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Preface

Immunocytochemistry, the accurate localization of tissue constituents
with labelled antibodies, was fathered by A.H. Coons in the 1940s, grew
up during the sixties and seventies, and in its maturity has become
an indispensable investigative technique in diagnostic histo- and
cytopathology and many branches of biomedical science. Its versatility
allows it to be used on whole cells or on tissue sections, whether from
frozen or fixed and embedded samples, and at both light- and electron-
microscopical levels. Immunocytochemistry can be combined with other
localization methods such as histological or histochemical staining and
in situ hybridization of nucleic acids. It is applicable to plant as well as
animal tissue, the only requirements being a specific antibody to the
antigen in question, suitable preservation of the antigen and a revela-
tion method sensitive enough to depict even low quantities of antigen.

Despite its well-established position, the technique, like so many, has
its own tricks of the trade. Newcomers need to know not. only how to per-
form the tests, but also why the various steps are necessary, how to get
the best results, what are the essential controls and what to do when
things go wrong. These can all be learnt. from experienced teachers, but
after spending a lot of time teaching a seemingly endless stream of
novices in the field, we decided in 1980 to write an introductory text to
save ourselves some effort. We used the notes successfully in conjunction
with practical courses, and in 1984 they were expanded into the first edi-
tion of this book (published by Oxford University Press). A revised edi-
tion followed in 1987.

This second edition has been rewritten extensively, expanded and
updated to include major advances in methods of antigen retrieval and
ways of increasing sensitivity. We hope that it will provide a practically
directed basis for carrying out current immunocytochemical methods
with enough theoretical information to allow a newcomer to understand
the whys and wherefores of the technique. The text is backed up by a ref-
erence list for readers wanting further depths of knowledge.

We are grateful to the many colleagues who have helped with sug-
gestions and by providing illustrations.

Julia M. Polak
Susan Van Noorden

xiii
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Safety

Attention to safety aspects is an integral part of all laboratory proce-
dures, and both the Health and Safety at Work Act and the COSHH
regulations impose legal requirements on those persons planning or
carrying out such procedures.

In this and other Handbooks every effort has been made to ensure
that the recipes, formulae and practical procedures are accurate and
safe. However, it remains the responsibility of the reader to ensure that
the procedures which are followed are carried out in a safe manner and
that all necessary COSHH requirements have been looked up and imple-
mented. Any specific safety instructions relating to items of laboratory
equipment must also be followed.
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1 Introduction

1.1 Definition

There are several uses in biology and medicine for the strong and
specific attraction between an antigen and an antibody, including the
measurement of antigen in tissue extracts by radicimmunoassay
(RIA) and the sorting and analysis of populations of dispersed cells after
labelling with a fluorescent antibody, i.e. fluorescent antibody cell
sorting (FACS). However, immunocytochemistry is the only technique
which can identify an antigen in its tissue or cellular location. Thus the
definition of immunocytochemistry is the use of labelled antibodies
as specific reagents for localization of tissue constituents (antigens)
in situ.

1.2 History and development

The practice of immunocytochemistry originated with Albert H. Coons
and his colleagues (Coons et al., 1941, 1955; Coons and Kaplan, 1950)
who were the first to label an antibody with a fluorescent dye and use it
to identify an antigen in tissue sections with a fluorescence microscope.
As a result of this work much of the uncertainty has now been removed
from some aspects of histopathology which were previously entirely
dependent on special stains, with interpretation sometimes precarious-
ly based on intuition and deduction. Because an antigen—antibody reac-
tion is absolutely specific, positive identification of tissue constituents
can now be achieved, though there are still problems as will become
apparent in the following pages.

The first fluorescent dye to be attached to an antibody was fluorescein
isocyanate, but fluorescein isothiocyanate soon became the label of
choice because the molecule was much easier to conjugate to the anti-
body and more stable (Riggs et al., 1958). Fluorescein compounds emit a

1
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2 INTRODUCTION TO IMMUNOCYTOCHEMISTRY

bright apple-green fluorescence when excited at a wavelength of 490 nm.

Following the early work, and as better antibodies to more substances
became available, the technique has been enormously expanded and
developed. New labels have been introduced, including red, yellow, blue
and green fluorophores and a variety of enzyme labels which, when
developed, can give differently coloured end-products, visible in a con-
ventional light microscope. The methods used to develop the enzyme
labels are the standard ones used in histochemistry to identify native
enzymes in the tissue. The first enzyme to be used was horse-radish
peroxidase (Nakane and Pierce, 1966; Avrameas and Uriel, 1966).
Other enzymes include alkaline phosphatase (Mason and Sammons,
1978), glucose oxidase (Suffin et al., 1979) and B-D-galactosidase (Bondi
et al., 1982). The end-product of reaction of some of these enzyme
reactions can be made electron-dense, but other intrinsically electron-
dense labels such as ferritin (Singer and Schick, 1961) have been used
for electron microscopical immunolabelling and colloidal gold particles,
introduced by Faulk and Taylor (1971), are likely to remain the label of
choice for this technique (see Beesley 1993). Antibodies have been
labelled with radioactive elements and the immunoreaction visualized
by autoradiography, and some other labels in addition to colloidal gold
particles, for example latex particles, can be used in scanning electron
MiCroscopy.

Among the techniques, the first modification of the original, directly
labelled antibody was the introduction of the two-layer indirect method
(see Section 4.2). This was followed by the unlabelled antibody—enzyme
methods which avoided entirely conjugation of a label to an antibody
and the damage that may entail. Other methods involved the use of a
second antigen (hapten) as an antibody label, visualized by a further
antibody raised to the hapten (Cammisuli and Wofsy, 1976; Jasani et al.,
1981), the exploitation of the strong attraction between avidin and biotin
(Guesdon et al., 1979; Hsu et al., 1981), and numerous ways of improv-
ing the specificity and intensity of the final reaction product and of
carrying out multiple immunostaining.

Some of these methods are described here, and the Appendix gives
details of the basic techniques. However, the subject is too vast to be
covered completely in this handbook, which aims only to introduce the
concept, and the reader is referred to several publications which
provide more detail on selected aspects (Polak and Van Noorden, 1986;
Sternberger, 1986; Bullock and Petrusz, 1982, 1983, 1986, 1989;
Larsson, 1988; Beesley, 1993; Cuello, 1993; Jasani and Schmid, 1993;
Leong, 1993). In addition, several scientific journals provide reviews
of antibodies and papers on new methods and applications, including:
Applied Immunohistochemistry, Journal of Histochemistry and Cyto-
chemistry, The Histochemical Journal, Histochemistry and Cell Biology
(formerly Histochemistry) and Journal of Cellular Pathology.
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2 Production of Antibodies

This book is not the place for a detailed description of antibody produc-
tion, but it may be of practical use to know something about the basic
procedure in order to understand why antibodies can be so variable.

2.1 Immunization

Antibodies, which are mainly y-globulins, are raised by immunizing rab-
bits (or mice, guinea pigs, etc.) with antigen. The antigen must be com-
pletely pure or (preferably) synthetic to ensure as specific an antibody as
possible. Despite this, the resulting antiserum will not be directed sole-
ly to the injected antigen. The antibodies produced by the donor animal
will be directed to various parts of the antigen molecule and to any car-
rier protein (see below). The host animal serum will also contain many
antibodies which may react with tissue components. A positive-appear-
ing immunoreaction cannot, therefore, be assumed to be due to the
specific, desired antigen—antibody reaction unless stringent controls are
carried out. It may be necessary to immunize many animals in order to
end up with even one usable antiserum, because little is known about
what makes an animal react to a foreign protein, and the production of
antibodies is still a matter of chance.

If the antigen is large, for example an immunoglobulin, it can be used
by itself to immunize an animal. If it is as small as many bioactive pep-
tides, or if the molecule itself is not immunogenic, it must be combined
with a larger one for immunization. The small molecule (hapten) is
chemically coupled (e.g. by glutaraldehyde or carbodiimide) to a larger
‘carrier’ protein molecule, such as bovine serum albumin, thyroglobulin
or limpet haemocyanin. The larger complex is a better stimulant of anti-
body formation than the small molecule alone. The donor animal’s
serum will contain a mixture of antibodies, reactive with diferent amino
acid sequences of the hapten and the carrier molecule, but the antibod-
ies to the carrier molecule will either not react with the tissue to be
stained (unless it were, for example, limpet tissue and the carrier pro-

5
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6 INTRODUCTION TO IMMUNOCYTOCHEMISTRY

tein had been limpet haemocyanin) or can be absorbed out, if necessary,
by addition of the carrier protein to the antibody before use.

At an appropriate interval after the primary injection (usually subcuta-
neous) the animal is given a booster injection. Subsequently, blood is taken
from it for testing for antibodies. No standard time course can be given for
antibody raising, which is a highly individual procedure. The blood is then
centrifuged to remove red blood cells. Although the resulting fluid contain-
ing the antibody is plasma, not serum, as the fibrin has not been removed,
the working solution is illogically known as an antiserum. For further
reading on antibody production, see the book by Johnstone and Thorpe
(1996).

2.2 Testing

The next step is to test for the presence of antibody. The antiserum may be
tested by an enzyme-linked immunosorbent assay (ELISA) against the
pure antigen, or by RIA if there is one available, or by a blotting technique
(see Chapter 9 for a discussion of these techniques); but by far the most sat-
isfactory way of testing for an antibody to be used in immunocytochemical
staining is by immunocytochemistry on known positive tissue. This is
because in the in vitro methods mentioned above, pure antigen only is
offered to the potential antiserum, and thus any interfering, unwanted
reactions due to other constituents of the serum are not detected. By
immunocytochemistry, the antiserum may be evaluated for the quality of
the specific staining against the ‘background’, and if the background stain-
ing is unacceptably high and cannot be eliminated, the antiserum must be
abandoned. Another reason for preferring an immunocytochemical test
concerns the ‘avidity’ or ‘stickiness’ of the antibody (see Section 2.5). A use-
ful antibody for immunocytochemistry must combine strongly with its anti-
gen so that it is not washed off the tissue during the staining procedure.

In RIA, competition takes place between radiolabelled and unlabelled
antigen for binding to the antibody, leading to an equilibrium between
the two, depending on the proportion of each available. However, a ‘good’
antibody for RIA is often not good for immunocytochemistry and vice
versa. The ELISA technique resembles the immunocytochemical tech-
nique more closely.

2.3 Region-specific antibodies

The various couplers used to join the carrier protein and the hapten for
immunization react preferentially with different functional groups of
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PRODUCTION OF ANTIBODIES 7

the hapten molecule. Glutaraldehyde, for example, attaches primarily to
amino groups. The free portion of the hapten molecule, distant from the
combining site, is most likely to stimulate antibody formation; thus if
the only free amino group on the hapten molecule is the NH,-terminal,
then immunization with that hapten after coupling with glutaraldehyde
is likely to produce antibodies to the free C-terminal. Carbodiimide, on
the other hand, will react with free amino or carboxyl groups; thus
immunization with a carbodiimide-coupled hapten, having these groups
only at either end of the molecule, is likely to produce a mixture of anti-
bodies directed to the C- and N-terminals. A knowledge of the structure
of the hapten is thus essential if the coupler is to be chosen intelligent-
ly so that the likely region-specificity of the resulting antibody may be
forseen (Szelke, 1983).

It is often advantageous to have an antibody that is specific for only a
certain area of the molecule: for instance, in cases where two antigens to
be identified have amino acid sequences in common and the antibody is
required to distinguish between them (e.g. the intestinal hormones, gas-
trin and cholecystokinin, which share a C-terminal peptide sequence).
Most antibodies will only recognize sequences of four to eight amino
acids; however, antigenic sites need not be straight chain sequences of
amino acids, but could be merely spatially adjacent sequences, created
by folding of the amino acid chain. Attempts to characterize an antibody
by assaying or absorbing against fragments of the antigen are not nec-
essarily reliable because there is a danger that a small fragment of an
antibody in solution may lose the particular molecular configuration
which gave it antigenicity when it was part of a whole molecule. It is
usually only by chance that a serum will contain antibodies to the
desired part of the molecule, but it is occasionally possible to use syn-
thetic fragments for immunization. With the proviso noted above, the
resulting antiserum is then more likely to be specific for those frag-
ments. Unfortunately, the smaller the amino acid sequence used for
immunization, the less immunogenic it is, so the chances of obtaining a
good antibody to a peptide fragment are slim. Another problem is that
the shorter the amino acid sequence, the more likely it is to be common
to several different peptides. Thus it may be essential to immunostain
with antibodies to several regions of the molecule, for example, the N-
terminal, mid-portion and C-terminal amino acid sequences. Results of
staining with such antibodies can confirm that the antigen being local-
ized is the genuine molecule or suggest that a related, but not identical,
molecule is being identified (Larsson, 1980). Commercially available
antibodies should have been tested extensively before being offered for
sale but, even with these, caution must be exercised before their
absolute specificity can be relied on.
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8 INTRODUCTION TO IMMUNOCYTOCHEMISTRY

2.4 Monoclonal antibodies

The in vitro production of pure antibodies was introduced by Kohler and
Milstein (1975). For a clear account of the development of the concept
see the work of Milstein (1980).

Antibodies are produced in mice, and activated B-lymphocytes from
the spleen, the source of the antibodies, are fused with cultured myelo-
ma (plasma cell tumour) cells from mice of the same strain that are not
producing antibody. The fusion results in hybrid cells which continue to
grow and divide in culture and also produce antibodies. Unfused cells
and non-productive fused cells are eliminated, and the culture of the
productive cells is continued. One hybrid cell produces only one type of
antibody so the cultured hybrid myeloma (‘hybridoma’) cells are gradu-
ally cloned by limiting dilution (testing the culture medium for secreted
antibody at each stage) into cell lines derived from a single cell (mono-
clonal), in which all the cells produce the same antibody. The testing
procedure consists of screening the culture fluid from the various clones
for the desired antibody by RIA, ELISA or, preferably, immunocyto-
chemistry, if that is what the antibody is to be used for. Unwanted clones
are discarded. For details of monoclonal antibody production and testing
see the work of Ritter (1986) and Ritter and Ladyman (1995). As the cul-
ture can be stored until further production is required, the method
allows for a continuous supply of standard antibodies. The culture fluid
contains about 10 pg ml~* of antibody and can be used undiluted or dilut-
ed as required by the immunocytochemical method. Alternatively, the
hybridoma cells can be grown as an ascitic tumour inside a host mouse.
The fluid around the tumour will contain concentrated antibody, about
10 mg ml™. The disadvantage is that it may also contain proteins secret-
ed by the host animal, and may therefore approach the state of a poly-
clonal antiserum.

The great advantage of monoclonal antibodies is their absolute speci-
ficity for a single sequence or ‘epitope’ on the antigen molecule. The
problems associated with the multiple antibodies contained in polyclon-
al antisera thus do not arise and immunostained preparations are usu-
ally very clean. However, monospecificity for a particular epitope does
not necessarily rule out cross-reactivity if the monoclonal antibody hap-
pens to be directed to an antigenic sequence shared by more than one
substance, whether known or unsuspected, and in this case a monoclon-
al antibody would offer no advantage over a polyclonal one.

A possible disadvantage of a monoclonal antibody derives from its
very monospecificity. A polyclonal antiserum is probably multivalent,
consisting of antibodies to several regions of the antigen molecule, pro-
viding a strong detecting capacity. A monoclonal antibody, reactive with
only one site on the molecule, may result in fewer antibody molecules
being bound to the antigen and subsequently detected by the labelling
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method, resulting in weaker staining. Similarly, the one particular epi-
tope of interest on the antigen molecule may be altered by fixation or
processing, so as to be unavailable for reaction, resulting in no staining.
This is why some monoclonal antibodies will only react with fresh or
frozen material and not with fixed paraffin sections. A polyclonal anti-
serum would have more chances of attaching to different epitopes on the
molecule that might be less altered. Another possibility for producing
antibodies suitable for localization on fixed tissue is to immunize with
‘fixed’ antigen. In any case, it is essential to screen antibodies in the sys-
tem in which they are to be used (see Section 2.2).

In addition to the use of monoclonal antibodies as pure antibodies to
known antigens, monoclonal antibodies may be raised to unknown anti-
gens and used as markers for particular cell types or cytoplasmic con-
stituents. By cloning antibody-making hybridoma cells resulting from
the immunization of mice with human thymocytes, several series of
monoclonal antibodies to human T lymphocytes were produced and used
to separate the cell types immunocytochemically (Kung et al., 1979). The
antibodies act against constituents of the cell membranes, but it may be
several years after production of the antibodies that the molecular
nature of the many cell membrane antigens is discovered (Boyd, 1987).
Monoclonal antibodies against cell and tissue components produced by
many workers are now periodically revised, and given specific ‘clusters
of differentiation’ (CD) numbers according to the cell or component
stained; for example the different sub-types of T and B lymphocytes.

‘Good’ antibody characteristics (see Section 2.5) apply to monoclonal
as much as to polyclonal antibodies, but the availability of such highly
specific tools has truly revolutionized immunocytochemistry and its
applications in histopathology and cell biology (Gatter et al., 1985).

2.5 Characteristics of a ‘good’ antibody

The main requirement for a good antibody is that it shall be of high
affinity for its antigen, in other words that its binding sites fit well with
the antigenic sites on its specific antigen and do not attach to other anti-
gens. The avidity, or binding strength, is a connected property depend-
ing on the number of fitting sites between the antigen and antibody
(Roitt et al., 1996). Immunocytochemistry requires antibodies of high
avidity (stickiness), so that they are not washed off the preparations
during the staining process.

It is usual to find that the unwanted antibodies in an antiserum are
less avid than the antibody to the required antigen and are therefore,
fortunately, washed off. However, it should be emphasized that great
care must be taken when dealing with histological sections of damaged
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10 INTRODUCTION TO IMMUNOCYTOCHEMISTRY

tissue containing areas of necrosis and with whole cells in smears or
unwashed cultures or cytospins, because these preparations seem to
attract and hold antibodies non-specifically. Very thorough controls are
essential for these, as for all preparations.

The titre or concentration of the antibody is also very important. A
high titre allows a high dilution which, in immunocytochemistry, means
that in a polyclonal antiserum the population of unwanted antibodies
which might react with tissue components is diluted out. High dilutions
are also advantageous in that they allow for the fullest use of the avail-
able quantity of good antibodies, which are expensive to produce.
Unfortunately, the factors leading to antibodies of high avidity and titre
are unknown.

If monoclonal antibodies are being used, the dilution factor becomes
less important as unwanted reactions are absent and there is, theoreti-
cally, an unlimited supply of antibody. However, these reagents are
expensive and for reasons of economy, monoclonal antibodies should be
diluted to a point where the available antigen is saturated (the serial
dilution lower than the one at which the reaction begins to decline; see
Section 4.1.3). If the antibody concentration is known, monoclonal anti-
bodies for immunocytochemistry can be diluted to a concentration of
between 1 and 10 pg ml", at which level they are usually effective.
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3 Requirements for
Immunocytochemistry

The essential conditions for immunocytochemistry are summarized in
Table 3.1 Successful immunostaining requires tissue antigens to be
made insoluble and yet their antigenic sites must be available to the
applied antibody without great alteration of their tertiary structure. In
addition, the tissue architecture must be preserved (fixed) so that the
immunoreactive cell or organelle may be identified in context. It used to
be thought that good tissue fixation meant poor antigen availability, due
to the strong cross-linking of tissue proteins by the conventional alde-
hyde fixatives, but nowadays such fixatives can be used even, in some
cases, with osmium tetroxide post-fixation for electron microscopy. This
advance is partly the result of generally improved antibodies and more
rigorously controlled techniques, but is also dependent on using the
correct pre-treatment (see Section 3.2).

Table 3.1: Essential conditions for immunocytochemistry

. Preservation of the antigen in tissue context (fixation)

. Specific and sensitive staining with absence of non-specific staining
. Well characterized antibodies

. Efficient labelling and detection

£ WN =

3.1 Fixation

The purpose of fixation is to preserve all components of a tissue sample
in their true situation, without diffusion. In addition, the tissue must be
protected from osmotic damage (swelling or shrinking). For immuno-
cytochemical purposes the antigen to be localized must be made insolu-
ble, yet remain available for reaction with an applied antibody.

Since immunocytochemistry has many uses in diagnostic histopathol-
ogy (see Chapter 10), an ideal antibody for histological applications will
react strongly with its antigen in tissue fixed in formalin, embedded in

1"
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12 INTRODUCTION TO IMMUNOCYTOCHEMISTRY

paraffin and sectioned according to routine procedures, preferably with-
out pre-treatment of the sections. Many such antibodies are now in use.
Some antigens are more readily available in fresh-frozen tissue but
frozen sections are more demanding in treatment than paraffin sections
and inferior in structure, so paraffin is preferred. Various resins provide
alternative embedding media for electron microscopy and may also be
used for thin (1 pm) sections for light microscopy (see Chapter 8).

Choice of a fixative is important for successful immunostaining and it
may be worth trying several different types of fixation, following pub-
lished results and adapting them for the antigen to be localized, taking
into consideration the structure of the antigen molecule and the mecha-
nism of action of particular fixatives. If the tissue to be processed con-
tains a large amount of proteolytic enzymes (e.g. gut or pancreas) and
the tissue is to be lightly fixed, it may be useful to include a protease
inhibitor such as Trasylol, 4000 U ml™ (Bayer) or Bacitracin, 100 pgml™
(Sigma) in the fixative and in any rinsing or storage buffer before freez-
ing or dehydrating the tissue. The structure of the tissue will probably
be better and some labile antigens such as the neuropeptide, vasoactive
intestinal polypeptide (VIP) will stand a better chance of preservation.
It is, in any case, very important to process the tissue as freshly as pos-
sible, whatever the type of fixation used.

3.1.1 Cross-linking fixatives

Formalin (aqueous solution of formaldehyde) and glutaraldehyde are
cross-linking fixatives — that is, they form links (hydroxy-methylene
bridges) between reactive end-groups of adjacent protein chains. Fixed
proteins can retain their antigenicity only if the cross-linking does not
affect the amino acid sequences that bind to the antibody. Cross-linking
fixatives are often essential for fixing the smaller proteins such as bioac-
tive neuropeptides which are, presumably, not long enough to be made
insoluble by precipitant fixatives.

In solution, formalin exists in several different forms depending on
the pH of the solution, which also influences the effectiveness of forma-
lin solutions as cross-linking fixatives. At low pH there is a preponder-
ance of the more reactive *CH,(OH) carbonium ions, while at higher pH,
the less reactive CH,(OH), groups predominate. Thus formalin or
paraformaldehyde buffered at pH 7 or higher is a milder fixative than
unbuffered formalin, and is often recommended as a fixative for
immunocytochemistry. Nevertheless, simple formal saline (10% aq. com-
mercial formalin containing 0.9% sodium chloride) is often used rou-
tinely and is adequate for many immunocytochemical applications.

Formaldehyde solutions penetrate tissue faster than glutaraldehyde
but fix more slowly. Combinations of glutaraldehyde and formaldehyde
are sometimes used, particuarly for electron microscopy (see Chapter 8).
However, the main consideration regarding fixation for immunocyto-
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chemistry is to fix as lightly as possible, compatible with preserving the
tissue and making the antigen insoluble. The longer a piece of tissue is
left in formalin, the greater will be the degree of cross-linking produced.
Some of this can be reversed by washing the tissue thoroughly in water
or buffer for several hours before it is processed further, or by some form
of pre-treatment of the tissue section (see Section 3.2).

Various other, milder, cross-linking fixatives were formerly used, in
particular for peptide antigens. These include diethyl pyrocarbonate
(DEPC), used in vapour form to fix freeze-dried tissue and parabenzo-
quinone, used both in solution and as a vapour (Pearse and Polak, 1975;
Bishop et al., 1978) (see Section 3.1.6).

3.1.2 Precipitant fixatives

The second major group of fixatives consists of protein precipitants, such
as alcohol and acetone. These fixatives denature proteins by destroying
the hydrophobic bonds which hold together the tertiary (three-dimen-
sional) conformation of the protein molecule. The primary and secondary
structures of the protein are left intact, so the amino acid sequences act-
ing as antigenic sites remain available to their antibodies.

Fixatives consisting of alcohol (usually methanol), acetone or combi-
nations of these with formalin are often used for whole-cell preparations
or for cryostat sections from fresh-frozen material. Precipitant fixatives
are useful when the antigen is a large protein, but formalin or another
cross-linker is essential for small peptides, which are so soluble that
they tend to diffuse and disperse during the brief period of thawing
while the frozen section is cut and again while it is picked up on the
slide. Alcohol has also been recommended as a fixative for tissue that is
to be immunostained after paraffin embedding and sectioning. Battifora
and Kopinski (1986) recommend fixing two parallel samples, one in for-
malin for good structural preservation and one in alcohol for immuno-
cytochemistry. Mixed precipitant fixatives such as Carnoy’s fluid
(ethanol, chloroform and acetic acid) may also be useful, followed by
paraffin embedding.

3.1.3 Combination fixatives

Picric acid is a precipitant which is often added to formalin in combina-
tion formulae such as Bouin’s and Zamboni’s (Stefanini ef al., 1967) fix-
atives. Bouin’s is an acidic fixative (70% saturated aq. picric acid, 10%
commercial formalin, 5% acetic acid) and therefore fixes rapidly because
of the preponderance of the active *CH,(OH) form of formaldehyde,
while Zamboni’s is buffered at pH 7.4 and fixes more slowly (see Section
3.1.1). Both fixatives are excellent for preserving the antigenicity of
small peptides (Plate 1 , p. 36). Bouin’s-fixed material is usually
processed using paraffin, while tissues fixed in Zamboni’s fluid are gen-
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14 INTRODUCTION TO IMMUNOCYTOCHEMISTRY

erally frozen after fixation or processed using resin for electron micro-
scopical immunocytochemistry.

Numerous other combination fixatives have been described. One that
was designed specifically to fix glycoproteins for electron microscopy is
periodate-lysine-paraformaldehyde (PLP) (McLean and Nakane, 1974),
and this has been found useful for preservation of the antigenicity of
lymphocyte surface antigens, which are often glycoproteins, in paraffin-
embedded tissue (Pollard et al., 1987). It has also been recommended for
frozen sections, following an initial brief fixation with the precipitant
fixative, acetone (Hall ef al., 1987). The mechanism of action of this
fixative has been disputed (Hixson ef al., 1981). Mercuric chloride is
another additive to formalin which often produces both good fixation and
good immunocytochemistry, but it is no longer in routine use because of
its toxicity.

3.1.4 Fresh tissue

Although thin paraffin sections provide the most easily handled prepa-
rations for immunocytochemistry using non-fluorescent antibody labels
at the light microscopical level, non-embedded, fresh material may be
used in the form of frozen sections or whole-cell preparations (smears,
impressions, cytospins or cultures). The most commonly used fixatives
for this type of material are alcohol or acetone, although formalin or sim-
ply air-drying may also be suitable. The method of preservation will
depend on the antigen to be localized.

3.1.5 Pre-fixed, non-embedded material

Sections from tissue frozen after fixation or fixed and then cut on a
Vibratome at room temperature after fixation can also be useful, for
example for visualization of neuropeptides in nerves where immuno-
fluorescence on a thick (40 um) section allows the course of the nerve
through the section to be followed (Plate 2, p. 36) (Bishop et al., 1978;
Schultzberg et al., 1980).

Pre-fixed cryostat or Vibratome sections, organ- or cell-culture prepa-
rations, smears or whole-mount preparations, which unlike paraffin sec-
tions have not been subjected to solvents during processing, often need
to have the lipid components of the cell membranes broken down to
improve penetration of the antibodies. This breakdown may be effected
by soaking the preparations in a buffer containing detergent such as
Triton X-100 (0.2%) or Tween 20 (0.05-2%) before immunostaining.
Saponin (0.1%) may be preferred for permeabilizing formalin-fixed
whole cells, as it is less damaging than other detergents to intracyto-
plasmic membranes (Goldenthal et al., 1985). Larsson (1981) recom-
mends a detergent soak procedure for paraffin and resin sections as well
as for fixed frozen sections, but in our experience this is not usually
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necessary; however, addition of detergent to the rinsing buffer during
the immunostaining procedure may help to prevent non-specific attach-
ment of protein to the sections (see Section 3.4).

An alternative method is to dehydrate the preparations through grad-
ed alcohols to xylene and then to rehydrate them before staining (Costa
et al., 1980). The disadvantage of this method is that solvent-labile anti-
gens may be leached out.

3.1.6 Freeze-drying

Antigens that are particularly soluble or liable to diffuse within the tis-
sue may be captured at the moment of snap-freezing the tissue by sub-
sequent drying and vapour fixation.

Freeze-drying consists of snap-freezing a small tissue sample then
removing water from it by evaporation under vacuum in a tissue freeze-
dryer while it is still frozen. Thus the tissue constituents are preserved
in situ and denatured. Freeze-drying is usually followed by a 1-3 h
exposure at 60°C to fixative vapour, for example generated from
paraformaldehyde powder or parabenzoquinone dissolved in a solvent
such as toluene. The dry, fixed tissue is then infiltrated with paraffin
under vacuum and sections are cut in the normal way. This method is
particularly useful for small peptide antigens (Pearse and Polak, 1975)
but it requires special apparatus and the morphological preservation is
never good enough for electron microscopy. Improvements in antibodies
and method sensitivity have meant that routinely fixed tissue has
become suitable for most immunocytochemical reactions and freeze-
drying is not much employed now.

3.1.7 Tissue storage

Frozen blocks and sections. Once tissue samples have been frozen,
they may be stored at a low temperature (-40 to —70°C) for many
months, provided that drying is prevented by exclusion of air from
around the tissue as far as possible. This is because dried tissue is very
difficult to section in a cryostat, although antigens will still be pre-
served. Sections from fresh-frozen tissue blocks can be stored after
air-drying, or after fixation in a non-aqueous medium such as acetone,
by wrapping the slides individually in aluminium foil or plastic
‘cling-film’ and sealing the collection in a plastic bag or box containing
silica gel or other dessicant. The container is put in a deep-freeze (—20°C
is adequate). The entire container is allowed to come to room tempera-
ture before the slides are removed and unwrapped, so that any water
of condensation in the container will be absorbed by the dessicant
and will not come into contact with the sections to dissolve soluble
antigens. This is particularly important if the sections are not fixed
before storage.
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Sections from pre-fixed frozen blocks and acetone- or alcohol-fixed cell
culture preparations can be stored in the same way after drying on the
slides or, for a shorter time, at 4°C. Cytospin preparations or cultured
cells that have been fixed in alcohol can also be kept in that solution at
room temperature or 4°C for at least some days, and possibly indefinite-
ly, without destroying fixed antigens.

Paraffin blocks and sections. Antigens in paraffin blocks and even in
sections stored for many years at room temperature seem to retain their
antigenicity indefinitely, allowing full use of archive material.

3.1.8 Adherence of sections and cell preparations to
slides

Paraffin sections for immunostaining should never be ‘baked” on a
hot-plate, as this degrades the antigenicity of many substances. They
should be thoroughly dried for several hours or overnight at 37°C and, if
necessary, heated in a 60°C oven for 10-15 min.

For the simpler techniques, sections will adhere well to clean slides
with no coating, particularly if they have been well dried; but to ensure
that sections and cells will not detach from slides during the longer pro-
cedures of immunocytochemical staining, an adhesive is usually applied
to the slide before the section is picked up or the cells are allowed to set-
tle. This is an esssential precaution if antigen retrieval methods have to
be used (see Section 3.2.2).

Among the many slide coatings that have been suggested, a univer-
sally applicable one is poly-L-lysine (Huang et al., 1983). This imparts a
negative charge to the slide which attracts positively charged tissue
elements. An alternative is to use slides dipped in aminopropyltri-
ethoxysilane (APES), which provides an even surer adhesive for meth-
ods involving heat-mediated antigen retrieval. Slide coating methods
are decribed in the Appendix (Section A.3).

Many of the commercial companies concerned with immunocyto-
chemistry supply ready-to-use slides either pre-coated or with a charge
incorporated in the glass. These are expensive but convenient (e.g.
Vectabond from Vector Laboratories, Polysine from Merck).

3.2 Antigen retrieval in fixed tissues

The process now known as antigen retrieval is applied to aldehyde-fixed
tissues in which antigenicity has been reduced by the formation of
hydroxy-methylene bridges between components of the amino acid chains
of proteins. In many instances, immunoreactivity can be restored without
compromising the structure of the tissues.
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3.2.1 Washing

The simplest form of reversing the effects of formalin is to wash the tis-
sue well before processing, but this is not usually possible in histopathol-
ogy laboratories, where rapid turnover of specimens is required.

3.2.2 Protease treatment

A little understood but practical way of revealing strongly cross-linked
proteins is to treat the (de-waxed, hydrated) sections with a protease
such as trypsin or pronase before immunostaining (Figure 3.1) (Huang
et al., 1976). It is thought that the enzyme breaks the cross-linking
bonds of the fixative with the protein to reveal antigenic sites. A few
, antigens may be adversely affected and there is also a possibility that
Il large protein molecules (e.g. precursors of bioactive peptides) may be
> cleaved by the enzyme to smaller molecules (Ravazzola and Orci, 1980).
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Figure 3.1: Human duodenum immunostained for Factor Viil-related protein, a marker
for endothelial cells, by the PAP method using a rabbit antibody to Factor Viil followed
by unconjugated goat anti-rabbit IgG, then rabbit PAP complex. The section shown in (a)
was stained without pretreatment; the adjacent section in (b) was stained after treatment
at 37°C with 0.1% trypsin in 0.1% calcium chioride at pH 7.8. Note the intensification of
the reaction in the vessel walls in (b) (arrow). Tissue preparation: formalin-fixed, paraf-
fin-embedded section; haematoxylin counterstain. Reproduced from Polak, J.M. and Van
Noorden, S. (1987) An Introduction to Immunocytochemistry: current techniques and
problems, Microscopy Handbook 11 (revised edition), Oxford University Press, with per-
mission from the Royal Microscopical Society (Figure 2, p. 11).
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If these peptide molecules display antigenic sites that were not available
on the precursor, a false positive reaction for the peptide may occur. In
practice, this rarely happens, and protease pretreatment should be tried
routinely whenever preliminary immunostaining is found to be inade-
quate (Curran and Gregory, 1977; Mepham et al., 1979; Finlay and
Petrusz, 1982).

Several different enzymes have been advocated and it is a question of
trial or individual preference as to which is used. We use routinely a
crude and relatively inexpensive form of trypsin from porcine pancreas
which contains some chymotrypsin. In fact, chymotrypsin may be the
active ingredient, since purified trypsin gave poor results, and chymo-
trypsin alone can be used (Brozman, 1980). A few antigens are prefer-
entially revealed by other enzymes, for example IgE by protease XXIV.
The enzymes must be used at their optimal pH for a time determined by
experiment in the laboratory. Methods for several are given in the
Appendix (Section A.5).

The time for which enzyme treatment is carried out may be critical
within 1 or 2 min if optimal revelation is to be combined with acceptable
tissue structure. Over-digestion can lead to destruction of the tissue
matrix. It is important that everyone in the laboratory uses a standard
method, so that ‘a 10 min treatment with trypsin’is understood to mean,
for instance, that the slides are (or are not) warmed to 37°C before treat-
ment and that the enzyme solution has been freshly prepared in a pre-
warmed (or cold) solvent. Results are more likely to be uniform when a
rack of slides is immersed in a large volume, but when expensive
enzymes such as protease XXIV have to be used, it is more economical
simply to cover the preparations with drops of solution, staggering the
application times to give the correct incubation period for each.

The term ‘correct’ is really only applicable when tissues of uniform
size have been fixed for a standard time. The longer a tissue sample is
left in formalin, the greater will be the degree of cross-linking and the
longer the digestion time needed to reveal a given antigen. Different pro-
teins require different digestion times, even after standard fixation, and
different batches of enzyme may vary in effectiveness; so it is necesary
for each laboratory to establish the treatment time required by each
antigen, to be prepared to try a range of digestion times for samples
received from other laboratories, and to test each new batch of enzyme
received from the supplier if its composition is different from that of the
previous batch. We have found also that the same antigen in different
locations may require different digestion times. For instance,
immunoglobulin deposits in basement membranes of skin or renal
glomeruli are optimally revealed only after 1.5 h in trypsin, compared
with 10 min for the same molecules in plasma cells. This may be partly
due to the increased visibility of the immunostained deposits after the
plasma in renal glomerular loops has been digested away. This process
can be monitored microscopically (Howie et al., 1990).
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3.2.3 Heat-mediated antigen retrieval

A major step forward in immunocytochemistry was made with the dis-
covery that some antigens previously unreactive in formalin-fixed,
paraffin-embedded tissue, even after protease treatment, could be
‘retrieved’ by heating sections in a solution of a heavy metal salt in a
microwave oven without deleterious effects on the structure of the tissue
(Shi et al., 1991). Subsequently, it was shown that the rather toxic heavy
metal salts could be replaced by simple buffers such as citrate buffer at
pH 6.0 (Cattoretti ef al., 1993). It was shown that heat, rather than
microwaves per se, is important in the retrieval process, since boiling the
sections in a pressure cooker (Norton et al., 1994) or autoclaving them
(Bankfalvi et al., 1994) in the buffer solution achieved the same effect. A
possible explanation of the process has been put forward by Morgan et
al. (1994), who suggested that heating provides the energy not only to
rupture the hydroxyl bonds formed by the fixative with the protein anti-
gen, freeing some antigens, but also to release tissue-bound calcium ions
which contribute to tighter bonds with the fixative. They showed that
the salt solutions in which the sections are heated are, in fact, all able
to chelate or precipitate calcium to varying degrees and thus remove
released calcium from the sections, breaking fixative bonds permanent-
ly and revealing antigens. The most effective solutions (EDTA, EGTA)
were also the best calcium chelators. The acidity of the buffer may also
play a part in antigen retrieval (Shi ef al., 1993).

Examples of diagnostically important antigens that are revealed by
this method are the oestrogen and progesterone receptor antigens in
breast carcinomas (Plate 3, p. 36) and the CD 30 antigen in
Reed—Sternberg cells in Hodgkins’ lymphoma. Published lists of

" antigens and their preferred retrieval methods abound and are of some

help in deciding on the ‘correct’ method to use (Cuevas et al., 1994;
Werner et al., 1996); but again, it is probably necessary for each labora-
tory to optimize its antigen retrieval method for each antigen—antibody
combination, as separate epitopes on the same antigen may respond dif-
ferently, so that identification with monoclonal antibodies other than the
ones cited may require different conditions.

It seems that antigens are more tolerant of heat-mediated than of
enzyme-mediated retrieval methods, in that antigens and tissues sur-
vive heating longer than the minimum time required to reveal the
antigen. However, some antigens require a longer period of heating than
others, the time usually falling between 2 and 30 min. Some laboratories
give all their sections a standard time, equating to the longest required,
which could help to overcome vagaries of variable fixation time, while
others prefer to treat each antigen individually. As with the enzyme
digestion methods, it is important for standard procedures to be set up.
The method used in our laboratories is given in the Appendix (Section
A.6). It is of great importance that sections are firmly attached to slides
for methods involving heating in buffer solutions (see Section 3.1.8).
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Heat-mediated antigen retrieval increases the sensitivity of immuno-
reactions to such an extent that, for antigens on which it confers
improved immunoreactivity, it is usually necessary to dilute a primary
antibody considerably further than for the standard, non-retrieval
method. Retrieval sometimes also reveals unwanted background reac-
tivity, which can be a nuisance and require further treatment to block it
(see Section 3.4 and Chapter 5).

There is still no universal antigen retrieval method. Although very
many antigens respond to heat-mediated methods and can be used as
markers in histopathology, some are still preferentially revealed by
enzyme pre-treatment; and it must be remembered that some are unaf-
fected by formalin fixation and are quite adequately demonstrated with-
out any pre-treatment which may, indeed, destroy their immunoreactivi-
ty. Antigen retrieval methods have been reviewed by Taylor ef al. (1996)
and microwaving by Cattoretti and Suurjmeijer (1995).

3.3 Visualizing the end-product of reaction

In order for an immunocytochemical reaction to be seen in the microscope,
a component of the reaction must carry a label. The first label to be
attached to an antibody was a coloured dye (Marrack, 1934) but the result-
ing intensity was too low for visualization. Nearly all labels that have been
used subsequently require additional steps to enhance them to the point
of visibility. Fluorescent compounds, the first practical labels, require exci-
tation with light of a specific wavelength to make them emit visible light.
Enzymes must react with a substrate and chromogen to produce a visible
deposit. Radioactive labels require autoradiographic development. Biotin
must itself be labelled or reacted with labelled avidin. Colloidal gold pro-
vides an electron-dense label for electron microscopical immunocytochem-
istry and can be seen in the light microscope if enough is applied, but it is
more visible after enhancement with metallic silver.

The methods of attaching labels to antibodies are beyond the scope of
this book and will be discussed only briefly. For details, see the work of
Sternberger (1986) and Johnstone and Thorpe (1996). The ratio of label
to antibody is important, since overloading the antibody with label will
reduce its immunoreactivity, but it is also important to ensure that all
available antibody is labelled optimally, for maximum efficiency.

Labelling an antibody with fluorescein isothiocyanate (FITC) is done
quite simply. Briefly, the method consists of:

1. isolation of IgG from the antiserum;

2. reaction of the IgG with FITC in the right proportions at alkaline pH;

3. separation of antibody from unconjugated FITC on a Sephadex G25
column; and
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4. separation of labelled from unlabelled IgG on a DEAE cellulose
column.

Labelling with an enzyme requires an additional large molecule such
as glutaraldehyde to cross-link the enzyme to the antibody, unless an
antigen—antibody reaction is used, as in the preparation of the peroxi-
dase—anti-peroxidase (PAP) complex (Sternberger, 1986). A radioactive
label (e.g. Na'®*1) may be conjugated to an antibody via another molecule
(Johnstone and Thorpe, 1996) or incorporated within a monoclonal
antibody during its production, thus avoiding the conjugation
process (Cuello et al., 1982). Antibodies are easily labelled with biotin
and kits for doing this are available commercially. Antibodies are
attached to colloidal gold particles by non-covalent adsorption (Beesley,
1989).

3.3.1 Fluorescent labels

Advantages. Fluorescence provides an instantly visible label with
excellent contrast when seen against a dark, non-fluorescent back-
ground. It is usually used on frozen sections or fresh whole-cell prepa-
rations because formalin-fixed tissue tends to be autofluorescent or
even, if catecholamines are present, to emit formaldehyde-induced spe-
cific fluorescence of a colour approaching that of fluorescein compounds
(Falck et al., 1962; Hokfelt and Ljungdhal, 1972). In an enzyme-labelled
preparation, frozen sections show structural imperfections, but with
immunofluorescence these can be ignored, as the background tissue
should only be visible enough to set the specifically labelled structures
in context.

Disadvantages. A special microscope is necessary, preferably with epi-
illumination, so that neither exciting nor emitted light is lost by passing
through the specimen. Different filter sets are required for the different
fluorescent markers to prevent transmission of extraneous light.
Preparations are not permanent because fluorescent labels are not resis-
tant to dehydration and solvent-based mountants, so aqueous moun-
tants must be used. In addition, fluorescence tends to fade, particularly
under exposure to the excitation light; photography is therefore diffi-
cult, although mountants incorporating fluorescence preservers are now
available. These are recommended, particularly those that harden so
that the danger of damaging the preparation by moving the coverslip is
removed (e.g. Permafluor from Immunotech). Fluorescent dyes other
than fluorescein have a longer life (see below).

Fluorescent counterstains. A fluorescent tissue counterstain such as
Pontamine Sky Blue (Cowen et al.,1985) which fluoresces red at the exci-
tation wavelength for fluorescein, can provide a useful background to
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specific green immunofluorescence. Methyl green fluoresces red and can
be used as a nuclear counterstain (Schenk and Churukian, 1974). The
periodic acid—Schiff (PAS) method can also provide a red background on
suitable tissue. These stains are best performed before the immuno-
stain.

Fluorescein. The first usable immunocytochemical method employed
fluorescein isocyanate as a label for immunoglobulin (Coons et al., 1941,
1955). Later (Riggs et al., 1958) the isocyanate was replaced by the iso-
thiocyanate (FITC), which is a more stable compound. FITC is still used
widely as a fluorescent marker, emitting a bright apple-green fluores-
cence (1 520 nm) at an excitation wavelength of 495 nm.

Rhodamine. Rhodamine derivatives, such as tetrarhodamine isothio-
cyanate (TRITC), and Texas Red, which fades less rapidly than TRITC
(Titus et al., 1982), fluoresce red at an excitation maximum of 530 nm.
Whether red or green fluorescence is used is a matter of individual
choice, but a combination of two antibodies, one labelled with a fluores-
cein and the other with a rhodamine fluorophore, provides a useful
method of localizing two antigens in a single preparation. The micro-
scope must have narrow band excitation filters which are used alter-
nately, so that the fluorescein-labelled and rhodamine-labelled antigens
are seen only when light of the correct wavelength reaches the prepara-
tion. The two colours can be seen together on a double exposure
photograph (front cover).

Phycoerythrin. Phycoerythrin, a fluorophore from seaweed (Oi et al.,
1982), is another rhodamine derivative, but fluoresces in the same exci-
tation range as fluorescein. It emits a rather weak orange light, but may
be useful for double immunofluorescence with fluorescein without the
need for changing the filter. This method will only be satisfactory if the
two antigens to be localized are present in different structures. If they
are co-localized, the stronger green fluorescence of the fluorescein mark-
er will dominate the orange.

AMCA. Blue fluorescence can be provided by 7-amino-4-methyl-
coumarin-3-acetic acid (AMCA) (Khalfan et al., 1986), and is another
useful label for multiple immunofluorescence labelling (Wessendorf et
al., 1990).

New fluorophores. Several new, photo-stable, fluorescent compounds
have now been introduced for immunofluorescence, developed to over-
come the disadvantages of fading and thus even to allow for some
quantification of fluorescence. Among them are Oregon Green™ (from
Molecular Probes Inc. via Cambridge Bioscience, UK), which has the
same spectral properties as fluorescein, and the various cyanine-based
dyes (CyDyes™, Amersham International, UK), which fluoresce brightly
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within narrow wavelength limits across the spectrum. These fluorescent
substances can also be used to label probes for in situ hybridization of
nucleic acids.

Uses of immunofluorescence. In histopathology, immunofluorescence
is used as a rapid way of analysing immunoglobulin deposits in frozen
sections of renal glomerular membranes and basement membrane of
skin. Paraffin sections present some problems in this field, particularly
the need for variable protease digestion times depending on the fixation
of the specimen, and the presence of endogenous biotin in kidney sam-
ples. However, the pattern of deposition, which is diagnostic of different
types of disease, is easily seen in immunofluorescent, acetone-fixed cryo-
stat sections (Plate 4, see p. 36) (Evans, 1986; Chu, 1986). Identification
of circulating auto-antibodies is another common use; the patient’s
serum is applied to frozen sections of normal tissue and bound antibod-
ies are detected by fluorescein-labelled anti-human immunoglobulins
(Scherbaum et al., 1986a,b).

Research applications include visualization of neuropeptides in
nerves, when the use of thick frozen sections from a tissue block pre-
fixed in parabenzoquinone, Zamboni’s fluid or paraformaldehyde allows
the undulating course of a nerve to be seen continuously rather than in
discontinuous portions, as would be seen in a thin paraffin section
(Bishop et al., 1978).

Immunofluorescence, again used in relatively thick preparations,
provides an excellent method for quantification of an antigen or exami-
nation of its three-dimensional distribution with a confocal microscope
(see Section 10.3.1).

Fluorescent antibodies are particularly useful for labelling living cells
as they do not Kkill the cells. They are much used in cell sorting and flow
cytometry (see Section 10.3.2).

3.3.2 Enzyme labels

The instability of immunofluorescence prompted the development of a
more permanent type of preparation using enzymes as labels. Horse-
radish peroxidase was introduced in 1966 independently by Avrameas
and Uriel and by Nakane and Pierce. Alkaline phosphatase was used by
Mason and Sammons (1978), glucose oxidase by Suffin et al. (1979), and
pB-D-galactosidase by Bondi et al. (1982). With their specific ‘histochemi-
cal’ substrates and a variety of capturing chromogens, enzyme markers
can be developed to give coloured end-products of reaction, usually
brown, blue or red, that are easily visible in the ordinary light micro-
scope. Any endogenous enzyme of the same type as the label must be
inhibited (blocked) so that it cannot react with the substrate and become
confused with the applied label.

Immunoenzyme methods can be used on any type of tissue prepara-
tion and provide a permanent result. Some of the end-products are
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soluble in alcohol or clearing agents so a water-based mountant is
required. This was formerly a disadvantage for microscopical study and
photography because of the refractile nature of the mountants and also
because of their propensity eventually to dry back. However, mountants
have now been produced that have the same refractive index as glass.
After application to the preparation, they dry hard and the preparation
can then be secondarily mounted with a synthetic mountant and cover-
slip for permanence with no loss of resolution (e.g. Aquaperm, Shandon,
Life Sciences, UK).

Each enzyme has its own advantages and disadvantages, but peroxi-
dase and alkaline phosphatase remain the most popular.

Peroxidase. The pH optimum for peroxidase activity is about 5, but at
this pH reaction products tend to be coarse, so histochemical develop-
ment is usually carried out at pH 6.0-7.6 to slow the reaction and refine
the deposit.

Blocking endogenous enzyme. Peroxidase is present in peroxisomes and
may be found in macrophages. A related enzyme, catalase, is present in
red blood cells. Suppression of the activity of these enzymes is carried
out at any stage before application of the peroxidase-linked reagent,
usually with excess of the enzyme’s substrate, hydrogen peroxide, in
methanol (itself an inhibitor of peroxidase), buffer or simply water.
Alternatives for particularly intransigent endogenous enzymes are the
periodate-borohydride method (Heyderman, 1979) and for fragile cell
cultures or cryostat sections, hydrogen peroxide in 70% methanol in
phosphate-buffered saline, the milder sodium nitroferricyanide or
phenyl hydrazine methods (Straus, 1971, 1972) or the nascent hydrogen
peroxide method (Andrew and Jasani, 1987). Some of these methods are
detailed in the Appendix (Section A.4).

Development methods (Appendix, Section A.7.1). The method in most com-
mon use, which produces a dark brown, insoluble precipitate at the site of
reaction, is that of Graham and Karnovsky (1966) using hydrogen peroxide
as the substrate and diaminobenzidine (DAB) as the chromogen. The
tetrahydrochloride of DAB is used, as it is more soluble than the free base.
The reaction is complex, and a simplified version is shown in Figure 3.2.

This method is one of the most sensitive available and provides a per-
manent preparation with good contrast (Plate 1, p. 36). There are
several methods for intensifying the colour of the end-product (see
Chapter 6) and it can be made electron-dense for electron microscopy by
treatment with osmium tetroxide.

Safety note: There is evidence that prolonged exposure to benzidine, of
which DAB is a derivative, can be carcinogenic in man (International
Agency for Research on Cancer, 1972). It should be noted that evidence
comes from subjects undergoing prolonged exposure to the compound
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Peroxidase + HoOs (substrate)

Peroxidase/HoO» complex
(with oxidized haem prosthetic group)

&
Diaminobenzidine (electron donor)
DAB/peroxidase (with oxidized haem group)

Oxidized DAI%+ peroxidase

. v . Figure 3.2: Simplified mechanism
Polymerized insoluble brown precipitate ofgl:)eroxidase regctieon with DAB

(chelates osmium - electron-dense product) and H,0,.

during the industrial manufacturing process when concentrations are
likely to be at far higher levels than would be encountered from the 50
mg% solutions used in histochemistry. Furthermore, the experiments of
Weisburger et al. (1978) indicated that the addition to benzidine of the
two amino groups to form DAB almost eliminated the carcinogenic effect
relative to benzidine. Nevertheless, precautions to prevent undue expo-
sure and contamination are advisable, such as keeping one area of the
laboratory, preferably in a fume cupboard, for DAB development, wear-
ing gloves when handling solutions of DAB, and treating the solution
with sodium hypochlorite (ordinary household bleach is adequate) after
it is finished with, as well as glassware, instruments and spills. Sodium
hypochlorite oxidizes the DAB (the solution turns black) and reduces the
toxicity. After oxidation, the solution can be washed down the drain with
plenty of water. DAB solutions are most safely stored frozen in aliquots
(Pelliniemi et al., 1980) (see Appendix, Section A.7.1).

3-Amino-9-ethylcarbazole (Appendix, Section A.7.1). Another chromogen,
3-amino-9-ethylcarbazole (AEC), was introduced as a less carcinogenic
alternative to DAB (Graham et al., 1965). Later work suggested that this
substance too may be carcinogenic (Tubbs and Sheibani, 1982) and it is
therefore wise to treat all chemicals as potentially toxic.

AEC with hydrogen peroxide as a substrate for the peroxidase reac-
tion produces a bright red end-product (Plate 5, p. 36) which may be pre-
ferred to the brown of the DAB reaction. The product dissolves in organ-
ic solvents, so a water-based mountant must be used, and care must be
taken not to differentiate a blue haematoxylin nuclear counterstain in
acid-alcohol. Aqueous 0.1% hydrochloric acid could be used if necessary,
or the problem avoided by using Mayer’s haemalum as a progressive
nuclear counterstain.

4-Chloro-1-naphthol (Appendix, Section A.7.1). A grey-blue reaction prod-
uct, also alcohol-soluble, is produced with 4-chloro-1-naphthol as chro-
mogen (Nakane, 1968), which may be useful in multiple immunostaining
(see Chapter 7).
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Phenol tetrazolium reaction (Appendix, Section A.7.1). The very sensitive
phenol tetrazolium reaction (Murray ef al., 1991) produces a dark blue
formazan precipitate. The pseudo-peroxidase of red blood cells does not
take part in this reaction, but any endogenous true peroxidase will still
require blocking.

The variety of colours that can be achieved has been enlarged further
by the series of chromogens produced by Vector Laboratories. These can
be very useful in immunostaining several different antigens in one
preparation (see Chapter 7).

Alkaline phosphatase (Appendix, Section A.7.2). This enzyme was
originally introduced for quantitative work with the ELISA technique
(see Chapter 9), providing a soluble, coloured end-product of reaction
that could be measured with a spectrophotometer. However, the enzyme
can also react in a technique using an azo dye as chromogen, producing
a coloured precipitate, usually red or blue, suitable for immunocyto-
chemistry (Burstone, 1961) (Figure 3.3; Plate 6, p. 36).

Alkaline phosphatase

Naphthol | phosphate (substrate)
+
Diazonium salt (chromogen)

Azo dye Figure 3.3: Simplified mechanism of action of
(coloured precipitate) alkaline phosphatase on a chromogen.

Alkaline phosphatase has several isoforms that are characteristic for
different tissues such as bone, liver and endothelium. The isoenzyme
used for immunolabelling is derived from (calf) intestine. All the
isoforms except the intestinal one may be blocked by including 1 mM
levamisole in the final enzyme development medium (Ponder and
Wilkinson, 1981), but methods dependent on alkaline phosphatase as a
label are not recommended for immunostaining intestinal tissue, partic-
ularly when fresh material is used. Most of the endogenous enzyme
activity is destroyed during processing using paraffin, but some usually
survives and can be confusing. It could be blocked with 1% acetic acid,
but this might damage some antigens.

The bright blue or red colour obtained with this marker is attractive
and useful in double-staining methods, but the end-products are often
soluble and require aqueous mountants. Two development methods
yield relatively solvent-fast products, either red (Malik and Damon,
1982) or blue-brown (de Jong et al., 1985).

Glucose oxidase (Appendix, Section A.7.3). This is a plant enzyme,
not present in animals. Glucose oxidase-labelled reactions are therefore
very useful when endogenous peroxidase or alkaline phosphatase is a
problem (e.g. fresh-frozen preparations of intestine), but are not suitable

-= scanned & DJVU-converted by MUSAND musand @ front. ru =-



not for sale ! for preview only!

-=contents P.6=-
REQUIREMENTS FOR IMMUNOCYTOCHEMISTRY 27

for immunocytochemistry on botanical preparations. The reaction prod-
uct is dark blue and can be permanently mounted.

B-D-Galactosidase (Appendix, Section A.7.4). This enzyme, derived
from bacteria, differs from the mammalian form in its pH optimum.
Therefore, provided that the correct pH is used for development, there is
no need to consider reactions of the endogenous enzyme. The method
would not be suitable for immunostaining preparations containing bac-
teria. The reaction usually used is the indigogenic one giving an insolu-
ble, turquoise-blue product (see Plate 13, p. 37).

3.3.3 Colloidal gold

Gold labelling was first introduced for ultrastructural immunocyto-
chemistry (Faulk and Taylor, 1971) because the electron-dense particles
of colloidal gold are easily visible in the electron microscope; they remain
the label of choice in this field (see Chapter 8), but are also useful for
light microscopy. Gold particles are not conjugated to immunoglobulins
in the same way as fluorochromes or enzymes, but rather, immunoglob-
ulin molecules are adsorbed to the particles by non-covalent forces.
Adsorption of protein is pH-dependent. It stabilizes the gold and is
strongest at the iso-electric point of the protein. For a discussion and the
preparation of gold-labelled reagents see the work by Roth (1983), De
Mey (1986a,b) and Beesley (1989).

Colloidal gold is itself a pinkish-red colour and if enough reagent is
applied (sometimes needing a build-up of several layers of gold-labelled
antibody; see Chapter 6), the site of immunoreaction can be seen without
further treatment. The particles reflect incident light, and if dark-field
or epi-polarization microscopy is employed, the powerful back-scattering
of reflected light means that highly diluted solutions of gold-labelled
reagents can be used, which reduces both the expense of the reaction
and non-specific binding to tissues.

Holgate et al. (1983a,b) greatly increased the sensitivity of the
immunogold methods by adding an intensification step in which metal-
lic silver was precipitated on to the gold particles by autometallography
from silver lactate solution combined with a reducing agent, hydro-
quinone. Hacker et al. (1988) introduced silver acetate as a relatively
light-insensitive alternative to silver lactate, which has made the
method much more accessible (see Appendix, Section A.10).

Immunogold staining with silver intensification (IGSS) is one of the
most sensitive immunocytochemical methods available. It has the
advantage of producing an intensely black end-product which is very
stable and can be combined with most other immunocytochemical or
conventional staining procedures (Figure 3.4). None of the reagents is
toxic and extremely high dilutions of primary antibodies can be used;
this increases specificity and is economical. However, the method
requires rigorous cleanliness and a considerable amount of expertise
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Figure 3.4: Human duodenum immunostained for smooth muscle actin by the
immunogold method with silver enhancement. Smooth muscle borders a sub-mucosal
blood vessel and is present in fine fibres in the lamina propria. The stain is intense, even
at low magnification. Tissue fixed in formalin; paraffin section.

before it can be used routinely. The granular nature of the reaction prod-
uct can be disturbing, and it is recommended that antibodies are
adsorbed to the smallest possible size of gold particle (1-5 nm diameter)
to minimize this effect and to allow easier penetration of labelled
reagents into tissues (see Appendix, Section A.10).

Uses of immunogold staining. The IGSS method is useful when par-
ticularly high sensitivity is required, for instance when there is little
antigen present. The intensity of the reaction product is so great that the
immunolabelled structure can be seen easily at a low microscopic power.
It has found a good use in haematology when immunolabelling is
combined with Giemsa or another stain so that the labelled cells can be
characterized easily, particularly when bright-field and epi-polarized
illumination are combined (De Waele, 1989), as the silver deposit reflects
light in the same way as the un-enhanced colloidal gold granules. The
red colour of colloidal gold may be useful in multiple staining, especially
as it does not require further histochemical development. The black,
silver-intensified product provides yet another colour (see Chapter 7).

3.3.4 Other labels

Radioisotopes. Because of the many problems inherent in the use of
radioactive substances (danger, short half-life, the need for extended
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development times and poor resolution in autoradiographs), radio-
labelled immunocytochemistry is rather specialized. It can be useful in
semi-quantitative analysis of immunolabelling and in double-labelling
with non-radioactive methods (for a review, see Hunt et al., 1986).
Isotopes can be incorporated into (monoclonal) antibody molecules
(Cuello et al., 1982), or an antibody may be made radioactive by reaction
in vitro with an isotopically labelled antigen (Larsson and Schwartz,
1977). In this radioimmunocytochemistry (RICH) technique an isotope
(*I) is attached to an antigen which is then reacted with excess of its
antibody. The specific antibody molecules are thus radiolabelled with
the antigen, but still have one binding site free for attachment to anoth-
er molecule of antigen in the tissue. The advantage of this method is
that only specifically bound antibody will be detected in the subsequent
autoradiograph. The disadvantages, in addition to the problems men-
tioned above, are that each antibody must be labelled individually and
the technique of radiolabelling can be difficult. Enzyme-labelled antigen
was used similarly by Mason and Sammons (1978), and gold-labelled
antigen detection (GLAD) by Larsson (1979).

Hapten-sandwich method. Another ingenious method for avoiding
non-specific background staining is the hapten-sandwich technique
using monoclonal anti-hapten antibodies as a bridge (Cammisuli and
Wofsy, 1976; Jasani et al., 1981). The hapten used to label the primary
antibody is a substance that does not occur naturally in the tissue to be
stained (e.g. dinitrophenyl aminoproprionitrile imido ester). The second
antibody is a monoclonal one, raised to the hapten, which could carry a
detectable label or could be detected by a hapten-labelled peroxidase—
anti—peroxidase complex (see Section 4.2.3) from any species, revealed by
developing the peroxidase. Primary antigenic sites only are stained.

Biotin. This is a small molecule, a vitamin, found in many tissues and
extracted in quantity from the yolk of eggs. It is easy to attach a large
number of biotin molecules to antibodies and, although it is not itself a vis-
ible label, it can be combined with any of the usual labels such as fluoro-
chromes, enzymes or gold particles. However, usually the biotin attached
to the antibody is not labelled but in a further reaction is allowed to com-
bine with labelled avidin or an avidin-labelled biotin complex (ABC) (see
Section 4.2.6). It could also be used as a hapten and located with an anti-
biotin (see above).

3.4 Absence of non-specific staining

Non-specific binding of immunoreagents to tissue is a universal prob-
lem. It is discussed further in Chapter 5 in connection with antibody
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specificity, but some causes due to common tissue factors are mentioned
here, before the chapter on methods, as understanding the avoidance of
non-specific reactions is a prerequisite for confidence in immunocyto-
chemical staining. For a more detailed discussion, see Van Noorden
(1993).

3.4.1 Causes and prevention of non-specific staining

Charged sites. Antibodies carry a negative charge and can bind to pos-
itively charged sites in the tissue substrate. Some tissue components,
such as eosinophils, carry a particularly strong positive charge, which
can be hard to overcome. The charge is reduced by aldehyde fixation.
Other components, containing basic amino acids, may present the same
problem. Addition of a basic amino acid such as poly-L-lysine (a lower
molecular weight than is used for coating slides) can remove
immunoglobulins that are non-specifically attracted to these sites
(Scopsi et al., 1986) (see Section 5.2.2).

Hydrophobic reactions. Even in fixed tissue, hydrophobic bonds can
be formed with any immunoreagent, whether labelled or not.

Fec receptors. In fresh tissue (frozen sections and cytological prepara-
tions) tissue receptors for the Fc portion of antibodies may pose an addi-
tional problem. These Fc receptors, present on several cell types such as
macrophages and monocytes as part of the natural immune defence
mechanism, are largely destroyed by formalin fixation and tissue pro-
cessing. If necessary, F(ab) fragments of antibodies which lack the Fc
portion should be used.

Prevention of non-specific binding. In addition to the specific reme-
dies mentioned, all the above tissue factors should be blocked by apply-
ing normal (non-immune) serum in high concentration (undiluted to
1/30) to the tissue preparation before applying the specific primary anti-
body. Normal serum contains enough natural antibodies and other pro-
teins to occupy all these binding sites and prevent attachment of the spe-
cific antibody. The species providing the normal serum is important, and
depends on the method being used (see Chapter 4).

With the exception of Fc receptors in fresh tissue, non-specific bind-
ing sites can generally be blocked by an ‘inert’ protein such as chicken
egg albumen or casein (fat-free dried milk powder will do) in a 1 or 2%
solution in buffer. These are much cheaper than serum. However, chick-
en egg albumen should be avoided if biotinylated reagents are to be used
as it is a source of avidin and will attract the biotin (see Section 4.2.6.)

These non-specific bonds are much weaker than true antigen—
antibody binding. They can generally be prevented by including deter-
gent in the washing buffer (e.g. 0.05% Tween 20) or by raising the salt
content of the antibody diluent from 0.9% to 2.5% (Buffa et al., 1979).
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Polyclonal antibodies should be used as highly diluted as possible to
reduce the concentration of proteins that might bind non-specifically.
The danger is smaller with monoclonal antibodies as they contain only
one immunoglobulin, unless they are derived from an ascites fluid which
may contain native proteins from the host animal.

Endogenous enzymes. This problem has been discussed in Section
3.3.2.

Autofluorescence. Some tissue components are intrinsically fluorescent,
such as elastic tissue and lipofuschin. Usually the colour of the auto-
fluorescence is different from that of the applied fluorochrome and is
easily seen in a negative control preparation. If it is troublesome, a fluor-
escent counterstain may be useful (see Section 3.3.1) or a different
fluorochrome.
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Plata 1: Human duodenum. Immunoperoxidase stain (indirect two-step method) for
chromogranin A, a general marker for secretory granules of peptide-producing
endocrine cells. Tissue preparation: formalin-fixed paraffin section (4 um); haematoxylin
counterstain.

Plate 2: Rat ileum fixed in Zamboni's fixative. Frozen section (40 ym) of sub-mucous
plexus immunostained for protein gene product 9.5 (PGP 9.5, a general marker for
nerves) by indirect immunofluorescence with a rabbit polyclonal antibody to PGP 9.5 fol-
lowed by FITC-conjugated goat anti-rabbit immunoglobulin. Note the nerve cell bodies
and the fine nerve fibres surrounding the blood vessels. The section was dehydrated
through graded alcohols to xylene, then rehydrated (Costa et al., 1980) before applica-
tion of the primary antibody.

Plate 3: Human breast ductal carcinoma immunostained by an ABC-peroxidase method
for oestrogen receptors. Labelling is present in the nuclei of the tumour cells. Formalin-
fixed paraffin section pre-treated by microwave heating for 20 min in 0.01 M citrate
buffer, pH 6.0; haematoxylin counterstain.

Plate 4: Glomerulus from a human kidney biopsy. Fresh frozen cryostat section (5 ym),
post-fixed in acetone, immunostained by a direct method with FITC-conjugated rabbit
anti-human IgG. This is a simple and rapid diagnostic method. The result could be avail-
able 1 h after taking the tissue. The patient’s circulating auto-antibodies to the glomeru-
lar basement membrane become bound to the membrane and can be seen here in a typ-
ical linear pattern of distribution. Courtesy of Dr E.M. Thompson, Department of
Histopathology, Royal Postgraduate Medical School, London.

Plate 5: Human pancreatic islet immunostained for insulin by the indirect immunoper-
oxidase method. The peroxidase was developed in the 3-amino-9-ethyl carbazole medi-
um giving a red reaction product (Appendix, Section A.7.1). Formalin-fixed tissue
embedded in paraffin, 4 ym section; haematoxylin conterstain.

Plate 6: Human skin melanoma. Immunostain for S-100 by an ABC-alkaline phos-
phatase method. Development of the alkaline phosphatase with naphthol AS-MX
phosphate and Fast Red TR to give a red reaction product (Appendix, Section A.7.2), con-
trasting with the natural brown of the melanin granules. A peroxidase label developed
with DAB to give a brown reaction product might be confusing here. Formalin-fixed
paraffin section {4 um); haematoxylin counterstain.

Plate 7: Human colon. Immunostain for S-100 (present in nerve axon sheaths) by an
ABC-peroxidase method using the primary rabbit polyclonal antiserum at a dilution of
1/1000. A high level of background staining is present (e.g. walls of blood vessels in the
sub-mucosa). Compare with Plate 8. Formalin-fixed paraffin section (4 um); haema-
toxylin counterstain.

Plate 8: As Plate 7, but the primary antiserum was diluted 1/6000. Positive staining is
evident on the nerves and there is no non-specific background.

Colour plates kindly sponsored by Dako Ltd
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Plate 9: As Plate 7. The primary antiserum to S-100 was used at 1/10 000 with an ABC-
peroxidase method. Staining is present. Compare with Plate 70.

Plate 10: As Plate 9, but the immunostain was developed with a PAP method. Because
of the lower sensitivity of this method compared with the ABC method, there is almost
no staining with this dilution of the primary antiserum.

Plate 11: Human tonsil, T lymphocytes immunostained with monoclonal antibody
(CD45Ro, UCHL1) and an ABC-peroxidase method. On the left, the reaction product with
DAB is shown. On the right, the colour of the end-product of reaction has been darkened
by treatment with copper sulphate solution (Appendix, Section A.8.1). Formalin-fixed
paraffin section (4 um); haematoxylin counterstain.

Plate 12: Human tonsil. Simultaneous double immunoenzymatic stain (Section 7.2;
Appendix, Section A.11) for kappa and lambda light immunoglobulin chains in plasma
cells. Kappa chains were localized by a rabbit polyclonal antiserum and PAP, lambda
chains by a mouse monoclonal antibody and APAAP. The alkaline phosphatase was
developed with naphthol AS-MX phosphate and Fast Red TR (red) (Appendix, Section
A.7.2), the peroxidase by H,0, and DAB with nickel enhancement (black) (Appendix,
Section A.8.2). Formalin-fixed paraffin section (4 um) pretreated with trypsin; haema-
toxylin counterstain.

Plate 13: Human pancreas. Double immunoenzymatic stain (Section 7.2) for glucagon
{polyclonal antibody and ABC-f-galactosidase method) and insulin {(monoclonal anti-
insulin and APAAP method). This illustrates the turquoise-blue reaction product of
P-galactosidase developed by an indigogenic method (Appendix, Section A.7.4). The
alkaline phosphatase has been developed to give a red colour with naphthol AS-MX
phosphate and Fast Red TR (Appendix, Section A.7.2). Formalin-fixed paraffin section (4
um); haematoxylin counterstain.

Plate 14: Human colon sub-mucosa. Triple immunoenzymatic stain (Section 7.2.1).
Smooth muscle actin was immunostained first with monoclonal mouse primary
antibody and mouse PAP, peroxidase developed with H,0, and DAB with nickel enhance-
ment (black). Then, a simultaneous double stain was done for endothelial cells with
monoclonal mouse anti-CD34 and ABC-alkaline phosphatase (developed to give a blue
reaction product) and nerves with a polyclonal rabbit antiserum to PGP 9.5 and rabbit
PAP. The peroxidase was developed with H,0, and amino-ethyl carbazole to give a red
reaction product. Formalin-fixed paraffin section (4 um).

Plate 15: Confocal microscope images (Section 10.3.1) captured at nine levels through
a thick (100 um) frozen section of rat lung, pre-fixed in Zamboni’s fluid and immuno-
stained by an indirect method for PGP 9.5, a general marker for nerves. The green colour
of the fluorescence (FITC label) is artificially shown. There is some background auto-
fluorescence.

Plate 16: A combination of the nine images shown in Plate 15 to define the entire area
occupied by immunostained nerve in this section.
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4 Methods

4.1 General considerations

Immunocytochemistry is a very tolerant technique. There are many sat-
isfactory variants of the methods — those given here are practiced in the
authors’ laboratories. Timing need not be precise, over a minimum need-
ed for reaction, if results are assessed on the basis of whether a reaction
is present or absent, but if any kind of quantitative comparison is to be
done, conditions must be uniform throughout the experiment.

4.1.1 Buffer (Appendix, Section A.1)

Immunocytochemical reactions traditionally take place in a buffer solu-
tion that stabilizes the antibody and does not damage the tissue sub-
strate. The latter condition is more important for fresh than for fixed tis-
sue. In practice, the most commonly used buffers are 0.01 M phosphate-
buffered 0.9% NaCl at pH 7.0-7.4 (phosphate-buffered saline, PBS) or
0.05 M Tris/HCl with 0.9% NaCl at pH 7.6 (Tris-buffered saline, TBS).
The pH must be higher than 7.0 to prevent detachment of antibodies
from the tissue, which becomes a danger at low pH, but it can be raised
as high as 9.0 if necessary to prevent non-specific binding of reagents
(Grube, 1980). It is said that the use of TBS rather than PBS carries a
lower risk of non-specific background staining, but in our experience
there is little difference. PBS is cheaper than TBS, particularly if it is
made in the laboratory. It is convenient to make a stock solution of about
101 of 0.1 M phosphate buffer with 9% NaCl and dilute 11 to 10 1 for
daily use. TBS is recommended for use with alkaline phosphatase-
labelled methods and for diluting alkaline phosphatase-labelled
reagents. In general, the buffer used for rinsing should also be the basis
for the antibody diluent, but in practice it does not seem to matter great-
ly whether the same medium is used throughout or not. Detergent
(e.g. 0.05% Tween 20 or 0.1% saponin for fresh material; see Section
3.1.5) may be added to the rinsing buffer to help prevent non-specific
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binding of antibodies (see Section 3.4.1), but this will reduce the surface
tension of a glass slide so that a buffer rinse without detergent may be
helpful at the stage before the antibody is applied.

4.1.2 Antibody diluent (Appendix, Section A.2)

Many antibodies can be stored at their working dilution at 4°C for sev-
eral weeks to years provided that a preservative such as sodium azide
(0.01-0.1%) is included in the buffer diluent and also a protecting pro-
tein which will attach to any sticky sites on the walls of the storage ves-
sel in competition with the highy diluted antibody. Bovine serum albu-
min at 0.1% is usually used. Neither of these additives interferes with
immunocytochemical reactions. Buffer alone is adequate if the antibody
is diluted just prior to use. It cannot be assumed that every antibody will
withstand storage at its working dilution — this must be tested for each
antibody. Alternative methods of storage are given in the Appendix
(Section A.2).

Enzyme-linked reagents should not be diluted in buffers containing
azide, since this substance inhibits many enzyme reactions. In general,
it is wiser not to store any labelled antibodies at high dilutions as there
is a slight danger that the label will become detached from the antibody.
However, protecting solutions for storing diluted peroxidase-linked
reagents are now available (e.g. Protexidase from ICN), and for any
laboratory in which immunocytochemistry is performed regularly it is
certainly an advantage to have solutions pre-diluted in the refrigerator.
Commercial kits providing ready-to-use diluted solutions will be
adequately preserved.

4.1.3 Antibody dilution relative to reaction time,
temperature and technique

The optimum dilution for an antibody is the highest at which specific
immunoglobulin can saturate the available antigen, leaving some
unbound antibody in the solution to ensure continued binding. It can
only be established by testing the antibody in a series of dilutions on pos-
itive control tissue known to contain the antigen and prepared in the
same way and labelled with the same method as the proposed experi-
mental samples. Doubling-dilutions are convenient to use, usually start-
ing with 1/50 for a polyclonal antiserum and going up to 1/6400 in the
first instance. Further dilution may be possible, or the final dilution can
be refined within the chosen range. Monoclonal antibodies are usually
used at an antibody concentration of between 1 and 20 yg ml™. Provided
the same method is used, the optimal dilution established on tissue
known to contain a high quantity of antigen should be suitable for all
antigen levels, but if a method with increased sensitivity is used, the
dilution may need to be increased to avoid background staining.
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Reaction time. Optimal dilutions are dependent on the time allowed
for the reaction. A short reaction time (30 min) will require a lower dilu-
tion of the antiserum. This is because polyclonal antisera contain a mix-
ture of antibodies which will differ in avidity for the antigen. In a short
period, only the most avid of the antibody populations will bind to their
targets. If reaction time is prolonged, dilution can be increased and all
types of antibody molecule will have a chance to bind. Higher dilution is
advantageous because the concentration of unwanted antibodies that
may cause background staining will be reduced (Plates 7 and 8, p. 36).

Secondary antibodies. The incubation time with secondary antibod-
ies, provided that they do not produce their own background staining,
can generally be reduced to 30 min at room temperature. This is because
they are highly concentrated, relative to the amount of bound primary
antibody. The optimal dilution for a labelled secondary antibody is usu-
ally in the range 1/20 to 1/100, but may be higher. It should be estab-
lished by a dilution series against a known primary antibody used at its
optimal dilution on a positive control. If the optimal dilution has been
established for neither the primary nor the secondary antibodies, a che-
quer-board type of dilution experiment must be set up on known positive
tissue with a range of dilutions for each antibody (7Table 4.1) and the best
combination chosen.

Table 4.1: Antibody titration using chequer-board dilutions (hypothetical) on positive
control preparation to choose optimal dilutions of unknown primary and secondary anti-
bodies in an indirect two-step method with standard incubation times

Secondary antibody

1/100 1/200
Primary
antibody Cells Background Cells Background
1/50 4+ 4+ ++ ++4+
1/100 ++++ 4+ +++ +++
1/200 4+ +++ +++ ++
1/400 +++ ++ ++ +
1/800 +++ + ++ +
1/1600 +++ - + -
1/3200 + - + -
1/64 000 - - - -

In this hypothetical case the best dilution to choose would be 1/1600 for the primary anti-
body and 1/100 for the labelled secondary antibody.

Temperature. The rate of immunological binding is also affected by
temperature, being faster at 37°C than 27°C and slower at 4°C. It might
be thought that a rapid reaction would be an advantage, but the rate of
non-specific and unwanted binding will also be increased, so the danger
of background staining with a high concentration of antiserum for a
short period at 37°C is greater than with a high dilution overnight at
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4°C. This consideration applies to whole antisera or total immunoglobu-
lin fractions, but is less important with affinity-purified or monoclonal
antibodies, which should be free of unwanted antibodies. Nevertheless,
economy dictates the highest dilution possible. We have found that there
is little difference in optimal dilution of a primary antiserum for an incu-
bation period of 2 h at room temperature or overnight at 4°C — it is a
matter of convenience which is used. The low temperature is used for
prolonged incubation to prevent evaporation from the small drops of
antiserum covering the preparation.

Technique. The optimal dilution of a primary antibody is also depen-
dent on the sensitivity of the technique. For a two-step, indirect tech-
nique (see Section 4.2.4), the dilution will generally be about 10 times
higher than for a one-step, direct technique in which it is the primary
antibody that is labelled (see Section 4.2.3). The three-step methods
allow a further five to 10 times higher dilution, because of their greater
sensitivity (Table 4.2).

Table 4.2: Primary antibody dilution with hypothetical increase in sensitivity according
to incubation time, temperature and method

Method 1 hatRT Overnight at 4°C
Direct 1/10 1/40

one-step

Indirect 1/200 1/500

two-step

PAP 1/500 1/2000

three-step

ABC 1/1000 1/5000

three-step

4.2 Methods (Appendix, Section A.4)

4.2.1 Nature of antibodies (Ig(z)

It is not necessary to be an immunologist to perform immunocytochem-
istry, but it is essential to know that most of the antibodies used in this
technique are of the IgG class, though some may be IgM, and to under-
stand the way in which the antibody molecules bind to their antigens. In
the simplest terms, an IgG molecule consists of four polypeptide chains
comprising two identical heavy chains making the constant fragment
(Fc) of the IgG of a particular species, continuous with two combined
heavy and light chains, which are variable and which each have one
binding-site for the same particular antigen (antigen-binding fragment,
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Figure 4.1: Simplified diagram of IgG molecule.

F(ab)), selected and induced by immunization. The Fc portion carries the
specific antigenic determinants to which antibodies raised to that particu-
lar IgG can bind. Because the polypeptide chain is in duplicate, there are
at least two antigenic determinants on each Fc portion, and there may be
some on the F(ab) portions as well. IgG molecules are Y-shaped and are
represented diagramatically in this form (Figure 4.1). IgM molecules have
a different configuration (for further details, see any immunology text book).

Immunocytochemical staining consists of applying a series of anti-
bodies; the first one (primary) binds to the antigen in the tissue and then
can itself act as an antigen for a second antibody, raised in an unrelated
animal species to the IgG of the species providing the primary. The sec-
ond antibody will bind to the antigenic sites on the Fc portion of the pri-
mary antibody molecule, and then may act as an antigen for a third anti-
body, and so on (see descriptions of methods below).

4.2.2 Application of antibodies to preparations

The equipment required for immunocytochemistry can be as simple as a
Petri dish containing some wads of cotton wool or paper tissue damp-
ened with distilled water to keep the atmosphere in the dish humid so
that drops of solution do not evaporate from the preparation, and a rack
made of wooden sticks or glass rods to support the microscope slide or
coverslip carrying the section or cells. The dish should be covered during
incubations. More elaborate incubating chambers with integral racks
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and washing channels are available commercially. Reagents can be
applied with a Pasteur pipette or a pipette with disposable tips, and
preparations can be rinsed with a wash-bottle or (preferably, because of
the greater bulk of solution) in a slide carrier in a dish of buffer.

The traditional method of applying antibodies to sections on slides is
to take the slide from buffer solution (e.g. PBS), dry it with a cloth or
paper tissue leaving the section area damp, lay it in a humid chamber
and drop a little antibody on to the section to cover it completely.
Provided the section area is damp, the antibody will flow over the entire
area, and if the slide has been carefully dried, the damp area will be iso-
lated by the surface tension at the edge of the dried area. The absolute
amount of antibody is not usually important, and depends on the area of
the section. An average quantity is 100 pl per section. The slides must
be kept horizontal to prevent the antibody droplet running off the sec-
tion. It can be very helpful to encircle the section with a water-repellent
pen (Dako S2002). The pen must be applied to a dry slide; this is done
most easily during hydration of a paraffin section at some stage after
removing the paraffin with solvent and before it is taken to water. A
cryostat section can be ringed after fixation in acetone, or before fixation
in an aqueous fixative. Another advantage of the pen is that it allows
separation of several sections on the same slide so that they can be
stained with different antibodies or even, in an emergency, one section
to be divided for different immunostains without danger of the solutions
running together.

Another way of ensuring that antibody stays on the section is to cover
the section and antibody droplet with a coverslip, but this is not usually
necessary and adds considerably to the cost.

At the end of the incubating period, slides are drained briefly on to a
tissue, making sure that if two antibodies are on the same slide the
drops do not mingle on the sections. They are then placed in a slide car-
rier and immersed in buffer for rinsing. We have never seen spurious
staining from the small quantities of different antibodies that must be
present in the first rinse when this method is used.

After several changes of buffer, the slide is removed and dried around
the section, ensuring that the surface of the retaining hydrophobic ring
is dry. Excess buffer is drained off the section on to a tissue while keep-
ing the section moist. If too much buffer is left on, the next antibody
layer applied will become diluted beyond its optimum.

Automation. Several types of automated immunostainer are now
available. They work either by incubating the slides horizontally and
dropping or spraying antibodies and other reagents on to the prepara-
tion (e.g. Leica, Biomen), or by holding the slides vertically against
another slide or clip and allowing the solutions to be drawn up by capil-
larity to cover the preparation (e.g. Dako). In a further type (Shandon),
a drop of antibody spreads downwards and is held between the slide and
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the coverplate. A semi-automated version of this type uses the same sys-
tem, but solutions must be dripped in by hand.

In all the fully automated versions, application of antibodies depends
on a mechanical arm programmed by computer to apply the correct vol-
ume of the correct solution at the correct time, with suitable rinses
between applications. Much time and effort in washing and wiping
slides can be saved by these machines in a busy laboratory, but they are
still only as good as their programmers, who must know what they are
doing in terms of immunocytochemistry and be aware of problems.

4.2.3 Direct method

In this, the simplest of the immunocytochemical methods, the reaction
is a one-step process with a labelled primary antibody. In the original
method (Coons and Kaplan, 1950) the label conjugated to the antibody
was fluorescein isocyanate. The conjugated antiserum, diluted in PBS,
was allowed to react with a tissue section and the unbound antibody was
then washed off with PBS. The section was examined in an ultraviolet
microscope and the site of attachmment of the antibody fluoresced
apple-green. Many other labels have since been used, including other
fluorochromes, enzymes, colloidal gold and biotin.

Blocking. Before application of the primary antibody, possible non-spe-
cific tissue binding sites are blocked by application of normal serum
from the same species as the primary antibody (although any species
will do, provided that the antigen to be localized is not immunoglobulin
which might lead to cross-reactions; see Chapter 5). The blocking serum
is usually diluted 1/20 in PBS or TBS diluent (see Section 4.1.2), but a
higher concentration may be used if necessary. This will occupy Fc recep-
tors and hydrophobic and electrostatic binding sites. The reactions are
weak, so the serum is not washed off the tissue but merely drained off,
after a minimum time of about 10 min, and the labelled antibody is then
applied, optimally diluted in diluent (see Figure 4.2).

4.2.4 Indirect method

Coons and his colleagues increased the sensitivity of their immunofluo-
rescence method by introducing a second layer (Coons et al., 1955). The
first layer is the primary antibody raised to the antigen to be localized.
This is not itself labelled, but is detected after binding by a labelled
secondary antibody raised to the immunoglobulin of the species that
donated the first antibody. Thus, if the primary antibody is a rabbit IgG
anti-antigen, the secondary antibody might be a goat (or swine or sheep)
anti-rabbit IgG, labelled with FITC or any other label (Figure 4.3).
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Blocking. In all methods employing two or more layers of immuno-
reagent, the background-blocking normal serum (immunoglobulin)
applied before the primary antibody must be from the species that pro-
vides the second antibody. If serum from the same species as the first
antibody is used, it will effectively block non-specific binding of the first
antibody, but will provide extra deposits of immunoglobulin antigen for
the second, anti-species immunoglobulin, thus creating background
staining. Serum from the second species will block non-specific binding
of the primary antiserum equally well and cannot be immunoreactive to
the immunoglobulin of its own species.

Figure 4.2: Direct method.

Advantages

1. Anti-IgG sera used as the second layer are usually made hyper-
immune and of very high avidity.

2. At least two labelled anti-immunoglobulin molecules can bind to
each primary antibody molecule, increasing the sensitivity of the
reaction or detectability of the antigen.
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Figure 4.3: Indirect method.

3. Economy; one labelled second-layer antibody can be used to detect
any number of first layer antibodies to different antigens, provided
they have all been raised in the species donating the IgG against
which the second layer antibody is directed.

Note that the primary antibody may be an IgM, particularly if it is a
monoclonal antibody. In this case, the second layer antibody must be
either an anti-IgM or a mixture of antibodies to the entire immunoglob-
ulin fraction of the species providing the primary antibody. These are
usually described in catalogues as anti-immunoglobulins. Anti-IgG
alone will not react with an IgM primary. It might be necessary
to decrease the working dilution of a secondary antibody to all
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immunoglobulins to detect an IgM primary, as the concentration of anti-
bodies to IgM may be less than to IgG.

4.2.5 Three-layer methods

Peroxidase—anti-peroxidase (PAP) or unlabelled antibody-
enzyme method. A further development of the indirect technique led to
the exceedingly sensitive double-immunoglobulin bridge (Mason et al.,
1969) and the unlabelled antibody—enzyme or peroxidase—anti-peroxi-
dase (PAP) methods (Sternberger et al., 1970).

This technique involves yet a third layer, which (for a rabbit
primary antibody) is a rabbit antibody to peroxidase, coupled with per-
oxidase in such proportions that it forms a cyclic and very stable
peroxidase—anti-peroxidase complex composed of two rabbit IgG mole-
cules combined with three peroxidase molecules, one of which they
share. The PAP complex acts as a third-layer antigen and becomes
bound to the unconjugated (goat) anti-rabbit IgG of the second layer.
This must be in excess with respect to the first layer, so that its antibody
molecules compete for the antigen-bound primary rabbit IgG. The com-
petition means that only one of the two antigen-binding sites of each sec-
ond-layer antibody molecule is occupied by the primary antibody, now
acting as an imunoglobulin antigen, and the second site is free to com-
bine with the PAP complex, another rabbit immunoglobulin antigen
(Figure 4.4).

Rabbit anti-peroxidase

Ny

Peroxidase © @

QL o

Figure 4.4: Peroxidase-anti-peroxidase method.
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Advantages. This method results in 100-1000 times higher sensitivity
than the indirect method for several reasons. The peroxidase molecule is
not chemically conjugated to the antibody but immunologically bound,
so it loses none of its enzyme activity. Similarly, the antibodies are all
unencumbered by conjugated label and retain their full activity. In addi-
tion, much more peroxidase ends up on the site of reaction than with the
indirect method. The increased sensitivity arising from this allows for
much higher dilution of the first antibody, thus eliminating many of the
unwanted components of the primary antiserum and reducing non-spe-
cific staining. The reaction is particularly specific since the PAP complex
is highly purified and will react only with the anti-rabbit immunoglobu-
lin of the second layer. It will not react with the blocked tissue, nor with
non-specifically attached immunoglobulins from the blocking layer since
these are not anti-rabbit IgG, so background staining is minimal. PAP
complexes are made with IgG from many species, for example mouse
and goat, as well as rabbit.

Disadvantages. The only disadvantage of the three-layer techniques is
that they require an extra reagent and increased time, and may be more
expensive than the two-layer method, depending on the dilutions used.
The advantages of greater sensitivity and higher dilution of the prima-
ry antiserum outweigh the disadvantages.

Alternative enzyme—-anti-enzyme complexes. Alkaline phospha-
tase—anti-alkaline phosphatase (APAAP) can be made more simply than
PAP complexes by mixing alkaline phosphatase in excess with mono-
clonal mouse anti-alkaline phosphatase (Cordell et al., 1984). APAAP
complexes are not cyclic like PAP but merely consist of the maximal
amount of alkaline phosphatase antigen bound to each molecule of alka-
line phosphatase, so the ratio of antigen to antibody is a little less than
for PAP. They are commonly available as mouse, rat and rabbit APAAP.
Complexes are also available made with glucose oxidase.

4.2.6 Avidin-biotin methods

Even greater sensitivity in terms of the amount of 1abel finally bound to
the antigenic site is produced by the avidin-biotin methods. Avidin is a
large glycoprotein extracted from egg white (albumen). It has four bind-
ing sites per molecule for a low molecular weight vitamin called biotin
and a particularly high affinity for it (hence the avoidance of egg albu-
men as a blocking medium (see Section 38.4.1). Biotin is a vitamin found
in several tissues and extracted (conveniently) in bulk from egg yolk.
Each biotin molecule has one binding site for avidin and can be attached
through other sites to an antibody or any other macromolecule such as
an enzyme, fluorophore or other label. Avidin, too, may be labelled, so
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these reagents can be used in a variety of immunostaining techniques.
The increased sensitivity results from the large number of biotin mole-
cules that can be attached to an antibody (Plates 9 and 10, p. 37)
(Guesdon et al., 1979; Hsu and Raine, 1981; Hsu et al., 1981; Coggiet al.,
1986).

Labelled avidin method. In this method the second antibody is
biotinylated and the third reagent is avidin labelled with peroxidase or
other marker. Because of the large number of biotin molecules attached
to the antibody, many labelled avidin molecules may be bound at the site
of the primary antigen—antibody reaction (Figure 4.5).

Avidin-biotin complex (ABC) method. In this variant, the second
antibody is biotinylated and the third reagent is a complex of avidin
mixed with biotin that has been labelled with an appropriate marker.
The avidin and labelled biotin are allowed to react together for at least
30 min before being applied, resulting in the formation of a large and
highly labelled complex, the label molecules being shared by several
biotin molecules. The proportion of avidin to labelled biotin must be such
that some binding sites on the avidin are left free to attach to the biotin
on the second antibody (see Figure 4.5). Manufacturers supply solutions
that are adjusted to give the correct ratio.

Disadvantages. There is a danger that the complex can become too big
and the reaction suffer from steric hindrance as the ABC is prevented by
its size from reaching the biotin on the antibody. The manufacturer usu-
ally minimizes this effect by distancing the biotin from the antibody
with a spacer arm and by judicious balancing of the avidin and biotiny-
lated label. Avidin may produce background staining by binding to
lectins in the tissue through its carbohydrate groups and also through
charged reactions since its isoelectric point is 10. These problems are
overcome either by using an avidin specially modified by the supplier or
by substituting it with streptavidin. Streptavidin is very similar to
avidin except that it is a protein, not a glycoprotein, so avoiding the
lectin-binding possibility, and it has a neutral isoelectric point, thus
avoiding charged reactions. It is extracted from the bacterium
Streptomyces avidinii.

Some tissues such as kidney and liver are rich in biotin, which can
produce unwanted reactions with labelled avidin or the ABC, particu-
larly after heat-mediated antigen retrieval, which may reveal hidden
biotin. Endogenous biotin can be blocked easiiy by applying unconjugated
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Figure 4.5: Avidin-biotin methods.

avidin. This is then saturated with biotin. Because each biotin molecule
has only one avidin-binding site, this procedure effectively blocks
unwanted attachment of the ABC or labelled avidin (Wood and Warnke,
1981) (Figure 4.6 and Appendix, Section A.4.3).
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5 Specificity Problems and
Essential Controls

In immunocytochemistry a positive-appearing result may well be gen-
uine, but there is a risk of non-specific or unwanted specific reactions
which must be eliminated before the result can be accepted. These reac-
tions are due to tissue factors, which have been discussed in Chapter 3,
and to antibody factors, and should be tested for in parallel with the spe-
cific reaction, including all pre-treatment and blocking steps.

Some common problems and their remedies are listed in Table 5.1.
Some less common causes of non-specific or unwanted staining are dis-
cussed in work by Van Noorden (1993).

5.1 Testing for non-specific binding due to
tissue factors

5.1.1 Testing for non-specific binding by the
primary antibody

Polyclonal antibodies. When the primary antibody is contained in a
polyclonal antiserum, a test for non-specific binding to the tissue being
examined is to use in parallel, as the first layer, normal serum from a
non-immunized animal of the same species that provides the primary
antibody. The dilution of the normal serum, particularly if it is the pre-
immune serum from the individual animal that provides the antibody,
should theoretically be the same as for the primary antiserum being
tested. However, at low dilutions (1/50-1/300) many non-immune sera
contain enough immunoglobulins to provide significant background
binding under immunocytochemical conditions, so the non-immune
serum is used at the lowest dilution that has previously been shown to
give no staining on a variety of preparations. This might be thought of
as cheating but, even if the concentrations in the antiserum of
immunoglobulins specific and non-specific to the antigen in question
were known, which would be unusual, the selection of a suitable dilution
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Table 5.1: Problems and remedies

High level of background staining

1. Dilute the primary antibody further {(assuming standard dilution for other reagents)

2. If this is ineffective, check negative control with second {and third) reagents only. If
background is absent, the staining must be due to a reaction between the primary and
the tissue which is detected by the secondary antibody. If background is still present, it
could be due to:
(a) Tissue factors {(non-specific binding sites, Fc receptors, basic proteins)
Remedy: (i} Increase concentration of blocking protein/serum
(i} Add detergent to buffer rinse {(e.g. 0.056% Tween 20)
(iii) Raise sodium chloride content of antibody diluent to 2.5%
(iv) Raise pH of buffer to 9.0
(v} (For Fc receptor binding) use F{ab) portions of antibodies
(vi) Add 2 mg poly-L-lysine {a basic protein) {mol. wt 3000-6000) to each ml| of
diluted antibody
(b} Endogenous biotin {in an ABC method)
Remedy: (i) Block endogenous biotin {(see Section 4.2.6)
(i) Use a non-ABC method
{c} Avidin binding to mast cells and other charged sites
Remedy: (i) Raise buffer pH to 9.0
(i) Use streptavidin or ‘modified’ avidin instead of avidin.
(d) Incompletely blocked endogenous peroxidase
Remedy: (i} Try longer/stronger blocking with H,O,
(ii} Use another enzyme label
(e} Cross-reaction between anti-species immunoglobulin {(second antibody) and host-
tissue immunoglobulins
Remedy: (i} Absorb cross-reacting antibody with 1% of host-tissue species normal
serum or immunoglobulin
(ii) Use species-specific antibodies
(f) Aldehyde groups in tissue left from fixative
Remedy: (i) Wash tissue well before processing and embedding
(ii) Treat preparation with freshly made 0.02-1% sodium or potassium boro-
hydride in 0.1 M phosphate buffer or water for 2-30 min at room temper-
ature
(iii) Add 10-100 mM ammonium chloride to the blocking serum

Immunostaining weak or absent

1. Method sensitivity is insufficient for small quantity of antigen present
Remedy: (i) Increase sensitivity (see Chapter 6)

2. Antigen is hidden {over-fixed)
Remedy: (i) Antigen retrieval by protease treatment
(ii) Heat-mediated antigen retrieval

3. Antibody deterioration
Remedy: (i} Check all primary antibodies against known positive controls with known
positive second and third reagents
(ii} Check second antibodies against primaries known to be working well

4. Wrong antibody sequence applied in error
Remedy: (i) Rescue if possible by reapplication of antibodies (see Section 6.1)
(ii) Start again

5. Error in preparation of developing solutions {(or any other reagent)
Remedy: (i) Start again
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for the primary antiserum is also experimental and subjective, chosen to
give supposedly specific staining and no background (see Section 4.1.3).
Thus any non-specific binding of immunoglobulins due to factors in the
tissue being tested should occur with both the experimental antiserum
and the normal serum at their chosen dilutions and be picked up by the
anti-immunoglobulin of the second layer. Staining produced only with
the antibody may well be specific.

Monoclonal antibodies. monoclonal primary antibodies are less
prone to non-specific binding since, by definition, they contain only one
antibody, but an irrelevant monoclonal antibody of the same
immunoglobulin sub-class could be used instead of the primary to check
the binding properties of the tissue sample. Failing that, substitution of
culture medium (if the monoclonal is being used in this form) or
immunoglobulin purified from normal (mouse) serum could be used.
Further controls for both polyclonal and monoclonal antibodies would
be to use the antibodies on tissue known not to contain the antigen, pre-
pared in the same way as the test tissue. No staining should occur.

5.1.2 Testing for non-specific binding of second and
third reagents

The presence of unwanted binding of second- and third-layer reagents to
the tissue is easily determined by substituting antibody diluent alone for
the primary antibody. In a three-layer reaction, the test should be car-
ried out with both the second- and third-layer reagents and with the
third-layer reagent alone.

5.2 Non-specific or unwanted specific
staining due to antibody factors

5.2.1 Unwanted specific staining of unknown
antigens

A polyclonal antiserum contains a mixture of antibodies, including the
host animal’s circulating antibody population. Some of these antibodies
may react with unknown antigens in the tissue. These reactions, though
specific, are likely to be less prominent than those of the antibodies
resulting from immunization and are minimized by high dilution of the
primary antiserum.
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5.2.2 Non-specific binding of antisera to basic
proteins in the tissue

Scopsi et al. (1986) showed that some antisera and reagents such as
streptavidin, particularly when labelled, bind to basic amino acids in tis-
sue proteins, giving the impression of specific staining. Part of estab-
lishing whether a reaction is specific or not is to add a basic amino acid
such as poly-L-lysine (molecular weight 3000-6000, 2 mg ml™) to the
antibody at its working dilution to absorb any such non-specific reactiv-
ity before demonstrating the specific immunoreaction.

5.2.3 Unwanted specific cross-reactivity of
anti-immunoglobulin

Because of the similarities of immunoglobulin molecules from different
species, it is possible that the second-layer anti-immunoglobulins will
react with the immunoglobulins of the animal in which the antigen is to
be immunostained, for example anti-rabbit immunoglobulin may react
with human immunoglobulin or (more likely) anti-mouse immunoglobu-
lin with rat immunoglobulin. The immunoreactivity can be detected by
using the antiserum on fresh-frozen, acetone-fixed sections of spleen
from the antigen-containing animal. Positive staining of plasma cells
(which produce immunoglobulins) indicates that the antiserum contains
cross-reacting anti-immunoglobulins. This staining can be eliminated by
adding 1% of normal serum from the animal species to be tested to the
working dilution of the cross-reacting antiserum. The effectiveness of
the treatment can be tested again on a frozen section of spleen. The
working dilution of the antiserum may need to be reduced after addition
of the normal serum because some of the antibody populations will have
been neutralized, reducing the level of immunoreactive antibodies
remaining. Species-specific anti-immunoglobulins are available com-
mercially in which cross-reacting antibodies have already been absorbed
with immunoglobulins from a number of species.

The potential for immunoglobulin cross-reactivity has also been
exploited commercially in the provision of second-layer antisera which
will react with primary antibodies raised in both rabbit and mouse (and
sometimes other species as well). This is convenient as it avoids the need
for deciding which second layer is appropriate to a stain — but it pre-
cludes double immunostaining with antibodies raised in the two species
(see Chapter 7).

5.2.4 Cross-reactivity of the primary antibody with
related antigens

The same amino acid sequences occur in molecules of peptides belonging
to the same family, and an antiserum raised by immunization with one
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member of the family may well contain antibodies reactive with the
common sequences, resulting in failure to discriminate between the
related peptides. For example, immunocytochemical staining of the
human large intestine with antibodies to pancreatic polypeptide (PP)
showed cells apparently containing the peptide, though none could be
found in extracts of that area. It was not until the discovery of another
peptide (with tyrosine at the N- and C-terminals, PYY) that it was real-
ized that the PP antiserum was cross-reacting with PYY, with which it
shared amino acid sequences (Ali-Rachedi et al., 1984).

If only some epitopes are involved, it may be possible to remove the
cross-reactivity by absorption of the antiserum with the related antigen.
However, a monoclonal antibody may be just as cross-reactive as a
polyclonal one if it happens to react with a shared epitope, and this
reactivity cannot be absorbed out without removing all the immuno-
reactivity. The possibility of specific cross-reactivity with known or
unknown related antigens should be borne in mind, particularly when
experimenting with a new antibody.

Testing for cross-reactivity with related antigens. If the related
antigens are available, an enzyme-linked immunosorbent assay (ELISA)
test against any number of antigens is probably the simplest way of
establishing cross-reactivity. Western blotting is another in vitro method
which will allow the reactions of an antibody with pure antigens or anti-
gens in a tissue extract to be investigated. These methods are described
briefly in Chapter 9.

Absorption with antigen (Appendix, Section A.13). An essential control
with new antibodies and new tissues is addition of excess of the pure
antigen to the antiserum. This should result in lack of staining, and if
the reaction is specific, addition of related or unrelated antigens should
have no effect.

In order to ensure excess of antigen over antibody, the sub-optimal
dilution of the antibody should be used, giving less than maximal but
consistent staining of all positive structures on control tissue. If possi-
ble, the antigen quantities added to the diluted antibody solution should
be measured in nanomoles per millilitre of antibody, so that different
antigens and antibodies can be compared. It is important to use pure
antigen rather than the immunogen, which may have been coupled
with a carrier protein. If the antibodies to the carrier protein were in
fact responsible for the perceived immunoreactivity, absorption with the
immunogen might remove the staining, giving a false impression that it
was specific for the antigen itself. A suitable amount of antigen to add is
10-20 nmol ml* of sub-optimally diluted antibody; this should be ade-
quate to remove immunoreactivity by binding to all the available anti-
body molecules. A stepwise 10-fold decrease in the ratio of antigen to
antibody down to 0.001 nmol ml™* should result in the gradual resump-
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tion of staining. Positive control tissue should be tested alongside the
experimental tissue to ensure that the absorption is effective.

5.3 Remedies for non-specificity due to
tissue factors

5.3.1 Blocking binding sites with normal serum

This has been described in Chapter 3 (Section 3.4.1) and should remove
binding to charged or hydrophobic tissue sites and to Fc receptors.

5.3.2 Absorption with tissue powder

Non-specific attachment of immunoglobulins to common tissue compo-
nents can also be prevented by absorption of the antiserum with a tissue
powder (e.g. acetone-dried liver) from the species in which the staining
is to be done, provided it is certain that the tissue powder does not con-
tain the antigen to be investigated. After reaction with the tissue pow-
der, the mixture is centrifuged and the supernatant used as the anti-
body. It may be necessary to re-establish the optimal dilution.

54 Remedies for non-specificity due to
heterogeneity of the antibody

5.4.1 Dilution

High dilution of the antiserum can reduce the amount of unwanted anti-
body compared with the amount of wanted, specific antibody in the
serum to the point where its effects become negligible.

54.2 Affinity purification

Antisera can be ‘purified’ by immunoabsorption, with the specific anti-
gen bound to a solid phase such as sepharose beads: the antibody is
subsequently eluted. However, the most useful antibodies for immuno-
cytochemistry are very avid and it may be difficult to elute them from
the antigen used for absorption. Thus some antibody may be lost and the
eluted antibody, though pure, may be of low avidity.

If the contaminating antibody is known, it may be possible to remove
it from solution by solid phase absorption with the contaminant, the spe-
cific antibody passing unaffected through the column.
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5.5 Remedies for non-specificity due to
cross-reactivity

Genuine cross-reactivity is a difficult problem. In a polyclonal anti-
serum, when relationships between families of antigen molecules are
known, it may be possible to remove populations of cross-reacting
antibodies by absorption with the related antigens, leaving some non-
cross-reacting antibodies still available in the serum. The initial
production of discriminating ‘region-specific’ antibodies requires immu-
nization with unshared fragments of the respective molecules.

5.6. Controls

5.6.1 Negative controls

In order to check that a tissue sample is being immunostained specifi-
cally, a negative control must be performed for every tissue block or sam-
ple stained, consisting of substitution of the primary antiserum with
non-immune serum or, for a monoclonal primary, an inappropriate
monoclonal antibody or simply culture medium or antibody diluent. All
other conditions must be identical with those for the test. If any
staining occurs on the negative control, preferably the cause should be
investigated and overcome, but at the very least, the result must be
mentally subtracted from the result of the test.

5.6.2 Positive control

It is essential that a positive control sample, known to contain the anti-
gen in question, is included every time an immunostain is performed.
Without such a control, a negative result on the test material will be
meaningless, because there is no guarantee that the reagents are in
good working condition and have been applied in the correct order and
at the correct dilutions. If the positive control is satisfactory, it is a rea-
sonable assumption that the correct method was carried out on the test
material too. If the control is weaker than usual or unstained, then it is
likely that something has gone wrong and the test result is unreliable.

5.6.3 Experimental controls

When an unknown tissue is being tested with an unknown antibody to
show an antigen in an unknown location, seemingly positive results
must be accepted with extreme caution. Absorption controls with the
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antigen are essential, and preferably with related and unrelated anti-
gens and basic amino acids (see Sections 5.2.2 and 5.2.4) as well. If sev-
eral different antibodies to the same antigen localize it in the same
place, this constitutes confirmatory evidence of its presence.
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6 Enhancement of
Standard Methods

The impact of immunocytochemical stains comes from the contrast
between the colour of the end-product and the unstained or counter-
stained background. Whether the purpose is to emphasise the presence
of a small amount of antigen, to provide good conditions for photography
or image analysis, or merely for aesthetic reasons, there are numerous
methods for enhancing the intensity of the result, the aim being to
achieve more marker at the site of reaction or to darken an existing
product. All require the initial reaction to have little or no background
staining, since this, too, will be intensified. The positive and negative
controls should also be enhanced if comparison is needed. The immuno-
gold reaction with silver intensification is one of the most sensitive
methods. It has been described in Chapter 3 (Section 3.3.3).

6.1 Build-up methods

The greater sensitivity of three-layer methods over two-layer methods in
achieving more label at the site of the original antigen—antibody reac-
tion has already been shown in Chapter 4. Any immunoglobulin can act
as a bridging antigen for another antibody, and thus the layers of anti-
body and labelled antibody can be continued. Adding to a rabbit PAP
reaction with a further layer of anti-rabbit Ig and another rabbit PAP
triples the amount of peroxidase available (Figure 6.1). If the anti-rab-
bit Ig is peroxidase-conjugated, even more peroxidase molecules are
added to the site.

Build-up by doubling the application of the second and third layers
has been recommended as routine for APAAP staining (Cordell et al.,
1984; Mason, 1985).

In a two-layer indirect method, after the labelled secondary antibody
has been added, normal serum containing immunoglobulin from the
species providing the primary antibody or another layer of the primary
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Reapplication
of PAP

Reapplication of
unlabelied 2nd ab

Figure 6.1: Build-up method — PAP.

antibody can be applied to give further binding sites for another layer of
the labelled second antibody (Figure 6.2).

ABC methods are a little more difficult to intensify by increasing the
numbers of layers because the reactive sites on the avidin and biotin are
usually saturated. It may be necessary to change systems and follow the
ABC with an anti-biotin and a labelled detecting antibody (Figure 6.3).
Alternatively, if excess of the biotinylated second antibody is used at the

Reapplication of
labelled 2nd ab

Reapplication
of primary ab

Labelled
2nd ab

Figure 6.2: Build-up method —
Q indirect.
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(Rabbit) anti-
biotin

Q Q

Figure 6.3: Enhancement of ABC method with anti-biotin.

first application, a PAP can be applied either with or after the peroxi-
dase-labelled avidin or ABC to increase the amount of peroxidase at the
antigenic site (Figure 6.4).

Note that build-up methods can be used to ‘save’ a failed reaction in
many instances. For example, if the peroxidase development of an initial
rabbit PAP reaction had failed, additional layers of anti-rabbit Ig and
PAP would provide a second chance, assuming that the primary anti-
body had been correctly applied. Repetition of the sequence in a two-
layer technique woud have a similar effect,and in both cases if the fail-
ure had been due to the wrong species second layer, such as anti-mouse
Ig instead of anti-rabbit Ig, reapplication of the second (and third)
layer(s) would restore the reaction, although not intensify it (Figure 6.5).

Addition of PAP might save a failed ABC reaction, provided that the
biotinylated second antibody was originally in excess of the primary, so

Figure 6.4: Enhancement of ABC method with PAP.
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PAP method fails
through application of
wrong anti-species
2nd antibody

<A

Reapply PAP

(@) Q

Figure 6.5: Saving failed PAP method by re-application of reagents.

that spare immunoglobulin-binding sites were available. Alternatively,
anti-biotin and another detection system might be used.

6.2 Intensification of the peroxidase/
DAB/H.0O, product

6.2.1 Post-reaction intensification (Appendix,
Section A.8.1)

To intensify a brown DAB stain that is lighter than desired, the reaction
product may be darkened with a variety of heavy metal salts. The sim-
plest and least expensive is copper sulphate, which results in a dark
brown colour with little effect on the unstained part of the preparation
(Plate 11, p. 37 (Hanker et al., 1979). An alternative is a weak solution
of gold chloride, which gives a blacker colour to the DAB product but
tends to colour the rest of the preparation a reddish-brown. The reaction
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must be monitored under the microscope and may be adequate in a few
seconds. It gives the stain a rather granular appearance. There is a com-
mercially available DAB intensifying solution (Vector Laboratories)
which is convenient to use and seems to have a similar effect. Several
methods of intensifying with silver salts have been proposed (Gallyas
et al., 1982; Peacock et al., 1991). They work efficiently but are more
complicated than the copper or gold methods and may stain argyrophilic
components of the tissue, which could be confusing (Gallyas and Wolff,
1986).

6.2.2 Intensification during the peroxidase reaction
(Appendix, Section A.8.2)

If a darker reaction product than that provided by DAB alone is
required, it is more efficient to achieve it during the initial enzyme
development than afterwards and less likely to produce enhanced back-
ground staining. Addition of salts of heavy metals such as cobalt or nick-
el to the incubation medium produce a dark blue-black or black product
(see Plates 13 and 14, p. 37) (Hsu and Soban, 1982; Shu et al., 1988).
Imidazole is an alternative additive to the DAB incubating solution
(Straus, 1982), producing a darker brown product but less intense than
can be achieved with cobalt or nickel. Methods of intensifying the
immunoperoxidase reaction were reviewed by Scopsi and Larsson
(1986).

6.2.3 Tyramine signal amplification (TSA)

This is the most recent of the intensification methods and may be
applied to any chromogen or fluorochrome in an ABC or labelled avidin
reaction. The amplifying power of the reaction is such that primary anti-
bodies can be diluted greatly and usually have to be to avoid background
staining, and sometimes pre-treatment with enzymes or heat can be
avoided where it is normally essential to reveal an antigen. This method
has made it possible to use some antibodies on paraffin sections that
were previously only useful on frozen sections (Figure 6.6).

The usual immunostaining procedure is followed up to the end of the
biotinylated second antibody stage. An extra layer of blocking protein is
then applied to ensure adequate protein on the preparation. The next
layer is the usual ABC or avidin (or streptavidin) labelled with peroxi-
dase. After rinsing, the preparation is treated with biotinylated tyra-
mine in the presence of hydrogen peroxide. The tyramine is activated by
the catalytic action of the applied peroxidase and becomes bound to pro-
teins in the tissue near the site of the peroxidase. The activation is
thought to be due to the production of free oxygen radicals by the action
of peroxidase on H,0,. The short duration of the activation (about 10 sec;
P. De Jong, 1996, personal communication) means that the extra biotin
is deposited only around the antigenic site. The final layer, after rinsing,
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Figure 6.6: (a) Immunostain for CD30 on formalin-fixed paraffin section of lymph node
from a case of Hodgkin's lymphoma. ABC-peroxidase after microwave antigen retrieval.
The primary monoclonal antibody was diluted 1/20. The characteristic Reed-Sternberg
cells can just be seen (arrows). (b) As for (a) without microwave antigen retrieval but
with tyramine signal amplification. The primary antibody was used at 1/100.
Reed-Sternberg cells are obvious.
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Figure 6.6: (c) As for (a) and (b); here both microwave antigen retrieval and tyramine
signal amplification were carried out and the primary antibody was diluted 1/2000. The
Reed-Sternberg cells are very evident.

is another application of ABC or labelled avidin/streptavidin, which
binds to the extra biotin attached to the tyramine (Figure 6.7).

The initial peroxidase reagent could be a peroxidase-conjugated anti-
immunoglobulin or PAP or even a peroxidase-labelled primary antibody
rather than the biotinylated anti-immunoglobulin and avidin- or ABC-
peroxidase, and the final layer could be a labelled anti-biotin, although
these methods would be less sensitive that those containing
avidin-—biotin reactions. Provided that a peroxidase-labelled reagent has
been applied, there is no need for the label of the final layer to be per-
oxidase — it can be any enzyme, fluorochrome or gold, and will still result
in a 10- to 1000-times greater sensitivity than the standard ABC reac-
tion. Kits for performing the amplification are available commercially
(Du Pont NEM, Dako), but it is quite simple to biotinylate tyramine in
the laboratory (Adams, 1992; Merz et al., 1995).

Adams (1992) points out that it may be necesary to dilute the second
antibody as well as the primary, or to use a species-specific one in order
to prevent background staining from previously undetected binding of
the second layer. It is also necessary to monitor the time in DAB/H,0, to
avoid over-development; 1-3 min may be enough. As with most immuno-
cytochemical methods, the end-point is subjective and the concentra-
tions of all the reagents can be modified to provide a good result. The
colour modification of the peroxidase/DAB/H,0, end-product with cobalt
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or nickel salts decribed above, or development with AEC or the phenol
tetrazolium method (see Section 3.3.2), may also be applied to the TSA
peroxidase product.

TSA is a very powerful amplification technique and there is a possi-
bility that it may reveal hitherto unsuspected locations of antigens or
minor degrees of cross-reactivity which were not recognized with the
normal method. The usual controls should be applied and any unex-
pected results investigated.

Vi %U + AAAV - ggg

Biotinylated
tyramine

Biotin Tyramine

2 2
+ 2.2t %f’
i
%&
Avidinylated peroxidase bound to Tyramine activated

biotinylated second antibody by peroxidase

Avidin-peroxidase

\2222%@ eR'2'22

Activated tyramine bound
to protein at site of reaction

@“S‘i‘@ go«‘.: 0:,.@

Increased peroxidase at site of reaction

Figure 6.7: Tyramine signal amplification.
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7 Multiple Immunostaining

It is often useful to be able to demonstrate more than one antigen in the
same preparation with differently coloured or fluorescent end-products.
When the primary antibodies are produced in different species, the
method presents no difficulty. The main problem occurs when they are
produced in the same species, in which case cross-reaction of second
antibodies with the ‘wrong’ primary can occur. Another general consid-
eration is whether the antigens are located in different tissue structures,
requiring contrasting colours, or in the same structure, in which case
conditions for colour mixing must apply.

7.1 Primary antibodies raised in the same
species

7.1.1 Separately labelled primary antibodies

Double (or multiple) immunofluorescence staining can be carried out
very simply on a single preparation with no possibility of confusing
cross-reactions if two or more primary antibodies are labelled with dif-
ferent fluorochromes, which can be viewed with separate filter systems
and photographed serially or on one frame. Fluorescent antibody mole-
cules are small enough not to mask each other’s reactions if two (or
more) antigens are localized on the same structure. The primary anti-
bodies (which do not have to be from the same species) may be applied
sequentially or together, provided that each is at its predetermined opti-
mal concentration in the mixture and that the preparation method is
suitable for all the antigens.

If enzyme-labelled antibodies are used, the enzymes must, of course,
be developed separately. The antibodies can be applied one by one, each
followed by development of its enzyme, or together, with the enzymes
developed separately later. The enzyme end-products must be of differ-
ent colours and the development medium for one must not damage the
activity of the next to be developed. Different enzyme labels must be
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used if the labelled antibodies are applied simultaneously, for example,
peroxidase, alkaline phosphatase and p-D-galactosidase, but with
sequential application all the antibodies could be labelled with peroxi-
dase. Application of these must be separated by peroxidase development
to give different colours and repeat blocking with H,0, to inactivate any
residual peroxidase from the first labelled antibody before going on to
the second peroxidase-labelled antibody and developing the enzyme
with a second chromogen. Possible colours could be black (nickel-inten-
sified DAB), brown (DAB), red (AEC) and blue (4-chloro-1-naphthol or
phenyl tetrazolium method). If there is a possibility of co-localization of
antigens, care must be taken that the end-product of the first to be
developed does not mask the product of the second or third reaction
(Valnes and Brandtzaeg, 1982).

7.1.2 Unlabelled primary, labelled secondary
antibodies

Elution of immunoreactants. The problem of using labelled primary
antibodies is the relative insensitivity of the method and the need to
label each antibody. Various indirect methods have been suggested and
here the main problem is to avoid cross-reactivity. Nakane (1968)
achieved immunostaining of three hormones in the rat pituitary gland
with rabbit primary antisera and indirect immunoperoxidase reactions
with differently coloured end-products. He avoided the problem of the
second reaction’s primary rabbit antibody binding to the first reaction’s
anti-rabbit immunoglobulin and the second reaction’s anti-rabbit
immunoglobulin binding to the first reaction’s primary by eluting the
reagents of the first reaction after development in a prolonged exposure
to acid buffer, leaving on the tissue the insoluble end-product, for exam-
ple the brown precipitate from DAB. The second antibody was then
applied and the rest of the method repeated using a different chro-
mogen, such as 4-chloro-1-naphthol, to give a blue-grey coloured prod-
uct. The elution procedure was then repeated and a third immunostain
applied to give, for example, a red colour with AEC or, as used by
Nakane (1968), ornaphthol with pyronin. The immunostaining could be
done with the PAP method for greater sensitivity (Figure 7.1).

Very careful controls are necessary to ensure that all the first reaction
antibodies have been eluted before the second set are applied (see
Nakane, 1968, for details). Failure to remove all the antibodies may
result in cross-reactivity, giving a false impression that antigens are co-
localized because of mixing of end-products. Another problem of this
method is that highly avid antibodies which are useful for immunocyto-
chemistry are difficult to dislodge from their antigens, even in strong
acid.
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Antigen 1 Antigen 2
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Antigen 1 Antigen 2

2nd reaction developed
with different chromogen

Figure 7.1: Sequential double staining with elution of first antigen-antibody reactions.

Dissociation of antibodies and dissolution of reaction product.
Tramu et al. (1978) introduced a slightly different double-staining
method, less damaging to the tissue and other antigens, whereby the
first immunoperoxidase stain is labelled with 4-chloro-1-naphthol as
chromogen. The section is then photographed and the antigen—antibody
complex is dissociated by a short oxidation period in acidified potassium
permanganate. The naphthol reaction product may then be dissolved in
alcohol. Restaining, starting with the second antibody of the first reac-
tion, should give a negative result, indicating that the complex has been

-= scanned & DJVU-converted by MUSAND musand @ front. ru =-



not for sale ! for preview only!

-=contents P.6=-
76 INTRODUCTION TO IMMUNOCYTOCHEMISTRY

entirely removed. The second stain is then carried out, with a different
chromogen, and the section is photographed. Photographs of the same
area may be compared. If the naphthol stain is not dissolved, the two
antigens may be seen simultaneously.

7.1.3 Indirect double staining without elution

Masking the first reaction site with reaction product. Sternberger
and Joseph (1979) suggested that sequential double immunostaining
with two primary antibodies raised in the same species can be carried
out successfully without dissociation of the first reaction, provided that
the first (immunoperoxidase) is developed with DAB to such an extent
that the reaction product masks any unreacted binding sites on the first
set of immunoglobulins. The second primary will then bind only to its
own antigen. This method is satisfactory provided it is known that the
two antigens are located in different structures. If both were in the cyto-
plasm of the same cell, the reaction product of the first reaction would
prevent the second primary antibody from finding its target.

It may be difficult to be certain that the peroxidase development of
the first reaction is adequate, and if it is not, cross-over will occur and a
mixed colour will be obtained at the site of the first reaction after devel-
opment of the second peroxidase in a different colour. A way of avoiding
this is to make the first reaction product very dark, with the cobalt or
nickel modification of the DAB reaction or an immunogold-silver reac-
tion for the first of the pair, and to develop the second reaction in a
lighter colour. Any crossing over in this case will be undetectable.

Deactivation of potentially cross-reacting groups. Wang and
Larsson (1985) carried out double direct immunofluorescence with
sequential immunoreactions using fluorescein- and rhodamine-labelled
anti-rabbit immunoglobulins as second layer antibodies. Between the
two reactions, the preparation was rinsed in distilled water, dried and
exposed for several hours to formaldehyde vapour from paraformalde-
hyde at 60-80°C. This treatment blocked spare combining sites on both
the primary and secondary antibodies of the first reaction, while retain-
ing the fluorescence. The second reaction was then carried out. In some
cases, heat alone was sufficient to block the reactions. Enzyme-labelled
antibodies could be used instead of fluorescent ones. The principle also
applied to double labelling with immunogold at an ultrastructural level
(see Chapter 8). The important controls for this method are to ensure
that the second antigen survives the blocking treatment and, by apply-
ing an irrelevant rabbit antibody or normal rabbit serum and the second
fluorescent antibody, to ensure that all potential binding sites have been
blocked. An additional safety precaution is to reverse the order of reac-
tion, starting with the second primary antibody, to ensure that the orig-
inal first reaction has not blocked access to the second antigen. In gen-
eral, it is best to carry out the weaker reaction first.
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Immunological blocking of potentially cross-reacting groups.
Lewis-Carl et al. (1993) used inappropriate immunoglobulin from the
same species as the primary antibody to occupy any remaining antigen-
combining sites on the second (fluorescent) antibody of the first reaction.
They then blocked all antibody-binding sites on the blocking
immunoglobulin and any remaining on the primary antibody by using
Fab fractions of unlabelled second antibody. It was necessary to use Fab
fractions and not F(ab), fractions to ensure that no antigen-binding sites
remained free. The second primary antibody was then applied, and could
not bind to the first secondary because all free sites were occupied by
inappropriate antibody of the same species, but could only bind to the
second antigen. The second fluorescent antibody could not bind to the
first primary since any spare sites were occupied by Fab fractions of
immunoglobulin from unlabelled second antibody, and could only bind to
the second primary.

In theory, this is a trouble-free way of ensuring double immunofluo-
rescence with two primary antibodies from the same species. In our
experience, following this method with enzyme-lablelled antibodies, it is
better to use monoclonal than polyclonal primaries in order to minimize
the types of immunoglobulin binding site that must be blocked by the
Fab fractions, and it is difficult to get the reagents to the right concen-
tration for complete blocking unless sub-optimal levels of primary anti-
body are used.

Combining primary and labelled secondary antibodies in vitro
before immunostaining. Another ingenious method for overcoming
the problem of cross-over reactions is that of Krenacs ef al. (1991). This
requires each primary antibody to be mixed in various proportions (up to
30 combinations) with its labelled secondary antibody. After incubation,
normal serum from the species providing the primary antibody is added
to occupy any unused sites on the secondary antibody. The complexes are
tested separately and those giving the best staining are applied to the
tissue simultaneously or sequentially, resulting in double labelling.

7.2 Double immunostaining with primary
antibodies raised in different species
(Appendix, Section A.11)

This method (Mason and Sammons, 1978) is recommended because it
avoids any possibility of cross-reactivity between the two antigen—anti-
body systems. The two primary antibodies, for example mouse anti-1 and
rabbit anti-2, are applied together, each at its optimal dilution in the mix-
ture. The second layer is a mixture of optimally diluted, species-specific,
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3 Rabbit-PAP + Mouse-APAAP

Goat anti-rabbitlg  +
Goat anti-mouse g

1 Rabbit anti-ag 1 + Mouse anti-ag 2

Antigen 1 Antigen 2

Figure 7.2: Simultaneous or sequential double staining by the double-immuno-
enzymatic method.

differently labelled anti-rabbit and anti-mouse immunoglobulins. The
species in which the second layers are made must be non-cross-reactive,
so that, for example, it is not possible with this method to use a rabbit
anti-mouse immunoglobulin with a goat anti-rabbit immunoglobulin
because the two would react together. If the second antibodies are unla-
belled, a rabbit PAP can be combined with a mouse APAAP method
(Figure 7.2; Plate 12, p. 37).

It is also possible to use a biotin-labelled primary or secondary anti-
body for one of the reactions and an ABC or labelled avidin to detect it.
It is possible to use two monoclonal primary antibodies if they are of dif-
ferent immunoglobulin classes (e.g. IgG and IgM) or sub-classes (e.g.
IgG, and IgG,) with class- or sub-class-specific secondary antibodies.
Fluorescent labels may also be used.

An essential control is to show that the second antibodies are truly
species-specific and do not cross-react with the inappropriate primary
under the conditions of the experiment.

The original method described a peroxidase-labelled system in con-
junction with an alkaline phosphatase-labelled system, the two enzymes
being separately developed at the end of the two simultaneous reactions.
It is not important which enzyme is developed first, but it is sometimes
easier to find an appropriate end-point for the peroxidase/DAB/H,O,
reaction if the alkaline phosphatase has been developed first to its max-
imum with a blue end-product. This applies particularly where two anti-
gens are suspected of being in the same structure, labelled by both
immunoreactions, whereupon mixing of the blue and brown end-prod-
ucts occurs, giving a purple-brown. This mixed colour is easily distin-
guishable from the clear blue and brown of the separately developed
enzymes, provided that the DAB reaction is stopped when a fairly light
brown colour has developed. If the reaction is allowed to proceed to dark
brown it may mask the lighter blue product. It is useful to do the double
immunoenzymatic stain in triplicate, developing each enzyme separate-
ly as well as in combination, or with single antibodies as well as mixed,
in order to compare and validate the results.
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If the two antigens have different optimal preparation methods, such
as a preference for protease digestion for one antigen only, or protease
digestion being effective on one antigen but ineffective on the other,
which requires heat-mediated retrieval, the two systems can be applied
sequentially, the enzyme of the first being developed before the second
pre-treatment is applied, followed by the second primary antibody and
the rest of the second reaction.

The method is adaptable to many colour combinations depending on
the enzyme labels (Plate 13, p. 37) (see Chapter 3). If either of the end-
products is solvent-labile, a water-based mountant must be used.

Double immunofluorescence (see front cover) avoids problems of
colour mixing since only one label is seen at a time. Co-localization is
established by photomicrography.

7.2.1 Triple immunostaining

The number of antigens stained in a single preparation is limited only
by the number of primary antibodies available raised in different species
or of different classes and their appropriate non-cross-reacting, specific
second antibodies with distinguishable labels. However, it is possible to
combine a method for double staining using primaries of the same
species with double immunoenzymatic labelling as described above, pro-
vided that at least one of the antigens is known to be in a separate struc-
ture from the other two, which may or may not be separated.

The known separate antigen is first immunostained by any method
that will provide a very dark end-product, for example immunoperoxi-
dase with DAB and nickel enhancement (see Section 6.2.2) or immuno-
gold with silver intensification (see Section 3.3.3). The double immuno-
enzymatic method is then carried out for the other two antigens, and the
intensity of the first reaction product should mask any cross-over that
may occur, resulting in three differently stained antigens in the same
preparation (Plate 14, p. 37) (Van Noorden et al., 1986).

This chapter has described but a few of the very many methods that
have been put forward for multiple immunostaining. The principles
outlined should help the reader to devise suitable techniques for new
applications.
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8 Post-embedding
Immunocytochemistry
for the Transmission
Electron Microscope

Immunocytochemistry for electron microscopy cannot be covered in a
book of this size, so this chapter will be limited to standard methods for
sections cut from embedded blocks and mounted on grids. For further
information see the work by Monaghan et al. (1993) and Polak and
Priestley (1992).

8.1 Principles

The principles of immunocytochemistry for the electron microscope are
exactly the same as for the light microscope. The immunoreactivity of the
antigen must be preserved in a fixed tissue context and the immuno-
reaction must be specific and efficient, with no background labelling. The
differences are that the label must be electron-dense and the embedding
material is a resin which can be sectioned very thinly. Fixed frozen
sections can also be used, but this application is rather specialized. All
the standard controls apply as in light microscopical methods.

8.2 Fixation

Fixation must be started as soon as possible after removal of the tissue
sample. Perfusion fixation is recommended, if possible, as it allows the
fixative to penetrate the tissue thoroughly and rapidly. Tissue samples
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for immersion fixation must be small (less than 1 mmm?) for the same rea-
son, and to avoid damage to the antigen, fixation times should be kept
short (30-120 min). Suspended cultured cells can be centrifuged then
held together in agar gel (4%) for fixation and processing.

Useful fixatives for ultrastructural immunocytochemistry include
weak mixtures of paraformaldehyde and glutaraldehyde, such as 2%
paraformaldehyde/0.05% glutaraldehyde (Monaghan et al., 1993). Other
combinations have also been used. The paraformaldehyde penetrates
slowly but fixes fast, while the glutaraldehyde component penetrates the
tissue fast but fixes more slowly; the combination of the two allows rapid
penetration and fixation. PLP (see Section 3.1.3) can also be useful. For
some antigens, post-osmication of the tissue sample can be used, giving
better tissue preservation (particularly of lipid membranes) without
damaging the immunoreactivity. In addition, the fixation effect of osmi-
um is partially reversible by treating the sections with an oxidizing
agent such as sodium metaperiodate (Bendayan and Zollinger, 1983).
However, the preparation of un-osmicated samples is always necessary
when testing an unknown antigen—antibody reaction and, as for light
microscopical immunocytochemistry, it may be necessary to try a num-
ber of different fixatives to find the best. It is often useful to test the
methods at light microscopical level first, on sections from paraffin-
embedded or frozen blocks fixed in a variety of ways suitable for electron
microscopical immunocytochemistry, or on semi-thin sections from
resin-embedded blocks that can subsequently be used at electron micro-
scopical level.

Pre-embedding immunocytochemistry can be done on thick sections of
pre-fixed frozen tissue, Vibratome sections, cell or tissue culture prepa-
rations or membranes such as iris diaphragms. Selected areas are then
processed and embedded in resin for sectioning. This method is limited
by the small distance that antibodies can penetrate into the tissue, and
immunoperoxidase is used because gold-labelled antibodies penetrate
very poorly (Priestley et al., 1992). If cell surface antigens are to be local-
ized on cells in suspension, the primary antibody and even the labelled
secondary antibody can be applied before the cells are fixed, as for light
microscopical immunocytochemistry. This allows conventional glu-
taraldehyde fixation to be used, followed by osmium tetroxide, providing
good morphology (Figure 8.1).

8.3 Processing to resin

Several kinds of resin are suitable for embedding. Traditionally, epoxy
resins such as araldite or epon have been used. These require complete
dehydration of the tissue through graded alcohols, followed by infiltra-
tion with propylene oxide then a mixture of propylene oxide and resin and,
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Figure 8.1: Normal human blood T lymphocyte. Electron micrograph showing cell
membrane marked with monoclonal antibody OKT 4 (T-helper subset) and rabbit anti-
mouse IgG absorbed to 20 nm diameter gold particles {arrow). Tissue preparation: the
immunoreaction was carried out on unfixed blood cells. The cells were then fixed in 3%
glutaraldehyde followed by osmium tetroxide and embedded in araldite. Ultrathin sec-
tions were counterstained with uranyl acetate and lead citrate. Courtesy of Prof. D.
Catovsky, Department of Haematology, Royal Marsden Hospital, London. Reproduced
from Polak, J.M. and Van Noorden, S. (1987) An Introduction to Immunocytochemistry:
current techniques and problems, Microscopy Handbook 11 (revised edition), Oxford
University Press, with permission from the Royal Microscopical Society (Figure 16, p. 29).

finally, the resin itself and polymerization at 40-60°C. If semi-thin (1 ym)
sections mounted on slides are to be immunostained the resin must be
removed from the sections, using, for example, a saturated solution of
sodium hydroxide in alcohol (Lane and Europa, 1965) (Appendix, Section
A9.1).

Among the acrylic resins, LR White or Lowicryl K4M or HM20 have
been used extensively for ultrastructural immunocytochemistry. They
are tolerant of some water in the tissue, and Lowicryl can be polymer-
ized by ultraviolet light at very low temperatures, which may be useful
for heat-labile antigens. Lowicryl resins can be introduced into unfixed
tissue after freeze-substitution or into lightly fixed tissue cooled by pro-
gressive lowering of temperature of graded alcohols. Semi-thin sections
from acrylic resin blocks can be stained without removal of the resin, but
because of the hydrophilic nature of the resins, special care must be
taken to keep them on the slides, using a silane coating and overnight
drying at 37°C.
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Figure 8.2: Electron micrograph of rat anterior pituitary gland immunostained for
growth hormone by an indirect immunoperoxidase method, developed with DAB and
H,O.,, followed by osmium tetroxide to make the reaction product electron-dense. No fur-
ther contrast was done. The positive cells are easily visible at low magnification. At high
magnification (inset) the structure of the secretory granules is obscured by the reaction
product (cf. Figure 8.3). Tissue preparation: glutaraldehyde fixation, no osmication, fol-
lowed by embedding in araldite. Courtesy of Dr C. Sarraf, Department of Histopathology,
Royal Postgraduate Medical School, London.

8.4 Labels

Ferritin was one of the first labels to be used for immunolabelling at the
electron microscope level, because of the distinctive shape of the crystals
and their electron density. However, it was soon supplanted for most
purposes by peroxidase, using the DAB reaction product which becomes
electron-dense after osmication (Figure 8.2). Problems with peroxidase
as a label concern the DAB reaction product which can be so dense that
it obscures the structure of the underlying organelle and has a tenden-
cy to creep along membranes. This is not usually noticeable at the light
microscopical level but could be critical for ultrastructural antigen local-
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Figure 8.3: Electron micrograph of a somatostatin-secreting tumour immunostained

1 with a polyclonal antibody to somatostatin followed by goat anti-rabbit IgG adsorbed to
10 nm diameter gold particles. The inset shows a high magnification of the immuno-
labelled secretory granules. Note the clarity of the labelling compared with Figure 8.2.
Tissue preparation: fixation in 2.5% glutaraldehyde followed by 1% osmium tetroxide.
Ultrathin sections were treated with sodium metaperiodate before application of the
primary antibody. After immunolabelling they were contrasted with lead citrate and
uranyl acetate. :

ization. Colloidal gold (Faulk and Taylor, 1971) has superseded peroxi-
dase because of its extreme electron density, which permits convention-
al contrasting of the section with lead citrate and uranyl acetate, and its
particulate nature which allows the underlying structure to be seen
(Figure 8.3). In addition, the particles can be made with selected diame-
ters from 1 to 40 nm, so that immunogold methods lend themselves to
multiple labelling. In general, the smallest size of gold particle compat-
ible with easy detection should be used, to permit as much labelled anti-
body as possible to reach the antigenic sites. The gold can be enhanced
with silver, as for light microscopy, which can be useful for expanding
the size of very small particles and for differentiating between two
sequential labelling procedures on the same specimen.
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Labelling of antibodies with colloidal gold can be done quite easily in
the laboratory (De Mey, 1986b), but many types of gold-labelled reagent
are available commercially. The diluent for gold-labelled reagent must
contain a high concentration of protecting protein (0.05 M Tris/HC1
buffer, pH 8.2, containing 1% bovine serum albumin, BSA). Gold-
labelled immunoglobulins should be centrifuged (2000 g for 10 min)
after optimal dilution to remove any micro-aggregates of gold particles.

8.5 Sectioning

Sections are cut at 60—100 nm and picked up on uncoated nickel or gold
grids. They can be stored indefinitely.

8.6 Immunolabelling procedure (Appendix,
Section A.12)

Grids are floated on drops of the various buffer and antibody solutions,
either in 15 yl multiwell Terasaki plates or on strips of dental wax or
Parafilm or poured paraffin wax in a Petri dish. They are transferred
from drop to drop with grid forceps, draining excess liquid between
drops by touching the rim of the grid to the filter paper.

The methods used are the same as for light microscopical immuno-
cytochemistry, comprising the directly labelled, indirect and three-layer
methods. One additional method is available which uses Protein A, a
bacterial protein from the coat of Staphylococcus aureus which can be
adsorbed to colloidal gold in the same way as an antibody and has the
property of binding to the Fc portion of many types of immunoglobulin.
It can thus be used as a universal second layer with little worry about
species — though a similar protein, Protein G, from the cell walls of
Streptococcus binds better than Protein A to immunoglobulins from rat
and goat and to some sub-classes of human and mouse immunoglobulin
(Bendayan and Garzon, 1988). Background blocking should be with
albumin or another inert protein rather than with serum if these pro-
teins are to be used, as they may otherwise bind to the immunoglobulins
in the blocking serum. If direct, indirect or three-layer techniques are
used, blocking can be with the appropriate normal serum or with albu-
min (usually 1% BSA, which should be globulin-free). Tris buffer or PBS
can be used, and antibody dilutions are usually about the same as for
light microscopy, in buffer containing 0.1% BSA and (if solutions are to
be stored) 0.1% sodium azide.
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8.7 Pre-treatment

It is not usually necessary to apply any antigen retrieval method to sec-
tions on grids, but epoxy resin sections of non-osmicated material may
be etched with 10% H,0, to give better contact of the antibody with the
section. For osmicated sections, saturated sodium metaperiodate treat-
ment for 10-30 min provides both etching and some reversal of the
fixation effects of osmium (Bendayan and Zollinger, 1983). Microwave
retrieval has been advocated (Gu et al., 1994; Wilson et al., 1996). After
etching, the grids should be washed well in micropore-filtered distilled
water before proceeding to the immunostaining protocol (see Appendix,
Section A.12).

8.8 Immunolabelling (Appendix, Section
A.12)

The steps are the same as for light microscopical immunocytochemistry
(Appendix, Section A.9). Peroxidase development is followed by osmica-
tion to make the DAB electron-dense.

8.9 Contrasting

At the end of the reaction, gold-labelled sections may be contrasted with
lead citrate and uranyl acetate in the conventional way. Peroxidase-
labelled sections may be so contrasted if desired, but it is useful to keep
an uncontrasted preparation for comparison in case the end-product is
not sufficiently dense to be seen against the background structure.

8.10 Multiple labelling

Because colloidal gold particles can be made in different sizes, simulta-
neous direct double labelling with differently labelled antibodies (any
species) or indirect labelling with primary antibodies raised in different
species and non-cross-reacting, second antibodies labelled with gold
particles of different sizes are very useful techniques (Figure 8.4) (Tapia
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et al., 1983). In indirect double labelling, the same stringent controls and
precautions against cross-reaction must be observed as for light micro-
scopical double labelling. Gold-labelled Protein A provides an alterna-
tive to antibody labelling and can be used for double labelling with pri-
mary antibodies raised in the same species, though care must be taken
to block unwanted binding sites between the two applications (Roth,
1982). On-grid immunolabelling offers a further way of double labelling
by using one side of the grid for one (or two) localization(s), and the
reverse side for a sequential second (or third). If two of the antibodies
are raised in the same species, this is a good way of avoiding cross-reac-
tion, but great care must be taken to keep each set of reagents to its own
side of the grid (Bendayan, 1982).

Figure 8.4: Electron micrograph of a fragment of human pituitary tumour secreting
both prolactin and growth hormone. Simultaneous double immunogold labelling using
monoclonal mouse anti-prolactin and polyclonal rabbit anti-growth hormone, followed
by 56 nm diameter gold-labelled goat anti-mouse 1gG and 10 nm diameter gold-labelied
goat anti-rabbit 1gG. Most granules contain both hormones (arrows); some contain only
one of the two (arrowheads). Tissue preparation: paraformaldehyde fixation followed by
araldite embedding. Section contrasted with lead citrate and uranyl acetate after
immunolabelling.
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9 In Vitro Methods for
Testing Antigen—Antibody
Reactions

The methods described below are not strictly immunocytochemical since
they do not identify antigens in situ, but they can be useful to indicate
whether serum from an immunized animal or clones from a hybridoma
culture have the required immunoreactivity, and whether there is any
cross-reactivity with other antigens. In some cases these assays can also
be used to identify and quantify antigens in tissue extracts, offering a
far more accurate quantification of the concentration of antigen in a
sample than any immunocytochemical method, but lacking the advan-
tage of localization. Where an immunocytochemical stain could pin-point
one immunoreactive cell in a tissue section, the available antigen in an
extract of the same tissue might be so diluted that the quantitative
assays, despite their greater sensitivity, could not detect it.

It must be remembered that antigens in vitro may behave differently
from the way they do in tissue where they are usually subjected to fixa-
tion and may be sequestered in cell organelles or attached to mem-
branes. In the tissue context, only part of the antigen molecule may be
visible to the applied antibody, and it may not be the part to which the
antibody is most reactive, whereas in a radicimmunoassay the whole
molecule is free to react, although it may be radiolabelled. In ELISA and
blotting techniques the antigen is bound to a solid substrate, but is prob-
ably more easily approached by the antibody than in fixed tissue. These
considerations explain why some antibodies are very useful in radio-
immunoassay or Western blotting but very poor in immunocytochem-
istry. The reverse may also be true as regards Western blotting since, in
this technique, the antigens are denatured by sodium dodecyl sulphate
(SDS) before reaction, which might either reveal or destroy the partic-
ular epitope recognized by the antibody. Another cause for discrepancy
is that in some in vitro tests pure antigen is offered to the antibody,
whereas in tissue there are numerous other antigens which may react
with the (polyclonal) antibody and which were not tested for in vitro
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because unknown. Antibodies for use in immunocytochemistry must be
tested by immunocytochemistry.

Detailed discussion and practical details of these tests are beyond the
scope of this book; the reader is referred to the work of Johnstone and
Thorpe (1996) and Masseyef et al. (1993).

9.1 Radioimmunoassay

This method was proposed by Yalow and Berson (1959) and has become
indispensable in clinical investigations of the concentration of hormones
and other substances in blood and tissue extracts (for an introduction to
the method see the work of Self et al., 1976). It depends on the competi-
tion between a given quantity of a labelled antigen and the unlabelled
antigen in the sample for a given quantity of specific antibody. The ratio
between the bound and unbound antigen in the final solution gives a
measure of the quantity present in the original sample. Note that here
it is the antigen and not the antibody than carries the label, and that the
label is a radioactive element, usually iodine. The method can be used
for testing antibodies. It is so sensitive that useful antibody dilutions are
usually several thousand times greater than for immunocytochemistry.
However, this method can only be used as a rough guide as to whether
the antibody is useful for immunocytochemistry, for the reasons men-
tioned above. If an antibody to human growth hormone, for example, is
shown by radioimmunoassay to have as little as 0.001% binding capaci-
ty for prolactin, with which growth hormone shares some amino acid
sequences, it may still show binding to prolactin in the immunocyto-
chemical context where the concentration of antibody will be much
greater than for radicimmunoassay and even a small population of
cross-reacting antibodies will find their target.

9.2 Enzyme-linked immunosorbent assay
(ELISA)

This method of testing for antibodies or antigens (Voller et al., 1976;
O’Beirne and Cooper, 1979) is nearer to immunocytochemistry than is
radicimmunoassay as it uses built-up layers of antigens and antibodies
and, usually, an enzyme label with a coloured end-product. However, the
product is soluble and the density of colour gives a quantitative result.
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When used for testing antibodies, say the first bleeding from a batch
of immunized rabbits, a known quantity of the antigen is applied to the
inside surface of the cups of a microhaemagglutination plate. The second
layer consists of a series of dilutions of the antiserum to be tested, and
the third layer is a standard preparation of alkaline phosphatase-conju-
gated goat anti-rabbit immunoglobulin. The enzyme is then developed
and the colour in each cup can be estimated by eye or read in a col-
orimeter. Positive and negative controls are, of course, included to pro-
vide a standard for each test. The second antibody may be radiolabelled
and the results read in a scintillation counter.

ELISA is less sensitive than radicimmunoassay, requiring somewhat
lower dilutions of antibody approaching those used in immunocyto-
chemistry, and is less reliable than radicimmunoassay for quantification
since the amount of antigen attached to the plastic cup and the type
of binding site left free are unpredictable. However, it more nearly
resembles immunocytochemistry since it is the antibody and not the
antigen that carries the label. ELISA provides a good screening test for
antibodies and can be used to check for cross-reactivity or contaminat-
ing antibodies by lining the cups with a variety of antigens. These might
include antigens known to be related structurally to the antigen under
investigation, and also any carrier protein used in immunization. It
could also be adapted to test for antigens in tissue extracts.

9.3 Western blotting

To identify exactly the tissue proteins with which an antibody is react-
ing, an extract of the tissue is subjected to electrophoresis on acrylamide
gel. Because it is difficult to immunostain directly in the gel, the
separated proteins are transferred to nitrocellulose paper by an
electroblotting technique and the paper strip is then stained by the anti-
body, using any suitable detecting technique, as if it were a section of
tissue, except that the strip is immersed in the antibody solutions. A
parallel strip is stained to reveal the protein bands and matched
up against the immunostained strip. The position of the protein is an
indication of its molecular weight. A single, well-defined band indicates
that an antiserum is specific for one antigen only, whereas multiple
bands indicate several populations of antibodies. The identity of the
antigen and the specificity and cross-reactivity of the antibody can be
tested against blots of the relevant pure antigen and related or unrelated
molecules.
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9.4 Dot blots

An extremely simple way of testing antibodies against pure antigens is
to apply very small quantities of antigens to a strip of filter paper, fix
them with formaldehyde vapour and immunostain them in the same
way as a tissue section (Larsson, 1981).
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10 Applications of
Immunocytochemistry

Immunocytochemistry is now one of the most widely used tools for
research and diagnosis. Provided that clean antibodies of high specificity
and avidity are available, the number of problems to which the method
is applicable is unlimited. A few examples are given below.

10.1 Histopathological diagnosis

The introduction of antigen retrieval methods has meant that formalin-
fixed, paraffin-embedded tissue can be used for most immunocytochem-
ical staining, which has become a routine technique in histopathological
diagnosis, and also in cytopathology, haematopathology, immunology
and microbiology. Cytopathological specimens are usually centrifuged
to make cytospin preparations for immunostaining and are fixed in
alcohol. Haematological specimens (blood or bone marrow) are used as
smears and fixed in acetone or acetone/methanol.

One of the main diagnostic uses is to determine the nature of tumours.
Tumours often retain the antigenic characteristics of their tissue of
origin, even when the cellular architecture is very undifferentiated, so
immunostaining a biopsy from a metastasis can provide information
about the probable site of the primary tumour (Figure 10.1). Cells that
appear spindle-shaped, for example, could be shown to be of neural or
muscular origin by immunostaining for the appropriate markers of
nerves and muscles. A poorly differentiated tumour might be shown to
be of lymphoid or epithelial nature by staining for cytokeratin and
leukocyte common antigen (LLCA). Cytokeratin is an intermediate fila-
ment, characteristic of epithelial cells and therefore a marker of carci-
noma, a tumour derived from such cells. LCA is found on all leukocytes
and is present in lymphomas, tumours of lymphoid tissue. Lymphomas
can subsequently be sub-typed by immunocytochemistry for a variety of
immunoglobulins and lymphocyte markers, many of which are only
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Figure 10.1: Lymph node stained for cytokeratin by an ABC-peroxidase to show sparse
metastatic carcinoma cells. These would be difficult to find in a conventionally stained
section. Tissue preparation: formalin-fixed paraffin section, treated with trypsin before
immunostaining; haematoxylin counterstain.

recently detectable in paraffin sections thanks to heat-mediated antigen
retrieval. Frozen sections are now necessary for very few antigens com-
monly localized for diagnostic purposes.

Frozen sections are usually used for the diagnosis by immunofluores-
cence of kidney and skin auto-immune disorders through the pattern of
immunoglobulin deposition in glomerular and skin basement membranes
(see Plate 4, p. 36) (Evans, 1986; Chu, 1986). Circulating auto-antibodies
can also be identified by staining normal tissue with the patient’s serum
as primary antibody (Scherbaum et al., 1986a,b).

Panels of antibodies are generally used to reach or confirm a diagnosis.
For further reading, see the work of Bosman (1990) and Leong (1993).

10.1.1 Controls

A laboratory stock should be kept of positive samples for each primary
antibody used. If the same primary antibody is being used on several test
samples in the same run, only one positive control preparation is neces-
sary, but a negative control is needed for each test sample and prepara-
tive method. The long-term use of the same positive control samples will
help to show up any deterioration of antibodies or other reagents.

Immunocytochemistry is labour-intensive and expensive, so tests
should be used sparingly, and always with a mind to the clinical features
of the case and after examination of conventionally stained material.
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10.2 Research

The applications of immunocytochemistry to all kinds of research prob-
lem are too numerous to list here. Suffice it to say that the method can
be combined with many other techniques, such as autoradiography, in
situ hybridization of nucleic acids, histochemical staining and biogenic
amine identification by formaldehyde-induced fluorescence. The tech-
nique is not confined to human tissue. Given the correct antibodies,
antigens can be identified in animal specimens, both vertebrate and
invertebrate, and also in plants. A point to remember is that an antibody
raised to an antigen (say antigen x) of one species may be immunoreac-
tive in a different species, but until the reacting antigen is proved to be
identical with the original, the immunoreactivity must be referred to as
‘x-like immunoreactivity’, implying that the antigens are structurally
related but may not be identical in every feature. It is particularly
important to incorporate the standard controls in any experimental
work. A further consideration is that the function of the localized anti-
gens may be completely different in different species, depending
as much on the way the receptors or targets have evolved as on the
structure of the antigen.

10.3 Quantification

It is still very difficult, even impossible, to discover the absolute amount
of antigen in a sample by reference to the intensity of the immunostain
because of the variable conditions inherent in the method, but samples
treated in the same way and immunostained simultaneously under
the same conditions can be compared from the aspect of intensity
of immunostain and/or area occupied by stained structures.
Immunocytochemical reactions resulting in well-defined localization of
antigens, with the reaction product contrasted with the background tis-
sue, provide excellent material for comparative quantification of anti-
gens. Both enzyme and fluorescence reactions are suitable. Particular
attention must be given to the standardization of methods, adequate
sampling and care in the selection of parameters to be measured.
Computerized image analysis is essential for providing accurate and
unbiased records. For further information see the work of Read and
Rhodes (1993) and McBride (1995).

At the electron microscope level, immunolabelling with colloidal gold
provides a better hope of equating the intensity of the labelling with the
amount of antigen present because depth of penetration is discounted,
the label being on the surface only. The particles on a labelled sample can
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be counted and compared with the count from the same method applied
simultaneously to an artifical sample containing a known concentration
of the antigen against which the antibody has been calibrated. This type
of comparison has also been attempted for light microscopical immuno-
staining (Millar and Williams, 1982). However, available antigen in a
fixed biological sample may be less than the total amount in the tissue.

10.3.1 Confocal microscopy

The confocal laser scanning microscope provides an easier way of mea-
suring the total (immuno)fluorescence of a relatively thick specimen
than physically sectioning and staining it and recording the results on
each section. The microscope uses a laser beam of defined wavelength
which is focused on a single point in the sample. The advantage of this
is that the emitted fluorescent light from that point is focused to pass
through a hole in a diaphragm before reaching the detecting apparatus.
Any extraneous light from the surrounding tissue is blocked by the
diaphragm and is not recorded. The sample is scanned at the first level
to produce an image of a chosen area with much better definition than
is usual in immunofluorescence preparations seen by conventional UV
microscopy. The microscope is then refocused at the next level in the
specimen and the process is repeated at suitable increments. A series of
very highly resolved images through the specimen is thus produced and
captured by the recording computer. These images may be viewed sepa-
rately or combined to give a composite image of the total area of the
immunostained structures in the specimen (Plates 15 and 16, p. 37). For
instance, the area of nerves immunostained for a particular neuropep-
tide (such as neuropeptide Y) could be compared with the total nerve
area immunostained for a general nerve marker (such as protein gene
product 5.5) either in serial sections or by double immunofluorescence in
the same specimen, and the same parameters compared in normal and
pathological tissue. As an example, confocal microscopy was used to
investigate the pattern of nerve growth in skin grafts (Gu et al., 1995).
The computer images may be artificially coloured as appropriate to the
fluorophore if desired. For further reading on confocal microscopy, see
the work of Matsumoto and Kramer (1994), Boyde (1995) and Sheppard
and Shotton (1997).

10.3.2 Flow cytometry and fluorescent antibody
cell sorting (FACS)

This technique allows populations of single cells to be screened by
immunofluorescence for different cell surface membrane antigens. The
cells can also be counted and (if required) separated into different popu-
lations on the basis of their ability to scatter light (dependent on the size
of the cell) and on their fluorescence characteristics. The intensity of
fluorescence can also be measured by a microflucrimeter.
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Cells in suspension are allowed to pass singly and rapidly through the
focus of a laser beam of the required wavelength or even, for multiple-
stained cells, several beams of different wavelengths, so that several
types of fluorescence can be assessed at the same time. Living cells can
be labelled and, if a cell sorter is incorporated in the apparatus, they can
be deflected and collected as different populations according to their
fluorescence. It is also possible to disaggregate solid tissue and even
to use tissue from fixed and embedded paraffin blocks, for example, to
determine its DNA content (Camplejohn, 1992). The FACS machine can
produce a graphic representation of the cell populations as a scatter-
gram or histogram. The equipment required is large and expensive, and
best used by a specialist in the technique. For further information see
the work by Radbruch (1992) and Ormerod (1994).

10.3.3 Simpler methods of quantitation

Computerized image analysers, confocal microscopes and FACS machines
are complicated and costly. Once skill in their use has been acquired, they
can be made to perform quantitative analyses with speed and accuracy,
provided that the preparations they are asked to analyse have been care-
fully made and the correct measurements and statistics are applied.
However, long-established ways of quantification, for instance by counting
stained structures against a grid in the required number of microscope
fields and other stereological techniques (Browne et al., 1995), are still
valid, though they may be less exciting than using elaborate equipment.

Supra-optimal dilution. One simple way of comparing the antigen
content of two samples that is available to any immunocytochemist is to
use the supra-optimal dilution method devised by Vacca-Galloway
(1985). The antibody is first titrated in a series of dilutions against a
normal positive control to find the optimal dilution giving strong stain-
ing and low background and the supra-optimal dilution, at which stain-
ing is weak but still reliably demonstrates all the positive structures. To
compare two antigen-containing structures, the antibody is used at
supra-optimal and optimal dilutions sequentially on the same sections.
At supra-optimal dilution, a structure with a large or normal amount of
antigen will still be detected, although more weakly than usual because
the antibody will not be in excess of the antigen so some antigen mole-
cules will remain unstained. Where the antigen content is much lower
than normal, there is less chance for the sparse antibody molecules to
find their target and staining will be very much weaker or absent. At
optimal dilution, both large and small amounts of antigen will be detect-
ed because the antibody will be in excess of the normal amount of anti-
gen, ensuring that every available molecule of antigen is bound. Thus,
by comparing intensity of staining or number of structures stained with
the two dilutions, a comparison of antigen content in two samples can be
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made. Note that for this method to be successful, a relatively insensitive
method such as the indirect or PAP method should be used rather than
an ABC method which is so sensitive that it might be difficult to distin-
guish between high and low amounts of antigen (Sternberger and
Sternberger, 1986). For an example of the practical use of this method,
see the work by Roncalli et al. (1993).

Another use for this type of method is to examine the titre of different
antibodies to the same antigen by comparing the end-point dilutions at
which staining disappears. Serial sections containing the antigen would
be necessary for this, or dot-blots containing a defined amount of anti-
gen.

104 Non-immunocytochemical uses of
labelled probes

Immunocytochemistry will certainly remain an invaluable tool for local-
izing tissue sites of the increasing number of identified antigens. No
doubt, tissue preparation methods and antibody specificity will continue
to be improved.

However, certain other, non-immunological methods of specific mark-
ing are now used, sometimes in combination with immunocytochemistry.
They use variously labelled probes to identify tissue constituents and
include receptor localization, lectin histochemistry and in situ hybridiza-
tion of nucleic acids. These methods are discussed briefly below because
they share with immunocytochemistry many of the conditions and prob-
lems such as target preservation and method specificity.

10.4.1 Receptor localization

The localization of radiolabelled hormones to their receptor site by
autoradiography is well established (see, for example, Kuhar and Uhl,
1979; Wharton and Polak, 1993). With regard to receptor studies,
immunocytochemical methods were sometimes used, even on fixed
paraffin sections (Taylor et al. 1981), but there has been some doubt as
to whether fixation and embedding can preserve all receptor sites ade-
quately (Salih et al., 1979), and so the use of fresh tissue has predomi-
nated (Goldsmith et al., 1979; Willingham et al., 1980; Buckley and
Burnstock, 1986). Immunocytochemical studies have been made with
anti-idiotypic antibodies, where the antibody mimics the ligand and
binds to the receptor, but receptor proteins themselves are now being
isolated in increasing numbers and used as antigens. An immunocyto-
chemical method can then identify the receptor in the same way as any
other antigen, particularly with the advent of heat-mediated antigen
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retrieval methods. Immunocytochemistry for oestrogen and its receptors
was formerly possible only on frozen sections with antibodies designed
for radioimmunoassay and therefore very expensive with the immuno-
cytochemical technique because of the high concentration needed. With
antigen retrieval, paraffin sections can be used and, with new antibod-
ies, immunocytochemistry for oestrogen and progesterone receptors is
now an important diagnostic test for hormone receptor status in breast
cancer (see Plate 3, p. 36). Many aspects of receptor localization, both
immunocytochemical and autoradiographic, are discussed in a recent
issue of The Histochemical Journal (Wharton, 1996).

10.4.2 Lectin histochemistry

This is another non-antibody method of marking tissue components with
a labelled probe, in this case a lectin. Lectins are plant or animal pro-
teins that can attach to tissue carbohydrates (e.g. in glycoproteins) with
a high degree of specificity according to the lectin and the carbohydrate
group (Brooks et al., 1996). Since the carbohydrates may be characteris-
tic of a particular tissue, lectin binding may have diagnostic significance
(Damjanov, 1987). A lectin from the gorseplant, Ulex europaeus, for
example, is specific for o-L-fucose and a marker of human vascular
endothelium. Tissue-bound lectins may be identified with antibodies to
the lectin or, if they themselves are labelled, by any other suitable
immunocytochemical technique, or by the label alone. The standard
immunocytochemical labels are used. Lectins do not normally require
pre-treatment of the fixed section, but for some carbohydrate groups,
neuraminidase digestion may be helpful to remove sialic acid residues
that may mask the reactive groups.

10.4.3 In situ hybridization of nucleic acids

As opposed to immunocytochemistry, which can only identify the site of
cellular storage of an antigen, hybridization of the antigen’s messenger
ribonucleic acid (mRNA) with a specific labelled probe can identify its
level of production within the cell. Thus, even if immunocytochemistry
is unsuccessful because the antigen is being exported from the cell so
rapidly that none remains to be localized, in situ hybridization can show
a high level of mRNA. The probe is a synthesized complementary nucle-
ic acid sequence incorporating an isotope (S, *P, ’H) subsequently devel-
oped by autoradiography; *P-labelled riboprobes are the most success-
ful. A non-isotopic label might be biotin, digoxygenin or fluorescein that
is then amplified and revealed by a labelled antibody method. Probes are
double-stranded DNA, single-stranded complementary RNA or synthet-
ic oligonucleotides. For DNA probes, both the probe and nucleic acids in
the sample must be dissociated into single strands and re-annealed so
that the labelled probe is combined with its complementary strand.
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Cytoplasmic RNA may be hybridized without prior dissociation. The
presence of a specific RNA can be confirmed by Northern blotting of a
tissue extract. The conditions for in situ hybridization are more strin-
gent than for immunocytochemistry. For details, see the work of Leitch
et al. (1994).
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11 Microscopy

Immunofluorescent preparations must be viewed with a microscope pro-
viding light of the correct wavelength to give maximum excitation of the
fluorescent label. Immunoperoxidase or other visible immunostains can
be seen in an ordinary light microscope, perhaps fitted with modifica-
tions for dark-field, epipolarization or Normarski differential-interfer-
ence optics.

Fluorescence is most efficiently seen by epi-illumination, in which the
incident light passes through the objective lens, which thus acts as a
condenser, and is focused on the specimen. Emitted light is passed back
to the eye by the same route. Loss of illuminating energy by absorption
of the incident light by the glass slide that carries the specimen is thus
avoided. This epi-illumination method also allows for a combination of
fluorescence and transmitted light or phase-contrast illumination, so
that parts of the specimen other than those stained by immunofluores-
cence may be viewed at the same time as the fluorescence.

The light source for viewing immunofluorescence is usually a mercury
vapour or xenon arc lamp and light of the wavelength providing for max-
imum excitation of the fluorophore passes through appropriate filters to
the specimen. If both rhodamine and fluorescein are to be used, the
microscope must be fitted with two sets of interchangeable filters. The
red fluorescence of rhodamine cannot be seen at the same time as the
green fluorescence of fluorescein because the wavelengths for maximum
excitation differ (rhodamine, 530 nm; fluorescein, 495 nm). The same
field in a preparation that has been double stained (e.g. T lymphocytes
labelled with rhodamine and B lymphocytes labelled with fluorescein)
can be observed first with one set of filters and then with the other. A
double-exposure photograph can be taken which will show both the red
and the green cells in the field, and structures that are simultaneously
labelled with both rhodamine and fluorescein will appear as a mixture
of the two colours, a shade of orange. This situation might apply in the
case of a serum antibody (auto-antibody) being tested for activity against
gastrin cells, for example, by simultaneous or sequential immunostain-
ing of a section of stomach antrum with the serum and with an antibody
to gastrin (Scherbaum et al., 1986a), or in the differentiation of one pop-
ulation of cells from another (Valnes and Brandtzaeg, 1982).
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Peroxidase and other enzyme labels developed by any of the different
colour methods and colloidal gold can, of course, be seen with a standard
transmitted-light microscope. In many cases, Nomarski differential-
interference optics can be very helpful in enhancing the effect of very
lightly stained structures or very fine ones such as nerve fibres, since
they show the stained area in raised or lowered relief against a flat back-
ground (Figure 11.1).

If colloidal gold is used as a label at the light microscopical level, the
intensity of colour, particularly on thin (1 ym) sections, may be rather
low under normal illumination conditions. Dark-field illumination will
enhance the effect considerably, the light being back-scattered by the
metallic particles and making the object shine out. An even greater
enhancement is achieved by epipolar illumination (De Mey, 1986b).

Photomicrographs may be taken on any suitable film. Kodak
Technical Pan 2415 is a useful film for high contrast black and white
photography and Ektachrome 64 (tungsten) for colour slides. Fast films
are preferred for fluorescence because the fluorescence fades exponen-
tially with exposure to UV light. IlIford FP4 and HP5 are probably the
most suitable films for black and white photography of fluorescence and
Fyjichrome 400D for colour.

Fluorescence preparations have the disadvantage that they are
impermanent and should be photographed within a few days of prepa-
ration. Storage of slides in the dark will help to prevent fading, and addi-
tion of anti-fade substances to the mountant may be helpful, for exam-
ple 25 g 1" of 1,4-diazobicyclo(2-2-2)-octane (Johnson et al., 1982).
Commercially available anti-fade mountants are available (e.g.
Permafluor from Immunotech).
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Figure 11.1: (a and b) Section of human brain showing normal astrocytes stained by a
PAP method for glial fibrillary acidic protein. Note the enhancement in (b) of the fine
fibres achieved with Nomarski interference contrast optics. The section was treated with
trypsin before immunostaining; haematoxylin counterstain. Reproduced from Polak,
J.M. and Van Noorden, S. (1987) An Introduction to Immunocytochemistry: current tech-
niques and problems, Microscopy Handbook 11 (revised edition), Oxford University
Press, with permission from the Royal Microscopical Society (Figure 20, p. 44).
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For detailed information on microscopy and photomicrography, see
the work by Bracegirdle and Bradbury (1995).
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Appendix: Technical Notes

The methods described here are in use in the authors’ laboratories.
Many satisfactory variations are to be found in the literature, and there
are numerous reliable suppliers of reagents in addition to those quoted.
Where water is mentioned it is assumed to be distilled or deionized
unless tap water is specified.

A.1 Buffers

A.1l.1 Phosphate-buffered normal saline (PBS),
0.01 M, pH 7.2-74

Reagents

Sodium chloride, 8.7 g

Potassium dihydrogen phosphate, 0.272 g

Disodium hydrogen phosphate, 1.136 g
or

Disodium hydrogen phosphate.2 H,0, 1.41 g
or

Disodium hydrogen phosphate.12 H,0, 2.83 g

Method

Dissolve salts separately in water then mix, make up to 11 and check
pH. A 10-times concentrated stock solution (0.1 M) may be made and
then diluted with water for use. The pH of the diluted solution should be
checked as it will differ from that of the concentrate.

A1.2 Tris-buffered normal saline (TBS), 0.05 M,
pH 7.6

Reagents
Tris(hydroxymethyl)methylamine, 6.07 g
Sodium chloride, 8.7 g

Concentrated hydrochloric acid

109
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Method

Dissolve the Tris and sodium chloride in 900 ml water. Add concentrat-
ed HCI until the pH reaches 7.6. Make up to 1 1 with water.

A.2 Antibody diluent and storage of
antibodies

PBS (see Section A.1.1) or TBS (see Section A.1.2) containing 0.1% BSA
(Sigma A 4503) and 0.1% sodium azide.

Note: Antibodies may be diluted in simple PBS or TBS, but for highly
diluted antibodies, add 0.1% of (approximately globulin-free) BSA or a
suitable normal serum to provide a high concentration of non-antibody
protein which can compete with the antibody for non-specific binding
sites on the walls of the storage vessel, and also in the tissue.
Monoclonal antibodies in medium containing fetal calf serum may be
frozen in this medium.

For long-term storage at working dilution at 4°C, add 0.1% sodium
azide as a preservative.

Note: Do not add sodium azide to enzyme-labelled reagents as it inhibits
enzyme activity. To store peroxidase-linked reagents at working dilution
at 4°C, use Protexidase (ICN 980631) as a diluent.

Most antibodies may be stored frozen at —20°C, but this should be
tested before the entire stock is frozen. The antibodies should be divid-
ed into suitable aliquots and snap-frozen in liquid nitrogen before being
put in the freezer. Avoid repeated thawing and freezing, and do not
freeze antibodies at dilutions higher than 1/100. They should be diluted
in buffer with protecting protein.

Antibodies diluted 1:1 with glycerine may be stored at —~20°C without
freezing. The dilution must be remembered when the working solution
is prepared.

A.3 Adherence of preparations to slides

A3.1 Coating slides with poly-L-lysine (Huang et al.,
1983)

Reagents
Poly-1-lysine hydrobromide, molecular weight 150 000-300 000 (Sigma
P1399).
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Method

1. Dissolve in water to make 0.1% w/v solution. Aliquot into 0.5-1 ml
portions and store frozen at —20°C.

2. For use, thaw an aliquot completely and stir before use. Replace
unused solution in the freezer for storage.

3. Apply a small drop (5-10 pl) to one end of a clean slide, placed flat
on the bench. Rock the end of another slide in the drop to distribute
the solution along the edge. Push the second slide along the first
slide at an angle of about 45°, applying a little pressure to spread
the poly-L-lysine as a thin, even film over the whole surface.
Interference colours should be seen as it is spread. If the solution
spreads in droplets instead of an even film, the slide is not clean
enough. Slides purchased as pre-cleaned are usually satisfactory
but if cleaning is required, soak the slides in acid-alcohol overnight
then rinse well in alcohol. The film will dry rapidly and the slide is
ready for use. Label the coated side, as the dry film is invisible.
Slides can be coated in large batches and stored indefinitely at room
temperature.

Alternative method

A solution of poly-L-lysine, 0.1% aq. w/v (Sigma P 8920), is a little more
expensive, but contains a preservative and can be stored at room tem-
perature.

For cell preparations a lower molecular weight polymer (30 000) can
be used, if preferred. Dip the slides in the solution and allow them to dry
before applying drops of suspended cells which will then settle on the
slides. Cytospin preparations can be made on either type of slide.

A.3.2 Coating slides with silane

Reagents
3-Aminopropyltriethoxy silane (APES) (Sigma, A 3648) and acetone.

Method

1. Place slides in a rack and immerse in acetone for 5 min.

2. Immerse in a solution of 2% silane in acetone v/v for 5 min.

3. Rinse in two consecutive baths of acetone for 5 min each.
Allow to dry and store at room temperature indefinitely.
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A4 Blocking endogenous peroxidase
reaction

A4.1 Paraffin sections
Hydrogen peroxide, standard method

Reagents

Stock solution: 30% aq. (w/v) hydrogen peroxide. This must be stored at
4°C and renewed if it deteriorates (as shown by failure of the DAB reac-
tion). If solutions of lower concentration only are available, adjust the
quantity required accordingly. Working solutions must be freshly pre-
pared and discarded after use.

Method

1. De-wax and bring to water through graded alcohols.

2. Immerse the sections in 0.3% hydrogen peroxide (1 ml 100 ml*
water) for 30 min (a shorter time may be adequate). Buffer or
methanol may be used instead of water, but both are more expen-
sive. Methanol is itself a blocker of peroxidase and may be used with
up to 3% hydrogen peroxide for persistent enzyme activity.

3. Rinse in water, then buffer and proceed with the immunostaining
method. Pre-treatment of the preparations with enzymes or heat
may be done before or after the peroxide block.

For sections containing quantities of red blood cells

(Heyderman, 1979)

Acid haematein is bleached with strong hydrogen peroxide. Peroxidase
is further inhibited with periodic acid, and any aldehyde groups created
by periodic acid oxidation or left in the tissue by the fixative are reduced
to non-sticky alcohol groups with borohydride. Take care — this method
may damage the immunoreactivity of some antigens (e.g. LCA). Test
before use.

Reagents
(a) 30% aq. hydrogen peroxide: 6 ml in 100 ml water (i.e. 1.8% final
concentration)

(b) 2.5% aq. periodic acid
{¢c) 0.02% aq. potassium (or sodium) borohydride (this solution must be
freshly made)

Method
1. Immerse slides in hydrogen peroxide solution for 5 min.
2. Rinse in tap water.
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Immerse in periodic acid solution for 5 min.

Rinse in tap water.

Immerse in borohydride solution for 2 min.

Rinse in tap water and proceed with immunostaining method.

o G o

A4.2 Milder methods for cryostat sections and
whole-cell preparations

Hydrogen peroxide in methanol/PBS

Reagents
(a) 30% hydrogen peroxide
(b) 70% methanol in PBS

Method
Immerse preparations in 0.3% hydrogen peroxide in 70% methanol in
PBS (1 ml 30% H,0, per 100 ml methanol/PBS) for 30 min.

Azide and nascent hydrogen peroxide (Andrew and Jasani, 1987)

Reagents

(a) PBS (pre-warmed at 37°C), 100 ml

(b) 1 mM sodium azide (0.65%), 1 ml

(¢) 10 mM glucose (18% aq.), 1 ml

(d) Glucose oxidase (Sigma G 6891) to give 1 U ml* (quantity depends
on batch volume — around 80-100 p1)

Method

1. Just before use, mix all reagents and immerse preparations for 1 h
at 37°C.

2. Rinse in water, then buffer, and proceed with immunostaining method.

A.4.3 Blocking endogenous biotin (Wood and Warnke,
1981)

Reagents
(a) Avidin/streptavidin, 1 mg ml" in buffer
(b) Biotin, 0.1 mg ml* in buffer

Method

1. Incubate the preparation with avidin (a) for 20 min.

2. Wash in buffer.

3. Incubate with biotin (b) for 20 min.

4. Rinse in buffer and continue with background blocking for the
immunostaining method.
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A.5 Enzyme pre-treatment

Note: Batches of enzymes vary in their potency, so a new batch may
have to be evaluated to establish optimal digestion times. Different
antigens require different digestion times, and the length of time
in fixative (formalin) can also affect the time needed for antigen
retrieval. Proteolytic digestion can be done before or after blocking
endogenous peroxidase.

A5.1 Trypsin

Reagents
(a) Trypsin (crude porcine), approximately 435 USP units mg ' (ICN
150213)

(b) Calcium chloride, 0.1% in water or 0.005 M Tris/HCl buffer or
Tris/HCl-buffered 0.9% sodium chloride (TBS), pH 7.6-8.00. This
solution is conveniently kept in bulk at 37°C so that it is already
warm for use.

(c) 0.1 M (0.4%) sodium hydroxide (aq.)

Method

1. Dissolve trypsin in the calcium chloride to make a 0.1% solution.
The trypsin will not dissolve completely until the pH nears 7.8.

2. As quickly as possible (to avoid cooling) adjust the pH to 7.8 with
0.1 M sodium hydroxide.

3. Immerse the slides in the trypsin solution and place at 37°C for the
pre-determined optimal time (usually between 10 and 20 min).

4. Rinse the slides well in running tap water.

5. Proceed with the immunostaining method.

Note: An alternative method is to make a much smaller volume of solu-
tion and apply it as drops on the preparations, but immersing the slides
in the solution provides an even and uniform digestion, which is easier
to standardize. Trypsin is available in pre-weighed tablet form from
many companies.

A.5.2 Protease

Reagents

(a) Protease XXIV, bacterial (EC 3.4.21.62), 7-14 U mg™ (Sigma P
8038)

(b) PBS, pH 7.2-7.4 (see Section A.1), stock solution pre-warmed at
37°C.

-= scanned & DJVU-converted by MUSAND musand @ front. ru =-



not for sale ! for preview only!

-=contents P.6=-
APPENDIX: TECHNICAL NOTES 115

Note: Because of the cost of this enzyme, it is applied to the preparations
in small drops.

Method

1. Make a 0.05-0.5% solution of protease in PBS (e.g. 1-10 mg in 2 ml).
There is no need to adjust the pH.

2. Apply as drops on the preparations. Incubate at 37°C for the appro-
priate time.

3. Wash well in tap water and proceed with the immunostaining
method.

A5.3 Pepsin

Reagents
(@) Pepsin, from porcine stomach (EC 3.4.23.1), 1:2500, 600-1000 U mg*
(Sigma P 7125)

(b) Hydrochloric acid, 0.01 M at 37°C

Method
1. Make a 0.4% solution of pepsin in HCL
2. Incubate preparations for the appropriate time at 37°C.

3. Wash well in tap water and proceed with the imunostaining
method.

Note: this enzyme is relatively cheap, so the immersion method could
be used.

A5.4 Neuraminidase

Reagents

(a) Neuraminidase (Sialidase) Type V, from Clostridium perfringens
(EC 3.2.1.18), 0.5-6 U mg~ (Sigma N-2876)

(b) 0.1 M sodium acetate/acetic acid buffer, pH 5.5, stock solution
stored at 37°C

(c) 0.1% aq. calcium chloride

Method

1. Make a solution of neuraminidase of 1 U ml™ in acetate buffer and
store frozen in 100 ul aliquots each containing 0.1 U.

2. For use, thaw an aliquot, add 800 ul of warm acetate buffer and
100 gl of calcium chloride solution (0.1 U neuraminidase ml).

3. Apply as drops on the preparations and incubate for the standard
time (about 10 min) at 37°C.

4. Wash well in tap water and proceed with the immunostaining
method.
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A.6 Heat-mediated antigen retrieval using a
microwave oven

Equipment

(a) Microwave oven with revolving plate, timer and choice of watt set-
tings (e.g. Philips Whirlpool VIP 27)

(b) Plastic container to take slide carrier(s), volume > 500 ml (e.g.
sandwich box), with lid (optional)

(c) Plastic slide carrier

Reagents
For 21 of 0.01 M citrate buffer, pH 6.0:

(a) 3.8 g citric acid
(b) 2 M (8% aq.) sodium hydroxide

Method

1. Dissolve the citric acid in 1.9 1 of water.

2. Add the sodium hydroxide solution until the pH reaches 6 (20-25
ml). Make up to 2 1 with water. The buffer can be kept at room tem-
perature for some days.

3. To standardize the method and ensure a supply of warm water to
compensate for evaporation, heat 500 ml of citrate buffer in the con-
tainer to be used for the slides together with 200 ml of water in a
plastic beaker for 2 min at 750 W. At the end of this time, remove
the beaker of water.

4. Place the slides (de-waxed and brought to water) in a plastic slide

carrier and immerse them completely in the warm buffer. The buffer

solution must cover the slides completely. Cover the container loose-
ly with its lid or with ‘cling-film’.

Microwave at 750 W for 5 min (The solution must boil).

Check the level of the solution and make up to the original level if

necessary with the warm water.

7. Repeat steps 5 and 6 for the required length of time (in our experi-
ence between 10 and 30 min).

8. Remove the container from the microwave oven, place it in a sink
and run in cold tap water slowly until the solution is cool enough to
remove the slide carrier without danger of buffer salts precipitating
upon the sections as they dry.

9. Rinse the slides in water and continue with the immunostaining
method.

;o m

Note 1: If sections requiring different heating times are included in the
same run, begin with the ones that need the longest time and add the
others at appropriate stages. This avoids having to remove slides from
boiling solution, resulting in drying of the section.
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Note 2: There are many ways of organizing heat-mediated antigen retrieval.
The one cited is in use in our laboratories. A pressure cooker or autoclave
may be used instead of a microwave oven (see main text for references).

A7 Enzyme development methods

Note: DAB and many of the other chemicals used in these methods are
toxic or potentially carcinogenic. Wear gloves, use a fume cupboard
when possible and take due care in disposing of waste.

A7.1 Peroxidase

Diaminobenzidine standard method

The method given is for ‘home-made’ DAB with the immersion method.
If you are using DAB tablets or one of the stable DAB solutions now
available and applying the solution as drops on the preparations, follow
the instructions supplied by the manufacturer. The method given below
may be scaled up or down according to the volume required. (See Note 3

below for a safe and convenient method of preparing and storing aliquots
of DAB.)

Reagents
(a) 3,3'-Diaminobenzidine tetrahydrochloride (DAB), 50 mg (e.g.
Sigma D5637)

(b) PBS or TBS, 100 ml
(c) Hydrogen peroxide (30%), 30 ! (final concentration 0.01-0.03%)

Method

1. Add the DAB to the buffer and mix well. The solution should be
clear or a light straw colour.

2. Just before use, add the H,O,.

3. Immerse the slides (previously in buffer) for 10 min.

4. Rinse the slides in buffer and examine microscopically. The end-

product of reaction is dark brown. Shorter or longer incubation

times may be necessary, but after about 15 min no further useful

reaction is likely to occur as the reaction product masks the site of

reaction. Longer incubation may result in background staining.

Rinse well in running tap water.

Counterstain lightly in haematoxylin (if too dark, contrast will be

impaired). Differentiate in acid-alcohol (1% HCI in 70% alcohol),

‘blue’ in tap water or Scott’s tap water substitute, dehydrate

through graded aleohols, clear in solvent and mount in synthetic

mountant.

;o m
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Note 1: Re-use of DAB solution. The DAB/H,0, solution may be re-used
several times and will remain useful for at least an hour (better kept in
the dark). When it starts to go brown (oxidizes), discard it.

Note 2: Disposal of DAB solution. For safe disposal of DAB solution, add
a few drops of household bleach (containing sodium hypochlorite). The
DAB is oxidized (the solution becomes black) and can be washed down
the sink drain with plenty of water. It is important to wash the DAB con-
tainer very well after this to remove all traces of bleach which would
compromise the next DAB reaction resulting in the solution becoming
brown (and useless) on addition of the H,O,.

Note 3: Safe use of DAB. DAB is probably most dangerous in the powder
form which could be inhaled, but is much cheaper in bulk than in
tablets. To avoid continually weighing small quantities of DAB, buy pre-
weighed amounts (e.g. 5 or 25 g), dissolve the entire amount in distilled
water to give a solution containing 50 mg DAB ml* (stir covered for 15
min in a fume cupboard), then dispense into vials containing the appro-
priate volume for your use, for example 5 ml to make 500 ml or 1 ml to
make 100 ml final solution. Cap the vials and store frozen (-20°C). For
use, thaw a vial and wash the contents into the correct volume of buffer.
This method also ensures uniformity of developing solution for each
batch of DAB powder (Pelliniemi et al., 1980).

Aminoethyl carbazole (Graham et al., 1965)
Note: This method gives a red end-product that is alcohol-soluble. An
aqueous mountant must be used.

Reagents

(a) 3-Amino-9-ethyl carbazole (AEC) (Sigma A 5754)

(b) N,N-Dimethyl formamide (DMF), stock solution of 0.4% AEC in
DMF (store at room temperature)

(¢) 0.05 M sodium acetate/acetic acid buffer, pH 5.0

(d) 30% H,0O,

Method

1. Pre-incubate preparations in acetate buffer for a few minutes.

2. Incubating solution: 0.5 ml AEC stock solution in 9.5 ml acetate

buffer. Add 10 pl H;O, (final concentration 0.03%). The solution will

be cloudy. Filter on to the preparations and incubate at room tem-

perature for 5-15 min. Rinse in buffer and check microscopically at

intervals during this time and re-apply solution if necessary. Stop

the reaction when a satisfactory end-point has been reached.

Rinse in buffer then tap water.

4. Counterstain nuclei lightly with Mayer’s haematoxylin (to avoid the
need for differentiation in acid-alcohol since the AEC reaction prod-

&
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uct is alcohol-soluble). If another haematoxylin is used, differentia-
tion could be done in aqueous 1% HCL.

5. Rinse in tap water. Mount in an aqueous mountant such as
Hydromount (National Diagnostics) or, for a permanent preparation,
Aquaperm (Shandon, Life Sciences), applied directly to the prepara-
tion and followed when dry by synthetic mountant and coverslip.

4-Chloro-1-naphthol (modified from Nakane, 1968)
This method gives a blue-grey reaction product, soluble in alcohol.

Reagents

(a) 4-Chloro-1-naphthol (Sigma C 8890), 3040 mg
(b) Alcohol, 0.2-0.5 ml

(c) PBS or TBS, 100 ml

(d) Hydrogen peroxide (30%), 50-100 ul

Method

1. Dissolve 4-chloro-1-naphthol in alcohol.

2. Add with stirring 100 ml of PBS or TBS containing 50-100 pl H,0,.
A white precipitate is formed. Heat to 50°C, filter through coarse fil-
ter paper into a Coplin jar and use the filtrate while hot.

3. Incubate preparations for 5~10 min, checking microscopically.

4. Rinse in water, counterstain in Carmalum (red nuclei) and mount in
an aqueous medium (see AEC method above).

Phenol tetrazolium method (Murray et al., 1991)

Note: This method, as sensitive as the usual DAB method, produces a
dark blue insoluble reaction product. The pseudo-peroxidase of red blood
cells does not react (though other endogenous peroxidases do).

Reagents

(a) 0.05M Tris/HCI buffer, pH 7.6

(b) Phenol, 1 mg ml™ in the buffer

(c) Reduced nicotinamide adenine dinucleotide (NADH), 1mg ml* in
the buffer

(d) Nitro blue tetrazolium (NBT), 1.5 mg ml™ in the buffer

(e) Hydrogen peroxide, final concentration in the buffer 0.02% (0.66 ul
of 30% H,0, ml of buffer)

Method

1. Incubate preparations at 37°C for 10 min.
Wash in water.

Counterstain with carmalum or methyl green.
Air-dry and mount in synthetic resin.

AN
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A7.2 Alkaline phosphatase
To give a blue end-product (Burstone, 1961)

Reagents

(a) Naphthol AS-MX phosphate, sodium salt (Sigma N 5000), 20 mg

(b) N,N-Dimethyl formamide, 0.4 ml

(¢) 0.1 M Tris/HCI buffer, pH 8.2, 19.6 ml

(d) Levamisole hydrochloride (inhibitor of endogenous alkaline phos-
phatase except intestinal isoenzyme) (Sigma L 9756)

(d) Fast Blue BB salt (Sigma F 3378)

Method
Stock solution:

1. Dissolve the naphthol AS-MX phosphate in the dimethylformamide
(use a glass vessel, not a plastic one).

2. Add the Tris buffer quickly with stirring.

Note: This stock substrate solution may be stored at 4°C for several

weeks. Alternatively, it may be made with 1 mg naphthol AS-MX phos-

phate ml? of buffer and stored frozen in 1 ml aliquots. For use, thaw

1 ml (1 mg) and add 4 ml of buffer to give 5 ml.

3. Add levamisole to give a 1 mM solution (approx. 1.2 mg per 5 ml).

Note: Levamisole may be added to the Tris buffer and stored as a stock

solution before mixing with the aliquot of substrate. In this case, to com-

pensate for the 1 ml of substrate that does not contain the inhibitor, use

1.45 mg levamisole ml? of stock buffer.

4, Just before use, add Fast Blue BB, 1 mg ml’. Mix well and filter on
to the preparations.

5. Incubate at room temperature for 5-15 min checking microscopical-
ly for the bright blue reaction product. If the reaction is slow, put the
preparations at 37°C.

6. Wash in running tap water, counterstain in carmalum if required
and mount in an aqueous mountant (reaction product is alcohol-
soluble).

To give a red end-product (Fast Red TR method) (Burstone, 1961)
As above, using Fast Red TR salt (Sigma F 8764) instead of Fast Blue
BB, and a blue nuclear counterstain (Mayer’s haemalum).

Indoxyl (BCIP) method to give a less soluble blue-brown product
(de Jong et al., 1985)

Note: This is said to be the most sensitive of the alkaline phosphatase
development methods. The end-product is less soluble than in the meth-
ods given above, but it is probably still advisable to use an aqueous
mountant. The substrate is expensive.
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Reagents

Solution A:

(a) 5-Bromo-4-chloro-3-indolyl phosphate, disodium salt (Sigma B
6149), 5 mg dissolved in

(b) N,N-Dimethyl formamide, 0.1 ml

Solution B:

(c) Tetra nitro blue tetrazolium (TNBT) (Sigma T 4000), 10 mg dis-
solved in 0.2 ml dimethyl formamide. Add

(d) 0.2 M Tris buffer, pH 9.5, 0.1 ml

Solution C:

(e) 0.2 M Tris buffer, pH 9.5, containing 10 mM magnesium chloride
and 10 mM levamisole, 30 ml.

Method

1. Mix together solutions A,B and C.

2. Filter and incubate preparations for 30 min at room temperature.

3. Rinse in water, counterstain nuclei with Mayer’s carmalum and
mount with an aqueous mountant.

A7.3 Glucose oxidase (Suffin et al., 1979)

Reagents

(a) B-D-Glucose, final concentration 7.5 mg ml* (42 mM)

(b) Nitro blue tetrazolium (NBT) (Sigma N 6876), 0.5 mg ml™ (0.7 mM)

(c) Phenazine methosulphate (PMS) (Sigma P 9625), 0.1 mg ml~ (0.32
mM)

(d) 0.1 M phosphate buffer, pH 6.9

Method
For 5 ml incubating solution:

1. Pre-heat 37 mg glucose with 3 mg NBT in 5 ml phosphate buffer to
37°C.

2. Weigh 10 mg PMS and dissolve in 1 ml of buffer. Add 50 ul of this to
the glucose/NBT solution.

3. Incubate preparations at 37°C for about 1 h. The reaction product is
dark blue.

4. Wash in buffered formalin for 5 min then rinse well in tap water.
Counterstain nuclei red with carmalum and mount in aqueous
medium (or counterstain with neutral red, dehydrate, clear and
mount in synthetic medium).
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A7.4 [-pD-Galactosidase (Bondi et al., 1982)

Reagents

Solution A:

(a) 5-Bromo-4-chloro-indolyl-f-D-galactopyranoside (X-Gal) (BCIG)
(Sigma B 4252), 50 mg dissolved in

(b) N,N-Dimethyl formamide, 0.5 ml

Solution B:

(¢) 50 mM potassium ferricyanide, 0.5 ml

(d) 50 mM potassium ferrocyanide, 0.5 ml

(e) PBS, pH 7.0-7.5, containing 1 mM magnesium chloride, 7 ml

Method

1. Add 0.05 ml solution A to 2.276 ml solution B.

2. Incubate preparations for 1 h at 37°C. The reaction product is
turquoise blue.

3. Wash in tap water, counterstain nuclei with carmalum or neutral
red. Dehydrate through graded alcohols, clear and mount in syn-
thetic medium.

Note 1: The pH for this reaction is designed for the bacterial enzyme
used to label the immunoreagent. The histochemical reaction for the
mammalian enzyme is done at pH 4.0.

Note 2: Solutions A and B and the final incubating solution can be
stored frozen.

A.8 Intensifying the peroxidase/DAB
reaction product

A8.1 Following standard development
Copper sulphate (Hanker et al., 1979)

Reagents
(a) Copper sulphate
(b) 0.85% sodium chloride

Method

1. Dissolve copper sulphate in sodium chloride to 0.5%.

2. Immerse the preparations for 2-10 min, checking microscopically.
The colour of the original reaction will darken.

3. Rinse, counterstain, dehydrate, clear and mount as usual.
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Gold chloride

Reagents
(a) 0.05% aq. gold chloride

Method

1. Flood the preparation with the gold chloride solution.

2. Monitor the reaction microscopically for adequate darkening.
3. Rinse, counterstain, dehydrate, clear and mount as usual.

A.8.2 During development
Imidazole (Straus, 1982)

Reagents
(a) Imidazole (Sigma I 0250 or I 0125)
(b) PBS/TBS

(¢) Hydrochloric acid, 1.0 M
(d) Standard DAB/H,0, incubating solution

Method

1. Dissolve imidazole in buffer to give a solution of 70 mg ml.

2. Adjust the pH to 7.0 with HCL

3. Add 1 ml to 100 ml of standard DAB incubating solution (final con-
centration of imidazole is 0.01 M).

4. Incubate preparations as usual.

Cobalt (Hsu and Soban, 1982)

Reagents

(a) Cobalt chloride, 0.5% agq.
(b) DAB, 50 mg% in buffer
(¢) Hydrogen peroxide, 30%

Method

1. Add 1 ml cobalt chloride solution to 100 ml DAB solution with stir-
ring.

2. Incubate preparations for 5 min.

3. Mixin 10 ul H,O,

4. Incubate for a further 1-5 min, checking microscopically. The reac-
tion product is blue-black.

5. Rinse in tap water, counterstain nuclei (e.g. neutral red or methyl

green), dehydrate, clear and mount in permanent medium.
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Nickel (Hancock, 1982)

Reagents

(a) Nickel sulphate

(b) Acetate buffer, 0.1 M, pH 6.0
(c) DAB (50 mg aliquot in 1 ml)
(d) Hydrogen peroxide, 30%

Method

Soak the preparations in acetate buffer.

Dissolve 1-2.5 g nickel sulphate in 100 ml acetate buffer.

Add DAB and stir to clear the solution. Filter if necessary.

Add 23 ul H,O, (final concentration 0.007%).

Incubate preparations for 5-15 min. The reaction product is dark
blue-black.

Counterstain nuclei for 2 min in 0.1% neutral red or 2% methyl
green. Rinse in tap water, blot with damp filter paper, dehydrate
rapidly through two changes of 100% alcohol to solvent and mount
in permanent medium.

ANl

o

Note: Haematoxylin is not used as a counterstain as blue nuclei do not
offer sufficient contrast with the immunostain, and acid-alcohol used for
differentiation can remove the nickel/DAB reaction product.

Nickel with nascent hydrogen peroxide (Shu et al.,1988)

Note: This method produces a very clean reaction that starts slowly and
increases progressively as fresh H,0, is produced in the medium from
the action of glucose oxidase on glucose. Careful monitoring is required
to prevent overstaining.

Reagents

(a) Ammonium nickel sulphate hexahydrate (Fluka 09885), 2.5 g
(b) Acetate buffer, 0.1 M, pH 6

(c) DAB (50 mg aliquot in 1 ml)

(d) B-D-Glucose, 200 mg

(e) Ammonium chloride, 40 mg

() Glucose oxidase (Sigma G 6891), 100 U

Method

Soak the preparations in acetate buffer.

Dissolve the nickel salt in 100 m! acetate buffer.

Add the DAB and stir to clear.

Add glucose and ammonium chloride.

Add the glucose oxidase

Incubate the preparations for 5-20 min, checking frequently once

SR N
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the reaction has begun to develop. The reaction product is black and
be quite intense.
7. Finish as in the previous method for nickel.

A9 Immunostaining methods

A9.1 Initial procedure

Paraffin sections

1. Cut paraffin sections at 2-5 ul (the thinner the better).

2. Float on warm (not hot) water. If several sections are to be stained
differently on the same slide, maximize the distance between the
sections. Pick up on suitably coated slides (see Section A.3).

3. Dry for several hours or overnight (longer is all right) at 37°C. If a
rapid result is needed, dry the sections at 60°C for 10-15 min in an
incubator (not on a hot plate) to just melt the wax. A few antigens
may be damaged by this procedure. Following drying, sections may
be stored indefinitely at room temperature.

4. Remove paraffin in two changes of solvent and take through
graded alcohols to water. If sections are to be isolated on the slide
with a water-repellent pen, take the slide from the 100% alcohol
and allow it to evaporate. Then draw round the section and, after a
short drying period, replace the slide in alcohol and bring it to tap
water.

5. Block endogenous peroxidase (see Section A.4) and perform protease
and/or heat-mediated antigen retrieval as required (see Sections A.5
and A.6).

6. Place slides in buffer (PBS or TBS).

Fresh cryostat sections

1. Cut fresh sections at 5 um from snap-frozen block of tissue and pick
up on suitably coated slides (see Section A.3).

2. Allow the slides to dry at room temperature for at least 1 h and
preferably longer (overnight is all right). If slides are to be stored,
wrap them individually or back-to-back in ‘cling-film’ or aluminium
foil, seal a batch of slides in a plastic bag or air-tight box containing
some dessicant such as silica gel and place in a deep-freeze. Sections
may be fixed before storage if preferred. Before use, allow the entire
bag to warm to room temperature before opening to prevent con-
densation on the preparations.

3. Fix sections suitably (e.g. in 100% acetone for 10 min), then draw

round sections with water-repellent pen.

Block endogenous peroxidase if necessary (see Section A.4).

Place slides in buffer (PBS or TBS).

IS
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Note: To avoid damage to the tissue structure, it is very important that
cryostat sections should not become dry once they have become wet with
an aqueous solution.

Pre-fixed frozen sections

1. Cut cryostat sections at 540 ym (depending on application), mount
on coated slides (see Section A.3) and allow to dry at room tempera-
ture for at least 1 h. In some cases, frozen sections may be stored at
4°C or —20°C until used.

2. If necessary, permeabilize the sections by soaking them in a dilute
solution of detergent in buffer (e.g. 0.2% Triton X-100) for 30 min.
Alternatively (if the antigen permits), dehydrate the sections
through graded alcohols to xylene to dissolve lipids and rehydrate
via the same route (Costa et al., 1980).

3. Block endogenous peroxidase and treat with protease if necessary
(see Sections A.4 and A.5).

4. Place sections in buffer (PBS or TBS).

Whole-cell preparations
This procedure applies to cultured cells grown as monolayers or cyto-
centrifuged or allowed to settle on to (coated) slides from suspension.

1. Wash the fluid or culture medium off the preparation with buffer.

2. Fix the cells appropriately (e.g. 100% alcohol). Cell preparations
may be allowed to dry after alcohol fixation or may be left in the
alcohol until used. Other fixatives may require different treatment.
If aqueous fixatives such as 10% formalin are used, preparations
should be fixed immediately after the cells have attached to the slide
and must not be allowed to dry once they have become wet.

3. If intracellular antigens are to be immunostained and an aqueous

fixative has been used, it may be necessary to permeabilize the cells

with detergent. Saponin (0.1%) may be preferable to Triton X-100 for

localizing some intracytoplasmic membrane antigens (Goldenthal et

al., 1985).

Block endogenous peroxidase if necessary (see Section A.4).

Place preparations in buffer (PBS or TBS). At this stage, if isolation

of the preparation on the slide is required, dry carefully around

preparations (taking care not to let the cells become dry), draw

round them with a water-repellent pen, then replace in the buffer.

A

Semi-thin (1 nm) epoxy resin sections (Lane and Europa, 1965)

Reagents
Saturated solution of sodium hydroxide in ethanol (impure alcohol is all
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right). Make the solution by adding sodium hydroxide to alcohol and
shaking occasionally for several days until no more will dissolve. The
solution will be light yellow-brown but will darken with time. It can be
used even when dark brown and can be stored at room temperature for
many weeks.

Method

1. Immerse the slides carrying the sections in the alcoholic sodium
hydroxide for 10-15 min (longer may be necessary as the solution
ages).

2. Rinse in three changes of 100% alcohol, for several minutes each

time.

Check microscopically that all the resin has been removed. It is

helpful to lower the condenser of the microscope for this. If neces-

sary, replace the slide in the alcoholic sodium hydroxide for a further

period.

If the resin has been removed, draw round the sections with a

water-repellent pen, then take the slide through 90 and 70% alcohol

to water, then buffer.

w
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9.2 Immunostaining - all preparations

=

Take slide from buffer, shake off excess buffer and dry round

preparation. If the preparation has been isolated with a water-

repellent pen, ensure the hydrophobic circle is dry. If the prepara-
tion has not been isolated, wipe the slide dry except for the area of
the section.

Place the slides on a rack in a Petri dish or other covered contain-

er with some wet paper tissue or cotton wool to maintain a humid

atmosphere.

3. Background blocking: Cover each preparation completely with
appropriate normal serum or protein solution diluted 1/20 in anti-
body diluent. Cover the incubation chamber and leave for at least
10 min (longer is all right).

4. Primary antibody. Do not rinse the slides but drain off the blocking

solution on to a tissue or soak it up, leaving a minimal amount on

the preparation to prevent it drying. Apply a drop of the primary
antibody solution at its optimal concentration in diluent. Ensure
the preparation is completely covered. Cover the dish and leave for

a period of 1 h at room temperature or overnight at 4°C.

Rinse in three changes of buffer (PBS or TBS), for 5 min each time.

(1) Direct method (labelled primary antibody)

Fluorescent preparations: Rinse well in buffer and mount in aque-

ous mountant.

Enzyme preparations: Develop enzyme label. Counterstain, dehy-

drate and clear if appropriate and mount as required.
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(i) Indirect and three-layer methods
Dry the preparation as in step 1 and apply a drop of appropriate
second antibody at its optimal dilution in diluent (no azide
for enzyme conjugates). Cover the dish and leave for 30 min
(or longer).
Rinse three times in buffer as in step 5.
8. (1) Indirect (two-layer) method
Fluorescent preparations: Rinse and mount in aqueous mountant.
Enzyme preparations: Develop enzyme label, counterstain, dehy-
drate and clear if appropriate. Mount as required.
(it) Three-layer method
Dry round preparations as in step 1 and cover them with the
appropriate third reagent at its optimal dilution (no azide for
enzyme-linked reagents). Cover the dish and leave for at least
30 min.
9. Rinse three times in buffer as in step 5.
10. Fluorescent preparations: Rinse and mount in aqueous mountant.
Enzyme preparations: Develop enzyme label, counterstain, dehy-
drate and clear if appropriate. Mount as required.

N

A.10 Immunogold staining with silver
enhancement (Hacker et al., 1994,
adapted from Holgate et al., 1983)

Reagents
(a) IGSS BufferI:
0.05 M Tris/HCI buffer, pH 7.6, containing
0.9% sodium chloride and
0.1% cold water fish gelatine (Sigma G7765)
Optional: increase concentration of sodium chloride to 2.5% and include
0.05% Tween 80 or 0.2% Triton X-100 to ensure low background. Add
0.1% sodium azide if the buffer is to be stored.
(b) IGSS buffer II:
0.05 M Tris/HCI buffer, pH 7.6, containing
0.9% sodium chloride
0.1% cold water fish gelatine
Add 0.1% sodium azide for storage
(¢) Lugol’s iodine: 1% iodine dissolved in 2% aq. potassium iodide
(d) 2.5% aqg. sodium thiosulphate
(e) 2% glutaraldehyde in PBS, pH 7.2
For the silver enhancement
(f) Citrate buffer:
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Dissolve 23.5 g of trisodium citrate dihydrate and 25.5 g of citric
acid monohydrate (32.12 g anhydrous citric acid) in 850 ml distilled
water
This buffer can be kept at 4°C for several weeks. Before use adjust the
pH to 3.8 with citric acid solution.

Note: Solutions A and B should be prepared freshly for each run.

Solution A:

(g) Silver acetate (Fluka 85140 is recommended), 80 g in 40 ml water
(double distilled if possible). Stir for 15 min to dissolve.

Solution B:

(h) Hydroquinone, 200 mg in 40 ml citrate buffer (f).

I Method

1. De-paraffinize sections (draw hydrophobic circle round sections
after removing the paraffin) and bring to tap water.

2. Wash in tap water for 3 min.

3. Immerse in Lugol’s iodine (c) for 5 min (this oxidation step is essen-
tial, regardless of whether the fixative contained mercury).

4. Rinse briefly in tap water.

5. Immerse in sodium thiosulphate solution (d) until section becomes
colourless.

6. Wash in tap water for 3 min then rinse in distilled water.

7. Immerse in IGSS buffer I (a) for 10 min, then dry slide except for
the area of the section, and place in a covered humid chamber (e.g.
Petri dish).

8. Apply normal serum from species providing second (gold-labelled)
antibody diluted 1/10 in IGSS buffer I. Leave for 5 min.

9. Do not rinse the preparations. Drain off the serum and apply the
primary antibody appropriately diluted in PBS or TBS antibody
diluent. Leave for 90 min. The dilution should be determined by
titration but, as a rough guide, use the dilution suitable for
overnight incubation in the PAP method.

10. Wash in IGSS buffer I for 3 min then in two 8 min changes of IGSS
buffer II.

11. Dry the slide, except for the area of the section and apply normal
serum as in step 8 for 5 min.

12. Drain off the serum and incubate in gold-adsorbed second antibody
diluted in IGSS buffer II containing 0.8% BSA for 1 h. The optimal
dilution (usually between 1/25 and 1/200) should be determined by
titration.

13. Rinse in 3 X 3 min changes of IGSS buffer II.

14. Post-fix in 2% glutaraldehyde (e) for 2 min.

15. Rinse briefly in two changes of distilled water (30 sec each) then in
3 X 8 min changes of distilled water. This washing must be very
thorough to ensure that all halide is removed prior to silver devel-
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opment. Water purity is critical; since this is often variable, the use
of glass-distilled deionized water may be necessary.

16. Perform silver acetate auto-metallography (see below).

17. Wash in distilled water. Fix in sodium thiosulphate (b) for 2 min.

18. Wash in running tap water for 3 min. Staining intensity may be
checked microscopically. If too weak, repeat steps 15—17 with fresh
silver acetate developer, using a shorter development time as there
is aleady some silver on the section.

19. Counterstain as required (e.g. haematoxylin and eosin). Dehydrate,
clear and mount.

A.10.1 Silver acetate auto-metallography

1. Just before use, mix solution A with solution B (see previous sec-
tion).

2. DPlace the slides vertically in a scrupulously clean glass container
and immerse in the silver amplification mixture. The colour devel-
opment may be monitored microscopically and usually takes 5-20
min. If the silver solution becomes grey-black before the reaction is
complete, wash the sections thoroughly and repeat the process with
freshly mixed A and B.

Note 1: If non-specific silver deposits are not a problem, the silver solu-
tion may be applied as drops on the section and the process watched
under the microscope.

Note 2: The final impact of an immunogold—silver stain may be further
enhanced by viewing with epipolarized light. This gives extra sensitivi-
ty, allowing even single silver/gold granules to be seen by back-scatter-
ing of the light.

Note 3: Non-specific silver deposits. The inclusion of gelatine in the
buffer helps to prevent these by coating the slide with a layer of gelatine.
This layer, with any deposited silver, is washed off in running tap water
before the preparation is counterstained.

Note 4: Slowing the silver reaction. Better control of the silver reaction
may be achieved by adding gum arabic (gum acacia) to the solution. This
also helps to prevent non-specific siver deposition. Dissolve the gum ara-
bic at 500 g 1 over several days with gentle stirring. Filter through sev-
eral layers of gauze and store frozen in aliquots. Replace up to 60 ml of
the citrate buffer (f) with an equal volume of gum arabic solution. The
greater the proportion of gum arabic, the slower will be the rate of reac-
tion.

Note 5: To remove excess silver from a preparation immerse in Farmer’s
solution, which consists of 90 ml 10% sodium thiosulphate and 10 ml 10 %
potassium ferricyanide. Take care: silver is removed in seconds.
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A.11 Double immunoenzymatic staining
(adapted from Mason and Sammons, 1978)

Reagents

(a) 'Two primary antibodies raised in different species (say rabbit and
mouse), mixed together so that each is at its predetermined optimal
dilution in antibody diluent.

(b) Mixture of species-specific second antibodies (e.g. goat anti-rabbit
Ig and goat anti-mouse Ig), each at its predetermined optimal dilu-
tion in antibody diluent.

(¢) Mixture of rabbit PAP and mouse APAAP, each at its predeter-
mined optimal dilution in Tris buffer with 0.1% BSA but no azide
(enzyme inhibitor).

(d) Suitable blocking serum, in this case normal goat serum, 1/20 in
antibody diluent.

(e) Enzyme development reagents for alkaline phosphatase and perox-
idase.

Note: One of the second antibodies could be biotinylated. In this case,
use a peroxidase- or alkaline phosphatase-labelled streptavidin or ABC
instead of the PAP or APAAP in the third layer.

Method

1. Initial preparation of sections and any pre-treatment, including
protease/heat-mediated antigen retrieval and peroxidase blocking.

2. Block with normal serum.

3. Apply primary antibody mixture for appropriate time.

4. Rinse well and apply second antibody mixture for appropriate
time.

5. Rinse well, finishing with a TBS rinse, and apply third reagent
mixture for an appropriate time.

6. Rinse well in TBS.

7. Develop alkaline phosphatase (blue or red).

8. Rinse well in tap water. Immerse in appropriate buffer for peroxi-
dase development.

9. Develop peroxidase in required colour. Check microscopically to
stop reaction when a satisfactory colour balance with the alkaline
phosphatase reaction end-point has been reached.

10. Rinse in tap water. Mount in an aqueous mountant.
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A.12 Post-embedding electron micro-

scopical immunocytochemistry using
epoxy resin-embedded tissue and an
indirect immunogold method

Equipment

1.
1.

1ii.

Grid forceps (anti-magnetic, anti-capillary)

Wax plate (e.g. melted paraffin wax poured into a Petri dish) or
strip of Parafilm or dental wax for floating grids on drops of solu-
tion, or multiwell Terasaki plates (15 pl per well)

Millipore filters (45 um pore size) and syringes

Reagents

(a)
(b)
(c)
(d)

(e)

10% aq. hydrogen peroxide

Saturated (approx. 5%) aq. sodium metaperiodate

0.05 M Tris/HCI buffer, pH 7.4

0.05 M Tris/HCI buffer, pH 7.4, containing 0.1% BSA (blocking solu-
tion)

0.05 M Tris/HCI buffer, pH 8.2, containing 1% BSA (diluent for
gold-adsorbed antibody)

Method

Note 1: Millipore-filter all solutions.

Note 2: Wash grids with a jet from a syringe attached to a filter or
(preferable because easier) immerse in drops of fluid in wells of Terasaki
plates and agitate gently on a mechanical agitator, changing to fresh
rinsing fluid several times over the rinsing period.

Note 3: Do not allow the grids to dry during the immunolabelling proce-
dure.

1.

Non-osmicated tissue. Etch grids on drops of hydrogen peroxide (a)
for 10 min to permeabilize resin.

Osmicated tissue. Substitute sodium metaperiodate (b) for 10-30
min (check for each block) which partially reverses the fixation
effects of osmium.

Wash in micro-filtered distilled water and drain the grids by touch-
ing the edge with fibre-free absorbent paper.

Float for 30 min on a drop of background-blocking serum (same
species as second antibody, 1/20 in antibody diluent) or protein (e.g.
buffer with BSA (d) for methods using Protein A—gold; Protein A
binds to immunoglobulins so serum is not suitable as a blocking
medium.

Do not rinse, but drain the grids as in step 2 and float on or
immerse in a drop of primary antibody diluted optimally in anti-
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body diluent. Incubate for 1 h at room temperature or overnight at
4°C. The optimal dilution is usually the same as used in light
microscopy.

5. Rinse in five changes of Tris buffer (c), for 1 min each time, with
agitation.

6. Wash in three changes of Tris buffer with 0.1% BSA (d), for 1 min
each time, with agitation.

7. Transfer the grids to Tris buffer containing 1% BSA (e) for 10-15
min.

8. Dilute the gold-adsorbed antibody in Tris buffer (e) (pH 8.0, with

1% BSA) and centrifuge at 2000 g for 10 min to remove aggregat-

ed gold particles.

Incubate the grids in the supernatant for 1 h at room temperature.

Rinse three times for 1 min each time in Tris buffer with 0.1% BSA,

then five times for 1 min each time in Tris buffer without BSA (c),

then five times for 1 min each time in distilled water.

11. Dry the grids and contrast with lead citrate and uranyl acetate as

for conventional electron microscopy. View in electron microscope.

o
S ©

A.13 Absorption specificity control (liquid
phase)

Reagents

(a) Antiserum at highest dilution in antibody diluent compatible with
consistent labelling.

(b) Antigen diluent: distilled water containing 1 mg ml™ BSA (protect-
ing protein) and 10 mg ml- lactose (to make small quantity of solu-
tion visible in the vial when lyophilized).

(¢) Pure (preferably synthetic) antigen in aliquots of 1 nmol per 100 ul
of diluent (b), lyophilized to avoid over-dilution of the antibody. For
storage, seal lyophilized vials under vacuum and place at —20°C.

Method

Consider approximate volume required to cover the sections. Warm vials

of antigen to room temperature before opening. Open vials slowly,

releasing the vacuum carefully.

1. Add 100 pl diluted antibody to a vial containing 1 nmol of antigen
(final concentration is 10 nmol antigen ml™ of antibody). Replace the
cap of the vial and shake vigorously to dissolve all the contents that
may be still around the cap and sides. Re-cover (seal with parafilm)
to prevent evaporation and leave at 4°C overnight or for several
hours to equilibrate.
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2. Apply to test preparations in place of the primary antibody. Use
unabsorbed antibody at the same dilution as a positive control and
include positive control sections for both absorbed and unabsorbed
antibody to show that all is in order.

3. The level of 10 nmol ml! is usually in excess of a sub-optimally
diluted antibody but if higher antigen concentrations are required,
add 50 ul of antibody to 1 nmol of antigen instead of 100 ul (20 nmol
ml* final concentration).

4. To show the effect of reducing the concentration of antigen in the
antibody, include a series of 10-fold diminutions of antigen concen-
tration. Add 100 pl of buffer to a vial containing 1 nmol of antigen.
Take 10 pl of this soution and add it to 100 ul of the diluted antibody
(approx. 0.1 nmol antigen ml? antibody). Take a further 10 ul of the
antigen—buffer solution and add it to a further 100 pl of buffer, then
add 10 pl of this to another 100 ul of antibody (approx. 0.01 nmol
antigen ml? antibody). Repeat the procedure to give solutions of
0.001 and 0.0001 nmol antigen ml*' antibody. Leave the diluted
solutions overnight as in step 1, then use in place of the unabsorbed
primary antibody. At some stage of dilution, the antigen will not be
in excess of the antibody and immunostaining should reappear.

Note: The use of 1 nmol aliquots of antigen allows comparison of absorp-
tion data between different antibodies, and lyophilization of the samples
is convenient for storage and provides a standard preparation. Antigen
solutions can be used in liquid form (in this case, the lactose may be
omitted from the solution) but the dilution factor must be remembered
when antibodies are added.
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Index

Absorption control for specificity,
133-134
Adherence of sections to slides, 16,
110-111
poly-L-lysine, 16, 110-111
silane (APES), 16, 111
Alkaline phosphatase
blocking endogenous enzyme, 26
development, 119-121
blue end-product, 120
blue-brown end-product, 120-121
red end-product, 36, 38 (Plate 6),
120
in multiple staining, 36-39 (Plates
12-14)
mechanism of action, 26 -
Alkaline phosphatase anti-alkaline
phosphatase (APAAP), 51
build-up method, 63
in multiple staining, 37, 39 (Plates
12-14)
3-Amino-9-ethylcarbazole (AEC), 25,
118-119
in multiple staining, 36-39 (Plates 5,
14)
Antibody
application to preparations, 45-46
characteristics, 9-10, 4445
affinity, 9
avidity, 9
diluent, 42, 110
dilution, 10, 4244
dilution in relation to background,
36, 38 (Plates 7, 8),42—-44
dilution in relation to sensitivity,
37, 39 (Plates 9, 10), 44

dilution in relation to temperature,

43
dilution in relation to titration, 43

dilution in relation to titre, 10
IgG reaction with antigen, 4445
monoclonal, 8
production, 5-7
immunization, 5-6
region-specific, 6-7, 61
storage, 110
testing
blotting methods, 6, 93-94
ELISA, 6, 92-93
immunocytochemical titration, 6,
36, 38 (Plates 7, 8), 4244
RIA, 6, 92
Antigen retrieval, 16-20
enzyme pretreatment, 17-18,
114-115
chymotrypsin, 18
neuraminidase, 115
pepsin, 115
protease XXIV, 18, 114
trypsin, 18, 114
heat-mediated, 19-20, 116-117
microwave method, 36, 38 (Plate
3), 116
washing, 17
Applications of immunocytochemistry,
95-100
pathological diagnosis, 95-96
quantification, 97-100
confocal microscopy, 37, 39 (Plates
15, 16), 98
flow cytometry, 98-99
FACS, 98, 99
supra-optimal dilution, 99-100
research, 97
Avidin—biotin methods, 51-54,
125-128
ABC versus PAP, 37, 39 (Plates 9,
10)
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Background staining, see Non-specific
staining
Biotin, 2, 29
blocking endogenous biotin, 52-53,
112
in ABC methods, 51-54
Buffers, 41
PBS, 41, 109
TBS, 41, 109

4-Chloro-1-naphthol, 25
in multiple staining, 119
Colloidal gold
label for light microscopical
immunocytochemistry, 2, 20, 21,
2728
dark-field illumination, 106
epipolar illumination, 106
labelling antibodies, 21, 27
silver intensification, 27, 128-130
uses, 28
label for electron microscopical
immunocytochemistry, 85-86,
133-135
multiple labelling, 87-88
quantification, 97
with Protein A or G, 86
Controls, 5562, 96, 133-134
absorption with antigen, 59, 60,
133-134
absorption with serum, 58
absorption with tissue powder, 60
experimental, 61-62
negative, 61, 96
positive, 61, 96
testing for non-specific binding, 55-58
due to basic proteins in tissue, 58
by primary antibody, 5557
by second or third reagents, 57
testing for unwanted specific
binding, 58-60
due to cross-reactivity with related
antigens, 58-59
due to unknown tissue antigens,
57
Counterstains
fluorescent, 21-22
to mask autofluorescence, 31

Definition of immunocytochemistry, 1
Detergent
for permeabilization, 14

INTRODUCTION TO IMMUNOCYTOCHEMISTRY

to prevent non-specific binding, 41,
42
Diaminobenzidine (DAB), 24-25
for electron microscopical
immunoperoxidase, 84
intensification of reaction product,
66-70
cobalt, 123
copper sulphate, 37, 39 (Plate 11),
122
gold chloride, 123
imidazole, 123
nickel, 37, 39 (Plates 12, 14), 124
mechanism of reaction, 25
re-use, 118
safety, 24-25, 118
Dot blots
as antibody test, 94
Double immunoenzymatic staining,
37, 39 (Plates 12-14), 78, 131,
Double immunofluorescence staining,
iv (front cover illustration), 76, 77,
79, 105

Electron microscopical
immunolabelling, 81-88, 132-133
fixation, 81-82

glutaraldehyde, 82

paraformaldehyde, 82
labels, 84-86

colloidal gold, 85-86

ferritin, 84

peroxidase, 84-85
multiple labelling, 87-88
pretreatment, 87
principles, 81
procedure, 86, 132-133
resins, 82-83

ELISA
as antibody test, 92-93

Endogenous enzyme blocking
alkaline phosphatase, 26
peroxidase, 24, 112-113

frozen sections and whole cells,
113
paraffin sections, 112-113
Enhancement of standard methods
build-up methods, 63-65
ABC, 64-65
APAAP, 63
indirect, 63—64
PAP, 6364
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intensification of
peroxidase/DAB/H503 product,
66-70, 122-124
during reaction, 67, 123-125
post-reaction, 66—67, 122-123
tyramine signal amplification,

67-70
Enzyme labels, 2, 20, 23-27
alkaline phosphatase

blocking endogenous enzyme, 26

development, 119-121

in multiple staining, 36-39 (Plates

12-14)
mechanism of action, 26

B-D-galactosidase, 2, 27, 37, 39 (Plate

13)

development, 122
glucose oxidase, 2, 2627

development, 122
peroxidase

blocking endogenous enzyme, 24

development, 24-26, 66-70,
117-119, 122-125
Fixation, 11-15
combination, 13—14
Bouin’s, 13
periodate-lysine-paraformalde-
hyde, 14
Zamboni’s, 13
cross-linking, 12-13
formalin, 12, 82
glutaraldehyde, 12, 82
for electron microscopical
immunocytochemistry, 81-82
freeze-dried tissue, 15
fresh tissue, 14
precipitant, 13
acetone, 13, 14
alcohol, 13, 14
pre-fixed, non-embedded tissue,
14-15
Fluorescent labels, 1-2, 20, 21-23
advantages, 21
AMCA, 22
counterstains, 21
disadvantages, 21
fluorescein, iv (front cover

illustration), 1-2, 20, 22, 36-39

(Plates 2, 4, 15, 16)

labelling procedure 21-22
microscopy, 105
mountants, 106

INDEX 139
new fluorophores
CyDyes™, 22
Oregon Green™, 22
phycoerythrin, 22
rhodamine, 22
Texas Red, iv (front cover
tllustation), 22
uses, 23

B-p-Galactosidase, 2, 27, 37, 39 (Plate

13),122
development, 122
in double immunoenzymatic stain,
37, 39 (Plate 13)
Glucose oxidase, 2, 26-27, 121
development, 121

Hapten, 2, 29
hapten sandwich method, 29
History, 1

Immunofluorescence, 1-2, 20, 21-23,
36-39 (Plates 2, 4, 15, 16)
counterstains, 21
in double staining, iv (front cover

illustration), 76, 77, 79, 105
microscopy, 105
mountants, 106
quantification, 97-99
confocal microscopy, 98
FACS, 98-99
flow cytometry, 98-99
uses, 23
Immunogold staining
for light microscopy, 27, 132-133
with silver intensification, 27,
132-133
for electron microscopy, 8588,
132-133
double labelling, 8788

Immunoperoxidase staining, 36, 38
(Plate 1), see also Peroxidase

Immunostaining methods, 125-133
initial procedures, 125-127

fresh cryostat sections, 125-126

paraffin sections, 125

pre-fixed frozen sections, 126

semithin resin sections, 126127

whole cell preparations, 126
immunostaining, all preparations,

127-128
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Intensification of peroxidase/
DAB/Hy09 reaction
during reaction, 67
cobalt, 67, 123
imidazole, 67, 123
nickel, 37, 39 (Plates 12, 14), 67,
124-125
tyramine signal amplification,
67-70
post-reaction, 6670
copper sulphate, 37, 39 (Plate 11),
66, 122
gold chloride, 66, 123
silver salts, 67

Labelled probes — non-
immunocytochemical uses, 100-102
in situ hybridization of nucleic acids,

101-102
lectin histochemistry, 101
receptor localization, 100-101

Labels, 1-2, 20--29
biotin, 2, 29
colloidal gold, 2728, 85-86,

128-130, 131-133
enzyme, 2, 23-27
fluorescent, 21-23
hapten, 2, 29
radioisotope, 2, 28—-29

Methods

APAAP, 51, 63

automation, 46—47

avidin-biotin, 51-54

direct (one-step), 4748

electron microscopical, 81-88,
132-133

general considerations, 41-44
antibody diluent, 42
antibody dilution, 42—43
buffers, 41-42
nature of antibodies, 4445
reaction temperature, 4344
reaction time, 43
sensitivity, 44

immunogold with silver
intensification 27, 128-130

indirect (two-step), 4749

multiple immunostaining, 73-79,
131
for electron microscopical immuno-

labelling, 87-88
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PAP, 50-51
procedure for immunostaining,
125-133
Microscopy, 105-107
Nomarski optics, 106
Monoclonal antibodies, 8-9
advantages, 8
control for non-specific binding, 57
dilution for immunocytochemistry,
10
disadvantages, 8-9
production, 8
Multiple staining, 73-79, 131
primary antibodies from different
species, 76-79, 87—-88, 131
immunofluorescence, iv (front
cover illustration), 76, 77, 79,
105
immunoenzymatic, 37, 39 (Plates
12-14), 78, 131
primary antibodies from same
species, 73-77

Non-specific (background) staining,
24-27, 29-31, 52-61
antibody factors, 57-59
binding to basic proteins, 57-58
binding (specific) to unknown
antigens, 57
cross-reaction (specific) with tissue
Ig, 58
cross-reaction (specific) with
related antigens, 58—59
remedies, 30-31, 56, 60—61
testing, 55-58
tissue factors, 30-31, 55-57
autofluorescence, 31
basic proteins, 58
charged sites, 30
cross-reactivity (specific) of Ig, 58
cross-reactivity (specific) of related
antigens, 58-59
endogenous biotin, 52-53, 112
endogenous enzyme, 23-27
Fc receptors, 30
hydrophobic reaction, 30

Peroxidase, 2, 24-26
blocking endogenous enzyme, 24,
112-113
development, 24-26, 117-119
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3-amino-9-ethylcarbazole (AEC),

25, 36-39 (Plates 5, 12), 118-119

4-chloro-1-naphthol, 25-26, 119
diaminobenzidine, 24-25, 66—70,
118-119, 122125
phenol tetrazolium, 26, 119
Peroxidase—anti-peroxidase (PAP)
method, 50-51, 125-128
versus ABC, 37, 39 (Plates 9, 10)
Photomicrography, 106-107
poly-L-lysine
as section adhesive, 16, 110-111
as absorption control, 58
Problems and remedies, 56

Quantification, 97-100

INDEX 141

intensification of DAB/
peroxidase/HoOy reaction,
66-70, 122125
immunogold with silver
intensification, 27, 128—-130
PAP versus ABC, 37, 39 (Plates 9, 10)

Specificity, see also Non-specific (back-

ground) staining
absorption control, 133-134
problems and remedies, 56

Storage

of antibodies, 110

of tissue, 15-16
frozen blocks and sections, 15-16
paraffin blocks and sections, 16

confocal microscopy, 37,39 (Plates 15, Tissue preparation for

16), 98
FACS, 98-99
flow cytometry, 98-99
supraoptimal dilution, 99-100

Radioactive labels, 28-29
Radioimmunoassay
as antibody test, 92
Requirements for
immunocytochemistry, 11-13

Saving failed reactions, 65—66
Sensitivity, 27, 44, 63-70
enhancement of standard methods
build-up methods, 63-66

immunostaining, 11-15

adherence of sections to slides, 16,
110-111

antigen retrieval in fixed tissues,
1620

fixation, 11-14

freeze—drying, 15

fresh tissue, 14

storage, 15-16
frozen blocks and sections, 15-16
paraffin blocks and sections, 16

Tyramine signal intensification, 67-70

Western blotting
as antibody test, 93
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