approaches—comparative pilot studies for the
tissue and target of interest should be conducted prior to beginning
work to achieve the optimal balance of morphology vs. sample pres-
ervation required. Samples can then be stored at -80 °C or in liquid
nitrogen until use; in our experience, storage times of up to 15
years in liquid nitrogen do not affect RNA integrity.

O.C.T.-embedded samples are then sectioned at 10 pm thick-
ness using a cryostat, taking care to place tissue sections in the
central third of the slide. We have found that for breast tumor tis-
sue, this represents an acceptable balance between maximizing
LCM vyields and ensuring that the area visualized corresponds to
what is isolated, since in thicker sections cells lying beneath the vis-
ible layer may be co-isolated. For tissue with higher degrees of
local heterogeneity, thinner sections may be required; however,
these would require more LCM processing to isolate the same
amount of tissue. It is important to ensure that samples and sec-
tions are kept as cold as possible during this procedure; this entails
pre-cooling slide boxes before use, and transferring cut sections
into these within the cryostat chamber, as well as always transport-
ing sections in insulated containers with dry ice. To minimize the
potential for cross-contamination, the cryostat chamber should be
vacuumed between samples, surfaces should be cleaned with ace-
tone, and a fresh blade should be used for each sample. Sections on
slides are stored at -80 °C until use. The time for which slides can
be stored depends on tissue type and intended use—for human
breast tumor samples, 2—3 months is generally the limit for subse-
quent RNA isolation.

Two key elements in successtul LCM-mediated isolation of tis-
sue for downstream analysis are the quality of the input material,
and optimization of the protocol to minimize loss of integrity dur-
ing the procedure. Since LCM is carried out at room temperature,
further sample degradation can occur during the procedure; thus,
initial sample quality must be carefully assessed, and samples must
be followed throughout the procedure.
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Our workflow integrates multiple quality control steps designed
to avoid additional processing of poor-quality samples. In addition,
stepwise assays of sample quality allow for identification of steps
leading to sample degradation which may require modification.

First, tissue from four to five slides bearing sectioned samples
is manually isolated and subjected to RNA isolation as per the pro-
tocol below, followed by quality assessment using the RNA Pico kit
on the Agilent Bioanalyzer platform. Next, tissue-bearing slides
that have been stained as per the protocol to be used in the study
in question are similarly processed to identify samples which dete-
riorate to an unusable point during the staining step. Samples for
which RNA is not of acceptable quality after sectioning or staining
are removed from the workflow. As a final step prior to LCM per-
formance, stained sections are exposed to room temperature for
times corresponding to expected LCM duration, and similarly pro-
cessed—this identifies samples for which LCM processing time
may require adjustment.

2 Materials

2.1 Total RNA
Extraction for Quality
Control

2.2 H&E Staining
for LCM

. TRIzol (ThermoFisher).
. Glycogen (GenHunter).
. Chloroform.

. Isopropanol.

. Ice-cold 75 % ethanol.
RNase-free water.

. 1.5 mL tubes.

. Pipettor and tips.
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. Vortex mixer.
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. Centrifuge capable of 12,000 x g and refrigerated at 4 °C.

Note: Sections should not be allowed to dry out during staining
procedures.

—

. Harris hematoxylin (Surgipath).

. Eosin (Surgipath).

. 70%, 95%, and 100 % ethanol.

. Xylene.

. RNase-free water.

. Bluing solution: 0.3 % Ammonium hydroxide.
. 0.22 pm Filter (Steritop system, Millipore).

. RNase-free glass surface.
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. RNase-free staining jars.
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2.3 HistoGene
Staining

2.4 Laser Capture

Note: Sections should not be allowed to dry out during the
procedure.

1.

2.
3.

HistoGene staining kit (Life Technologies catalog # KIT0401;
this contains all required reagents and consumables).

RNase-free glass surface.

RNase-free tweezers and forceps to manipulate slides.

Note: The procedure below is written for the Arcturus PixCell Ile

Microdissection system, which utilizes an IR laser only. Other systems exist which
incorporate IR and/or UV lasers; for these, carefully following the
manufacturer’s directions is recommended.

1. Arcturus PixCell ITe LCM system.

2. CapSure caps.

3. Tissue on slides.

4. 100% Ethanol and lint-free wipes to clean work area.
5. PrepStrips (Arcturus).

6. CapSure cleanup pads (sec Note 1).

3 Methods

3.1 Total RNA . Prepare a 1.5 mL tube with 1 mL of TRIzol (ThermoFisher).

Extraction for Quality . Pipette ca. 200 pL of TRIzol onto each section.

Control
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10.

11.

12.
13.
14.

. Pipette TRIzol up and down over the section several times.
. Transfer material to TRIzol-containing tube.

. Vortex briefly to homogenize tissue. Samples can now be

stored at —80 °C prior to extraction. Prior to proceeding to
next step, thaw frozen samples and incubate at room tempera-
ture for 5 min.

. Add 200 pL of chloroform and shake vigorously by hand for 15 s.
. Incubate at room temperature for 3 min.
. Centrifuge at 12,000 x g for 15 min at room temperature.

. Transfer upper aqueous phase (400450 pL) to a new 1.5 mL

tube.

Precipitate RNA by adding 500 pL of isopropanol and 2 pL of
glycogen.

Mix by manually inverting ten times, and then incubate for
10 min at room temperature.

Centrifuge at 12,000 x4 for 10 min at 4 °C.
Carefully remove and discard supernatant.
Add 1 mL ice-cold 75 % ethanol (wash step) and shake tube.
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for LCM

3.3 HistoGene
Staining
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15. Centrifuge at 7500 x g for 5 min at 4 °C.

16. Carefully remove ethanol and air-dry pellet for 10-15 min at
room temperature.

17. Resuspend pellet in 15 pL. RNase-free water and incubate at
55 °C for 10 min to dissolve pellet.

18. Proceed to RNA assay, e.g., using the Bioanalyzer platform.

We currently utilize either the Arcturus HistoGene LCM Frozen
Section Staining Kit (Applied Biosystems) or an in-house hema-
toxylin and eosin (H&E)-based procedure for sample staining.
Both procedures are listed below; the HistoGene kit has the advan-
tage of not requiring manual preparation of solutions, albeit at
higher cost. Also, sections stained using H&E are more easily
interpretable for outside experts called in to analyze samples, i.e.,
pathologists, while the brown staining obtained with the HistoGene
kit requires some familiarization.

1. Filter Harris hematoxylin prior to use using a 0.22 pm filter to
remove any precipitate.

2. Thaw slides at room temperature on an RNase-free glass sur-
face (to ensure even thawing) for a maximum of 30 s.

. Fix slides with 70 % ethanol for 30 s.

. Rinse slides with two rapid dips in RNase-free water.

. Stain slides with hematoxylin for 30 s.

. Rinse slides with one rapid dip in RNase-free water.

. Blue in 0.3 % ammonium hydroxide solution for 30 s.

. Dehydrate by placing slides in 70% ethanol (2x 30 s), fol-
lowed by 95 % ethanol (2x 30 s).

9. Stain slides with eosin (Surgipath) for 20 s.
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10. Dehydrate slides using through 30-s steps in 95% ethanol
(2x30s), 100% ethanol (2x30 s), and xylene (60 and 90 s).

11. Air-dry slides for 10 min in a fume hood.

12. Use slides immediately for LCM—it multiple slides have been
stained and will be used in the same LCM session, the extra
sections can be stored in a cold desiccator until use.

Note: Adapted from the manufacturer’s instructions.

1. Thaw slides at room temperature on an RNase-free glass sur-
face for a maximum of 30 s.

2. Fix slides in 75 % ethanol for 30 s.

3. Rinse in RNase-free water for 30 s.

4. Apply 100 pL of HistoGene staining solution to each section
and place on a glass surface for 20 s.
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5.

Rinse in RNase-free water for 30 s.

6. Dehydrate slides by dipping in 75 % ethanol for 30 s, 95 % etha-

nol for 30 s, and 100 % ethanol for 30 s.

. Clear sections by dipping in xylene for 5 min.
. Air-dry slides in a fume hood for 5 min.

. Use slides immediately for LCM—it multiple slides have been

stained and will be used in the same LCM session, extra sec-
tions can be stored in a cold desiccator until use.

3.4 Laser Capture Note: Adapted from the manufacturer’s instructions.

Microdissection

10.

11.

12.

13.

. Turn on power to the instrument, controller, and computer.

. If using fluorescence, turn on power to Olympus mercury

lamp and close the fluorescence shutter until you are ready to
view fluorescent samples (see Notes 2-5).

. Dust oft working surfaces with compressed air and spray with

100% ethanol. Wipe off excess ethanol with lint-free wipes
(e.g., Kimwipes).

. Load CapSure caps (HS or Macro) in the CapSure cassette

module (see Note 6).

. Remove possible debris from the section surface using Arcturus

PrepStrips.

. Center the joystick in the vertical position and place the sample

slide onto the stage.

. Identify a region with cells of interest. Place it on the center of

the field of view (see Note 7). Activate the vacuum button on
the front of the laser controller (se¢ Note 8). Make sure that a
cap is at the load line position.

. Without lifting the Cap Placement Arm, rotate it to the cap

pickup position. The arm will automatically line up with the cap.

. Lift the arm with the cap and turn it slowly clockwise until it

stops.

Lower arm to place the cap on the tissue section, on the region
of interest.

Adjust the fine focus on microscope and adjust light intensity.
Examine the sample, moving around using the joystick.

Initiate archiving software. Enter the file name, study name,
and slide number, adding notes if necessary.

Take “map” (low power, whole section) and “before” (higher
power, area to be microdissected ) images if desired (Fig. 2)
(see Note 9). Set laser parameters, and then activate laser by
turning key clockwise. Once laser interlock check is complete,
turn on laser using the “laser enable” button (see Note 10).
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To focus the laser, go to the 20x objective, adjust the micro-
scope focus, and decrease the light sufficiently to see the laser
spot on the monitor. Move to an open space close to tissue and
fire test shots, adjusting laser focus knob until you observe an
optimal laser spot (see Note 11).

Reset the pulse number to zero before starting LCM on
sample.

Position the laser targeting spot over the cells of interest and
fire the laser. Move the stage with the joystick and continue
firing laser to collect all required material.

Raise the Cap Placement Arm with the cap and move it gently
to the rest position.

Observe remaining tissue on the slide and take “after” images
of dissected regions.

To observe captured cells, turn off vacuum and remove the
slide from stage. Change the objective to low magnification.
Gently turn the capping arm clockwise, placing the cap in the
center of the field of vision. Examine the cap at low and high
magnification, collecting “cap” images, if needed (Fig. 2) (see
Note 12). Using capping tool, transfer the cap with captured
cells onto a 1.5 mL tube with appropriate extraction buffer.

When finished with LCM procedures, turn off vacuum and
laser (turn key counterclockwise), close archiving software,
and turn oft controller.

Remove consumables and cover microscope (see Note 13).

Fig. 2 “Before” (leff), “after” (centre), and “cap” (right) images of laser capture microdissection for tumor-
associated stroma (fop row) and tumor epithelium (bottom row)
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4 Notes

10.

11.

12.

13.

. These are no longer commercially available; adhesive notes can

be used as a substitute.

. Note that it takes time for the mercury lamp to become stable;

turn it on 20-30 min before starting to perform LCM.

. The fluorescence cube turret is located under the stage. It has

four positions for blue, green, and orange filter cubes plus a
bright-field position (white light, no color filter cube). Select
the position with the appropriate color filter by rotating the
cube turret.

. The cube turret has a built-in shutter. The shutter should

always remain closed unless viewing fluorescent samples.
Leaving the shutter opened for extended periods will photo-
bleach fluorescent dyes.

. The “normal” position on the control box is used for routine

procedures (no fluorescence or strong fluorescence). For sam-
ples with weak fluorescence, it is possible to enhance the signal
intensity by increasing the integration time from “normal” to
the minimum setting which is needed to observe a good signal
from the sample. The white light setting should remain very
low.

. HS caps include a standoft rail that keeps the thermolabile film

above the tissue surface, while Macro caps do not. Use of HS
caps reduces potential contamination of the film at the expense
of reducing total possible yield.

. Ideal work area should have both open space for laser test fir-

ing and cells of interest for dissection.

. The vacuum acts to hold the slide in place on the stage.

. Images can be saved in .jpg or .tif formats; saving as .tif files

uses more disk space (ca. 1 Mb/image vs. ca. 300 kb for .jpg
images).

Although each procedure will require individual optimization,
a useful set of initial settings for mammary tissue is as follows:
spot size 15 pm, target voltage 0.2 V, current 4.4 mA, and
power 25 mW.

Proper film melting is occurring if you observe a black ring
around the spot. If this ring is not observed, adjust laser focus
and power until it is observed (Fig. 3).

If contamination with non-dissected material is observed on
cap, clean it very gently with CapSure pad.

In many cases, individuals who have been performing LCM for
the first time have reported vertigo and /or nausea following
protracted LCM sessions. This is likely an effect of intently
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Fig. 3 Schematic images of correct (/eff) and incorrect (right) laser pulses. In the
left-hand image, the thermolabile film is in contact with the tissue below, while
in the right-hand image, contact has not been achieved

watching the computer screen as it rapidly displays movement
across different regions of the specimen. Increased experience
with the procedure reduces but does not completely abolish
this effect. Taking short breaks every 30 min may be useful.
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