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IMMUNOCYTOCHEMISTRY IN DERMATOPATHOLOGY:
METHODOLOGY

Sujata Raj, E Calonje, B S Bhogal,' D Ramnarain, M M Black

Immunohistochemical staining methods are so widely used today that they can
be truly referred to as just another special stain. These techniques are used to
recognize, classify and understand the pathogenesis of a variety of skin processes,
ranging from the identification of poorly differentiated tumours to the classification of
autoimmune diseases. It is the purpose of this review article to provide an
understanding of these immunoenzyme techniques.
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Introduction

Greater insights into  many
dermatological diseases have been made
possible by the use of light and electron
microscopy in dermatopathological

examination. The development of
immunohistologic techniques like
immunofluorescence, immunoenzyme

methods and immunoelectron microscopy in
the past few decades has contributed even
further to the identification and clarification of
different diseases.

The success of the immunofluorescence
technique encouraged the development of an
alternative method of antibody labelling that
partially would avoid some of its disadvantages
viz, the need of a specialised microscope and
lack of permanence but yet allow visualisation
of the antigen-antibody complex.!? A variety
of labels, mostly enzymes, can be chemically
tagged to antibodies in lieu of fluorescein
isothiocyanate, hence the name
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immunoenzyme technique.

Immunocytochemistry is the
identification of a tissue constituent in situ by
means of a specific antigen-antibody reaction,
tagged by a microscopically visible label.
Provided that a suitable antibody can be
produced and the antigen in the tissue
preserved, there is no limit to the substances
that may be localised by this procedure.

Basic Mechanism

The enzyme (peroxidase) in the presence
of it’s substrate (hydrogen peroxide) changes
the colour of a suitable chromogen/label that
is attached to the specific antibody used (Fig.
1).

Labels

Horseradish peroxidase is most
frequently used as it is readily available,
inexpensive, easily conjugated with an
antibody and unlikely to cross react with
human antigens.® These techniques are
therefore commonly referred to as the
immunoperoxidase methods. Other enzymes
which have been used include alkaline
phosphatase and glucose oxidase. With
peroxidase, the most frequently used
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Fig. 1.. Schematic diagram of IP technique.

chromogen is diaminobenzidine (DAB), a
substrate which yields an insoluble brown
polymer at the site of antibody binding when
acted upon by peroxidase. It does not fade and
contrasts well with haematoxylin stain. Other
substrates which can be used are 3-amino 9-
ethylcarbazole (red), 4 chloro-1-naphthol
(blue), 2,2’ oxy diethanol 4 chloronaphthol
(black). In the skin the latter ones are useful as
their reaction products do not resemble
melanin (unlike DAB), however their products
are more soluble in inorganic solvents and less
reliable for daily use.*5 Colloidal gold/silver
have also been used.

Tissue Handling/Storage/
Processing

Proper handing of the specimen plays a
very important part. Delay in fixation of the
tissue after sampling can result in drying of the
surface of the tissue block leading to false
positive reactions at the periphery. A similar
artefact is seen at the margins when
specimens are removed by thermal devices like
electrocautery. The immunocytochemical
techniques can be applied to both frozen

= peroxidase
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(cryostat) and paraffin sections. Some
antibodies react only on frozen sections and
this must be taken into account and a portion
of the biopsy should then be frozen. Cryostat
sections are preferred for demonstrating
surface markers or other cell membrane
antigens. There are several methods for
freezing the tissues-snap freezing of small
tissue blocks (5x5x3 mm) in cold hexane/
isopentane/liquid nitrogen. The tissue is
placed on a cork wafer and then a drop of
embedding medium OCT i.e. Optimum
Cutting Temperature) is added, followed by
immersion in a cold hexane bath maintained at
-60°C. This results in rapid freezing (in 20
seconds or less) of the tissue.® Sections are cut
3-5 microns thick and collected on slides
precoated with poly-I-lysine. The slides are air
dried and then fixed in cold absolute methanol
or cold acetone.

However specimens are usually
submitted in an aqueous solution of
formaldehyde. This unfortunately results in the
loss of antigens in tissue section and therefore,
in routine cases, the application of this
technique must be limited to those antigens
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which are stable to formaldehyde fixation and
paraffin embedding procedure. Usually the
extracellular antigens are completely lost
during fixation but several intracellular antigens
are still detectable, provided the pH of
formalin is maintained. It is therefore
recommended to use buffered formalin.”

Formaldehyde fixes the tissue by reacting
with basic amino acids forming cross linking
methylene bridges, resulting in low
permeability of the cells to macromolecules.
This makes it difficult for the antibodies to
penetrate and reach the now hidden antigens
in the cytoplasm. Treatment of the tissue with
an enzyme such as trypsin or protease at 37°C
(proteolytic digestion) can expose these cryptic
antigenic sites.® However, great care is
required in the use of these proteolytic
enzymes as over treatment will damage the
tissue and affect the adherence of sections to
the glass slide. Over trypsinisation may even
destroy the antigen resulting in false negative
results or expose cross reacting antigens
thereby giving false positive results. Some
antigens resist fixation with formalin and
therefore can be stained without prior
enzymatic digestion. The antigen retrieval
technique may be used instead of enzymatic
digestion to rescue antigens from formalin
fixed tissue. This involves heating the tissue
sections in a microwave oven at over 100°C in
the presence of a citrate buffer solution.®

Several other factors that may adversely
affect the results are!® (a) inadequate fixation
leading to false positive or false negative
results, (b) poor penetration of the fixative due
to the large size of the block/thick fibrous
capsule/insufficient time allowed/slow
penetrating fixative. Here the central portion
of the section may be falsely positive or
negative whilst the periphery is allright. (c)
Overfixation resulting in loss of cellular
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antigens. The optimal fixation time being 12-
18 hours in formalin for a section of size
10x10x3 mm. If the tissue is likely to be in the
fixative for over 24 hours then it should be
kept at 4°C in the fridge. Infiltration and
embedding with paraffin should be done at
temperatures between 56-60°C, as
temperatures over 60°C result in reduced
intensity of staining at the edges.

Tissue Sectioning

Sections cut are 3-5 microns thick.
Thick, folded, torn {from microtome) sections
are undesirable as they lead to false positive/
false negative results. The temperature of the
water bath should not exceed 60°C. Glass
slides coated with an adhesive i.e. poly-L-
lysine/chrome-alum/silane are always used to
prevent loss of tissue sections during
processing. Although egg albumin is routinely
used for other histochemical staining
procedures (H&E), it is not used in
immunohistochemistry as the avidin content in
the egg may interfere with the Avidin-Biotin-
enzyme Complex (ABC) technique. Drying of
slides in the dry oven should always be done
below or at 60°C to avoid tissue denaturation.

Prestaining

Endogenous peroxidase activity is a
result of the peroxidase present in the
tissuei.e. in all haemoproteins such as
haemoglobin (RBC), myoglobin (muscle),
cytochrome (granulocytes, especially high in
eosinophils, monocytes). This peroxidase
reacts with the hydrogen peroxide substrate
and gives a nonspecific background staining. It
can be remedied by incubation of tissue
sections in 3-6% hydrogen peroxide prior to
the addition of the antibody enzyme
complex.!! Levamisole is used to block
endogenous alkaline phosphatase activity.
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Staining Reagents

It is imperative to purchase these from a
reliable source in the concentrated form and
store in the freezer at 4°C. The quality i.e
purity and specificity of the reagents used,
their dilution, diluents and incubation times
should be properly controlled.

Controls

Positive controls (tissues which are
known to contain the target protein) are
processed identically to the unknown. This is
done to ensure quality control. The internal
control is ideal because the variability of tissue
preparation, processing and staining are
eliminated e.g. cyto-keratin in a squamous cell
carcinoma will be seen to stain normal tissue
elements such as the sebaceous glands, hair
and eccrine apparatus in addition to the
keratinocytes.

Tissue Biopsy

Antigen

i

Fig. 2. Direct method.

Staining Methods

Numerous variations in the
immunoperoxidase technique exist and they
are as follows:
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(1) Direct Method

In this technique an enzyme labelled
primary antibody is used to detect the antigen
in the tissue (Fig. 2).'2

Advantages: This method is quick and
there is less nonspecific reactivity.

Disadvantages: Less sensitive than the
multistep methods as little signal amplification
is achieved due to the use of a single antibody.

(2) Indirect Method

This is a multi-step technique. An
unconjugated primary antibody binds to the
antigen. An enzyme labelled secondary
antibody directed against the primary antibody
(now the antigen) is then applied, followed by
another enzyme labelled tertiary antibody (Fig.
3).

Advantages: This is more sensitive than

Chromogen

O H>0,

Colour product

Enzyme labelled
Antibody

the direct method. The addition of another
antibody serves to further amplify the signal. If
multiple layers of antibodies are added then
there is additional enzyme at the site of the
tissue antigen thereby producing greater colour
intensity.
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Fig. 3. Indirect method.
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Fig. 4. Soluble enzyme immune-complex method.

(3) Soluble Enzyme Immune Complex/
Unlabelled Antibody Method

The unconjugated primary antibody is
followed by the secondary antibody. Finally the
soluble enzyme-antienzyme complex is added
(Fig. 4). The soluble enzyme immune complex
techniques are named after the particular
enzyme immune complex they use, for
example:

PAP method-Peroxidase-antiperoxidase!314

APAAP-Alkaline phosphatase-anti
alkaline phosphatase.

Advantages: Efficiency and specificity are
improved as it is unlikely that nonspecifically
bound secondary antibody will bind to the
tertiary reagents with high affinity. Sensitivity
is increased by having increased number of
enzyme molecules. In addition, this technique
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gives excellent results on formalin fixed,
paraffin embedded specimens.

(4) Avidin Biotin Method

This utilizes the high affinity of avidin for
biotin.!® Each molecule of avidin has 4 binding
sites for biotin. In this method a biotinylated
antibody acts as the link antibody. The primary
antibody is followed by the biotinylated
secondary antibody. Finally the preformed
avidin-biotin-enzyme complex (ABC) is added
(Fig. 5).

Chromogen
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Pre-incubation with high concentration of
some protein, like normal serum/bovine
albumin and use of the highest possible dilution
of the primary antibody helps to reduce the
background staining.

When DAB is used as the chromogen, a
positive reaction is characterized by brown
granules at the site of the antigen-antibody
reaction. Majority of the immunohistochemical
cell markers are intracytoplasmic or on the cell
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Fig. 5. ABC method.

Advantages : The strong affinity of avidin
for biotin makes these methods more sensitive
than the direct and the indirect methods.
Excellent results can be achieved on fixed,
paraffin embedded specimens. Of all the
immunocytochemical techniques, the PAP and
ABC have gained the widest acceptance.

Interpretation

This may be the most difficult aspect, it
requires both skill and experience because of
the many pitfalls of these techniques. Even
with appropriate controls, nonspecific staining
in the dermal connective tissue, epidermis and
on the membranes is a common nuisance.
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surface membrane except for some viral
antigens which are entirely intranuclear and S
100 and Neuron Specific Enolase (NSE) which
are both intranuclear and intracytoplasmic.!?

In individual cells the brown granules
may occupy all of the cytoplasm, perinuclear
area alone or simply one of the poles of a cell.
Ditfuse pale brown or a single tone yellow
staining of neoplastic cells is in all likelihood
nonspecific. The only exceptions to this rule
are the pattern of staining for NSE and alpha-
1-anti chymotrypsin. These are diffuse and
homogenous.?

Pigments like melanin and haemosiderin
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which on H & E appear brown are often
misinterpreted as a positive reaction. It is
therefore better to use a chromogen like 3-
amino 9-ethylcarbazole which gives a
contrasting red colour.

Necrotic tissue nonspecifically absorbs
antibodies and exhibits undesirable background
staining. Therefore tissue blocks should be
chosen from areas with little haemorrhage and
necrosis. Another problem of interpretation
occurs with passive absorption or active
phagocytosis of antigen by histiocytes which
then become immunoreactive. A similar
phenomenon occurs in the superficial and
intermediate cells of the epidermis which
exhibit a nonspecific reaction regardless of the
antibody used. The free edges of the section as
well as the surface membrane (vesicle, pustule)
often give a false positive reaction.
Carcinogenicity

Although there is conflicting evidence in
literature, 3,3'-diaminobenzidine has not been
clearly established as a carcinogen.!® It is now
available ready weighed, which overcomes the
particular problem of aerosol formation and
inhalation. Large quantities of the substrate
can also be prepared in advance using gloves
in the fume cupboard and the solution stored
frozen without loss of activity.?

Conclusion

These techniques require skill in tissue
preparation, staining procedures and
interpretation but are an invaluable diagnostic
tool when faced with a histological diagnostic
dilemma.
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1st NATIONAL CONFERENCE ON WOUND CARE ¢
(WOUNDCON-96)

The 1st National Conference on Wound Care will be held at Sir Sunder Lal Hospital,
Institute of Medical Sciences, Banaras Hindu University, Varanasi from September 28-
29, 1996. A workshop on operative technique in wound management including use of
newer dressing material will be held during the conference.

The Scientific programme will consist of Guest Lectures and Key Note addresses by
International Faculty alongwith Symposia, panel Discussions on controversy in wound
management, Video Sessions, Free papers to cover the past, present and future of every
aspect of wound management.

The conference will be of interest to plastic, Orthopedic, General surgeons,
Diabetologist, Leprologist, Nursing and other medical personal interested in wound
management.

Those interested in participating are requested to contact at the following address:

Dr V K Shukla
Organising Secretary
WOUNDCON-96
Room No. 2364
Department of Surgery, Institute of Medical Sciences
Banaras Hindu University, Varanasi-221 005
Tel. : (0542) 311416
Fax : (91) 0542 - 310483
0542 - 312059




