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During the last 30 years there has been a growing interest in cytokines as
biological molecules able to regulate the most diverse functions in living organ-
isms, mainly at the level of cell–cell communication.  Originally their definition
was limited to the cells of the immune system (interleukins and lymphokines),
but later that definition was extended to all cells, and their regulatory activity in
such other processes as differentiation, apoptosis, angiogenesis, and wound heal-
ing has been now demonstrated.  They comprise a group of small proteins (5–20
kDa) produced and released by cells in a tightly controlled fashion, active in the
nano- or picomolar concentration range, and eliciting specific effects in neigh-
boring cells; therefore, their action is said to be autocrine, paracrine, or juxta-
crine.  The latter property distinguishes them from hormones, which are produced
by one tissue and are transported by the blood stream in order to act on a distant
tissue.  Chemokines are a subset of cytokines, but whether growth factors are
included in the group is often a matter of discussion.  The activity of several
cytokines can be inhibited by other cytokines or by biological response modifi-
ers; therefore, the latter are sometimes called “anti-cytokines.”  The biological
response of a particular cell is usually the result of the sum of all interactions
with cytokines present at a certain time and in a certain sequence in time—the
“cytokine network.”  In order to understand the production and action of
cytokines, experimental protocols at the DNA, RNA, protein, and (molecular)
cell biological level are needed.  This volume, Cytokine Protocols, in the Meth-
ods in Molecular Biology series describes a number of such protocols for spe-
cific cytokines, but most of them are broadly applicable and readily adaptable.

The first two chapters deal with DNA itself.  Chapter 1 describes the
large-scale generation and purification of plasmid DNA for use in such fields
as gene therapy, DNA vaccination, transfection, and others, as well as the
purity criteria that should be taken into account for such applications.  Both
the regulation of cytokine production and the expression of cytokine-induced
protein synthesis are, at least in part, controlled by DNA–protein interactions,
among which is the binding of transcription factors.  One of the most direct
and powerful methods, not only to demonstrate such interaction, but also to
identify the interacting partners, is the gel mobility shift assay, as described in
Chapter 2.

The next three chapters are concerned with phenomena at the RNA level.
Again, both the induction of cytokine production and the sensitivity to their
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action in terms of signal transduction, leading to the biological actions as a
result of induced proteins, are in part the result of changes in RNA levels.
Chapter 3 describes the generation of stable transfectants with antisense-RNA
expression vectors, leading to cell lines with altered sensitivity for cytokines.
This methodology allows the identification of signal transduction partners as
well as that of alternative paths (leading to “cross-talk,” see also Chapter 18).
Both the precise quantification and the localization of such RNAs are needed
in order to obtain a complete picture.  The use of a competitive RT-PCR method
in order to quantify small amounts of mRNA is described in Chapter 4, whereas
the localization of cytokine-related mRNAs in human tissue biopsies by in
situ hybridization is described in Chapter 5.

The next five chapters deal with the isolation and characterization of
cytokines, cytokine-related proteins, and their interactions.  Cytokines, their
cellular receptors, and the components of their signal transduction chain are all
proteins that are present only at very low abundance.  Their isolation and charac-
terization, as well as methods for demonstrating their interactions, are described.
Starting from large volumes of conditioned culture media followed by initial con-
centration steps, Chapter 6 describes the purification of chemokines until homo-
geneity by consecutive affinity and ion exchange chromatography followed by
RP-HPLC. Complete characterization is achieved by SDS-PAGE, sequence analy-
sis, and mass spectrometry, and confirmed by chemical synthesis and determina-
tion of biological activity (see Chapter 13 for assays of chemotaxis).  Similar
methodology is described in Chapter 7 for the isolation and characterization of
cytokine receptors, including soluble receptors, i.e., the extracellular part of
membrane receptors, which occur free in biological fluids (often urine) and
are an excellent, more soluble substitute for studying interactions with the corre-
sponding cytokine.  Establishment of the biological activity of cytokines is initi-
ated by the formation of a complex with their receptor; hence, great efforts are
devoted to the elucidation of this structure down to the atomic level.  Chapter 8
describes the common principles and an overview of experimental conditions used
for crystallization of cytokine–receptor complexes.  Protein–protein interactions
are instrumental in the establishment of the biological effects, not only at the
receptor level, but also between the partners in the signal transduction chain.  One
of the most direct means of measuring such biomolecular interactions both in
terms of affinity (K

d
, dissociation constant) and kinetically (k

on
 and k

off
) relies on

the phenomenon of surface plasmon resonance.  The principles and the practi-
cal elaboration of this method are the subjects of Chapter 9.   The demonstra-
tion of such interactions within the signal transduction chain and the importance
of posttranslational modifications are described in Chapter 10.
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Taking into account the high specific biological activity of most cytokines,
they are often best detected and quantified with a very sensitive bioassay and
compared to international standard preparations.  These functional tests are used
initially to detect a cytokine activity; often a cytokine’s name refers to this origi-
nal biological activity.  Many cytokines were even first discovered in a functional
test, which later proved to be a side activity of its true activity.  Therefore, if
cytokine concentrations are not expressed in “mass/volume,” but in “units/vol-
ume,” one should clearly describe the kind of assay that has been used and inter-
national standardization is an absolute requirement.  Because it is not possible to
cover all cytokine assays that are used at present, only the next four chapters are
devoted to bioassays.  The assays for antiviral activity (Chapter 11) and for cyto-
toxicity (Chapter 12) are rather similar, because, in fact, they both measure the
number of cells remaining alive after impairing the viability of the cells.  Three
chemotaxis assays are described in Chapter 13: two in vitro assays, i.e., chemotaxis
through micropores and chemotaxis under agarose, and one in vivo assay, i.e., the
migration of 111In-labeled granulocytes (in rabbit).  Finally, taking the hematopoi-
etic growth factor granulocyte colony-stimulating factor as an example, Chapter 14
demonstrates that the data obtained from in vitro bioassays must necessarily be
complemented or confirmed by in vivo measurements, since the eventual activity
of a cytokine may definitely be subjected to secondary factors.

The last five chapters deal with (molecular) cell biological techniques.
Chapter 15 describes the generation of stable transfectants that are able to inter-
fere in a controlled fashion with the signal transduction path of a cytokine (in
this case TNF-α).  Taking into account the low molecular mass (and hence their
rapid diffusion out of cells) of most cytokines as well as the extremely low level
of their expression, the detection of cytokines at the single cell level is a major
challenge.  In Chapter 16, the immunohistochemical detection, and even double
labeling, of cytokines in tissue sections is described, using either fluorescent or
chromogenic substrates. Fixation and permeabilization, though preserving the
cellular morphology and the antigenicity of intracellular proteins, seem to be
crucial steps in the preparation of biological material.  Optimized staining pro-
tocols for cytoplasmic, indirect immunofluorescent, or immunocytochemical
detection on slides are described in Chapter 17; these are, however, not suited
for the detection of antigens in the nucleus.  Cytokines are not only pleiotropic
signaling molecules, endowed with partially overlapping activities, in part they
also use common or synergistically acting intracellular signal transduction com-
pounds for establishing their final biological action.  This leads to a phenom-
enon that is known as “cross-talk,” described in Chapter 18.  Finally, the
presence of noncytokine bioactive compounds, such as, for example, pros-

Preface



viii

taglandins, may influence the outcome of cytokine stimulation by altering the
ratio of producer or target cells, as described in Chapter 19.

These “cytokine protocols” are intended for use by researchers with knowl-
edge of at least basic biochemistry, molecular biology, and cell culture tech-
niques.  It is also an absolute prerequisite to be familiar with biological safety
regulations, particularly when working with human biological materials or with
recombinant DNA harboring human sequences. Although each individual pro-
tocol is written for and applied on a certain cytokine, only minimal changes are
required to adapt it to another.  The chapters on assay systems may need more
modification in order to be broadly applicable.

Marc De Ley
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