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The immunohistochemistry of solid tumours:
Potential problems for new laboratories
R. PILLAI, S. KANNAN, G. JAGADEESH CHANDRAN

ABSTRACT
Immunohistochemistry has become an important tool for
tumour typing and has the potential to improve the histo-
pathological diagnosis of neoplasms. However, the large
number of publications on the different aspects of the
technology are often contradictory. In many instances the
immunochemical reactions may not be reproducible and
can create problems in the diagnosis of certain tumours.
The use of optimal materials and techniques enhance the
sensitivity, specificity and reproducibility of these methods.
In this article we discuss the common problems of tissue
preparation, and antigenic variation, distribution and
presentation. However, immunopathological diagnosis has
to be accompanied by an in-depth and fundamental under-
standing of basic immunochemistry and diagnostic
immunohistochemistry has to be interpreted in the context
of a standard clinical and histopathological examination.
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INTRODUCTION
Modern day pathology laboratories are becoming increasingly
complex due to the rapid development of new techniques to
identify, more precisely and accurately, the tissue or cell
type, secretory activity, extracellular substances and specific
cell-type markers. Surgical pathology and cytology have
depended traditionally on the use of biochemical techniques,
whereas the detection of markers such as secretory products
needed radioimmunoassay and could normally only be done
on body fluids. During the past few years, however, advances
in technology have allowed the extension of morphological
observations to include physiological as well as biochemical
alterations-these are the immunohistochemical rnethods.l-

Immunohistochemistry is based on the specific interaction
of an antibody with a tissue antigen followed by localization
of the binding site using a label which can be detected by light
or electron microscopy .1.2 The labels used for visualization of
the binding sites can be either fluorescent dyes (immuno-
fluorescence) or enzymes (immunoenzymatic methods) and
electron dense substances such as colloidal gold and ferritin.
These methods have been shown to be highly sensitive and
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can be applied to fresh or fixed paraffin-embedded tissue.
Immunohistochemistry plays a major role in biological and

biomedical research as well as in diagnostic histopathology.
In pathology, it has not only contributed to our understand-
ing of basic pathogenetic principles but also to the precision
of diagnosis. 1.2 An accurate classification of neoplasms is an
important prerequisite for the new specific and efficient
therapeutic methods and therefore immunohistochemistry
has become an important tool for tumour typing.

A notable feature in the development of immunohisto-
chemistry has been the enormous amount of literature
published on this subject. This literature, however, contains
many controversies and in some cases the immunohisto-
chemical observations may not be reproducible. Most of
the problems are technical though some may be related
to variations in antigen expression in neoplastic and
non-neoplastic tissue. An awareness of the various
shortcomings of immunohistochemistry is therefore needed
to increase its diagnostic potential and to avoid misinter-
pretation. A few select problems in immunohistochemistry
are discussed below.

PROBLEMS WITH FORMALIN-FIXED TISSUE AND
THE NEED FOR FROZEN SECTIONS
An important factor causing the variable reproducibility
of immunohistochemical reactions is the non-optimal use of
tissue specimens. Though some antibodies (including many
from commercial sources) have been reported to be active on
formalin-fixed and paraffin-embedded tissue, this material
may often be sub-optimal. In such cases its use will lead to a
low sensitivity of antigen detection and a difference in the
results obtained with fresh frozen tissue. Moreover, frozen
sections (mostly fixed in acetone) are an essential require-
ment for the analysis of lymphatic differentiation antigens .
and proliferating cell antigens. J--5 Many cytoskeletal proteins
such as desmin, vimentin, keratins and neurofilaments can'
be located on paraffin-embedded sections which would be
sufficient for routine diagnostic purposes.s However, these
antigens? and most growth factors and their receptors- are
better located on frozen sections." It is therefore worthwhile
to have some tissue frozen for use along with paraffin-
embedded tissue during the standardization of an antibody
or a set of antibodies in order to establish comparative
immunoreactivity.

A note of caution is necessary before the use of formalin.
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The best results of immunohistochemistry are obtained when
buffered formalin is used and tissues are not left for more
than 12 to 18 hours in the fixative. 7The use of poor grades of
non-buffered formalin is a problem often seen in smaller
hospitals and laboratories, though the time the tissue
remains in formalin is critical. In many instances, particularly
when operations or biopsies are performed in one centre and
the tissues transported in formalin to another, the total time
the tissue remains in the fixative may be up to 4 days. This
also occurs in bigger centres during weekends and holidays.

Alcohol has been shown to be more effective than formal-
dehyde for preserving antigens such as intermediate filament
proteins." Both ethanol and methanol as well as their
modifications (Carnoy's fixative) may be used.v'" Tissue
fixed in alcohol has the added advantage of the morphology
being better preserved compared to frozen sections. It may
therefore be an advantage to fix a small piece of tissue in
alcohol and then to embed and section it rather than subject
it to freezing, storing and processing. However, with alcohol-
fixed tissues, the antigenicity is lost upon prolonged storage?
and may create serious problems if archival specimens are to
be studied. Another difficulty encountered with the use of
precipitant fixatives such as alcohol, chloroform and ethyl
ether is that they do not make all proteins insoluble with
the same degree of efficiency. Oligo- and polypeptides are
precipitated poorly.7.11 However, formalin-fixed and
paraffin-embedded archival tissue blocks have been success-
fully used in retrospective immunohistochemical studies.3,4,6.9

The use of acetone has also been recommended for tissue
specimens to be embedded in paraffin. This method has
yielded good results for keratin immunohistochemistry and
the detection of carcinoembryonic antigen. 10The long term
effects of acetone-fixation on antigen preservation are
however not known. With alcohol- and acetone-fixation of
cytoplasmic molecules, certain antigens seem to be degraded
or removed during the fixation procedure, such as the neuron
specific enolase, alpha-I-antitrypsin, alpha-l-antichymo-
trypsin and many horrnones.Ui-'!

Another factor determining the quality of immunostaining
is the temperature of the tissue embedding process. During
routine paraffin-embedding procedures, temperature-
dependent destruction of antigenic determinants may occur
which can be prevented by using paraffins with lower melting
points.

ROLE OF PROTEASE DIGESTION
Immunoreactivity for many cellular antigens is often
diminished or completely lost following formalin-fixation
and paraffin-embedding. However, some epitopes have
a tendency to remain 'hidden' and can be released by
proteolytic enzymatic predigestion.Iv'> The digestion
presumably releases antigenic determinants hidden by the
cross-linking nature of formaldehyde fixation. Alternately, it
may just make the cells more permeable. Initial studies have
demonstrated that this process is effective in detecting
hepatitis B antigens, carcinoembryonic antigen and alpha-l-
antitrypsin in formalin-fixed paraffin-embedded tissue.i-I>
The technique is also effective in the analysis of other antigens
such as immunoglobulins, basement membrane proteins and
cytoskeletal proteins. 3,13,16

The use of protease digestion must be carefully regulated.
Over-digestion can destroy antigenicity and will compromise

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 6, NO,2

tissue structure. Variables to be considered in this context
are the type and concentration of the enzyme used, the time,
pH, and temperature of enzymatic treatment, the type of
tissue and cells and the duration of fixation. There is no hard
and fast rule or any systematic experience to suggest which
enzyme or method is most effective. Enzymes can be used
interchangeably as long as the conditions of the reaction are
controlled. IS Among the various proteolytic enzymes tested,
including pronase, papain, pepsin and trypsin, the last seems
to be the most suitable as its action is easily controlled and
the structural details of the tissue are better preserved.i-'>"
Trypsin hydrolyses arginine-lysine bonds. Attention to the
type of trypsin as well as to incubation time is essential and
the results may vary accordingly.i-" Local fixation time
will modify enzymatic treatment; the longer the formalin-
fixation, the longer it will take for protease digestion.
However, since the actual fixation time will vary in different
regions of a large tissue specimen, optimal protease digestion
too will be achieved in patches of the specimen. This will
result in a zonal or patchy immunoreactivity pattern. For the
immunohistochemical detection of certain glycoproteins
such as fibronectin and lectin-specific glycoproteins,
enzymatic digestion can be carried out in paraffin sections by
hyaluronidase and neuraminidase.i-'?

FALSE-POSITIVITY AND BACKGROUND STAINING
False-positive immunoreactivity is normally a problem
associated with the primary antibody and/or the amplification
system. The use of careful techniques such as employment of
concurrently run strict negative controls and surveillance of
antibody specificity can help reduce this problem.

Undesired specificities in the concerned antibody is a
common feature which often leads to misinterpretation, This
is particularly evident with polyclonal antisera. Low affinity
binding antibodies or a low concentration of contaminating
antibody activity may be present in the polyclonal antisera."
This often causes a generalized background staining and in
some cases selective false-positive staining. Further purifica-
tion and affinity chromatography of the polyclonal antisera
can help reduce such cases. Adsorption of the antibody
with the corresponding antigen and then its use along with
unadsorbed antisera is another possible solution and the
difference between the immunostaining results obtained
with the two antibody preparations represent specific stain-
ing, However, this method is rarely feasible since purified
antigens are rare.

Background problems have now been reduced with the
commercial availability of monoclonal antibodies to a variety
of epitopes. However problems of specificity can occur if
mouse ascites is used, since endogenous immunoglobulins
may be secreted into the fluid. Thus an antibody requires
careful scrutiny and pretesting before it is routinely applied.
This procedure has to be rigorously applied to every new
batch of the antibody.

The amplification system used for a reaction may also lead
to staining problems.? Use of the avidin-biotin-peroxidase
system on sections containing mast cells may lead to false-
positivity (even without the primary antibody) because of
their endogenous avidin binding. Similarly frozen sections
of the liver, kidney and adrenal cortex undergo epithelial
staining due to their endogenous content of biotin-like sub-
stances. Such problems can be avoided by using alternative
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amplification systems. Normal rabbit or murine sera can at
times cause immunostaining due to native antibodies.
Incompletely or unblocked endogenous peroxidase can
result in staining of white blood cells and erythrocytes.

Certain immunostains, not unexpectedly, produce diffuse
or non-specific results leading to erroneous conclusions,
although this type of problem does not represent the false-
positive staining discussed above. Merkel cell tumours are
distinguished not only by their expression of neurofilaments
but by cytokeratin as well. A distinct paranuclear 'ball' of
cytokeratin reactivity may prove useful in delineating such
tumours.P Investigators have also reported that such charac-
teristic staining of cytokeratins can be helpful in separating
adenocarcinomas from mesotheliomas. 17 The former usually
shows a peripheral staining pattern, either apical or basal,
while mesotheliomas show a homogeneous pattern. 17 This
may be confirmed by electron microscopic studies which
show the characteristic ultrastructural localization of inter-
mediate filaments." The monoclonal milk fat globule
(HMFG-2) is also useful in the differential diagnosis of
mesotheliomas, but only if diffuse cytoplasmic staining (not
delicate membrane staining) is present and confined to
metastatic cells from the ovary and lung.l'' In ovarian
tumours, epithelial membrane antigen staining is localized
on the luminal membrane of well-differentiated tumour cells,
but it appears on the entire cell surface and cytoplasm of cells
in poorly differentiated ovarian tumours." Hepatocellular
carcinomas can be more easily distinguished from metastatic
carcinomas to the liver by carcinoembryonic antigen
immunostaining patterns; the former shows a predominantly
bile canalicular pattern, whereas the latter shows a diffuse
cytoplasmic pattern. 7.10.18

Clearly then, to report immunostaining as being merely
positive or negative is to risk missing the opportunity to add
to the knowledge base of unique immunostaining patterns
displayed by select tumour-associated markers.

OVERLAPPING OF ANTIGENIC DETERMINANTS
Many tumours which were presumed to have a well defined
histogenesis, now appear to be more complex. This is partly
due to multiple differentiation antigenic determinants
that are irrelevant to the assumed main differentiation path-
ways. Such a phenomenon results in an overlap of antigenic
patterns in many tumours. Some of the examples are as
follows:

Differential immunopathological diagnosis between
carcinoma and sarcoma
A general rule (though with many exceptions) is the presence
of keratin in carcinomas and of vimentin in sarcomas. Many
carcinomas, however, contain vimentin-positive cells.P
Prominent tumours in this category are renal cell carcinomas,
thyroid carcinomas and endometrial carcinomas.t=" Many
carcinomas with spindle cell morphology tend to lose keratin
expression whilst retaining vimentin expression, thereby
immunohistochemically presenting a sarcoma-like appear-
ance.26 The reverse is also true for sarcomas. Many
sarcoma lesions contain keratin, even without epithelial
differentiation.F Known examples of such a phenomenon
include leiomyosarcomas, rhabdomyosarcomas= and
malignant fibrous histiocytomas.P It is therefore important
that a panel of antibodies should always be used to aid
informed interpretation.
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Differential immunopathological diagnosis between
a carcinoma and lymphoma
Differential immunohistochemical diagnosis of a carcinoma
from a lymphoma is relatively simple. Most carcinomas are
keratin positive and lymphocyte common antigen (LCA)
negative and lymphomas are keratin negative and LCA
positive." However some recent reports indicate that such
distinction may not always occur. Plasmacytoid lymphomas
and plasmacytomas have been shown to be keratin positive.P-"
Large cell anaplastic lymphomas (Ki-l lymphoma) are in
many cases immunoreactive for epithelial cell antigen
with one report also showing perinuclear keratin immuno-
reactivity in the tumour cells'! Similarly, LCA-negative
lymphomas have been reported" and so have many large
cell lymphomas particularly in formalin-fixed and routinely
processed tissue. 29,31 Thus it may be difficult to differentiate
some lymphomas from poorly differentiated carcinomas,
due to such antigenic overlap.

Differential immunopathological diagnosis of
primitive tumours
Ewing's sarcoma often contains keratins and neurofilaments
in addition to vimentin.F Rhabdomyosarcomas often
contain keratin and neurofilaments in addition to the
normally seen desmin and vimentin.P Other interesting
cases are the so-called 'poly-phenotypic' tumours. These
tumours of different origin contain many different cyto-
skeletal proteins making them difficult to categorize. Certain
round cell tumours contain four types of intermediate
filaments, namely neurofilaments, vimentin, desmin and
keratin. Such findings have also been described in peritoneal
epithelial neoplasms.P

Unknown and unusual antigen distribution
Keratin-positive cells in the lymph nodes are fairly reliable
indicators of micrometastases. However, a recent report
showed that there is a keratin-positive cell population in
normal lymph nodes, tonsils and the spleen.P' These cells,
called extrafollicular reticulum, have dendrite-like processes
and are seen randomly distributed in the paracortical areas.
Though such cells can be identified on keratin immuno-
stained slides on the basis of their characteristic dendritic
processes, the lack of detailed knowledge on this issue may
lead to the erroneous assumption that micrometastases are
present. A similar population of desmin-positive reticulum
cells have also been described in lymph nodes."

THE NEED FOR BIOCHEMICAL AND/OR
MOLECULAR EVIDENCE
At its very best, a positive immunohistochemical observation
is indirect evidence for the presence of a given molecule. A
more direct way to document the presence of the particular
molecule is biochemical demonstration of the antigen by
Western blotting of the tissue fraction. This calls for gel
electrophoresis under denaturing conditions, subsequent
electrotransfer of the separated fragments on to a solid
support matrix and immunostaining of the membrane with
the concerned antibody. By this tedious procedure, the
presence of immunoreactive material of a given molecular
weight will be determined. However, this still does not
guarantee the presence of the molecule being sought as
Western blottting is not sensitive enough to detect minor
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immunoreactive cell populations. Moreover, the method is
complicated, time consuming and therefore ill suited to
routine clinical practice. However, the technique has proved
useful in documenting the presence of antigens in unexpected
locations, for example the presence of keratins in smooth
muscle tissue. 35 Another way to attain confirmatory evidence
is the application of molecular biology techniques. 36.37 In situ
hybridization can reveal DNA and mRNA sequences in the
immunoreactive cells and is probably one of the best clini-
cally applicable confirmatory techniques.P It is also unique
from a diagnostic viewpoint since it provides this vital
information without first removing the target nucleic acid
sequence from its topographical surroundings. This allows
correlation of the specific patterns of nucleic acid expression
on the one hand with tissue pathology on the other. The
technique will become much more feasible as more and more
proteins become sequenced and more probes are available.

CONCLUSIONS
Immunohistochemistry has made a major contribution to our
understanding of basic biological and carcinogenic processes
and has refined histopathological evaluation. It can playa
valuable role in tumour histopathology provided strict
controls are used and interpretation is done with care.
A thorough understanding of basic immunochemistry is
important since the immunohistochemical demonstration
of a given substance depends on several factors including
the quantity and quality of the antigen, antibody reactivity
as well as the reliability and efficiency of the immuno-
histochemical procedure employed.

The complex and often overlapping antigenic determinants
of different tumours have serious implications in tumour
diagnosis particularly when clinical or radiological informa-
tion is incomplete. The use of a single immunohistochemical
test (the use of an antibody against a specific marker) must
be avoided. Panels of antibodies must be used and must
include all diagnostic alternatives. A process of elimination
and narrowing down of diagnostic possibilities seems to be
the best alternative. Particular caution is needed for smaller
and developing laboratories planning to introduce the
technology. They should not be unduly influenced by the
multitude of new publications relating to this field. Though
commercial institutions now playa major role in the provi-
sion of reagents as well as in specificity testing, these should
not obscure the fact that valuable information in
immunopathological diagnosis can only be obtained by those
who understand the basic principles and pitfalls of the
technology. Moreover, all diagnostic immunohistochemistry
has still to be interpreted in the context of standard clinical
and histopathological evaluation.
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