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PREFACE

Practical Immunopathology of the Skin begins with a discussion of the science
behind immunopathology and an explanation of the immunoperoxidase tech-
nique and its most frequently used modifications. Issues of tissue preparation,
antigen retrieval techniques, and pitfalls that occur in the laboratory will be
addressed.

Following the introductory sections dealing with technique and laboratory
issues, a working library of antibody probes is introduced. The antibodies are
arbitrarily divided into categories based upon the types of cells they help to
characterize. However, as is the case with any categorization system, there is
some overlap, and antibodies might fit easily into more than one category. In
these situations, I opted for the location that fits best into my strategy scheme
when deciding upon an antibody profile. For instance, anti-cytokeratin 20 is an
anti-cytokeratin antibody, but is used most commonly to identify Merkel cell
carcinomas, neuroendocrine tumors. Thus, I have chosen to discuss this anti-
body in the chapter addressing markers of neuroendocrine cells. For each
antibody discussed, I offer a small introductory paragraph that provides a
general overview of the known information about the targeted antigen and its
role in cellular function. I then progress to a discussion of the diagnostic
utility of the probe, attempting to highlight the uses and potentially confound-
ing features of each. When available, sensitivities and specificities for these
markers in identifying various neoplasms are cited. More specific technical
aspects of each antibody, including any personal experiences we have encoun-
tered with the antibodies in our laboratory, are mentioned. The discussion of
each potential probe is summarized with a terse statement of its potential uses
in a diagnostic dermatopathology laboratory.

The final section of Practical Immunopathology of the Skin is a series of
vignettes taken from my practice. I have selected arange of real cases designed
to exemplify a strategy for the employment of immunopathology. For each
scenario, clinical history is presented along with the photomicrographs from
the original, routinely stained microscopic sections. These sections are some-
times less than ideal and they have been chosen for this reason in order to fully
demonstrate the benefits of immunopathology. A differential diagnosis is con-
structed based upon the available information and a strategy for solving the
diagnostic dilemma is presented in tabular form. Results of the staining proce-
dures are presented and there is a concluding statement explaining some spe-
cifics of the case.



vi Preface

It is my hope to keep the book on the level of a practical, “user’s manual”
rather than that of an in-depth, scientific treatise on the subject. I believe that
the theoretical aspects of immunopathology are well covered by other authors
and I will make frequent reference to these works throughout the book.

Bruce R. Smoller, mp



ACKNOWLEDGMENTS

There are many people who are important to me and to whom I am deeply
indebted. Without them, I would not have had the opportunity to write this
book. I want to sincerely thank my histology technicians, Vicky Givens and
Lori Talley, whose work is reflected in the photomicrographs throughout this
volume. I also want to thank Vicky for her helpful comments and critical
appraisals of my writings. She is a terrific “fact-checker.” I would like to
express my gratitude to Drs. Laura Lamps, David Parham, and Lija Joseph who
contributed some of the immunostained cases that I photographed for this
book. I also would like to thank the many dermatology and pathology residents
with whom I have had the privilege of working over the past years. It is at their
request that I embarked upon this task.

Finally, and most importantly, I wish to thank my wonderful wife, Laura,
and my two children, Gabey and Jason, for permitting me the time for this
undertaking. They are unfailingly supportive and I never cease to appreciate
and love them.

vii






CONTENTS

PIEfacCe oot \%

ACKNOWIEAGMENLS ....coviiiiiiiieiieiiceiceeee et vii

1. INTRODUCTION

T OVEIVIEW oottt e e e e e eeeeeeeeeeeeeeeeeeeeeeeees 3

2 Immunoperoxidase: The Technique..............ccccouveevvieveeneennnn. 9

II. ANTIBODY DIRECTORY

3 Epithelial Markers .........cocccoveeriiiiiiniincieeeeeeeeeseeee e 31
4 Mesenchymal Markers (Nonhematopoietic) ........ccccceeevueeenennne 53
5 Hematopoietic Markers .........ccccceeeerieeniienieiiieienic e 75
6  Melanocyte Markers.........coovveeeriieiniieiniieeiee et 111
7 Neuroectodermal (Other than Melanocytic)

and Neuroendocrine Markers ........c..cceceeveevvenenceeneencneenneenn 127
8 Antibodies Used to Identify Infectious Diseases ................... 145
9 Markers Useful in Detecting Metastatic Disease .........c..c..cc...... 155

III. VIGNETTES






I INTRODUCTION







1 Overview

What is Immunopathology?

Immunopathology is a scientific discipline that enables diag-
nostic pathologists to visualize cellular characteristics not apparent
by routine histochemical stains. Immunopathologic techniques have
evolved over the past twenty years and continue to evolve at a rapid
pace. The scientific methods behind the process have remained
largely stable, but techniques designed to enhance sensitivity and
specificity are being discovered continuously. In addition, the immu-
nologic probes available to diagnosticians are forever changing and
becoming progressively more sophisticated.

What is Immunoperoxidase?

Immunoperoxidase is, quite simply, a scientific technique that
enables pathologists to visualize cellular antigens. It is defined more
precisely as the technique that specifically uses a peroxidase-based
amplification and visualization sequence. However, within current
general usage, the term has become largely synonymous with each of
the modifications of the technique that accomplish the same func-
tions, such as the avidin-biotin complexing technique or an alkaline
phosphatase-based technique.

What are the Goals of Immunopathology?

Immunopathology should serve to allow the diagnostician the
ability to visualize cellular characteristics not seen with routine his-
tochemical stains. The identification of cellular features helps with
determining the differentiation or cell of origin giving rise to the
process being examined. This information can then be used to affix
a name to a process. While establishing a diagnosis may ultimately
lead to a “benign” or “malignant” diagnosis, the immunopathology
findings do not directly give rise to this prognosis. The findings can
only serve to identify cell types, and these findings must be inter-
preted within the context of clinical and histologic features. Immu-

3
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Fig. 1. Sample algorithmic method for working up an undifferentiated neo-
plasm in the skin.

STOP!
Technical
Problem

nopathology should never be used to make a determination of benign
or malignant. At this time, there are no markers identified that can
serve this function.

When Should Immunoperoxidase be Used?

Immunoperoxidase methods should be used in situations where
simple examination of the routine histologic sections cannot resolve
the types of cells involved in a process. In all cases, every attempt
should be made to establish a diagnosis, or at least to construct
a narrow, reasonable differential diagnosis prior to employing
immunoperoxidase. Only after this analysis has been completed can
arational strategy for immunopathology be devised. One such strat-
egy is outlined schematically in Fig. 1. As this flow chart demon-
strates, an algorithmic logic should be used in the selection of
immunoreagents for examination. In Fig. 1, the diagnostic patholo-
gist is confronted with a slide in which there are undifferentiated
tumor cells that cannot be further classified on routine sections. An
antibody panel designed to classify the neoplasm into one of several
large categories is selected, followed by a secondary level of antibod-
ies chosen based upon the results of the first round of immunostains.
A tertiary level of antibodies follows in some cases. In this particular
case, the pathologist selected an initial panel of antibodies that served
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to identify a tumor as epithelial, mesenchymal, or hematopoietic
(a subset of mesenchymal tumors). Based upon these findings, a
second set of antibodies was constructed that served to further sub-
type the types of cells involved in the proliferation. The pathologist
alsorecognized the possibility of a problem with the tissue, including
a plan for working up the situation in which no immunostaining was
identified. This type of approach is both cost-effective and serves to
minimize irrelevant immunostains that could confound interpreta-
tion. More specific examples are discussed in Part III of this book.

Where is Inmunoperoxidase Performed?

Immunoperoxidase laboratories exist within virtually all univer-
sity-based pathology departments. Most large private surgical
pathology or dermatopathology laboratories also have immuno-
peroxidase sections. The technique has become an essential compo-
nent of diagnostic pathology, and most diagnostic pathologists donot
believe that they can practice the specialty without immunostains. In
some smaller groups, pathologists refer cases requiring immuno-
staining to larger laboratories or even regional immunopathology
referral centers. Wherever the immunostaining procedures are per-
formed, it is essential that the laboratory be fully accredited and in
compliance with federal and regional regulatory agencies. This regu-
lation is of vital importance for patient care. The procedures involved
in immunostaining are complex, and the reagents used are dangerous
and must be used correctly and judiciously. Failure to comply strictly
with standardized laboratory techniques can result in spurious labo-
ratory results and aberrant diagnoses.

Who Oversees the Immunopathology Laboratory?

As mentioned previously, immunopathology laboratories exist
under the auspices of a larger diagnostic pathology laboratory. In
most cases, a licensed physician trained in laboratory medicine (i.e.,
surgical pathologist and dermatopathologist) functions as the labora-
tory director. This physician generally entrusts the daily direction of
the laboratory to a laboratory supervisor who may function as an
administrator or as an immunopathology technician. The responsi-
bility for maintaining quality control and quality assurance within the
laboratory falls upon these two individuals. It is also essential that
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laboratory directors maintain knowledge of current rules and regula-
tions for laboratories and keep abreast of the rapidly changing
advances in the field.

When is the Decision Made to Use

Immunopathologic Examinations?

The answer to this question has changed over the past decade and
will continue to be modified, as there are new developments in the
science behind the technique. In its infancy, antibodies recognized
antigens found only on cells in unfixed tissue samples. During this
time, physicians made decisions about the necessity of immuno-
staining at the time of the biopsy. Pathologists set aside frozen tissue
for immunostaining prior to review of the routine histologic sections.
Needless to say, this was a great impediment to the widespread imple-
mentation of the technique. Over the past decade, scientists have
developed antibodies that recognize an ever-increasing number of
antigens that survive routine processing techniques. Further, investi-
gators have described a wide range of antigen retrieval techniques that
unmask antigens previously hidden by fixation. Most recently, scien-
tific research has provided diagnosticians with antibodies that recog-
nize lymphocyte surface antigens in fixed tissue. At the present time,
decisions about if and when to perform immunostains can almost
invariably be made after reviewing initial histologic sections. There is
no longer need for specially processed or unfixed tissue.

Who Should Interpret Immunostaining Results?

Immunopathology is a complex medical test and should be inter-
preted by a trained and experienced physician. While in some labo-
ratories, the final result may be reported simply as “positive” or
“negative,” interpretation of the data is not so straightforward. It is
essential to know if all of the controls worked adequately during the
testing of the slide in question. It is also important to know the quality
of the staining. For instance, is the colorimetric precipitate located
within nuclei or the cytoplasm of cells? For some antibodies, only
nuclear staining should be considered truly “positive.” Itis important
to be able to discount any apparent staining in areas of necrosis, or at
the edges of the specimen.

Physicians should not use immunostaining results as the sole tool
to make a diagnosis. Data attained from the immunostaining should
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be used along with the information gleaned from the routine histo-
logic sections. Further, this information must be interpreted within
the clinical context of the patient as a whole before arriving at a final
diagnosis. Thus, itis the responsibility of any physician to understand
the role of immunostaining results in arriving at a final diagnosis.
Even for dermatologists who do not interpret their own histology
slides or immunostaining results, it is important that they understand
the general principles of immunopathology, the possible limitations
and pitfalls of the technique, and the sources for possible erroneous
interpretation.

What are the Limitations to Using Immunoperoxidase?

As is the case with any laboratory test, immunopathology is not an
exact process. There are limitations of sensitivity and specificity
inherent in the technique. Problems with sensitivity can arise on
account of the primary antibodies or owing to problems at any point
along the procedure itself. Problems with fixation, antigen retrieval,
incubation times, antibody concentrations, and other reagents can all
limit the sensitivity of immunoreactions. Similarly, these same
parameters can alter the specificity of any antibody (some of which
have at least some cross-reactivity with other antigens). Thus, it is
vital that results of immunostaining be interpreted in the context of
the entire case, including the routine histologic sections as well as any
clinical information.

It is most important at all times to remember that immunolabeling
should never be used to determine benign from malignant directly.
This distinction may become apparent once a cell type has been iden-
tified and added to the remainder of the case scenario, but on its own,
this is not an appropriate use for immunopathology.






Immunoperoxidase
The Technique

Tissue Preparation
Fixation

Tissue specimens must be fixed properly in order to attain
adequate histologic sections. There are currently many types of fixa-
tive available for this purpose. The various types of fixative have
different methods of stabilizing the tissues, thus resulting in different
effects on the immunopathology process. Some of the commercially
available fixatives are alcohol-based, while others contain heavy
metals as the main operative component. However, virtually all diag-
nostic dermatopathology laboratories use a formaldehyde-based fixa-
tive for routine tissue fixation. These fixatives are readily available,
relatively inexpensive, and provide good fixation for most tissues
and clinical situations. As other fixatives such as mercury-based,
picric acid, and alcohol-based fixatives are not widely used in der-
matopathology, their inherent problems pertaining to immunopa-
thology will not be discussed in this volume. For more specific
information addressing these specific issues, the readers are referred
to more generalized textbooks of immunopathology (7). It is impor-
tant to be aware of the different problems if other fixatives are used.
In many places, mercuric acid fixatives are used for biopsies of sus-
pected cutaneous lymphoma, especially when hematopathology labo-
ratories are involved in the initial work-up.

The most widely used fixative in dermatopathology laboratories
consists of 4% formalin solution, made by diluting 40% formalde-
hyde into a 10% solution with neutralized, buffered saline. Fortu-
nately, formalin fixation allows for excellent immunoreactivity with
alarge number of diagnostically useful antibodies. Formalin works
by crosslinking proteins within the cells of the tissue by forming
hydroxymethyl groups (2). This serves to “mask” some of the cel-
lular antigens, but these effects can be reversed during the
immunoperoxidase procedures.
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Formalin penetrates tissue specimens relatively slowly. Ideal fixa-
tion is essential for optimal immunostaining results. Fixation time is
therefore a very important variable to consider in tissue preparation.
A 3-mm punch biopsy of skin takes approx 8 h to fully fix, and this
is the ideal fixation time for subsequent immunostaining procedures.
Overfixation can also result in diminished tissue immunogenicity
(1). For this reason, itis usually not advisable to fix tissue sections for
greater than 24 h. As with many chemical reagents, newly mixed
formalin solution would ideally be created each day. As the buffered
formalin solution ages, immunostaining results may be adversely
affected. However, in most laboratories, the formalin supply is kept
current by rapid turnover of specimen bottles, rather than the daily
creation of fresh formalin solution. For this reason, the age of the
fixative used is rarely a factor in the immunopathology laboratory. It
is important to maintain a near neutral pH for the solution, as acidic
pHs can diminish immunostaining. (Extensive decalcification with
acetic acid may decrease tissue antigenicity, though this procedure is
seldom used in dermatopathology.)

Many immunomarkers do not recognize antigens in tissue follow-
ing formalin fixation. However, few of these are in use in routine
diagnostic dermatopathology. Previously, altered antigen recogni-
tion occurred with many of the antibodies directed against lympho-
cyte surface antigens. However, antibodies have been developed that
can recognize these same (or related) antigens in formalin-fixed
tissue sections. Other antibodies such as keratin-specific anti-
cytokeratin antibodies are now being developed that can recognize
specific cytokeratins in fixed tissue sections.

A little used, but valuable, technique is microwave tissue fixation.
Subjecting fresh tissue immersed in a dilute aldehyde solution to
microwave irradiation allows rapid fixation with good preservation
of morphology and preservation of antigens. In many cases, antibod-
ies can recognize these antigens, without the pretreatment proce-
dures such as enzymatic digestion (see the following section)
sometimes required with formalin-fixed tissue (3).

Paraffin Embedding

Virtually all diagnostic dermatopathology laboratories generate
microscope slides from tissue sections embedded in paraffin. This
part of the processing involves placing the fixed tissue sections into
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paraffin that has been heated to a liquid state and then cooling the
properly embedded tissue specimen back to a solid state. While
varying the temperatures and types of paraffin used in this process
affectimmunolabeling results, in most laboratories, the embedding
process is standardized. If these conditions remain constant, subse-
quent immunolabeling techniques can be established within the
laboratory to maximize staining results. Thus, this step in the tissue
processing rarely contributes significantly to the quality of
immunostaining results.

Immunostaining can be performed adequately and reproducibly on
archived tissue sections. There is a suggestion that at least some anti-
bodies lose some sensitivity when used on blocks that have been stored
for long periods. However, antigen retrieval techniques (described in
the Enzymatic Epitope Retrieval section) can often enhance the sen-
sitivities. In most cases, this is not a significant problem, though it
should be kept in mind when attempting to evaluate staining results on
older cases.

Slide Preparation

Immunolabeling techniques require tissue sections to be placed
on special types of glass slides. Because of the repeated incubation
and washing steps required in the various processes (see below),
paraffin-embedded tissue sections often become dislodged and
wash off of ordinary glass microscope slides. There are several
types of specially prepared microscope slides designed to over-
come this problem. Slides coated with poly-L-lysine, or positively
charged slides can be purchased that are much more effective at
retaining tissue sections throughout the immunostaining procedure.
Coating ordinary slides with a slight film of common glue will also
solve the problem, but this step requires more effort of the labora-
tory personnel. In addition, the quality control will not be as uni-
form with locally produced “sticky” slides.

Drying the slides is an additional step required to assure that tissue
sections remain attached to the slides. After cutting the sections to be
immunolabeled, the slides are placed in a conventional oven (at
<60°C) for at least an hour. Most laboratories heat the slides for
longer than this. There is marked variation from laboratory to labo-
ratory at this point in the specimen preparation, but some type of slide
drying is considered essential in most laboratories.
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Techniques for Antigen Visualization

There are many different laboratory techniques that have been
developed that are designed to enable the visualization of cellular
antigens. All of the techniques are variations on the theme of an
indirect immunopathologic method. Over the past 25 yr, investiga-
tors have continued to modify this basic process in order to maxi-
mize sensitivity and specificity while keeping background staining
to a minimum.

The basic laboratory strategy is depicted in Diagram 1. A commer-
cially prepared “nonlabeled” primary antibody from a nonhuman
source directed against a specific antibody found in human tissue
(i.e., rabbitanti-human S100 protein) is put onto a glass slide contain-
ing tissue to be examined. The slide is then washed in a buffering
solution. Antibody that is bound to the specifically sought antigen
will remain on the tissue sections and all unbound antibodies will be
washed away. A second antibody directed against immunoglobulins
from the first animal, created in different species from the first animal
(i.e., goat anti-rabbit IgG) is placed on the tissue sections with a large
excess of antibody. Following an incubation period, the slide is again
washed with a buffer solution, rinsing away the unbound antibodies.
These secondary antibodies are labeled with areagent such as peroxi-
dase to allow visualization of the developing antibody complex. This
method enables a wide range of unlabeled primary antibodies to be
used in conjunction with one (or several) secondary antibodies that
not are specific for any primary human antigens, but simply react
with immunoglobulin from a nonhuman source. These “labeled”
antibodies are ultimately enzymatically linked to the colorimetric
end product that is seen by the interpreter. The modifications in the
immunopathology methods are largely concerned with the bridging
(secondary) antibodies and the end-point precipitates. There are also
several points during which “blocking” steps can be added to
decrease background staining, especially important with the second-
ary antibodies.

Diagram 1A—C. (opposite page) Sample protocol forimmunoperoxidase stain-
ing method. (A) Cells within tissue sections are incubated with a mouse anti-
human (i.e., S100 protein) antibody (M). (B) Excess, unbound mouse
anti-human antibodies are rinsed off with buffer, leaving only antibody specifi-
cally bound to the human cellular antigen. (C) The tissue sections are then
incubated with rabbit anti-mouse immunoglobulin antibodies (R).









Chapter 2 /Immunoperoxidase 15

Diagram 1D-F. (opposite page) Excess, unbound rabbit antibodies are rinsed
off, leaving only rabbit antibody that specifically bound to the mouse immu-
noglobulins. (E) Tissue sections are incubated with swine anti-rabbit antibod-
ies (S), the so-called bridge antibodies. (Excess, unbound swine antibodies are
rinsed, not shown). (F) A preformed peroxidase anti-peroxidase complex (PX),
formed on rabbit antibodies are incubated with the tissue sections and bind to
unbound receptors on the swine antibodies. (Excess, unbound conjugated rab-
bit antibodies are rinsed, not shown.)

"B

e e
d %

Diagram 2. Avidin-biotin-peroxidase method. The diagram shows the final
stage in the avidin-biotin-peroxidase modification of the immunopathology
technique. Specific mouse anti-human (i.e. desmin) antibodies are bound to a
cell. A rabbit-anti-mouse IgG is complexed with biotin and binds to the bound
mouse immunoglobulin. The tissue sections are incubated with avidin and with
biotin conjugated to peroxidase. (Intermediate steps are not shown, but are
similar in principle to those demonstrated in Diagram 1.)

The most commonly employed immunopathology technique at
this time is the biotin-streptavidin immunoperoxidase complex
(B-SA) method (Diagram 2). The standard, unlabeled primary anti-
body is applied to tissue sections and unbound antibody washed off
the sections. In this modification of the immunostaining technique,
the secondary antibody directed against the species from which the
primary antibody is derived is labeled on one end with the vitamin
biotin. Following an incubation with the tissue section, excess, un-
bound antibody is washed away. Streptavidin, a 60-kD analog of
avidin with multiple high-affinity binding sites for biotin, is added to
the tissue sections, followed by biotinylated peroxidase. This com-
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plex is incubated with the tissue sections containing primary anti-
body and biotinylated secondary antibody. This incubation takes
place in conditions of great streptavidin excess, thus enabling the
formation of large peroxidase complexes. The final colorimetric pre-
cipitate proceeds in amanner identical to the original peroxidase anti-
peroxidase method. The avidin-biotin-immunoperoxidase method is
thought by some to be more sensitive than earlier methods (4).

Colorimetric End-Products
Diaminobenzidine (DAB)

The most commonly used colorimetric precipitate used in
immunostaining laboratories is diaminobenzidine. This reagent
yields a strong brown precipitate that is easily visualized with any
type of counterstain (or without) on tissue sections, serving as an
oxidant for the horseradish peroxidase- H,O, complex (Fig. 1). It
has the advantage of being relatively sensitive and permanent. The
precipitate does not fade over time. One disadvantage is that the
compound is a carcinogen, but this is not a major concern for most
laboratories, as it is believed that the risks from exposure to DAB
are relatively small. There are a variety of modifications that can be
used to enhance the intensity of the DAB end product. Increasing
the incubation time of the tissue section with the DAB and hydro-
gen peroxidase to form the precipitate will increase the staining
intensity, but often will increase background staining in parallel.
Incorporation of heavy metals into the DAB mixture will increase
the signal:noise ratio effectively. Copper sulfate is the most com-
monly used heavy metal, but osmium tetroxide, cobalt chloride, and
nickel have also been used to enhance the DAB intensity (5).

Aminoethylcarbazol (AEC)

Another frequently used chromagen is aminoethylcarbazol (AEC).
AEC produces a bright red color that is easy to visualize and to
photograph. It also has the advantage of not being carcinogenic.
However, the major drawback to AEC is that the color tends to fade
over time. The intensity of the staining decreases over months, and
the chromagen tends to bleed into the surrounding tissue. Thus, the
slides cannot be regarded as permanent records. In our laboratory,
AEC has repeatedly proven to yield less sensitive results than DAB.

One great advantage to AEC over DAB is when immunostaining
is required for cells that contain abundant melanin and/or hemosid-
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Fig. 1. Diaminobenzidine (DAB) yields a dark brown precipitate that contrasts
with the blue counterstain. (See color plate 1 appearing in the insert following
p-22.)

erin (Fig. 2). It can be quite difficult to distinguish immunostaining
from these endogenous pigments when DAB is used as the
chromagen, as all appear brown on tissue sections. However, the
AEC provides a nice contrast between a red, positive immuno-
staining reaction and endogenous brown pigment. In some cases,
we have found the use of AEC as a chromagen helpful in detecting
true staining in heavily pigmented cells. (Another technique is to
bleach the tissue sections with H,O, prior to immunolabeling. The
S100 protein will survive this pre-treatment, though antigens rec-
ognized by MART-1 and HMB-45 do not survive very well.)

Alkaline Phosphatase

Some laboratories prefer an alkaline phosphatase-based colori-
metric system. This system yields a brilliant red end product. It is not
as widely used as the systems described earlier.

Antibodies

A primary antibody that identifies a given antigen is applied to
tissue sections. This primary antibody is developed in an animal other
than ahuman being and is directed against an antigen found on human
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Fig. 2. Aminoethylcarbazol produces a bright red end product that contrasts
with the blue counterstain. Further, this reagent allows distinction from endog-
enous melanin that may be present in the tissue sections. (See color plate 2
appearing in the insert following p. 22.)

cells. These antibodies can be either monoclonal or polyclonal and
are produced by a variety of methods. Monoclonal antibodies are
more specific than are polyclonal antibodies, but are more likely to
be adversely affected by fixation problems (6). Polyclonal antibodies
tend to have higher binding affinities for specific antigens than do
their monoclonal counterpart (7). Most commonly, hybridoma tech-
nology using mice is the method used for generating monoclonal
antibodies. In diagnostic dermatopathology, only commercially
available antibodies are used. Thus, an in-depth discussion on the
methods for developing new antibodies is outside the scope of this
volume. It is important to realize, however, that every antibody has
its own specificity and sensitivity. Each manufacturer’s antibodies
have unique staining properties. It is imperative to learn the behavior
pattern of each antibody before employing it in routine clinical work,
both in the printed materials supplied by the manufacturers as well as
performance of the antibodies in the laboratory using them. Exten-
sive testing should be performed on each new antibody in order to
develop maximum performance in each individual laboratory. It is
not sufficient simply to use the manufacturer’s suggested protocols,
as performance varies widely from location to location.
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A secondary antibody directed against the primary antibody is
required for all the antigen detection methods described. These anti-
bodies are most commonly anti-immunoglobulin antibodies directed
against immunoglobulins that comprise the primary antibody. These
secondary antibodies must be somewhat species-specific and cannot
react with human tissue. Several companies now produce secondary
antibody cocktails that recognize immunoglobulins from several
species, and can be used with a large number of primary antibodies.

Commercially available antibodies have arecommended shelf life.
It is essential that outdated antibodies be discarded and not used for
diagnostic purposes. In addition to being a laboratory regulation
enforced by several accreditation boards, results obtained with out-
dated antibodies may not be reproducible, leading to erroneous
results and compromising patient care.

Controls

As with every laboratory test, it is imperative that appropriate
controls be performed with each immunostaining procedure. Several
types of controls are essential in order to permit the accurate interpre-
tation of immunostaining results. Controls take the form of internal
controls and external controls. Forimmunostaining procedures, prob-
ably the most important controls are internal. For each antibody
tested, it is imperative that cell types that are expected to label with
an antibody demonstrate the appropriate positive staining reaction on
the tissue being examined (a positive internal control). It is equally
important that cell types that are not expected to react with a given
antibody are appropriately negative on the tissue section being exam-
ined (negative internal control). These controls provide the informa-
tion that the tissue section has been fixed in a manner that preserves
the antigen in question. It also provides the information that the stain-
ing procedure worked. Further, it allows the interpreter to see the
specific antibody working as expected.

In addition to the internal controls, most laboratories have sev-
eral different types of external controls that are run with each
immunolabeling procedure. In order to assure that the immuno-
staining procedure worked appropriately, tissue sections taken from
a specimen known to be reactive with a given antibody are run in
parallel with the sections being tested diagnostically. This tissue
serves as a positive external control. In many laboratories, a stan-
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dardized “sausage-like” tissue section comprised of a wide range of
cell types serves as the positive external control. This type of tissue
specimen can be prepared locally or purchased commercially. If the
external control specimen stains appropriately but there is no stain-
ing whatsoever on the experimental tissue (including cells that
should label with the antibody), it is likely that there is a problem
with antigen recognition on the tissue to be examined. This result
might suggest over- or underfixation, or several other problems.
Additional antigen retrieval steps (see the Enzymatic Epitope
Retrieval section) might be indicated. In addition, a negative exter-
nal control specimen may be run. In most cases, this is a tissue
section that undergoes all of the immunostaining procedural steps
except that instead of the primary antibody being tested, an irrel-
evant antibody (or normal immune serum) is used. Any staining in
this section can thus be regarded as nonspecific staining. Should
this be significant, extreme caution should be used in interpreting
the specimen being examined.

It has been suggested that the use of a ubiquitous antibody such as
vimentin is helpful in assuring the antigenicity of each tissue section
examined (8). Vimentin labels cells that are present in virtually every
specimen examined. Lack of any staining with vimentin on a slide
suggests the likelihood of decreased antigen preservation and should
preclude interpretation of immunostaining results.

While there are many other types of controls that can be under-
taken, in most situations these are the only controls run during the
immunostaining procedures. All control tissues should be examined
prior to examining the test specimen so that the immunostaining
results can be interpreted fairly.

Automation

The last decade has witnessed the development of automated slide
stainers capable of performing immunopathologic procedures. The
great advantage to these machines is their reproducibility. Prepro-
gramming a set of incubation times and antibody dilutions essentially
eliminates run-to-run variations. There are many commercially avail-
able immunostainers currently available. Each of these has its own
strengths and weaknesses, and allows the laboratory personnel vary-
ing levels of control and abilities to modify individual programs.
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For the usual dermatopathology laboratory that performs at least
a moderate volume of immunostains, automated immunostainers
have become a cost-effective part of the laboratory resources. An
automated slide stainer has built-in computer technology that enables
the operator to program protocols for a large number of antibodies.
This is done at the time that any new antibody is brought into the
laboratory and added to diagnostic work-ups. Each of the antibodies
isinitially analyzed in the laboratory, and the protocol for optimizing
each oneis established and programmed into the immunostainer prior
to performing the tests on any cases. Optimization generally requires
parameters such as dilutions, incubation times, and pretreatment
conditions. While individual cases may require some manual “tweak-
ing” of this program, the protocol for each antibody ideally is estab-
lished to allow for best results in the vast majority of cases. The
immunotechnologist prepares the tissue sections (including any
required pretreatments described elsewhere) and places the entire
day’s slides to be immunostained onto the machine. (Most machines
can hold up to 40-50 slides for a single run.) The immunostainer is
preprogrammed for the day’s run, taking great care to correctly cor-
relate the slide number with the required antibodies. Once the pre-
pared slides have been placed onto the slide racks and the computer
appropriately programmed, the immunostaining procedures auto-
matically occur. The stainer simultaneously performs the individual-
ized protocols for each of the antibodies requested, varying the
incubation times, dilutions and other parameters as preprogrammed.
However, the protocol for each primary antibody remains essentially
identical from run to run. The immunostainer thus provides standard-
ization and is a labor saving device.

Additional assets to automated slide stainers include the ability to
perform routine histochemical stains, direct immunofluorescence
procedures, and in some cases, many of the steps required for in situ
hybridization and polymerase chain reactions (PCR).

Modifications in Antigen Retrieval
Enzymatic Epitope Retrieval

Formalin fixation, paraffin embedding, and other tissue process-
ing techniques alter tissue in many ways. Cellular proteins are
crosslinked and masked. In some cases, this prevents primary anti-
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Fig. 3. Enzymatic pretreatment may result in loss of morphologic detail.

bodies from recognizing the specific cellular antigens. Overfixation
in formalin can be partially reversed with the use of enzymatic diges-
tion. Protease digestion unmasks some crosslinked immunoreactive
sites and may be necessary to maximize performance of some anti-
bodies used on routinely processed tissue sections. Protease incuba-
tion is also reported to decrease nonspecific background staining (9).
Incubation of tissue sections with trypsin, pepsin, pronase, ficin,
DNAse, or protease is often used for this purpose (/0). Different
incubation protocols are necessary for each of the reagents, and for
each antibody to be tested. Further, it is generally recommended that
the longer a tissue specimen be fixed in formalin, the longer it needs
to be enzymatically pretreated. In actual practice, laboratories sel-
dom pay heed to this rule, as there is a general assumption that all skin
biopsies are fixed for approximately the same amount of time in a
given laboratory setting. It is only when individual immunostaining
results appear that this step is varied.

The major drawback to enzymatic tissue digestion is the loss of
morphologic detail (Fig. 3). Overtreatment results in extensive tis-
sue artifacts and may preclude diagnosis. It also may result in
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increased non-specific staining by fragmenting antigens into smaller
antigenic fragments found on many cells other than the initially
intended cells (71).

Enzymatic epitope retrieval was the first type of antigen-enhanc-
ing technique described. Since the development of heat-induced
epitope retrieval techniques, enzymatic pretreatments are used much
less commonly.

Heat-Induced Epitope Retrieval

Heat-induced epitope retrieval (HIER) enhances staining with
many antibodies and is required for some to recognize antigens on
fixed tissue sections (/2). The tissue is incubated in a buffered, pre-
heated solution. Water baths can be heated with pressure-cookers,
microwave ovens, steamers or other types of devices. Actual proto-
cols vary widely in terms of temperature, duration of heating and pH
of the buffered solutions. However, standard protocols can be devel-
oped for routine laboratory usage that will enable generalization
across most antibodies. Alkaline pHs of 8 or 9 enhance antigen
retrieval, but run the risk of causing tissue damage. The literature is
replete with articles explaining the relative advantages and disadvan-
tages of shorter and longer incubation times, higher and lower incu-
bation temperatures, methods of heating, and compositions of
buffered media. In most diagnostic laboratories, however, one or
several uniform methods can be established that will attain relatively
good staining results with a wide range of antibodies, if not the
absolute best for any given probe. For some antibodies, HIER has
proven to be superior to enzymatic pretreatment. However, this is not
the case with all antibodies. Gown and co-workers have published
their experiences with a large number of antibodies (/3).

Frozen Section Immunopathology

In recent years, there has been a move to incorporate immuno-
labeling into Mohs’ surgery procedures in attempt to better evalu-
ate tumor margins. Immunolabeling to identify residual pagetoid
cells, be they malignant keratinocytes, melanoma cells, or tumor
cells from Paget’s disease is becoming more prevalent. Certainly,
immunoperoxidase technology works exceedingly well on fresh,
frozen tissue. However, the immunotechnician must work with an
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Fig. 4. Double labeling with kappa and lambda antibodies demonstrates sepa-
rate populations of plasma cells in this specimen. (See color plate 3 appearing
in the insert following p. 22.)

entirely different set of antibody dilutions and incubation times, as
none of the protocols established for routinely fixed tissue will
provide optimal results for frozen section analysis. Robinson has
advocated the use of anti-S100 protein and HMB-45 immunostain-
ing in order to achieve better margin control in examining narrow
excisions for lentigo maligna (/4). Immunostains have also been
used to unmask tumor cells hidden by a dense inflammatory reac-
tion when performing frozen section examination (/5). A review of
the use of frozen section immunoperoxidase techniques in Moh’s
micrographic surgery details many of the current uses for this pro-
cedure (16).

Double Labeling

It is technically possible to perform double labeling with two
antibodies on a single tissue section. If the primary antibodies to be
used are from the same species, the immunostaining procedures are
performed sequentially, varying the final colorimetric precipitate.
If primary antibodies from different species are used, the immuon-
staining procedures can be performed simultaneously (Fig. 4; 17).



Chapter 2 /Immunoperoxidase

25

Table 1

Excess immunostaining

Potential solutions

Tissue dried at some point in
processing
Excessive enzymatic digestion

Excessive HIER

Edge effect

Too concentrated antibodies
(primary or sencondary)

Too long incubations

Too concentrated DAB

Tissue necrosis

Nonimmunologic binding to
collagen

Endogenous peroxidase not

completely extinguished
Overfixation

Insufficient immunostaining

Redo making certain to keep wet at
all times

Decrease incubation time with
enzymes

Decrease time of HIER incubation

Look at tissue away from edges

Decrease concentrations or
incubation times

Decrease incubation times at several
steps in protocol

Decrease concentration of DAB or
incubation time at this step

Choose another area of slide without
necrosis to interpret

Find more cellular area with less
collagen in tumor mass

Increase length of time for blocking

Decrease incubations or antibody
concentrations

Potential solutions

Tissue sections too old-deteriorated
antigen preservation
Overfixation

Outdated antibodies
(primary or secondary)

Too dilute antibody concentrations
(Primary or secondary)

Need for antigen retrieval technique

Too dilute DAB concentration

Increase incubation with enzymes or
HIER

Increase incubation with enzymes or
HIER

Try vimentin antibody to check
tissue; restain with new antibodies
if tissue is not the problem

Vary concentrations of primary and
secondary antibodies (separately)

May be required even when package
insert claims otherwise

Increase concentration of DAB or
incubation time

Pitfalls in the Interpretation of Immunopathology

As is the case with every laboratory test, there are many potential
pitfalls in the interpretation of immunopathology results (see Table 1).
Poor fixation can result in false negative readings if appropriate atten-
tion is not paid to internal and external controls. The presence of necro-
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Fig. 5. The presence of necrosis contributes to a high background staining
owing to nonspecific adsorption.

Fig. 6. An “edge effect” is often present on tissue sections. The edges of the
tissue appear to be immunoreactive. This staining is not real and should be
interpreted with caution.
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Fig. 7. Endogenous peroxidase activity is present in erythrocytes and granulo-
cytes and may interfere with interpretation. (See color plate 4 appearing in the
insert following p. 22.)

sis within tissue sections can result in nonspecific staining, resulting
in false positive interpretations (Fig. 5). There is often an “edge-
effect” such that the edges of tissue sections appear to have positive
staining when none is present (Fig. 6). Similarly, drying of the tissue
at any point along the staining procedure can result in excessively
high backgrounds and false positive readings. Failure to extinguish
endogenous peroxidase activity and erythrocytes and granulocytes
can also result in increased nonspecific staining (Fig. 7). It is crucial
to be aware of each of these situations prior to making a final inter-
pretation of the immunostains.
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3 Epithelial Markers

Keratins

Pan-Keratin Cocktails
INTRODUCTION

The development of anti-cytokeratin antibodies as diagnostic
tools is a long and constantly evolving story. Cytokeratins are one
type of intermediate filament that is expressed by epithelial cells.
There are currently more than 30 subtypes of cytokeratin. Keratins
are divided into two subfamilies based upon isoelectric points (/).
Those with pls less than 5.5 are termed the acidic subfamily and
those with pls greater than 6 are the basic subfamily. Keratinocytes
characteristically express pairs of two keratins, one from each sub-
family (2). Epithelial cells in different situations express different
cytokeratins. For instance, basal keratinocytes normally express
cytokeratins 5 and 14. In most circumstances, cytokeratins are
expressed with an acidic keratin and a basic keratin produced in
tandem. Suprabasilar keratinocytes cease production of these
cytokeratins and produce keratins 1 and 10. In conditions of rapid
hyperproliferation, the same cells switch over to production of
keratins 6 and 16. Cells within hair follicles, eccrine and apocrine
glands and nonkeratinizing epithelia in other organ systems pro-
duce different keratins. It is largely beyond the scope of a book
concerning diagnostic immunopathology to discuss each of the
cytokeratin expression patterns. However, it is essential to be aware
that anti-cytokeratin cocktails contain mixtures of antibodies
directed against only certain subtypes of cytokeratins and that stain-
ing results are heavily dependent upon the reagent chosen and the
situation examined.

Antibodies directed against specific cytokeratins (such as cyto-
keratins 5/6, cytokeratin 7 and cytokeratin 20) are described separately.

31
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Fig. 1. AE1/AE3 antibodies recognize basal keratinocytes within the epider-
mis and cutaneous appendages.

Diagnostic Utility

AEl1 is a polyclonal cocktail directed against acidic keratins of
various molecular weights. It reacts with keratins 10, 14-16, and 19.
It recognizes the keratins expressed by normal basal keratinocytes,
the secretory cells of eccrine glands, cells in the outer root sheath of
hair follicles and the peripheral keratinocytes within sebaceous
glands (Fig. 1A,B) (3). It also stains all suprabasilar keratinocytes
in situations of hyperproliferation (Fig. 2) (4). It is a useful marker
for squamous cell carcinomas, labeling the vast majority of them
(5). Entirely spindle shaped, or sarcomatoid squamous cell carcino-
mas may fail to stain with most anti-keratin markers, including AE1
(Fig.3) (6,7). AE1 is only weakly and sporadically positive in basal
cell carcinomas (mainly in areas with squamous or follicular differ-
entiation) (5). While the antibody recognizes keratins ordinarily
expressed by basal keratinocytes (50-kD-keratin) (8), technical
problems preclude sensitive labeling in many cases with formalin-
fixed, paraffin-embedded tissue.

AE3, another polyclonal antibody that recognizes keratins with
molecular weights of 58 kD and 65-67 kD, is expressed by virtually
all epidermal cells (8). While it is a good marker for terminal differ-
entiation and keratinization, its lack of further specificity limits its
clinical utility. One widely available antibody cocktail combines AE1
and AE3 as a broad-spectrum anti-keratin screen.
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Fig. 2. Suprabasilar staining of keratinocytes with AE1/AE3 in hyper-
proliferative states.

Fig. 3. Spindle cell squamous cell carcinomas often fail to stain with AE1/AE3
antibodies. In this case, only very focal staining was detected.

CAMS.2, another commercially available cocktail directed
against a pool of cytokeratins with molecular weights 39 kD, 43 kD,
and 50 kD is a good marker for tumors with eccrine differentiation.
It is known to react with keratin 18, and perhaps also keratins 8 and
19. It also stains 73% of sebaceous carcinoma (9). It is ordinarily not
expressed by the keratinocytes in squamous cell carcinomas. About
one third of basal cell carcinomas will demonstrate staining with this
antibody (5). CAMS.2 can be used to identify intraepidermal tumor
cells in Paget’s disease and extramammary Paget’s disease.
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MNF116is another anti-keratin antibody directed against keratins
5,6,8,17,and 19. It has been shown to label basal keratinocytes quite
strongly and is a useful marker to identify virtually all squamous cell
carcinomas and basal cell carcinomas (5). While MNF116 is clearly
a good marker for identifying these tumors, it does not distinguish
between them. As there is little call for immunostaining in identify-
ing basal cell carcinomas except in attempting to distinguish these
tumors from histologically similar appendageal tumors, all of which
label with MNF116, there appears to be little use for this antibody in
routine diagnostic laboratories.

In general, anti-keratin antibodies are fairly specific for epithelial
cells. However, there are rare reports of anomalous cytokeratin
expression by nonepithelial cells. Up to 2% of malignant melanomas
have been reported to label with anti-keratin antibodies (/0). Epithe-
lioid angiosarcomas may also express cytokeratin (/17,12). Expression
of cytokeratin is also seen in rare leiomyomas and leiomyosarcomas
(13,14). Seminomas, large cell lymphomas and plasma cells can also
express keratins. Thus, as with all immunoreagents, interpretation is
necessary in reviewing all staining patterns.

Technical Considerations

Anti-cytokeratin antibodies are not as straightforward to use as
many of the antibodies in the common repertoire. The protein
crosslinking part of the tissue fixation process masks these epitopes
markedly decreasing the sensitivity of the antibodies. Itis therefore
imperative that each laboratory develops a panel of several anti-
keratin antibodies that provide reliable staining results. AE1/AE3
and CAMS.2, the two most widely used anti-keratin antibodies,
ordinarily require enzymatic digestion as a pretreatment condition.
In our laboratory, we pretreat with protease. HIER has also been
shown to increase staining intensity (/5). Even with antigen re-
trieval pretreatments, basaloid proliferations stain poorly, if at all
with these markers (5).

Summary

There are many commercially available antibodies directed against
various combinations of specific cytokeratins. It is not feasible or
practical for any laboratory to keep all of them working well. Ideally,
alaboratory should stock several overlapping anti-keratin antibodies
in order to screen poorly differentiated neoplasms looking for epithe-
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lial differentiation. In our laboratory, we routinely use AE1/AE3 in
order to establish keratinization. We also use CAMS.2 as a tool for
identifying metastatic carcinomas, as well as ductular differentia-
tion, and Merkel cell carcinomas (both of which are better
demonstrated with antibodies discussed in the Cytokeratin 7 sec-
tion). We now use anti-cytokeratin 7 antibodies instead of CAMS.2
in order to identify tumor cells in Paget’s disease and extramammary
Paget’s disease (see Chapter 7). Due to its lack of specificity, we do
not currently use MNF116 in our laboratory.

Cytokeratin 5/6
Introduction

As has been mentioned already, different types of epithelial cells
express different cytokeratins. Cytokeratin 5 is normally expressed
by basal keratinocytes and is one of the keratins in the AE1/AE3
antibody cocktail (see the Diagnostic Utility section). Cytokeratin 6
is expressed by suprabasilar keratinocytes in hyperproliferative
states and is similarly contained in the AE1/AE3 antibody cocktail.
Recently, specific antibodies directed against these two specific
keratins have been developed.

Diagnostic Utility

The majority of spindle cell squamous cell carcinomas express
cytokeratin 5/6 (16). This is important in that the previously available
cytokeratin antibody cocktails often failed to label spindle cell squa-
mous cell carcinomas. Thus, this new antibody preparation could be
very helpful in the immunohistochemical work-up of a spindle cell
neoplasm in the skin.

Approximately 10% of epithelioid sarcomas express cytokeratins
5/6 (17).

Technical Considerations

Anti-cytokeratin 5/6 antibodies work well on formalin-fixed, par-
affin-embedded tissue. It is not yet fully understood exactly why this
antibody is able to identify cytokeratins within spindle cells within
squamous cell carcinomas that are not recognized by the AE1/AE3
anti-keratin cocktails. Clearly these antibodies are recognizing dif-
ferent epitopes on the cytokeratin 5 and 6 antigens than those targeted
by the AE1/AE3 cocktail.
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Summary

As this antibody is relatively new, its actual specificities and sen-
sitivities have not been fully elucidated. Thus, as with any new labo-
ratory test, interpretation of results must be performed with caution.

Cytokeratin 7
Introduction

Over the past decade or so, investigators have succeeded in devel-
oping stable antibodies directed against many specific cytokeratins.
One of the most useful has been the anti-cytokeratin 7 antibody.
While cytokeratin 7 is not expressed in normal adult keratinocytes,
it is normally expressed on Toker cells and Merkel cells within the
epidermis (/8).

Diagnostic Utility

Anti-cytokeratin 7 antibodies have a limited, but extremely useful
role in diagnostic dermatopathology. The most common situation in
which they are employed is in the work-up of mammary or extra-
mammary Paget’s disease (Fig. 4). It has been demonstrated that
cytokeratin 7 is almost always expressed by Paget’s cells in either
situation, while rarely expressed by the malignant cells in squamous
cell carcinomas (Table 1) (18,19). As is unfortunately the case with
virtually all antibodies however, the specificity in making this dis-
tinction is not 100%. Rare cases of squamous cell carcinoma in situ
may express cytokeratin 7 (20).

Another common use for anti-cytokeratin 7 antibodies is in the
identification of the primary neoplasm in situations with cutaneous
metastases from an unknown primary site (Fig. 5). Cytokeratin 7 is
known to be expressed on many carcinomas and to be absent from
others (21-24). A partial list of extracutaneous neoplasms that
express cytokeratin 7 is seen in Table 1.

Cytokeratin 7 is expressed by 23% of Merkel cell carcinomas.
While this staining pattern can be helpful in confirming this diagno-
sis, other antibodies such as cytokeratin 20 are far more sensitive and
thus, preferable for this purpose (see Chapter 7) (25).

Technical Considerations

Anti-cytokeratin 7 antibodies perform well in routine laboratory
conditions. They recognize an epitope that survives formalin fixation
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Fig. 4. Intra-epidermal neoplastic cells of Paget’s disease strongly express
cytokeratin 7.

Table 1
Essentials of Anti-Cytokeratin 7 Antibodies*
Sensitivity

Paget’s disease 95-100%
Extramammary Paget’s disease 86%
Other tumors known to express cytokeratin 7
Urinary bladder 100%
Pancreatic adenocarcinoma 100%
Lung adenocarcinoma 79%
Breast carcinoma 71%
Mesothelioma 67%
Merkel cell carcinoma 23%

Thyroid neoplasms
Ampullary adenocarcinoma

*Work on paraffin-embedded, formalin-fixed tissue. Pretreatment not ordinarily
required.

and paraffin embedding. Pretreatment is ordinarily necessary in
order to maximize staining performance. In our laboratory, we incu-
bate sections with protease prior to the immunostaining procedures.

Summary

Anti-cytokeratin 7 antibodies are useful diagnostic tools for estab-
lishing the diagnosis of mammary and extra-mammary Paget’s dis-
ease. Characterization of adenocarcinomas metastatic to the skin can
also be enhanced with use of these antibodies.
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Fig. 5. Glandular epithelium strongly expresses cytokeratin 7.

Cytokeratin 20 (see Chapter 7)
Carcinoembryonic Antigen

Introduction

Carcinoembryonic antigen (CEA) is an oncofetal protein that is
detected in a wide range of carcinomas (Table 2) (26). The antigen is
a protein with a molecular weight of approx 180 kD that is predomi-
nantly membranous (27). CEA is found in the developing fetal
eccrine glands. This is seen initially as CEA positivity in a single cell
within the developing epidermis that evolves into a CEA-positive
eccrine unit (28). Within the normal skin, it is routinely present in
eccrine and apocrine ducts and glands (29—317). Antibodies to CEA
strongly stain the cuticles in these structures (31/).

CEA is also believed to be involved in cellular adhesion and may
play arole in the development of metastases and in some cutaneous
inflammatory processes (32). Anti- CEA is one of the earlier antibod-
ies that became widely available with the development of immuno-
peroxidase technology. Thus, there is extensive experience with this
marker.

Diagnostic Utility
One of the major uses for anti-CEA antibodies is to detect glandu-
lar differentiation in cutaneous neoplasms. Itis a sensitive marker for
Paget’s cells. In one study, 100% of cases of extramammary Paget’s
disease expressed CEA, while only 35% of mammary Paget’s dis-
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Table 2
Essentials of Anti-Carcinoembryonic Antigen Antibodies™*
Tumors known to express CEA Sensitivity
Extramammary Paget’s disease 100%
Paget’s disease 35-100%

Cutaneous lymphadenoma
Stomach adenocarcinoma
Colonic adenocarcinoma
Pancreatic adenocarcinoma
Lung adenocarcinoma
Cervical adenocarcinoma

*Work well on paraffin-embedded, formalin-fixed tissue. Polyclonal and mono-
clonal antibodies available.

Fig. 6. Ductular lining cells in eccrine neoplasms express CEA.

ease cases were positive with this antibody (29). However, others
have detected CEA in a higher percentage of cases of mammary
Paget’s disease (33). Other studies have confirmed the relatively high
specificity for anti-CEA antibodies in the differential diagnosis of
intraepidermal Pagetoid cells (34).

Anti-CEA is a relatively sensitive marker for benign and malig-
nant eccrine and apocrine neoplasms (Fig. 6) (35). It stains up to 75%
of both benign and malignant eccrine tumors (36). Sebaceous carci-
nomas show staining with anti-CEA antibodies in sebocytes, ducts
and cysts, and in keratotic foci (37). CEA positivity within cutaneous
lymphadenomas supports the notion that these represent cutaneous
adnexal neoplasms (38).
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Fig. 7. The stratum corneum nonspecifically stains with anti-CEA antibodies
in many cases.

In some inflammatory conditions, CEA expression can be detected
in keratinocytes in the upper layers of the epidermis (32). CEA is not
ordinarily expressed by basal keratinocytes, nor by basal cell carci-
nomas; however, in a subset of such carcinomas arising in black
patients, CEA expression has been detected (39). It is also seen in
basal cell carcinomas that display sebaceous differentiation (37).

CEA expression is detected by the majority of cutaneous melano-
mas using a polyclonal anti-CEA antibody, but is not ordinarily found
with monoclonal anti-CEA antibodies. A similar reaction pattern is
seen in cutaneous deposits of metastatic melanoma (27). It has sub-
sequently been demonstrated that melanomas express the sialyl
Lewis x carbohydrate moiety of CEA, but do not actually express
CEA itself (40). Polyclonal antibodies to CEA label up to 80% of
squamous cell carcinomas (41).

Technical Considerations

CEA antibodies tend to stain with a high background (Fig. 7).
These antibodies are easy to use and work quite well in formalin-
fixed, paraffin-embedded tissue sections. Enzymatic or HIER pre-
treatment is usually necessary to maximize performance (15).
However, they almost always diffusely stain the entire stratum cor-
neum, giving a high background blush to stained sections. In most
cases, this staining does not preclude interpretation, but in many
cases, higher signal to noise ratios can be attained with other antibod-
ies to reveal similar information.
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Fig. 8. Mature sebocytes express EMA, but the basaloid cells at the periphery
of sebaceous glands do not.

Summary

Anti-CEA is a good general screening reagent. It is useful for
providing support for glandular differentiation in primary skin
tumors or in tumors metastatic to the skin. It is also useful in estab-
lishing a diagnosis of mammary or extra-mammary Paget’s disease.
In my experience, however, itis arelatively “dirty” antibody to inter-
pret and is expressed by such a wide range of neoplasms as to be
relatively nonspecific. While I keep this antibody in the laboratory,
I use it only to provide additional support for diagnoses establishing
based upon the staining pattern of other antibodies.

Epithelial Membrane Antigen (EMA)
Introduction

Epithelial membrane antigen (EMA) characteristically is
expressed on the apical and luminal surfaces of some glandular epi-
thelial cells (42,43). An antibody raised against human fat globule
membranes recognizes this protein (44). Itis not ordinarily expressed
on normal adult skin, but it is present on normal fetal epidermis prior
tokeratinization (45). EMA is usually present on the luminal surfaces
and lateral borders of both apocrine and eccrine glands, but is not
present within the ducts (46). Perineurial cells also express EMA
(47). Mature sebocytes express EMA but the antigen is not ordinarily
expressed by immature sebocytes (Fig. 8) (48).
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Table 3
Essentials of Anti-Epithelial Membrane Antigen Antibodies™*
Neoplasms known to express EMA Sensitivity
Squamous cell carcinoma 100%
Small cell anaplastic carcinoma 100%
Mesothelioma 100%
Adenocarcinoma 91%
Breast
Colon
Lung
Stomach
Pancreas
Gallbladder
Prostate
Ovary
Kidney
Thyroid
Leiomyosarcoma 44%
Chordoma 25%
Melanoma 6.5%

Synovial sarcoma
Epithelioid sarcoma
Myoepithelioma

*Monoclonal antibody, work well in paraffin-embedded, formalin-fixed tissue, and
do not ordinarily require pretreatment.

Diagnostic Utility

Anti-EMA is a very useful antibody in diagnostic dermatopathol-
ogy. The antibody suffers from a lack of absolute specificity and
sensitivity, but nonetheless can be very helpful in certain situations
and when used in conjunction with other, more specific and sensitive
markers. EMA is expressed by many tumors, some of which are listed
in Table 3. EMA is also expressed by some hematopoietic cells,
including plasma cells, Reed Sternberg cells, and the neoplastic lym-
phocytesinlarge cell anaplastic lymphomas (42,49-51). Myoepithe-

lial cells in myoepitheliomas are known to express EMA (52).
Labeling with anti-EMA antibodies is helpful in determining
eccrine differentiation in cutaneous neoplasms (Fig. 9). Hidrad-
enomas, poromas and syringomas almost always express EMA
(46,53,54). Similarly, sebaceous carcinomas are usually strongly
positive with anti-EMA antibody (55). Microvesiculation within
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Fig. 9. Ductular lining cells in eccrine and apocrine neoplasms label with anti-
EMA antibodies.

mature sebocytes is clearly outlined by this antibody. This can be
a helpful diagnostic feature. Squamous cell carcinomas, both inva-
sive and in situ, usually express EMA with a focal, patchy pattern
(37,45). The cells in both mammary and extramammary Paget’s
disease strongly express EMA in the vast majority of cases (56).

Some unexpected neoplasms may also express EMA. Rare mela-
nomas have been reported to stain with anti-EMA. The staining is
usually quite faint (57). Leiomyosarcomas express EMA in almost
50% of cases (58).

Identification of EMA expression is helpful in making a diagno-
sis of cutaneous lymphadenoma and lymphoepithelioma, and has
also provided insight into the pathogenesis of these uncommon
neoplasms (59,60). Neurothekeomas and perineuromas can be iden-
tified with the help of EMA localization to the perineurium (47).

Technical Considerations

Monoclonal anti-EMA antibodies are easy to use and work well
in formalin-fixed, paraffin-embedded tissue sections. They provide
a very clean staining pattern with excellent, low levels of back-
ground staining. Pretreatment with enzymes or microwave antigen
retrieval is ordinarily not required but has been shown to increase
signal intensity (15).

Summary

Anti-EMA is a valuable reagent in a diagnostic dermatopathology
laboratory. It can used as a first line tool in screening for glandular
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differentiation, establishing or confirming a diagnosis of Paget’s
disease (or extramammary Paget’s disease), or even providing addi-
tional support for a diagnosis of large cell lymphoma. It is probably
not a good choice as a single reagent for any of these purposes. None-
theless, it has a broad enough spectrum of uses to be a cost-effective
reagent for general laboratory usage.

Gross Cystic Disease Fluid Protein
Introduction

Gross cystic disease fluid protein (GCDFP-15) is amajor proteina-
ceous component of breast cysts. It has been detected in normal glan-
dular epitheliumin the skin, salivary gland, bronchial glands, prostate,
seminal vesicles, and breast tissue (61 ).

Diagnostic Utility

Anti- GCDFP-15 stains the cells in Paget’s and extramammary
Paget’s disease (62). In extramammary Paget’s disease, GCDFP-15
expression has been associated with primary cutaneous lesions that
have nounderlying associated malignancy. The absence of such stain-
ing within these Pagetoid cells is associated with underlying gas-
trointestinal or genitourinary neoplasms (62,63).

Anti-GCDFP-15 has been shown to stain close to 100% of primary
cutaneous apocrine neoplasms (64). A similar percentage of benign
and malignant eccrine neoplasms will express GCDFP-15 (65).

GCDFP-15 expression is also helpful in identifying cutaneous
metastases as being of potential breast origin. However, as primary
cutaneous eccrine and apocrine neoplasms can also express this
protein, identification of GCDFP-15 expression does not distin-
guish metastatic breast carcinoma from primary cutaneous glandu-
lar neoplasms (66,67). (There is not yet a reproducible method for
making this distinction using immunopathology.) GCDFP-15 ex-
pression has not been detected in metastatic neoplasms from other
primary sites.

Technical Considerations

GCDFP-15 is a widely available antibody that works well on rou-
tinely processed tissue sections. While enzymatic or heat-induced
epitope retrieval is not essential, both have been shown to increase
staining intensity (75).
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Summary

Anti-GCDFP-15 is a useful confirmatory antibody for the diag-
nostic dermatopathology laboratory. The range of neoplasms iden-
tified by the antibody is relatively limited and is largely duplicated
by antibodies such as anti-cytokeratin 7, anti-EMA, and anti-CEA.
Thus, anti-GCDFP-15 is not an essential reagent for a laboratory.
Whether or not to stock it is largely a matter of preference in work-
ing with this or several of the other markers useful for detecting
cutaneous appendageal neoplasms. We do not currently use this
antibody in our laboratory.

Sex—Hormone Receptors
Introduction

The skin in certain anatomic locations may express various sex
hormone receptors. Androgen receptors are present in keratinocytes,
sebaceous glands, eccrine glands, follicular epithelium, and dermal
fibroblasts within vaginal skin (68). Estrogen receptors are present in
vaginal mucosal epithelium and in the basal keratinocytes of vulvar
skin. They are also present in stromal fibroblasts, and smooth muscle
cells in these locations. Vaginal epithelial cells, fibroblasts and
smooth muscle cells express progesterone receptors, while cells in
vulvar skin do not (68). While not so clearly demarcated, expression
of these receptors has been reported in other cutaneous locations.
Specifically, sebaceous glands are almost always positive with anti-
bodies directed against these proteins, as are many eccrine and apo-
crine gland cells. Follicular keratinocytes demonstrate variable
expression depending upon growth phases (69).

Diagnostic Utility

There are relatively limited diagnostic uses in dermatopathology
for antibodies directed against estrogen receptors, progesterone
receptors and androgen receptors. These antibodies can be helpful in
identifying carcinomas metastatic to the skin, most often breast car-
cinomas (Fig. 10) (70). However, as there is some overlap in the
sensitivity and specificity, positive staining with any of these anti-
bodies cannot be used to absolutely distinguish metastatic breast
carcinoma from primary cutaneous eccrine neoplasm (66,71,72). In
a large study, 21% of sweat gland carcinomas and 33% of breast
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Fig. 10. Antibodies directed against estrogen receptors display strong nuclear
staining in this case of breast carcinoma metastatic to the skin.

carcinomas metastatic to the skin expressed estrogen receptors. Simi-
larly, 19% of sweat gland carcinomas expressed progesterone recep-
tors, as did 27% of metastatic breast carcinomas (73).

Androgen receptors can be found in some cases of extramammary
Paget’s disease, but estrogen and progesterone receptors are almost
always absent (74).

Early studies suggested the possibility that melanomas, congenital
nevi and dysplastic nevi expressed estrogen and progesterone recep-
tors, unlike ordinary acquired nevi (75-78). However, this finding
has not been attained in a reproducible manner, and is not thought to
be a reliable diagnostic discriminator.

Technical Considerations

Commercially available antibodies directed against epitopes of
estrogen receptors, progesterone receptors and androgen receptors
that survive routine processing are readily available. These antibod-
ies require enzymatic pretreatment or HIER in order to perform well
in formalin-fixed, paraffin-embedded tissue sections (/5). High back-
ground staining may be a problem, especially for anti-progesterone
antibody stained sections.

Summary

While antibodies directed against estrogen receptors, progester-
one receptors and androgen receptors might be helpful in confirming
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a diagnosis of breast carcinoma metastatic to the skin, they are not
100% sensitive or specific for this diagnosis. Other markers may be
equally useful in making this diagnosis and serve other diagnostic
functions. These antibodies may prove to be useful in determining
pathogeneses of various cutaneous conditions, but at this point have
only a limited role in diagnostic dermatopathology.
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Mesenchymal Markers
(Nonhematopoietic)

Vimentin
Introduction

Vimentin is one of the types of intermediate (10 nm) filaments that
characterize cell types. Itis a57 kD protein and is expressed primarily
in cells of mesenchymal origin. Immunogold labeling localized
vimentin to the cytoplasmic processes of fibroblasts, Langerhans
cells and melanocytes, with lesser amounts in the peri-nuclear cyto-
plasm (/). Anti-vimentin antibodies were among the first antibodies
available for diagnostic use. Early studies suggested that vimentin
expression was relatively specific and that its detection in cells would
enable diagnosticians to categorize a tumor as being of mesenchymal
origin (2,3). Almost immediately thereafter, it was discovered that
vimentin could be detected in cells that were nonmesenchymal.
Normal and malignant melanocytes (of neuroectodermal origin) were
found to strongly express vimentin (4-6). Within several years, the
list of neoplasms known to express vimentin had grown significantly,
and thus, its diagnostic specificity became less impressive (7).

Diagnostic Utility

As vimentin expression has been detected in an ever-expanding
number of neoplasms, its diagnostic utility has progressively less-
ened. In distinguishing between undifferentiated carcinomas and
melanomas, strong vimentin expression may favor melanoma.
However, this distinction is made much more easily and directly
with use of the relatively melanocyte-specific markers such as
MART-1, HMB-45 or tyrosinase (see Chapter 6).

In the more subtle distinction of spindle cell neoplasms in the skin,
vimentin is similarly limited. All mesenchymally derived neoplasms
such as leiomyosarcomas, dermatofibrosarcoma protuberans, glo-
mus tumors, and atypical fibroxanthomas express vimentin (Fig. 1)
(8,9). Further, endothelial cell derived tumors (also mesenschymal)
express this protein. Thus, vimentin expression does nothing to dis-
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Fig. 1. Vimentin is expressed strongly by most mesenchymally derived neo-

plasms. Note also the strong staining of Langerhans cells and melanocytes
within the epidermis by anti-vimentin antibodies.

criminate between these neoplasms. Further exacerbating the prob-
lem is the relatively newer finding that squamous cell carcinomas
with a spindle-shaped morphology can be expected to express
vimentin, as can spindle cell melanomas (/0,11). In one series, 40%
of spindle cell squamous cell carcinomas expressed vimentin (12).
Thus, virtually every neoplasm occurring within the skin that may
demonstrate a spindle cell morphology would likely be detected by
anti-vimentin antibodies.

Rare cutaneous neoplasms with a more epithelial morphology,
such as lymphoepithelioma-like carcinomas, lymphadenomas and
rhabdoid tumors may also display vimentin filaments in the epithelial
components (13-15).

In the work-up of metastatic neoplasms involving the skin, vimentin
positivity must be interpreted with caution, as renal cell carcinomas,
endometrial adenocarcinomas, thyroid carcinomas, adrenocortical
adenomas, adenocarcinomas of the lungs, ovaries, salivary glands,
prostate, and breast have all been shown to express vimentin (/2).

Technical Considerations

Anti-vimentin antibodies are among the most versatile of all com-
mercially available antibodies. The vimentin intermediate filaments
are able to survive routine tissue processing and require no specific
techniques to expose the antigens. However, pretreatment with pro-
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teinase K augments the sensitivity of anti-vimentin antibodies. HIER
also augments staining intensity (/6). Strong cytoplasmic staining
can be identified within mesenchymal cells in the normal skin. This
quality can be used as an appropriate positive internal control. In
normal conditions, keratinocytes do not express vimentin, allowing
for a good internal negative control.

Summary

Anti-vimentin antibodies have very little role in diagnostic dermato-
pathology. Due to lack of specificity, positive staining does not signifi-
cantly improve the accuracy of any diagnoses. There are more specific
mesenchymal markers that provide much more useful information (see
below). In our diagnostic laboratory, we do not stock this antibody.
However, it does serve as a very good marker to assess for antigen
preservation in tissue sections. In many laboratories, anti-vimentin
antibodies serve as a positive internal control (see Chapter 2).

Actin (Muscle Specific/Smooth Muscle)

Introduction

Actin is an intermediate filament that is expressed by myocytes. It
is a cytoskeletal protein that works in conjunction with myosin to
stimulate cellular contraction (/7). Actin also plays arole in cellular
motility and may facilitate tumor invasion (/8). It is also expressed
by myoepithelial cells (/9). Focal actin expression has been demon-
strated in apocrine decapitation formations and in the microvilli sys-
tem in sweat glands (/7). In normal skin, arrector pili muscles and the
smooth muscle surrounding dermal blood vessels normally express
smooth muscle actin (Fig. 2). Multiple antibodies to actin have been
developed and are commercially available. The most commonly used
varieties are anti-smooth muscle actin and muscle-specific actin.

Diagnostic Utility

Anti-actin antibodies are especially useful in the work-up of
spindle cell dermal neoplasms. As they are relatively sensitive and
specific markers for muscular differentiation, a positive stain points
the diagnosis in this direction (Table 1). A negative result helps to
exclude muscular tumors. Actin is detected in virtually all cutaneous
leiomyomas (Fig. 3) (20). Actin expression is thought to be more
sensitive, though possibly less specific than desmin in identifying
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Fig. 2. Smooth muscle actin is present in cells surrounding blood vessel walls
within the dermis in this vascular neoplasm.

Table 1
Essentials of Anti-Actin Antibodies*
Smooth muscle tumors Sensitivity
Leiomyoma 100%
Glomus tumor 100%
Leiomyosarcoma 70-100%

Other tumors known to express actin

Dermatomyofibroma 100%
Cellular neurothekeoma 50%
Granular cell dermatofibroma 10-50%

Plexiform fibrohistocytic tumor
Infantile digital fibromatosis
Desmoplastic melanoma Rare

*Work in formalin-fixed, paraffin-embedded tissue. Require no pretreatment.

cutaneous leiomyosarcomas (2/-23). When both antigens are
expressed, the diagnosis is close to certain. Glomus cells, which are
modified smooth muscle cells, express actin in virtually all glomus
tumors and glomangiomas (9,24).

Anti-actin antibodies have been helpful in elucidating the nature
of several uncommon types of cutaneous neoplasms. Anti-smooth
muscle actin recognizes cells in a cellular neurothekeoma. This find-
ing calls into question the nature of this tumor, raising the possibility
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Fig. 3. Cutaneous leiomyomas strongly and diffusely express smooth muscle actin.

thatitrepresents an epithelioid variant of aleiomyoma (25-27). These
neoplasms also express PGP 9.5, a neuronal marker, leaving their
etiology uncertain. Dermatomyofibromas have been defined, at least
in part, as myofibroblastic proliferations that express muscle specific
actin and desmin (but fail to label with anti-smooth muscle actin)
(28). A minority of granular cell dermatofibromas also express actin
(29). The eosinophilic intracytoplasmic inclusions characteristic of
infantile digital fibromatosis have been shown to stain intensely with
anti-actin antibodies (30).

Anti-actin antibodies are not completely specific for smooth
muscle proliferations. Desmoplastic melanomas expressing actin
have been described and may be an important differential diagnostic
consideration in some cases (37). However, this is an exceedingly
rare finding in my experience.

Technical Considerations

There are two large categories of anti-actin antibodies. o smooth
muscle actin is found only within smooth muscle cells. Monoclonal
anti-o. smooth muscle antibodies are useful mainly for identifying
normal smooth muscle and tumors with smooth muscle differentia-
tion. These antibodies work very well in formalin-fixed, paraffin-
embedded tissue and do not require pretreatment, though sensitivity
may be enhanced with trypsin or HIER pretreatment.

Anti-muscle specific actin recognizes both o and 7y actins. Yy Actins
are present in some smooth muscle cells, but are also present in striated
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muscle. Anti-muscle specific actin antibodies are relatively sensitive
and specific markers for all types of myogenic differentiation. The
antibodies work well in formalin-fixed, paraffin-embedded tissue.
HIER increases staining intensity with most anti-actin antibodies (76).

Summary

Anti-actin antibodies are relatively sensitive and specific for
tumors with myogenic differentiation. They are also easy to use and
thus provide a useful method for confirming or refuting diagnoses of
tumors with muscular differentiation. In our laboratory, there is little
need to consider striated muscle proliferations on a regular basis, and
we have found anti-smooth muscle actin antibodies to provide better
staining results than the anti-muscle specific antibodies. For these
reasons, we routinely use the anti-smooth muscle antibody in our
panel of reagents, but do not stock anti-muscle specific actin.

Desmin

Introduction

Desmin is a 53 kD intermediate filament that is present in striated
and smooth muscle cells. Desmin is produced by a more restricted
group of cell types than is actin (7). It has been localized to the fila-
mentous bridges between Z-lines of myofibrils and sarcolemma and
at the intermyofibrillar scaffolds, in conjunction with plectin (32).

Diagnostic Utility

Virtually all leiomyomas express desmin (see Table 2) (20). Anti-
desmin antibodies are more variable in their staining of leiomyosarco-
mas (Fig.4)(21).In one study, only 80% of cutaneous leiomyosarcomas
expressed desmin (22). Others have suggested that desmin expression
is less common in high-grade leiomyosarcomas (33). The neoplastic
cells in infantile digital fibromatoses, which are thought to be
myofibroblasts, have been shown to express desmin, as does the same
population of cells in some ossifying fibromyxoid tumors of soft parts
(30,34). However, other tumors of myofibroblasts such as solitary
myofibromas and dermatomyofibromas have not stained with anti-
desmin antibodies (35-37). Primary cutaneous rhabdomyosarcomas,
while extremely rare, can be identified by their desmin expression
(38,39). Glomus tumors, which are comprised of “modified” smooth
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Table 2
Essentials of Anti-Desmin Antibodies
Smooth muscle tumors Sensitivity
Leiomyosarcoma 80%
Leiomyoma 50-80%
Glomus tumor 0-3%

Other tumors expressing desmin

Infantile digital fibromatosis
Rhabdomyosarcoma

Fig. 4. Desmin expression within leiomyosarcomas may be variable and patchy.

muscle cells and express actin, do not ordinarily express desmin (40).
Cellular neurothekeomas, believed by some to be epithelioid leio-
myomas, uniformly fail to express desmin (but stain with anti-smooth
muscle actin) (26).

Technical Considerations

Anti-desmin antibodies work extremely well on formalin-fixed,
paraffin-embedded tissue. In general, special antigen retrieval tech-
niques are not necessary to achieve clean and strong staining results.
However, HIER has been shown to increase staining intensity (/6).
When we use this antibody, we usually pretreat with proteinase K
prior to the immunolabeling procedure.
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Summary

Anti-desmin antibodies are more specific for muscle than are the
anti-actin antibodies described above, but are far less sensitive. These
antibodies are good antibodies that work quite well in fixed tissue,
but have only a limited utility in diagnostic dermatopathology. For
this reason, in our laboratory, we do not feel the need to routinely use
anti-desmin antibodies. In most cases, we are able to recognize myo-
genic differentiation using a combination of positive staining with
the anti-smooth muscle actin antibodies in conjunction with other
antibodies that fail to recognize these cells.

CD34

Introduction

CD34, also known as the human progenitor cell antigen (HPCA-1),
isaglycolated, 110 kD transmembrane glycoprotein. Itis expressed on
hematopoietic precursor cells in both the lymphoid and myeloid lines,
as well as on the abluminal surfaces of vascular endothelium (41). It
is expressed by osteoclast precursors and by a population of cells
known as dermal dendrocytes (42). These cells have the ability to
express either CD34 or factor XIIla. They are involved in the cuta-
neous immune response and may work in conjunction with mast cells
(43). Clusters of spindle-shaped CD34 positive cells are found within
the dermal papillae, in the follicular bulge, and around eccrine struc-
tures (Fig. 5). The exact function of these cells remains to be
elucidated. They may represent a population of uncommitted mesen-
chymal cells (44).

Diagnostic Utility

Antibodies directed against CD34 are useful in the work-up of
putative vascular neoplasms (Fig. 6, Table 3). The antibody has been
shown to be more sensitive than is CD31 in identifying the prolifer-
ating cells in Kaposi’s sarcoma (45). Some authors have reported
decreased sensitivity with this antibody in detecting neoplastic
endothelial cells in angiosarcomas, spindle cell hemangioendo-
theliomas and some cases of bacillary angiomatosis (46). This is
especially true within poorly differentiated, epithelioid areas of these
vascular proliferations (47). However, other authors have found
almost uniform staining of angiosarcomas (48).
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Fig. 5. Anti-CD34 identifies spindle shaped cells within the dermis, especially
around eccrine ducts and hair follicles.

Fig. 6. CD34 is strongly expressed by endothelial cells in vascular neoplasms.

Anti- CD34 is a useful marker for identifying dermatofibrosar-
coma protuberans. It strongly labels the cells in the vast majority of
these tumors (Fig. 7). CD34 is not expressed ordinarily by many of
the tumors in the histologic differential diagnosis such as dermatofi-
broma, atypical fibroxanthoma, or spindle cell melanoma (49,50).
Cells in giant cell fibroblastomas express CD34, reinforcing the
concept that these tumors are closely related histogenetically to
dermatofibrosarcoma protuberans (57). Scar fibroblasts fail to
express CD34, enabling staining differences to be useful in distin-
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Table 3

Essentials of Anti-CD34 Antibodies™
Tumors known to express CD34 Sensitivity
Kaposi’s sarcoma 100%
Lymphangioendothelioma 100%
Solitary fibrous tumor 100%
Myxoid neurothekeoma 100% (Scattered cells)
Dermatofibrosarcoma protuberans 85-100%
Angiosarcoma 21-93%
Epithelioid sarcoma 50% (weak)
Malignant peripheral nerve sheath tumor 14-20%
Leiomyosarcoma 14%
Trichilemmoma

Acute leukemias

Chronic leukemias

Perineuroma Focal
Schwannoma (Antoni B areas)

*Work well in formalin-fixed, paraffin-embedded tissue. Require no pretreatment.
Staining profile: normal dermal dendrocytes, clusters of spindle-shaped cells around
hair follicles and eccrine structures.

Fig. 7. CD34 expression is strong and diffuse in most dermatofibrosarcoma
protuberans.

guishing residual/ recurrent dermatofibrosarcoma protuberans from
scar tissue (52). However, CD34 expression is not specific for
dermatofibrosarcoma protuberans among spindle cell neoplasms.
In addition to expression by vascular tumors discussed above, it
is found on various cellular components of nerve sheath tumors,
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as well as by cells in solitary fibrous tumors and rare leiomyomas
(48,53-56).

CD34 expression by immature hematopoietic precursors can be
used to advantage in the work-up of leukemia cutis. Cells in acute
types of leukemia cutis stain with antibodies directed against this
protein, whereas mature hematopoietic cells do not label with these
antibodies (42). However, as both myeloblasts and lymphoblasts
express the antigen, CD34 expression is not useful in distinguishing
between subtypes of acute leukemia.

CD34 is also expressed by keratinocytes that make up the follicu-
lar outer root sheath. Accordingly, tumors with differentiation
towards the outer root sheath, such as trichilemmomas label with
CD34. Keratinocytes in other follicular neoplasms do not express
this antigen (57).

Recently, desmoplastic melanomas that express CD34 have
been described (58).

Technical Considerations

The monoclonal CD34 antibodies work very well on paraffin-
embedded, formalin-fixed tissue sections. The signal to noise ratio is
enhanced with the use of trypsin digestion. HIER may also be useful,
but is associated with higher background staining than is the
enyzmatic pretreatment.

Summary

Anti-CD34 is a valuable reagent for an immunopathology labo-
ratory. In conjunction with anti-CD31, it provides maximum sen-
sitivity and specificity for identifying vascular neoplasms. Itis also
a very sensitive marker for recognizing dermatofibrosarcoma
protuberans. Its drawback is relative lack of specificity, as it stains
a wide range of spindle-cell neoplasms (Table 3). However, when
used together with other, more specific markers, it offers additional
support in establishing many diagnoses. The antibodies perform
well on almost all fixed tissue specimens and are easy to use.

CD31
Introduction

The CD31 antigen, also known as PECAM-1 (platelet endothe-
lial cell adhesion molecule) corresponds to the platelet glycopro-
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tein gplla and is found on endothelial cells (59). CD31 appears to
play a vital role in the development of endothelial cell tube forma-
tion and the creation of dermal blood vessels during angiogenesis.
It is a member of the immunoglobulin superfamily and interacts
with filamentous actin (60). The antigen is a 130-140 kD protein
that functions, at least in part, as an adhesion molecule, attracting
leukocytes to the endothelium (67,62). CD31 is expressed on
endothelial luminal membranes of blood microvasculature, as well
as on both the luminal and abluminal surfaces of lymphatic endot-
helial cells (41). CD31 is also expressed on the surfaces of platelets,
monocytes, neutrophils and some B lymphocytes. Antibodies
directed against CD31 were initially described in 1990, and have
proven to be fairly specific markers of endothelial cell prolifera-
tions, though they also label some hematopoietic cells (54,63).

Diagnostic Utility

Anti-CD31 staining was observed in 66% of vascular lesions in
one large study (54) (Table 4). It was more sensitive than anti-CD34
in detecting angiosarcomas (Fig. 8) (54). In the same study, anti-
CD34 detected only 68% of vascular neoplasms. However, of signifi-
cance, in the same series, anti-CD31 was not detected any nonvascular
neoplasms, while anti-CD34 labeled 40% of these tumors (54). Other
studies have confirmed the superior sensitivity of anti-CD31 anti-
bodies over anti-CD34 and anti-factor VIII-related antigen in label-
ing cells in cutaneous angiosarcomas (64).

Anti-CD31 is consistently more sensitive in detecting lymphatic
endothelial cells than anti-CD34 (65,66). It is also a good marker for
these cells in proliferative processes, labeling the vast majority of
such tumors (67).

In one study, CD 31 was less sensitive in marking cells in Kaposi’s
sarcoma than was CD34 (54). Other reports have detected CD31 more
frequently in cases of Kaposi’s sarcoma, including the endothelial cells,
stromal spindle-shaped cells, and surrounding dermal dendrocytes
(68,69). The weight of evidence suggests, however, that CD31 may be
less sensitive overall than anti-CD34 in detecting these tumors (64).

CD31 is also expressed by plasma cells. This quality may be diag-
nostically useful in rare situations, though there are clearly more
reliable markers for identifying plasma cells (see Chapter 5) (70).
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Table 4
Essentials of Anti-CD31 Antibodies™
Vascular lining cells and neoplasms Sensitivity
Lymphatic channels 100%
Lymphangioendothelioma 88%
Angiosarcoma 66-95%
Kaposi’s sarcoma 10-75%

*Work well in formalin-fixed, paraffin-embedded tissue. Require no pretreatment.

Fig. 8. Endothelial cells in most angiosarcomas express CD31 strongly and
diffusely.

Technical Considerations

Antibodies directed against CD31 work extremely well on paraf-
fin-embedded, formalin-fixed tissue sections. Pretreatment is not
ordinarily necessary. However, HIER has been shown to increase the
signal strength, as does pretreatment with proteinase K (16).

Summary

Anti-CD31 antibodies are a first line tool for diagnosing vascular
neoplasms. They enable maximum specificity for identifying endothe-
lial cells and are also the most sensitive marker for some types of
vascular neoplasms. When used in conjunction with anti-CD34 anti-
bodies, maximum sensitivity and specificity can be achieved in narrow-
ing down the differential diagnosis that includes vascular neoplasms.
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Factor VIII-Related Antigen (von Willebrand Factor)

Introduction

Von Willebrand factor (vWF) is a270 kD glycoprotein. It binds to
platelet glycoproteins Ib, Ib/Illa, collagen and heparin. The protein
is present in platelets, megakaryocytes and endothelial cells. Com-
mercially prepared antibodies directed against this protein have been
available for a long time and were one of the first reagents available
for identifying endothelial cells.

Diagnostic Utility
Anti-factor VIII-related antigen has little diagnostic utility at this

time. It has been shown to be less sensitive as a marker of endothelial
cell tumors than are anti-CD31 and anti-CD34 antibodies (66).

Technical Considerations

Antibodies to factor VIII-related antigen (von Willebrand factor)
are often plagued by high background staining, making interpreta-
tion very difficult (66).

Summary

CD31 and CD34 largely have supplanted anti-factor VIII-related
antigen antibodies. These antibodies are more sensitive and specific
and have much cleaner staining properties. For this reason, we no
longer stock these antibodies in our laboratory.

Factor X1IIIa

Introduction

Factor XIIla is a component of the coagulation cascade. It is
expressed by a subpopulation of spindle shaped cells in the dermis
and is present in the rough endoplasmic reticulum of these cells
(Fig.9) (71). This population of cells is involved in antigen presen-
tation and is derived from the bone marrow (72). These cells also
express HLA-DR, LFA-1 and multiple macrophage markers. They
do not express CDla, unlike Langherhans cells (72). The exact
relationship between factor XIIla positive cells and similar appear-
ing CD34 positive, factor XIIla negative cells in the dermis is not
yet fully understood.
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Fig. 9. Factor XIIIa positive cells are present diffusely throughout the dermis
of normal skin.

Diagnostic Utility

Anti-factor XIIIa antibodies have a very limited number of condi-
tions for which they are diagnostically useful. The tumor cells in
dermatofibromas strongly express factor XIIIa in almost all cases
(Fig. 10) (49,73). This is in contrast to dermatofibrosarcoma
protuberans, whose cells are almost always negative with this marker.
The cells in various other dermal conditions such as fibrous papules
and pleomorphic fibromas have been shown to express factor XIIla
(Fig. 11), but while these observations provide interesting insights
into pathogenesis and disease processes, they do not provide any
additional diagnostic help (74). Spindle shaped cells in other fibrotic
dermal processes including cells in scars and keloids do not express
factor XlIIla (75).

Technical Considerations

Anti-factor XIIla works on formalin-fixed, paraffin-embedded
tissue. Enyzmatic digestion or HIER for antigen retrieval is neces-
sary in order to maximize sensitivity. In our laboratory, we pretreat
with proteinase K prior to the immunolabeling procedure.

Summary

Anti-factor XIlIla antibodies play a limited role in diagnostic der-
matopathology. The antibody is particularly useful in the distinction
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Fig. 11. The large, atypical and stellate cells in pleomorphic fibromas express
factor XIIla.

between dermatofibroma and dermatofibrosarcoma protuberans
when routine histology is not diagnostic. However, as this differen-
tial diagnosis is not usually difficult to resolve using routine sections,
and as there are limited alternative uses for this reagent, it is not
essential for a dermatopathology laboratory to stock this antibody.
We use it as part of the panel of antibodies in the work-ups of der-
matofibrosarcoma protuberans and atypical fibroxanthoma.
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5 Hematopoietic Markers

CD45RB (Leukocyte Common Antigen)
Introduction

Leukocyte common antigen (LCA) is a membrane protein that is
restricted largely to leukocytes (7). It has two intracellular catalytic
domains and is part of the tyrosine phosphatase family (2). The leu-
kocyte common antigen family of proteins is comprised of enzymes
thought to play a role in cellular activation (3). There are more spe-
cificisoforms of this antigen, namely CD45RA, expressed by “naive”
T cells, and CD45RO, expressed by “memory” T cells (4). There are
specific antibodies directed against these isoforms. The following
discussion addresses the antibodies directed against the broader
CD45RB antigens.

Diagnostic Utility

Anti-LCA antibody routinely labels B and T lymphocytes. It local-
izes to the cellular membranes and focally to the cytoplasm (Fig. 1).
Monocytes and mast cells also express this protein. However, myeloid
cells, megakaryocytes and erythrocytes do not. Reed-Sternberg cells
only variably express LCA. Itis important to note that plasma cells do
not express LCA (7). Only membrane staining of the cells should be
considered as true staining. Occasional granular staining within the
cytoplasm can be seen in other cell types and is not specific.

Technical Considerations

Anti-LCA antibodies are readily available and generally easy to
use. They work extremely well on formalin-fixed, paraffin-embed-
ded tissue and do not require any type of pretreatment to expose the
antigenic sites.

Summary

There is only limited utility for anti-LCA antibodies in diagnostic
dermatopathology. In the vast majority of cases, it is possible to
identify cells as being hematopoietic without resorting to antibody
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Fig. 1. Leukocyte common antigen is strongly expressed by the vast majority
of hematopoietic cells.

labeling. However, in the rare cases when it is difficult to make this
distinction, this antibody may be useful. It should be noted that in
some types of large cell lymphomas and plasma cell proliferations,
LCA might not be expressed by neoplastic leukocytes, further dimin-
ishing the utility of this marker.

B Lymphocyte Markers
Kappa and Lambda Light Chains
INTRODUCTION

In the circulating blood, approx 70% of B lymphocytes produce
kappa light chains and the other 30% lambda light chains. This ratio
is similar to that seen in lymphocytes present within the dermis. This
biologic property can be used to assess for the presence of clonality
in B cell infiltrates within the skin.

Di1aGNosTICc UTILITY

Antibodies directed against kappa and lambda light chains could
be difficult tointerpret. The antibodies are nonspecifically adsorbed
by dermal collagen, giving a very high background “blush” staining
in many cases (Fig. 2). However, the staining appears much cleaner
in densely cellular areas, as there is little collagen to adsorb the
antibody, and interpretation is not difficult if skin biopsies contain
sufficient masses of lymphocytes (Fig. 3). In general, a case for
monoclonality can be made if there is a ratio of 10:1 or greater
between kappa and lambda expressing cells in a lymphoid infiltrate
(5). Use of anti-kappa and anti-lambda antibodies to assess
monoclonality is especially useful in establishing a diagnosis of
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Fig. 2. Anti-kappa antibodies demonstrating cellular staining along with non-
specific high background staining of surrounding dermal collagen.

I Ce
R

Fig. 3. In more cellular areas, strong staining of individual cells with anti-
lambda antibodies is easily interpreted.

marginal zone lymphoma, which may be very difficult to do on
routine tissue sections (Table 1) (6).
TECHNICAL CONSIDERATIONS

As mentioned above, while antibodies to kappa and lambda light
chains work well in formalin-fixed, paraffin-embedded tissue sec-
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tions, there are some limitations when using these antibodies on skin
sections. Collagen fibers nonspecifically adsorb the antibodies, mak-
ing tissue sections appear dirty and providing a high background. In
cases with only a pauci-cellular infiltrate of hematopoietic cells, this
nonspecific staining precludes interpretation. However, in densely
cellular dermal infiltrates, the desired staining patterns can be readily
distinguished from the nonspecific staining and the antibodies can be
very useful in detecting light chain restriction. HIER has been shown
to increase staining intensity with these antibodies (7). In our labo-
ratory, we routinely pretreat with proteinase K prior to initiating the
immunolabeling procedure.

SUMMARY

Anti-kappa and anti-light chain antibodies, when used together,
are very helpful in detecting clonality of B lymphocytes or a
plasmacellular population of cells within the dermis.

CD10
INTRODUCTION

CD10 also known as cALLA is a marker for immature B lympho-
cytes. It was initially identified as a very early marker expressed by
lymphoblastic leukemiacells (8). Itis one of many exopeptidases that
is involved in activation and deactivation of peptides.

DiagNosTic UTILITY

CD10 functions as a useful marker for B-lineage lymphomas.
However, it is less specific than was originally thought and can be
seen on a wider range of leukemias and lymphomas (§). CD10 is
also expressed by some follicular center cell lymphocytes and thus
can serve as an additional marker of follicular center cell lympho-
mas (9). Cells in small cleaved, mixed small and large cell, and
large cell lymphomas, as well as small noncleaved (Burkitts) lym-
phomas (Table 1) express CD10 (/0). However, it should be noted
that the majority of cutaneous B cell lymphomas fail to express
CD10, as they are marginal zone lymphomas, and not of follicular
center cell origin. Mantle zone lymphomas are B cell neoplasms
that uniformly fail to stain with anti-CD10 antibody (/7). Further,
many of the primary cutaneous follicular center cell lymphomas
also fail to express CD10 (72).



Chapter 5/Hematopoietic Markers 79

Table 1
Immunologic Work-Up of a B Cell Lymphoma

Follicular center cell lymphoma
CD20  + (often lost in large cell B cell lymphomas)
CDh43 =
CD3 -
Kappa and lambda light chains—restricted expression
CD10  + (optional)
CD79a + (optional)

Marginal zone lymphoma (immunocytoma)
CD20 +
CDh43 -
CD3 -
Kappa and lambda light chains—restricted expression
CDI0  — (optional)
CD79%a -

Mantle zone lymphoma
CD20 +
CD43
CD5
CD10
CD79a
Bcl-2

I+ 1+

Anti-CD10 antibodies are not absolutely specific for hemato-
poietic cells. Almost half of melanomas (primary and metastatic)
label with this antibody (13).

TECHNICAL CONSIDERATIONS

Anti-CD10 antibodies that survive routine tissue processing are
readily available and work adequately with little practice. Techno-
logic problems do not present a rate-limiting step for the use of this
antibody in routine practice.

SUMMARY

There is little use for anti-CD10 antibodies in routine diagnostic
dermatopathology. In cases where unusual types of cutaneous lym-
phoma and leukemia are being considered, the addition of this anti-
body to the panel may be helpful. However, unless the laboratory sees
a high volume of cutaneous lymphomas, it may not be practical to
keep this antibody in stock.
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CD20
INTRODUCTION

CD20 is a surface antigen that is expressed by the vast majority of
immature and mature B lymphocytes (/4). It has four membrane
spanning domains and may function as a regulator of transmembrane
calcium conductance. In this way, it may be essential in B cell acti-
vation, proliferation and/or differentiation (15).

DiagnosTtic UTiLiTy

CD20 serves as a good initial screening marker in defining sub-
populations of lymphocytes (see Table 1). In the normal skin, there
are very few B lymphocytes. In some conditions giving rise to cuta-
neous lymphoid hyperplasia, recapitulation of nodal architecture as
evidenced by follicular centers and mantle zones may be present.
Follicular centers are accentuated by strong staining of cells with
anti-CD20 antibodies (Fig. 4) (16).

In cutaneous B cell lymphomas of small or mixed-cell types, CD20
is almost always expressed diffusely throughout (17). Loss of CD20
is sometimes observed in large cell B cell lymphomas.

TECHNICAL CONSIDERATIONS

Anti-CD20 antibodies are commercially available. They work
extremely well in formalin-fixed, paraffin-embedded tissue sec-
tions and do not ordinarily require the tissue sections to be pre-
treated. HIER has been shown to increase staining intensity with
this antibody (7).

SUMMARY

CD201is currently the best overall marker for B lymphocytes. These
cells are not often present in large numbers within the dermis, except
in some cases of cutaneous lymphoid hyperplasia. Thus, the presence
of sheets of lymphocytes expressing CD20 that are not forming ger-
minal centers is strong evidence in favor of a cutaneous lymphoma.

CD79%a
INTRODUCTION

CD79 has two components known as CD79a and CD79b. The
antigen is expressed by B lymphocytes prior to the expression of
immunoglobulins. It is present in B cells throughout maturation, but
disappears as they evolve into plasma cells (/8).



Chapter 5/Hematopoietic Markers 81

Fig. 4. B cells in reactive germinal centers express CD20. A surrounding
collarette of CD20 negative T cells is also seen.

Fig. 5. CD79a is seen on B cells in this case of cutaneous lymphoid hyperpla-
sia. The CD79a negative cells are T cells (that labeled with CD3, not shown).

DiagNosTic UTILITY

Anti-CD79a antibodies are useful in distinguishing B from T cell
infiltrates (Fig. 5) (Table 1). As all B lymphocytes with the exception
of plasma cells express this antigen, it is relatively sensitive. The
antigen has not been reported on T lymphocytes, making it very
specific. It can be used as a good marker for B type of acute lympho-
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blastic leukemias, since the antigen is present in these immature pre-
cursor cells, as well (18).

For most B cell lymphomas, anti-CD20 works as a first line marker.
However, in some large cell lymphomas, the CD20 antigen may be
lost. In these cases, anti-CD79a, which is usually preserved, is very
helpful in establishing the B lineage of the tumor cells (18).

Cells in hairy cell leukemia express CD79a (19).

TeEcHNICAL CONSIDERATIONS

There are commercially available antibodies to CD79a that recog-
nize the antigen on routinely processed tissue. Antigen retrieval tech-
niques such as HIER markedly augment the staining intensity of
these antibodies.

SUMMARY

In most cases, anti-CD20 is sufficient to establish B cell lineage in
cutaneous lymphoid infiltrates. However, in many ways, CD79ais a
more useful marker, as earlier precursor cells express it than do CD20,
as well as cells later in development. While it is lost in plasma cells,
this is also the case with CD20. There is probably no need for the
usual dermatopathology laboratory to keep both antibodies, as the
indications for one over the other are relatively limited. For most
laboratories, there is more extensive experience using the CD20
antibodies, but as the more recently developed anti-CD79a antibod-
ies become more widely used, they may supplant the anti-CD20 as
the gold standard for identifying B lymphocytes.

Bcl-2
INTRODUCTION

Bcl-2 is a protein that functions as a cellular anti-apoptosis signal.
It is constituitively expressed by basal keratinocytes and melano-
cytes within the skin, but not within keratinocytes above the basal
layer (20). T lymphocytes also express bcl-2 protein in all conditions.
However, bcl-2 protein is not ordinarily expressed by reactive B
lymphocytes. Its expression has been shown to be upregulated in
nodal follicular lymphomas due to a clonally rearranged gene (20).

Di1aGgNosTICc UTILITY

Anti-bcl-2 was initially thought to be a good marker for cutaneous
B cell lymphomas, based upon the observation that reactive B cell did



Chapter 5/Hematopoietic Markers 83

Fig. 6. Cells in this primary cutaneous follicular center cell lymphoma strongly
expressed bcl-2.

not express the protein and neoplastic follicular center cells did.
However, recent literature has called into question this supposition.
In one study, the cells in 58% of B cell lymphomas expressed this
protein, but bcl-2 was also found in 33% of cases of cutaneous lym-
phoid hyperplasia (Fig. 6). However, on closer examination, neo-
plastic follicles expressed bcl-2 in 66% of cases, while it was not
found in the germinal centers in any of the cases of reactive lymphoid
hyperplasia (217). The bcl-2 protein is expressed in approximately
equal frequencies by neoplastic B lymphocytes in primary and
secondary cutaneous follicular center cell lymphomas, suggesting
that it is not a useful marker for making this distinction (27). It has
been suggested that bcl-2 expression in primary cutaneous large cell
B cell lymphomas may be related to prognosis. Bcl-2 expression is
common when these tumors occur on the legs, but not those occurring
on the head and neck. These types of tumors have a much worse
prognosis when they occur on the legs (22).

Many other cell types in the skin express the bcl-2 oncoprotein.
Basal keratinocytes weakly express this protein. Anti-bcl-2 antibodies
strongly label benign and malignant melanocytes in all types of
melanocytic proliferations (23). A wide range of benign and malignant
spindle cell tumors in the dermis also expresses the bcl-2 protein (24).
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TEeEcHNICAL CONSIDERATIONS

Anti-bcl-2 antibodies that recognize antigens on routinely fixed tis-
sue sections are commercially available. Pretreatment with enzymatic
digestion or microwave antigen retrieval is essential in order to use the
antibodies (7). In our laboratory, we routinely pretreat with HIER in a
citrate buffer to elevate the pH. This increases the sensitivity.

SUMMARY

Anti-bcl-2 has only limited utility in a diagnostic dermatopathol-
ogy laboratory. The fact that bcl-2 is expressed by most circulating
T cells limits one’s ability to distinguish correctly bcl-2 positive B
cells from T cell lymphomas in many cases. Additionally, many pri-
mary cutaneous B cell lymphomas of the follicular center cell type fail
to express bcl-2, further limiting its uses. For this reason, anti-bcl-2
antibodies are not essential in diagnostic dermatopathology.

T Lymphocyte Markers
CD3
INTRODUCTION

CD3 is expressed by virtually all mature, circulating T lympho-
cytes. Itis a surface antigen that is part of the T cell receptor complex.

DiagnosTtic UTiLITY

Anti-CD3 is a very useful screening marker to identify cells as
being T lymphocytes (Fig. 7). Unlike other pan-T cell antigens, CD3
is rarely deleted in neoplastic lymphocytes except in very undiffer-
entiated tumors. For this reason, it is probably the best available
marker to identify cells in the skin as being T lymphocytes. In the
work-up of mycosis fungoides, it is helpful in serving as the marker
of all T cells that can be compared with the CD4 positive and CD8
positive subsets (25). It attempting to establish a diagnosis of cutane-
ous lymphoid hyperplasia, anti-CD3 and anti-CD20 antibodies can
be used in combination to demonstrate a reactive pattern simulating
nodal architecture (Fig. 8).

TEeEcHNICAL CONSIDERATIONS

Anti-CD3 is a commercially available antibody that works very
well on routinely fixed tissue sections. In most cases, enzymatic
pretreatment is not necessary. However, in our laboratory, we have
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Fig. 7. CD3 expresses the majority of cells in this case of cutaneous lymphoid
hyperplasia. Interspersed CD3 negative cells expressed CD20.

Fig. 8. CD20 staining cells in germinal centers in cutaneous lymphoid hyper-
plasia.

found that pretreatment with proteinase K enhances the performance
of this antibody.

SUMMARY

Anti-CD3 is an invaluable marker to be used for the identification of
lymphocytes as T cells. There is essentially no cross-reactivity with any
other types of hematopoietic cells and the antigen is seldom lost, even
in neoplastic lymphocytes. It is an easy antibody with which to work.
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CD4

INTRODUCTION

CD4 is a lymphocyte surface marker that is found on T helper
lymphocytes. It is also expressed by Langerhans cells and other
macrophages. In the peripheral circulation, there is normally a 4:1
ratio of CD4+ helper cells to CD8+ cytotoxic/suppressor lympho-
cytes. The combined use of CD4 and CDS8 enables the diagnostic
dermatopathologist to assess for an imbalance in this ratio. Most T
cell lymphomas will demonstrate an alteration in the ratio.

DiagnosTtic UTiLiTy

Newer antibodies directed against CD4 reliably label T helper cells
in formalin-fixed, paraffin-embedded tissue sections. When used in
conjunction with antibodies directed against CD8, estimations of
CD4/CDS can be determined, helping in establishing a diagnosis of
mycosis fungoides (Fig. 9) (25,26). In B cell lymphomas, an admix-
ture of CD4 and CD8 positive reactive T lymphocytes are present.

TeEcHNICAL CONSIDERATIONS

Anti-CD4 antibodies that survive formalin-fixation and paraffin
embedding recently have become commercially available. The anti-
bodies work very well in routinely processed tissue and do notrequire
enzymatic pretreatment. In our laboratory, we have attained superior
staining results with HIER pretreatment using a citrate buffer.

SUMMARY

Antibodies directed against CD4 epitopes play an essential role in
the subtyping of cutaneous lymphomas. They are helpful in estab-
lishing or refuting a diagnosis of mycosis fungoides. Their use, in
conjunction with anti-CDS8 antibodies, is the ideal way to character-
ize the immunologic phenotype of dermal lymphocytic infiltrates.

CD5
INTRODUCTION

CD5is a 67 kp glycoprotein expressed by virtually all peripheral
T cells (Fig. 10). CDS5 expression has also been reported on B lym-
phocytes in chronic lymphocytic leukemia and mantle zone
lymphoma (27).
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Fig. 9. CD4 stains the vast majority of cells in mycosis fungoides. CD8 is
expressed by only a small minority of cutaneous T lymphocytes in this disorder
(see Fig. 11).

Fig. 10. CDS5 is seen staining virtually all T cells within this reactive dermal
infiltrate. It has only limited diagnostic utility in evaluating cutaneous lym-
phoid infiltrates.
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DiagNosTic UTILITY

The anti-CD5 antibody is useful in the work-up of cutaneous
B-cell lymphomas. Cells within mantle zone lymphomas express
CDS5 (see Table 1). Marginal zone lymphomas and follicular center
cell lymphomas do not express CD5 (28).

CDS5 also labels virtually all non-Hodgkin’s T cell lymphomas.
While this may be helpful, itis not essential in most situations as other
T cell markers provide the same information. Almost all reactive T
lymphocytes express CD5 (Fig. 10).

CD5 expression is not completely specific for lymphocytes. It
has also been reported on peripheral blood dendritic cells and on
endothelial cells (27,29). Epithelial cells in thymic carcinomas also
express CD35, but this should provide little confounding informa-
tion in most cases involving the skin (30).

TECHNICAL CONSIDERATIONS

In recent years, anti-CD5 antibodies that survive routine tissue
processing have become commercially available, widely increasing
diagnostic utility. Microwave antigen retrieval greatly enhances sig-
nal detection when using this antibody. In our laboratory, we incu-
bate the sections in a citrate buffer, increasing the pH. This has
enhanced the staining performance of these antibodies.

SUMMARY

Anti-CDS5 plays a small but definite role in diagnostic dermatopa-
thology. It is only important to have available if the laboratory sees
a significant number of cutaneous lymphomas. In these cases, it is
helpful in distinguishing mantle zone lymphomas from follicular
center cell and marginal zone lymphomas. As mantle zone lympho-
mas do not occur frequently within the skin, it may not be essential
to have CDS5 as a working antibody in most laboratories.

CD7
INTRODUCTION

CD71is a40kp pan-T lymphocyte surface antigen that is a member
of the immunoglobulin superfamily (37). It plays a role in inducing
tyrosine and lipid kinase activities within the activated T lymphocyte
(31).1tis expressed by virtually all CD8+ T lymphocytes and greater
than 90% of CD4+ cells (32). Until recently, antibodies recognizing
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this antigen only worked on fresh, frozen tissue. However, within the
past few years, antibodies that survive routine processing have
become commercially available.

DiagnosTtic UTiLiTy

The absence of CD7 expression has been used to provide addi-
tional evidence in favor of lymphoma. The loss of “pan-T” cell
antigens such as CD7 has been reported in high grade peripheral T
cell lymphomas, as well as in cases of mycosis fungoides (33). How-
ever, CD7 negative T cell infiltrates have also been described in a
wide range of inflammatory conditions, making this observation
much less specific (34).

TEeEcHNICAL CONSIDERATIONS

Anti-CD7 antibodies that recognize antigens on fixed tissue speci-
mens only recently have become available. These antibodies provide
arelatively high signal to noise ratio and are fairly straightforward to
use. Enzymatic pretreatment is not essential.

SUMMARY

The use of anti-CD7 antibodies is somewhat controversial. Abun-
dant literature suggests that CD7 expression may be decreased in
cases of mycosis fungoides and that identification of aCD4+,CD8—
population of cells that fail to express CD7 is strong evidence in favor
of this diagnosis (35). Others have refuted this observation (36). With
the trend toward easily available gene rearrangement studies of fixed
tissue specimens, detection of CD7 expression has become less
important. It may no longer be necessary to use anti-CD7 antibodies
in routine diagnostic dermatopathology. Despite an extensive expe-
rience with this antibody, we no longer maintain it in our repertoire.

CD8

INTRODUCTION

CDS8 is a lymphocyte surface antigen expressed by cytotoxic and
suppressor T lymphocytes. These subpopulations can be furtheriden-
tified with more specific antibodies such as granzyme and perforin,
but these have not yet gained wide acceptance in diagnostic work. For
the most part, the identification of T cells as being either CD4+
helper cells or CD8+ cytotoxic/suppressor cells remains sufficient
for diagnostic purposes.
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Fig. 11. CD8 labels a minority of lymphocytes present in the skin in mycosis
fungoides.
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Fig. 12. Many inflammatory infiltrates demonstrate an abundance of CD8
positive lymphocytes within the epidermis.

DiagNosTic UTILITY

Antibodies directed against CD8 are helpful in characterizing the
nature of the T lymphocytes in dermal infiltrates (Fig. 11). In some
conditions such as actinic reticuloid (chronic actinic dermatosis), the
inflammatory infiltrate is comprised almost entirely of CD8+ cells
(37). In other inflammatory diseases such as lichen planus, erythema
multiforme, and lichen planus, the intraepidermal components of the
inflammatory process are largely CD8+ cells (Fig. 12). While pre-
cise identification of these lymphocytes is not usually necessary in
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order to establish these diagnoses, such immunostaining may be
helpful in discriminating inflammatory dermatoses from early le-
sions of mycosis fungoides. Mycosis fungoides is characterized by a
heavy predominance of CD4+ cells and relatively few CD8+ cells
within the epidermis (26). The finding of a heavily epidermotropic
CD8+ infiltrate of atypical lymphocytes also may help define a rare
type of epidermotropic lymphoma that in some cases is much more
aggressive than is mycosis fungoides (38).

TEeEcHNICAL CONSIDERATIONS

Antibodies that recognize epitopes of the CDS8 surface antigen and
that survive routine tissue processing are now commercially avail-
able (39,40). We have not found pretreatment with enzymes or HIER
to improve the performance of these antibodies. The commercially
available antibodies stain cytotoxic/suppressor lymphocytes with a
very strong, clean staining pattern.

SUMMARY

Anti-CDS8 antibodies are useful to have for laboratories that exam-
ine cutaneous lymphoid infiltrates. They can be very helpful in char-
acterizing the nature of the lymphocytes within the dermis. This is
useful in ruling in or out a diagnosis of mycosis fungoides or other
types of cutaneous lymphomas.

CD30
INTRODUCTION

CD30 is an “activation” marker expressed on the surface of sub-
populations of lymphocytes. It is a transmembrane receptor with
extensive homology to tumor necrosis factor (41). T cell populations
that produce T helper 2 (Th2) types of cytokines preferentially express
CD30(42). It was initially described on the surfaces of Reed-Sternberg
cells and subsequently has been described in other conditions.

DiagnosTtic UTILITY

Reed-Sternberg cells in Hodgkin’s disease express CD30. Itis also
expressed by the large, atypical cells in types A and C lymphomatoid
papulosis and in large cell anaplastic lymphoma (43,44). Large cell
anaplastic lymphoma is currently defined as having >75% of dermal
neoplastic lymphocytes expressing CD30 (Fig. 13). In lymphoma-
toid papulosis (type A), usually about 20-30% of cells are the large,



92 Smoller

Fig. 13. CD30 labels more than 75% of atypical lymphocytes in large cell
anaplastic lymphoma.

atypical cells that express CD30 (Fig. 14). Type C lymphomatoid
papulosis is less well defined at this time. Some authors believe it to
be closely related to or identical to primary cutaneous large cell ana-
plastic lymphoma. CD30 is also expressed by the cells in Burkitt’s
lymphomas (44). Cutaneous B cell lymphomas that express CD30
have been described, but are uncommon.

Rarely, nonhematopoietic cells express CD30. The tumor cells in
embryonal carcinomas label with anti-CD30 in the majority of cases.
Rare cases of CD30 positive melanoma have been described (45).
This lack of complete specificity presents very little difficulty in
differential diagnosis, however, in diagnostic dermatopathology.

TECHNICAL CONSIDERATIONS

Antibodies directed against CD30 are commercially available.
These antibodies recognize epitopes that survive routine tissue pro-
cessing. Tissue pretreatment with HIER is necessary in most cases (7).

SUMMARY

Anti-CD30 antibodies are very helpful for the diagnostic derma-
topathologist. While not common, entities such as lymphomatoid
papulosis and large cell anaplastic lymphoma are largely defined by
the expression of CD30 by the atypical lymphocytes. It is therefore
difficult, if not impossible to make these diagnoses precisely and
definitively without the antibodies.
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Fig. 14. CD30 recognizes a minority population of atypical lymphocytes in
lymphomatoid papulosis. The majority population of small, reactive T lym-
phocytes fails to express CD30.

CD43
INTRODUCTION

CDA43 is a pan-T lymphocyte surface marker, less commonly
known as leukosialin or sialophorin (46). It is an integral cell mem-
brane mucin and appears on hematopoietic cells during embryogen-
esis (47). It is expressed in adults in all bone marrow derived cells
except in resting B lymphocytes. Thus, tissue macrophages, den-
dritic cells and cells in myeloid and some lymphoid leukemias
express CD43 (Fig. 15). Some endothelial cells, epithelial cells, and
smooth muscle cells also can express CD43 (48). It is not expressed
by reactive B lymphocytes, but its expression on neoplastic B lym-
phocytes can be used as a diagnostic clue.

DiagnosTtic UTiLITY

One of the main uses for anti-CD43 is in the identification of B cell
lymphomas (see Table 1). While ordinarily a T lymphocyte marker,
co-expression of CD20 and CD43 occurs in a significant minority of
B cell lymphomas and is associated with immunoglobulin light chain
restriction (Figs. 16 and 17) (49). In one study, this aberrant co-
expression of CD20 and CD43 was found in 31% of small or mixed
cell B cell lymphomas and in 15% of large cell lymphomas (49).
While rare, co-expression of CD20 and CD43 has also been reported
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Fig. 16. CD43 is co-expressed by cells in some follicular center cell lymphomas.

in a case of infectious mononucleosis (50). It is expressed in B cell
lymphoma cells that also express CDS5.
TECHNICAL CONSIDERATIONS

Antibodies directed against CD43 are readily available. They
ordinarily do not require tissue pretreatment and work quite well in
routinely fixed tissue.

SUMMARY

Anti-CD43 can be used as a marker for T lymphocytes. In this
capacity, anti-CD3 antibodies that are more sensitive and do not react
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Fig. 17. The same follicular center lymphoma cells as seen in Fig. 17 also
express CD20, a pan-B cell marker.

with neoplastic B lymphocytes have largely supplanted it. However,
this tendency of follicular center cell neoplastic B cells to co-express
CD20 and CD43 is a useful finding and very helpful diagnostically.
In our laboratory, we generally reserve CD43 for this purpose, using
CD3 as our first order screen for identifying T lymphocytes.

“Monocyte/Macrophage” Markers
CDla
INTRODUCTION

CDlais expressed, rather specifically, by cutaneous antigen pre-
senting cells, including Langerhans cells, interdigitating and dermal
dendritic cells and veiled cells (57). It is a glycoprotein that plays a
role in presentation of lipid antigens to T lymphocytes (52,53).

DiagnosTtic UTIiLITY

CDla expression is the most specific marker for Langerhans
cells available to the diagnostic dermatopathologist. While these
histiocytic cells also express HLA-DR and S100 protein, these
markers are not specific. There are no other epidermotropic prolif-
erations that express CDl1a, so the finding of strong staining with
this antibody in such a proliferation is diagnostic of Langerhans cell
histiocytosis (Fig. 18).
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Fig. 18. Langerhans cells strongly express CD1a, as is seen in this case of
Langerhans cell histiocytosis.

Interdigitating dendritic cell sarcomas are quite unusual in the
skin. A minority of cases expresses CD1a (54).

Itisimportant to note that the histiocytes seen in sinus histiocytosis
with massive lymphadenopathy (Rosai-Dorfman disease) fail to
express CD1a. These cells share with Langerhans cells the S100
positivity, but differ in their ability to express CD1a (55).

CD1a cross-reactivity with other cell types has not been reported.

TECHNICAL CONSIDERATIONS

Anti-CDl1a antibodies that recognize epitopes following routine
processing are available and work exceptionally well (51,56). In our
laboratory, HIER pretreatment has optimized our staining results.

SUMMARY

Anti-CD1a antibodies are not often needed in diagnostic dermato-
pathology laboratories. However, in cases where it is necessary to
establish a diagnosis of Langerhans cell histiocytosis, they are
invaluable. While anti-S100 antibodies also label these cells, S100
expression is far less specific, as S100 protein is also expressed by
intraepidermal melanocytes.

CD15
INTRODUCTION

CD15 is also known as sialyl Lewis X. Itis a carbohydrate antigen
thatis present on Reed-Sternberg cells in Hodgkin’s disease. Itis also
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expressed by occasional other lymphocytes, myeloid cells and by
macrophages. It is believed possibly to play a role in neutrophil
adhesion by functioning as a ligand for E-selectin (57,58).

DiagnosTtic UTiLiTy

Antibodies directed against CD15 are useful in confirming a diag-
nosis of cutaneous Hodgkin’s disease. Hodgkin’s disease, however,
only rarely involves the skin, and in almost all cases is widely dis-
seminated at the time of cutaneous involvement. Cells in approx 80%
of cases of Hodgkin’s disease express CD15. However, it should be
noted that almost 20% of cases of non-Hodgkin’s lymphomas had
some cells that express CD15 (59). Thus, while a helpful diagnostic
tool, CD15 expression is not pathognomic. Rare carcinomas have
been shown to express CD15 (60).

TEeEcHNICAL CONSIDERATIONS

Antibodies directed against CD15 are commercially available.
They recognize epitopes of the CD15 antigen that survive routine
processing. Pretreatment for antigen retrieval is usually necessary to
attain maximum staining results (7).

SUMMARY

There are very limited uses for anti-CD15 in diagnostic dermato-
pathology. It is not important to have this antibody readily available
for most dermatopathology laboratories. It plays amuch more central
role in hematopathology laboratories.

CD68
INTRODUCTION

There are many antibodies directed against the macrophage-
associated antigen CD68. CD68 1s a 110 kD cytoplasmic glycopro-
tein and antibodies directed against several of its epitopes are
available (61). CD68 is asialic acid binding lectin with relationship
to the immunoglobulin superfamily (62). The staining patterns of
anti-CD68 antibodies differ slightly, but largely overlap. Several of
these antibodies survive formalin-fixation and paraffin-embedding
(61). The same antigen is also present in blood neutrophils and
monocytes. Some authors have suggested that CD68 is more pre-
cisely a marker of lysosomes, and not a marker for cells of the
histiocytic lineage (63).
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Fig. 19. Reactive dermal histiocytes express CD68.
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Fig. 20. A minority of cells within most atypical fibroxanthomas is seen to
express CD68.

DiagNosTic UTILITY

KP1, an anti-CD68 antibody, labels virutally all myeloid, myelo-

monocytic and histiocytic cells (Fig. 19) (64). It is valuable for es-
tablishing the diagnosis of atypical fibroxanthoma, a tumor that is
positive in almost 60% of cases (Fig. 20) (65). When used in conjunc-
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Table 2
Essentials of Anti-CD68 Antibodies*

Types of tumors known to label with anti-CD68

Malignant fibrous histiocytoma 79%
Melanoma 70%
Renal cell carcinoma 60-100%
Large cell anaplastic lymphoma 38%
Liposarcoma 33%
Lymphomas 30%
Adenocarcinoma 25%
Malignant schwannoma 25%
Leiomyosarcoma 25%

*Antibodies work well in formalin-fixed, paraffin-embedded tissue sections.

tion with anti-actin antibodies, a diagnosis can be made with a high
degree of certainty on most of these atypical spindle cell lesions.
(Other antibodies are necessary to exclude tumors in the differential
diagnosis, see Chapter 10.) It can also be used in making the diagno-
sis of Langerhans cell histiocytosis (66) though has largely been
supplanted by the more specific anti-CD1a. CD68 is also somewhat
helpful in establishing a diagnosis of myeloid leukemia (67), but
recently has been replaced with more specific markers.

Cells other than macrophages may express CD68, as is seen in
Table 2. Anti-CD68 antibodies occasionally label cells in malignant
melanomas, granular cells, and some neural tumors and adenocarci-
nomas (68—71). In a large series, a minority of cells within many
neoplasms was found to contain some CD68 antigen (72). Mast cells
react with antibodies directed against CD68 (73).

TeEcHNICAL CONSIDERATIONS

Anti-CD68 antibodies are readily available and work well on for-
malin-fixed paraffin-embedded tissue sections. Pretreatment is not
usually necessary to achieve staining results, though protease incu-
bation has resulted in optimal performance in our laboratory.

SUMMARY

Anti-CD68 antibody is useful in the work-up of cutaneous lym-
phoid infiltrates. It serves to identify cells within an infiltrate as being
histiocytic and not large lymphocytes. CD68 is also helpful in iden-
tifying the tingible body macrophages present in reactive germinal
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centers, but noticeably absent in neoplastic follicles. It is also helpful
in the work-up of an atypical fibroxanthoma. In most other spindle
cell neoplasms, CD68 is absent or only focally present, while many
cells express this antigen in most atypical fibroxanthomas. However,
asis seenin Table 2, a wide range of cells may express CD68, thereby
greatly limiting its specificity and usefulness in establishing lineage
of neoplasms (74).

MAC387
Introduction

MAC387 is a monoclonal antibody that recognizes two calcium
binding proteins (calgranulins) found on neutrophils and monocytes.
These proteins are related to migration inhibitory factor (75).

Diagnostic Utility

MAC387 is useful in identifying macrophages or histiocytes on
fixed tissue sections. It also stains the cells in acute myeloid leukemia
(76). MAC387 has been shown to label cells within the epidermis and
squamous epithelium of the cervix (77,78). The significance of this
observation is not known but may be related to intracellular regula-
tion and cell proliferation.

The use of MAC387 to identify histiocytes is limited by its lack of
specificity. In one study, sarcomas, the majority of adenocarcinomas,
and a minority of basal cell carcinomas labeled with MAC387. In this
same study, squamous cell carcinomas and melanomas did not stain
(78). Nonetheless, the proclivity of this antibody to label a wide range
of cells limits its diagnostic utility.

Technical Considerations

The MAC387 antibody works very well on formalin-fixed, paraf-
fin-embedded tissue sections. Pretreatment with HIER or enzymatic
digestion is not ordinarily required.

Summary

The lack of specificity of this antibody precludes its routine use in
diagnostic dermatopathology. For most laboratories, antibodies
directed against CD68 are sufficient for identifying a population of
cells as histiocytic. In very rare situations, differential expression of
CD68 and the antigen recognized by MAC387 offers more precision



Chapter 5/Hematopoietic Markers 101

with regard to a subset of histiocytes, but these situations are exceed-
ingly uncommon. Thus, at this time, there is not reason to stock this
antibody for most laboratories.

Other Useful Markers
Ki-67
INTRODUCTION

Ki-67 is a marker of cellular proliferation. It is a 300 kp protein
present on the nuclei of cycling cells (79). It is present in increasing
concentrations as cells progress from G1 to S phase to mitosis. It is
located within the nucleoli during G1 and in nucleoli and karyo-
plasm during G2 (80). Ki-67 is not expressed in GO cells. It is not
specific for hematopoietic cells, but is expressed by dividing cells
of all lineages.

DiagNosTic UTILITY

Estimating the percentage of cells expressing Ki-67 in cutaneous
lymphomas has proven to be useful in predicting outcome. When
greater than 60% of B lymphocytes in a cutaneous lymphoma express
Ki-67, survival is significantly decreased (33). It has been suggested
that using Ki-67 to assess a proliferation index may provide some
useful prognostic information, especially in lymphoproliferative
processes (81). It also may provide useful prognostic information for
breast and prostate cancers, and melanomas (79,82).

Investigators have used Ki-67 staining in attempt to differentiate
melanomas from various types of benign melanocytic proliferations.
While this technique has met with some degree of success (83,84),
there is extensive overlap in the observed results (85). This has pre-
vented this type of analysis from widespread use as a diagnostic test.

TEeEcHNICAL CONSIDERATIONS

Antibodies directed against Ki-67 recognize epitopes that are
stable with routine processesing. They are easy to work with and
provide a good signal to noise ratio without tissue pretreatment. HIER
has been shown to augment the staining intensity (7).

SUMMARY

Ki-67 antibodies play a small role in diagnostic dermatopathol-
ogy. This role is still evolving. Certainly, elevated rates of Ki-67
positive lymphocytes favor a lymphoma over a reactive process.
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However, some Ki-67 positive lymphocytes are present in all reac-
tive inflammatory infiltrates. Ki-67 positive melanocytes are seen
more commonly in melanomas than in benign nevoid proliferations.
However, these data are still be evaluated and are still not particularly
helpful in a case by case basis.

CD56
INTRODUCTION

CD56 is also known as neuronal cell adhesion marker (NCAM)
(86). It is expressed on the surface of natural killer cells as well as on
neural tissues.

DiagNosTic UTILITY

Antibodies directed against CD56 are helpful in establishing a
diagnosis of natural killer cell lymphomas in the skin (87). It is useful
to add this marker to the work-up of a dense, angiodestructive lym-
phoid infiltrate in attempting to make a diagnosis of a NK lymphoma
(86). Another marker of NK cells, CD57, is frequently negative in
these cutaneous lymphomas (88—90). Acute leukemias can also
express CD56 (88). These antibodies can also be used in establishing
the neural origin of tumors such as neurofibromas, and myxoid
neurothekeomas (see Chapter 7).

TECHNICAL CONSIDERATIONS

Anti-CD56 antibodies are highly sensitive and specific for natural
killer cells. Less than 0.1% of cells within the normal dermal inflam-
matory infiltrate express this marker. Rare plasma cells may demon-
strate cytoplasmic staining with the antibodies (87).

SUMMARY

Antibodies directed against CD56 are not essential in diagnostic
dermatopathology. They can be helpful in the complete work-up of
some angiocentric lymphomas. However, these are quite rare. For
this reason, most laboratories have little use for this marker. We have
found this antibody to be invaluable in exceptional cases.

Mast Cell Tryptase
Introduction

Mast cell tryptase is a cytoplasmic serine protease relatively spe-
cific for mast cells (91).
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Fig. 21. Mast cell tryptase is a sensitive and specific method for detecting
cutaneous mast cells.

Diagnostic Utility
Antibodies directed against mast cell tryptase were found to be
100% sensitive for mast cells in one large study. In this study, these
antibodies were significantly more sensitive in detecting mast cells
than were giemsa or chloroacetate esterase stains (9/7). The antibody
has also been shown to be very specific for mast cells, not staining

other cells with cytoplasmic granules such as myeloid precursors
(Fig. 21) (92).

Technical Considerations

Antibodies directed against mast cell tryptase recognize epitopes
that survive routine processing. They provide strong, granular cyto-
plasmic staining and do not require pretreatment with enzymes or
HIER. However, in our laboratory, we have found that pretreatment
with protease enhances the staining sensitivity.

Summary

There is not yet an extensive literature concerning these antibodies
that only recently have been described. Nonetheless, the published
literature suggests that use of these antibodies may be a more sensi-
tive and specific method for detecting mast cells in routinely pro-
cessed tissue than is the performance of routine histochemical stains.
We have had the same experience and now use anti-mast cell tryptase
antibodies in place of giemsa, toluidine blue, or chloroacetate
esterase stains.
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6 Melanocyte Markers

S100 Protein

Introduction

Antibodies directed against S100 protein were the first widely
available markers used in the identification of melanocytes. S100
protein was initially detected within the brain in 1965 (7). It is a
thermolabile protein, and functions as an acidic calcium-binding
protein. The protein is composed of o and B subunits. Langerhans
cells contain exclusively the B subunit of S100, while melanocytes
contain o and 3 subunits (2). Macrophages solely express the o sub-
unit of the S100 protein in most circumstances. Neutrophils and
adipocytes within the subcutaneous fat also express S100 protein (3).

Diagnostic Utility

Despite its lack of total specificity, antibodies directed against
S100 protein continue to play a central role in establishing a diagnosis
of melanoma in the skin. The routinely used, commercially available
polyclonal antibodies are directed against both subunits of S100 pro-
tein and recognize proteins expressed in melanocytes, Langerhans
cells, neutrophils, and nerves within the skin. In some settings, mac-
rophages may also be detected with anti-S100 protein antibodies. It
is important to note that virtually all melanocytes, whether occurring
singly in the epidermis, as benign nevus nests, or as melanoma cells,
express S100 protein within their cytoplasms (Figs. 1 and 2).
Reported sensitivity rates for melanoma range from 83—-100% (4,5).
Similar high sensitivity rates have been reported for less common
subtypes including mucosal, sinonasal and desmoplastic melanomas
(6,7). Metastatic melanoma is also almost always detected with anti-
S100 protein antibodies (Table 1). Melanomas may fail to express
S100 protein, though this is exceedingly uncommon ($§).

When attempting to identify a subpopulation of cells within the
epidermis, it is important to evaluate the immunostaining in concert
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Fig. 1. Strong staining of all nevus cells with anti-S 100 protein antibody is seen
in most benign melanocytic nevi.

Fig. 2. Similar strong, diffuse staining with anti-S100 protein antibody is seen
within the cells of most melanomas.

with the routine histology in order to separate Langerhans cells from
melanocytes (Fig. 3). (The addition of an anti-CD1a antibody would
further help in this distinction, as Langerhans cells invariably express
this antigen, while melanocytes do not). More commonly, dermato-
pathologists are asked to identify a population of poorly differenti-
ated spindle-shaped cells within the dermis. In this setting, anti-S100
protein antibodies can be an invaluable aid. Virtually all desmoplas-
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Table 1
Anti-S100 Protein Antibody Essentials*
Melanocytic proliferations Sensitivity
Primary cutaneous melanoma 83-100%
Desmoplastic melanoma <100%
Mucosal melanoma <100%
Sinonasal melanoma <100%
Metastatic melanoma <100%
Common acquired melanocytic nevi <100%
Spitz nevi <100%
Dysplastic nevi <100%

Other known positively staining tumors

Rosai-Dorfman disease

Chordoma

Parachordoma

Langerhans cell histiocytoses

Ossifying fibromyxoid tumor of soft parts
Chondrosarcoma

Neurofibroma

Schwannoma

Granular cell tumor

Myxoid neurothekeoma

Clear cell sarcoma

Malignant peripheral nerve sheath tumor
Neuromuscular choristoma
Rhabdomyosarcoma

Liposarcomas

Syringoma

Mixed tumors of the skin

Breast carcinoma

Salivary gland tumors

Lung carcinomas

*Paraffin-embedded, formalin-fixed tissue, pretreatment with trypsin necessary
for monoclonal antibodies with some manufacturers, no pretreatment necessary for
polyclonal antibody, cytoplasmic and nuclear staining.

tic melanomas express this protein, and virtually none of the other
neoplasms in this histologic differential diagnosis do so. Thus,
results from this test are very helpful in narrowing a differential
diagnosis, and when used in conjunction with other antibodies, can
help establish a diagnosis in most cases (see Chapter 10).
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Fig. 3. Intraepidermal Langerhans cells and melanocytes both express S100
protein. Arrows represent Langerhans cells expressing S100 protein.

Technical Considerations

The original antibodies developed against the S100 protein were
polyclonal and identified both subunits of the protein. Newer anti-
bodies are monoclonal and may be directed against the specific o or
B subunits. All of these antibodies work well on formalin-fixed, par-
affin-embedded tissue. Some of the monoclonal antibodies require
tissue trypsinization prior to immunostaining, depending upon the
manufacturer (8). These antibodies can help to identify cells of origin
based upon differential expression of o or B subunits, but have not yet
gained commonplace usage in the clinical laboratories. Nerves and
melanocytes normally present in the skin serve as positive internal
controls for evaluating the adequacy of the staining procedure.
Nuclear and cytoplasmic stains are seen with anti-S100 antibodies.
HIER may be helpful in increasing the intensity of staining with the
polyclonal anti-S100 antibody (9).

Summary

Anti -S100 protein antibodies detect benign and malignant mel-
anocytes and are thus of no use in determining the biologic behavior
of a melanocytic proliferation. If the cell type giving rise to the pro-
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liferation cannot be ascertained using routine histologic sections,
anti-S100 can be invaluable in distinguishing melanocytes from other
potential cell types. This is especially true for primary cutaneous
neoplasms, given the limited numbers of cell types normally present
in the skin that will express this protein (Table 1). Anti-S100 antibod-
ies are also useful as a screening measure when examining sentinel
lymph nodes for the presence of metastatic melanoma. The presence
of individually staining cells should be interpreted with extreme
caution, as dendritic reticulum cells, normal components of the lymph
node, express S100 protein. The addition of the more specific anti-
MART-1 antibodies is often helpful in these cases.

MART-1 (Melanoma Antigen Recognized by T Cells)
Introduction

MART-1 (melanoma antigen recognized by T cells) is a trans-
membrane protein that is expressed on melanosomes and is recog-
nized by a subgroup of HLA-A2+ cytotoxic T cells (10-12). It is
expressed by normal and malignant melanocytes and cells within the
humanretina (/3). MART-1 elicits a cytotoxic response that has been
exploited in the development of immunotherapy protocols for
patients with metastatic melanoma. Specifically targeted therapy for
patients expressing high levels of MART-1 on their tumor cells is
proving to be an effective treatment modality (/4). Despite its name,
MART-1 has not proven to be specific for melanoma cells, and the
same antigen can be detected on benign melanocytes, as well. Very
similar antibodies reacting to a slightly different clone, A103 or
Melan-A, display similar but not identical staining patterns and will
not be discussed further (15).

Diagnostic Utility

Anti-MART-1 is a widely available, commercially prepared an-
tibody that is part of the routine antibody panel in many laborato-
ries. It is very sensitive and relatively specific for identifying
melanocytes; however, similar to other melanocyte markers, it does
not reliably distinguish benign nevus cells from melanoma cells.
Anti-MART-1 has a staining profile that is similar to HMB-45
(Tables 2 and 3). It has been shown to stain essentially all benign
nevi and Spitz’s nevi and the majority of primary cutaneous mela-
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Anti- MART-1 Antibody Essentials*

Melanocytic proliferations Sensitivity
Primary cutaneous melanoma 80-100%
Metastatic melanoma 70-90%
Benign nevi 20-100%
Spitz’s nevi >90%
Dysplastic nevi <90%
Desmoplastic melanoma <60%

Other known positively staining tumors

Angiomyolipomas
Lymphangiomyomatosis

Clear cell “sugar” tumors
Sertoli-Leydig tumors of the ovary
Leydig cell tumors of the testis
Adrenocortical carcinomas

*Paraffin-embedded, formalin-fixed tissue, enhanced with microwave heat-induced
epitope retrieval .

Table 3
HMB-45 Essentials*

Sensitivity in melanocytic proliferations

Primary cutaneous melanoma 67-99%
Desmoplastic melanoma 0-16%
Acquired nevi

Junctional component 100%

Dermal component Rare
Dysplastic nevi

Junctional component 100%

Dermal component >80%
Spitz nevi 100%
Cellular blue nevi 100%
Metastatic melanoma 58-85%

*Formalin-fixed, paraffin-embedded tissue, no pretreatment necessary, cyto-
plasmic staining.

nomas (Fig. 4) (16). The majority of benign melanocytes express
MART-1 whereas the staining is more heterogeneous in melanoma
cells (17). Other authors have found MART-1 to be expressed in
only a minority of benign melanocytic nevi, especially congenital
ones (18).
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Fig. 4. MART-1 labels virtually all primary cutaneous melanomas.

Sensitivity rates for anti-MART-1 antibodies in detecting primary
cutaneous melanomas range from 80 to 100% (17,18). Staining is
less reliable for desmoplastic melanomas with sensitivity rates of
60% or lower (18,19). Primary melanomas of the oral mucosa
expressed MART-1 in 85% of cases compared with 97% for S100,
94% for tyrosinase, 74% with antimicrophthalmia-associated tran-
scription factor and 71% with HMB-45 (19). In this same study,
sinonasal melanomas expressed MART-1 in 100% of cases. Overall,
MART-1 expression has been reported to be a less sensitive marker
than S100, and similar to HMB-45 and tyrosinase (20).

Metastatic melanoma cells less frequently express MART-1 than do
primary cutaneous melanoma cells. However, anti-MART-1 antibod-
ies are more sensitive markers in this situation than is HMB-45, but
perhaps less so than anti-tyrosinase antibodies (16,21). Anti-MART-1
antibody stains a higher percentage of cells and with greater intensity
than does HMB-45. Sensitivity rates are reported as being from
70-90% for metastatic lesions (21,22). Anti - S100 is the most sensitive
marker for detecting metastatic melanoma cells, but is also the least
specific of the widely used, commercially available antibodies. Poly-
merase chainreaction with MART-1 has been used effectively to detect
the presence of circulating melanoma cells in patients with localized
disease and may convey some prognostic significance (23,24).

MART-1 expression is not limited to melanocytes. It has been
demonstrated in angiomyolipomas, lymphangiomyomatosis, clear
cell “sugar” tumors and renal capsulomas (13,25,26). Cells in adreno-
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cortical neoplasms also express MART-1 and other steroid produc-
ing tumors including Sertoli-Leydig cells tumors of the over and
Leydig cell tumors of the testis (27).

Technical Considerations

Anti-MART-1 antibodies work extremely well on paraffin-
embedded, formalin fixed tissue specimens, as well as on fresh, fro-
zen tissue specimens. They also work well in cytospin specimens
prepared from fine-needle aspirations. Heat-induced epitope retrieval
has shown to improve sensitivity to the levels attained with formalin-
fixed, paraffin-embedded tissue (/2). Normal intraepidermal mel-
anocytes serve as a positive internal control for evaluating the
adequacy of the staining procedure.

Summary

Anti-MART-1 is a very useful antibody for the establishing a di-
agnosis of metastatic melanoma. It is of only limited value for
primary cutaneous melanoma as it does not adequately discriminate
between melanomas and benign melanocytic proliferations. Further,
itis not particularly sensitive for the detection of desmoplastic mela-
noma. For these reasons, antibodies directed against S100 protein are
probably more useful for establishing neoplastic cells as melanocytic
in primary cutaneous tumors. When looking for metastatic mela-
noma cells in lymph nodes, anti-MART-1 proves to be much more
specific, though less sensitive than anti-S100, in detecting tumor
cells. A panel including antibodies directed against S100 protein and
MART-1 is useful in maximizing specificity and sensitivity when
trying to establish or detect melanocytic lineage.

HMB-45
Introduction

HMB-45 was introduced in 1986 by Gown et al (28). This antibody
was subsequently found to be localized to the gp100 protein found in
melanosomes within melanoma cells and melanocytes within many
types of benign and atypical nevi (29). The epitope recognized by
HMB-45 is known to be composed, at least in part, of sialic acid (30).
The protein appears to be both inducible and reversible (37). While
originally touted as a “melanoma-specific” antibody, the commer-
cially available products were found to label some benign melano-
cytes equally well.
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Fig. 5. Most tumor cells in primary cutaneous melanomas express HMB-45.

Diagnostic Utility

Early reports documented HMB-45 labeling of widely disparate
neoplasms, including lymphoma, and adenocarcinoma (32,33). It
was later suggested that this staining was probably spurious and due
to contaminants in the ascites fluid used to produce the first batches
of the commercial product (34).

HMB-45 detects melanoma cells within the epidermis and dermis
in approximately 92— 99% of primary cutaneous melanomas (Fig. 5)
(35-38). The staining pattern has been described as strong, but patchy.
However, it usually will not recognize the cells in desmoplastic mela-
nomas (36,39). HMB-45 is not specific for melanomas. It has been
shown to label melanocytes within dysplastic nevi (40), melanocytes
within the epidermis of common nevi and normal melanocytes within
fetal skin (28). In addition, HMB-45 labeling is present on melano-
cytes overlying scars, preventing its use in evaluating adequacy of
resection margins (41). Melanocytes within the dermal component of
most acquired nevi fail to label with HMB-45; however, dermal
melanocytes in Spitz’s nevi (42), cellular blue nevi and dysplastic
nevi may express the protein recognized by HMB-45 (Table 3) (36).

Approximately 58—-85% of metastatic melanomas will be detected
by HMB-45 antibody (37,39,43). This is a significantly lower sensitiv-
ity rate than other markers such as anti-MART-1, and anti-tyrosinase.

HMB-45 labels only rare nonmelanocytic tumors. It has been con-
sistently demonstrated in angiomylipomas. Rare malignant gas-
trointestinal stromal tumors have demonstrated HMB-45 positivity
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(44). Extensive series generally find few nonmelanocytic tumors
expressing the gp100 protein recognized by HMB-45 (37).

Technical Considerations

HMB-45 works well on paraffin-embedded, formalin-fixed tis-
sue. It stains with a diffuse, granular cytoplasmic pattern. The stain-
ing pattern is strong, but patchy, with staining intensity often
correlated with degree of pigmentation. It is often helpful to use a
chromagen other than the brown-staining diaminobenzidine in order
to distinguish inherent melanin pigment from true immunolabeling.
Normal intraepidermal melanocytes often are labeled by HMB-45
and can serve as an internal positive control to evaluate adequacy of
the test. Pretreatment with HIER or enzymatic digestion is not ordi-
narily required to attain good performance with this antibody.

Summary

HMB-45 antibodies play little role in the diagnosis of a primary
cutaneous neoplasm. They are not useful for distinguishing benign
from melanocytic proliferations. Anti-S100 protein antibodies are
more sensitive and thus, a better choice for determining the
melanocytic origin of such a tumor, should this be necessary.

HMB-45 antibodies can serve a useful role as adjunct stains in
attempting to identify precisely a metastatic neoplasm. As this
marker is more specific than anti-S 100 protein, it helps to narrow the
differential diagnosis of S100 positive neoplasms. However, it has
recently been shown to be somewhat less sensitive than newer mark-
ers such as tyrosinase and MART-1 for this purpose, limiting its
usefulness (43,45).

Miscellaneous Other Markers
Summary

There are several other commercially available antibodies that
can be used for the identification of melanocytic neoplasms. Anti-
tyrosinase recognizes the enzyme in melanocytes and has a staining
profile similar to that described for MART-1 (Fig. 6) (43). NKI/C3
and anti-microphthalmia transcription factor antibodies similarly
appear to offer no specific advantages. NKI/C3 has been shown to
react with most atypical fibroxanthomas and dermatofibrosarcoma
protuberans, the majority of mesotheliomas, angiomyolipomas, cel-



Chapter 6/Melanocyte Markers 121

Fig. 6. There is strong cytoplasmic staining of melanocytes within this mela-
noma stained with anti-tyrosinase antibodies.

lular neurothekeomas, and gastric autonomic nerve tumors (46—
50). Microphthalma transcription factor is probably more specific
for melanocytic proliferations, but is no more sensitive than the
melanoma markers described above. These newer markers appear
to offer no definitive advantages in sensitivity or specificity over
those described above (38,39). It should be noted, however, that
every laboratory attains slightly different results and has varying
degrees of success with each antibody. Thus, it is important to
select those that perform the most reliably and reproducibly in any
given setting.

Newer markers such as anti-MAGE antibodies are purported to
be useful in detecting invasive melanomas, but not to label benign
melanocytic proliferations or in situ melanomas (51). However, there
is not yet sufficient data to evaluate the utility of these reagents.
SMS-5 antibody is alleged to be very highly sensitive and specific for
melanocytic neoplasms, making it a useful marker for precisely iden-
tifying metastatic lesions (37), but again, the available data is limited
at this time.
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7 Neuroectodermal
(Other than Melanocytic)

and Neuroendocrine Markers

Cytokeratin 20
Introduction

Antibodies directed specifically against cytokeratin 20 (CK20)
were first reported in 1992 (7). Cytokeratin 20 is a low molecular
weight keratin, an intermediate filament restricted to gastrointesti-
nal and urothelial epithelium, and Merkel cells (2). The initial anti-
bodies worked only on frozen tissue specimens and thus had limited
diagnostic utility. Subsequent antibodies that recognize epitopes
that survive formalin fixation and paraffin embedding have been
developed, increasing the functionality of anti-CK20 antibodies as
a diagnostic tool.

Diagnostic Utility

While not totally specific for Merkel cell carcinoma, anti-CK20
antibody will label only a limited number of neoplasms within the
skin, thus making it an invaluable tool in establishing a diagnosis
(3). Anti-CK?20 antibodies stain 67-100% of Merkel cell carcino-
mas (4-9). Two staining patterns are described. The most charac-
teristic pattern is that of a perinuclear, punctate dot of positivity in
the cytoplasm, adjacent to the nucleus (Fig. 1). This pattern is seen
in up to 90% of Merkel cell carcinomas, but may not be the pre-
dominant pattern (5, /0). The other staining pattern seen in Merkel
cell carcinomas is a membranous pattern at the periphery of tumor
cells (Fig. 2). In most Merkel cell carcinomas, the vast majority of
cells will stain intensely with this reagent. It has been suggested that
CK20 is least likely to be expressed by cells within Merkel cell
carcinomas that express chromogranin and/or synaptophysin (71).

Early reports suggested that anti-CK20 antibody staining was
exceptional in small cell carcinomas of the lung (5). These authors
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Fig. 1. Punctate, peri-nuclear staining characterizes anti-CK20 in Merkel cell
carcinomas. Arrows indicate peri-nuclear dots in some of the tumor cells.

Fig. 2. CK20 may also demonstrate a membranous staining pattern in Merkel
cell carcinomas.

believed that staining with anti-CK20 antibodies would serve as a
reliable way to distinguish primary cutaneous neuroendocrine carci-
nomas (Merkel cell carcinomas) from neuroendocrine carcinomas of
the lung metastatic to the skin (5). However, subsequent studies have
demonstrated strong and diffuse staining of small cell lung carcino-
mas in up to 33% of cases, thus somewhat tempering the enthusiasm
of this antibody for this purpose (12).
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Table 1
Essentials of Anti-Cytokeratin 20 Antibodies*
Sensitivity
Merkel cell carcinoma 67-100%
Other tumors known to express cytokeratin 20
Colonic adenocarcinoma <100%
(primary and metastatic)
Renal oncocytoma 80%
Pancreatic adenocarcinoma 62%
Gastric adenocarcinoma 50%
Cholangiocarcinoma 43%
Small cell carcinoma of the lung 33%
Transitional cell carcinoma of the bladder 29%
Renal cell carcinoma T%
Hepatocellular carcinoma (focal) Rare

Mucinous ovarian carcinoma
Carcinoid (focal)
Endometrial carcinoma

*Paraffin-embedded, formalin-fixed tissue. Punctate, perinuclear cytoplasmic
staining or membranous staining for Merkel cell carcinoma. Pressure cooking antigen
retrieval enhances sensitivity.

Anti-CK20 labels other carcinomas, as is seen in Table 1. How-
ever, rarely do these neoplasms enter into the differential diagnosis
of a Merkel cell carcinoma based upon routine morphologic features
and the clinical presentations (/3). One neoplasm that can occasion-
ally present in the skin and cause difficulty in attempting to distin-
guish it from Merkel cell carcinoma is a primitive neuroectodermal
tumor (PNET). PNETs are uniformly negative with anti-CK20 anti-
bodies and almost always express CD99 (see CD99 [MIC2] section)
(7). Merkel cell carcinomas may also occasionally express CD99, but
most often do not (7).

Technical Considerations

Anti-CK20 antibodies work well in formalin-fixed, paraffin-
embedded tissue sections. Pretreating the tissue sections with antigen
retrieval techniques such as pressure-cooking enhances their sensi-
tivity (5). In our laboratory, we incubate with proteinase K prior to
initiating the immunolabeling procedure.
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Summary

Anti-CK20 antibodies have a limited, but definite role in diagnos-
tic dermatopathology. Anti-CK20 antibodies have become the first
choice antibodies for confirming a diagnosis of Merkel cell carci-
noma. The antibody is very sensitive and relatively specific. Its high
sensitivity and specifity make this antibody superior to chromogranin
and synaptophysin for establishing the diagnosis. When used in con-
junction with anti-thyroid transcription factor-1 (which does not
label Merkel cell carcinoma), one can now reliably distinguish the
primary cutaneous neuroendocrine carcinoma (Merkel cell carci-
noma) from small cell carcinoma of the lung metastatic to the skin in
most cases (see Chapter 9) (4,8,12).

Neuron-Specific Enolase (NSE)

Introduction

An antibody directed against neuron-specific enolase (NSE) was
one of the earliest immunomarkers widely used in diagnostic labora-
tories (/4). NSE is an enzyme expressed by neuroendocrine cells. It
was thought to be a specific marker for neuroendocrine cells (15).
Initial studies reported the effectiveness of NSE expression in distin-
guishing between Merkel cells and other cells within the epidermis.
However, with increasing experience, its lack of specificity has
become more apparent, markedly diminishing its diagnostic utility.

Diagnostic Utility

Anti-NSE antibody stains close to 100% of Merkel cell carcino-
mas (see Table 2). The cytoplasmic staining varies in intensity
between cells. Nuclei are not stained by this antibody (75).

Anti-NSE is not a specific marker for neuroendocrine cells (see
Table 2). NSE expression is present in some malignant melanomas
(15) as well as in benign melanocytic proliferations (76). It is also
expressed by neuroblastomas, which also may occasionally present
in the skin (/7). Some neural tumors, such as cellular neuro-
thekeomas, malignant schwannomas, cutaneous meningiomas and
palisaded encapsulated neuromas express NSE (/18—-217). A majority
of cases of Langerhans cell histiocytosis and lymphoepithelioma-
like carcinomas of the skin are also recognized with anti-NSE anti-
bodies (22—-24). NonX histiocytoses do not express NSE (24).
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Table 2
Essentials of Anti-Neuron-Specific Enolase Antibodies*

Sensitivity
Merkel cell carcinoma <100%
Other tumors known to express NSE
Malignant schwannoma 100%
Langerhans cell histiocytosis 70-90%
Neurothekeoma (cellular type) 50%
Palisaded encapsulated neuroma 36%
Lymphoepithelioma-like carcinoma 20%

Chondroid syringoma
Cutaneous meningioma
Melanoma

Benign nevus
Neuroblastoma

*Paraffin-embedded, formalin-fixed tissue, cytoplasmic staining.

Technical Considerations

Anti-NSE is a polyclonal antibody that works well on formalin-
fixed, paraffin-embedded tissue sections. No pretreatment is neces-
sary. However, the antibody tends to stain with a high degree of
background staining. Nerves within the dermis can serve as a positive
internal control to evaluate the technical adequacy of the test.

Summary

Anti-NSE antibody has limited utility owing to its relatively low
specificity, and has been referred to as “nonspecific” enolase. While it
works as a marker for Merkel cell carcinomas, it has largely been sup-
planted in this role by anti-CK20 (see Cytokeratin 20 section), which
is more specific. We do not currently use this antibody in our laboratory.

Chromagranin A

Introduction

Afteritsinitial recognition, chromogranin rapidly became the most
widely used marker for endocrine and neuroendocrine tumors,
including Merkel cell carcinomas in the skin (25). Chromogranin A
is located within the neurosecretory granules of neuroendocrine cells
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Table 3
Anti-Chromogranin A Antibody Essentials*
Sensitivity
Merkel cell carcinomas 30-70%
Other tumors known to express chromogranin A
Primary mucinous eccrine carcinoma
Neurothekeoma Rare
Malignant peripheral nerve sheath tumor Rare
Metastatic neuroendocrine carcinoma Common

*Paraffin-embedded, formalin-fixed tissue, granular, cytoplasmic staining pattern,
patchy staining in tumors.

(26). Individual Merkel cells normally found within the epidermis
express chromogranin A. Chromogranin B was not found in Merkel
cell carcinomas (25).
Diagnostic Utility

Anti-chromogranin A antibodies label Merkel cell carcinomas and
other neuroendocrine tumors with a granular cytoplasmic pattern, iden-
tifying the protein within neurosecretory granules (27). However,
chromogranin A is found in only a small percentage of tumor cells in
positive cases (28). In addition, the protein is not detected in many
cases, with the reported sensitivity rates ranging from 30-70% (29-31).

Chromogranin A is expressed by other neural tumors in the skin,
none of which would be in the histologic differential diagnosis of
Merkel cell carcinoma (Table 3). These tumors include primary
mucinous eccrine carcinomas, aminority of cellular neurothekeomas,
and occasional malignant peripheral nerve sheath tumors (32-34). In
all cases, however, there are antibodies that are more useful in arriv-
ing at these diagnoses than anti-chromogranin A. While not totally
specific for Merkel cell carcinomas, the presence of chromogranin A
positivity in a primary cutaneous neoplasm with histologic features
of a Merkel cell carcinoma would certainly be strong confirmatory
evidence. However, neuroendocrine carcinomas metastatic to the
skin would not be excluded based upon this finding (35).

Technical Considerations

Anti-chromogranin A antibodies work well on formalin-fixed,
paraffin-embedded tissue sections. The antibody labels appropriate
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Fig. 3. Anti-chromogranin antibodies often demonstrate a high level of back-
ground staining.

cells with a granular, cytoplasmic pattern. The antigen survives rou-
tine processing, despite the fact that such processing will often
destroy the neurosecretory granules that produce this protein (30).
One drawback is that the antibody tends to have a high level of back-
ground staining sometimes making interpretation difficult (Fig. 3).
HIER has been shown to increase staining intensity (36).

Summary

Anti-chromogranin A antibodies have become less useful in the
work-up of a Merkel cell carcinoma with the widespread availability
of anti-cytokeratin 20 antibodies. While anti-chromogranin A anti-
bodies are relatively specific for Merkel cell carcinomas (within the
differential diagnosis of “blue cell tumors” in the skin), they are far
less sensitive than anti-cytokeratin 20 antibodies (37). It has been
suggested that the combined use of anti-CK20 and anti-chromogranin
antibodies enhances the sensitivity in accurately diagnosing Merkel
cell carcinoma (11).

Synaptophysin
Introduction
Synaptophysin is found in presynaptic vesicles and has been detected
in neurons, neuroendocrine cells and neoplasms derived from these cell
populations (38). It is an integral membrane glycoprotein (39). It is
found within dense core granules as well as synaptic vesicles (40).
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Table 4
Anti-Synaptophysin Antibody Essentials*

Sensitivity
Merkel cell carcinoma 29-94%
Other tumors known to express synaptophysin
Cutaneous primitive neuroectodermal tumor 25%
Malignant peripheral nerve sheath tumor Rare
Neurofollicular hamartoma
Neuroblastoma
Ganglioneuroblastoma
Ganglioneuroma
Pheochromocytoma
Paraganglioma

Islet cell neoplasms
Medullary thyroid carcinoma
Carcinoid

*Paraffin-embedded, formalin-fixed tissue, cytoplasmic and membranous staining.

Diagnostic Utility

Synaptophysin is detected in up to 29-94% of Merkel cell carci-
nomas (29,40). However, it is not specific for Merkel cell tumors
(Table 4). Other neural and neuroendocrine neoplasms including
malignant peripheral nerve sheath tumors, cutaneous peripheral
neuroectodermal tumors and neurofollicular hamartomas express
this protein (39, 41-43). Synaptophysin expression has not been
detected in melanomas (39). It does not stain other cutaneous neo-
plasms. This makes the antibody relatively specific in the diagnosis
of cutaneous neoplasms.

Technical Considerations

Anti-synaptophysin antibodies that survive routine fixation are
commercially available. Membranous staining is apparent in cells
with presynaptic and/or dense core secretory vesicles (39). In our
laboratory, we routinely incubate the tissue sections with proteinase
K prior to initiating immunolabeling procedures. HIER also has been
shown to increase staining intensity (36).

Summary

Synaptophysin and chromogranin are not necessarily detected in
identical cell populations. Each of these functions as a marker for



Chapter 7/Neuroectodermal and Neuroendocrine Markers 135

both neural and neuroendocrine cells, but neither is expressed by all
cells in a given tumor. Thus, their combined use increases overall
sensitivity in arriving at such adiagnosis. However, when diagnosing
Merkel cell carcinoma, for example, cytokeratin 20 is a far more
sensitive marker, and thus, has largely replaced the use of these
markers in establishing these types of diagnoses.

CD57
Introduction

CD57, also known as leu-7, is an epitope that is present on natural
killer cells. It is also found on the inner core cells within Pacinian
corpuscles and other neural structures (44).

Diagnostic Utility

Anti-CD57 antibody is a useful tool for the identification of two
widely disparate types of cutaneous processes. It can be used to iden-
tify natural killer cells in hematopoietic infiltrates, though CD56 is
more sensitive for this purpose (see Chapter 5). It is also a marker for
neuronal differentiation and can be used to define this type of differ-
entiation in tumors (Fig. 4), (Table 5). Some histologic variants of
neurofibromaexpress CD57, as do the nerve fibers in epithelial sheath
neuromas, nerve sheath myxomas, palisaded encapsulated neuromas
and glial cells in heterotopias (18,19,45—47). Only the neural ele-
ments in these lesions express this antigen. CD57 expression has
been used to differentiate neurofibromas from neurotized nevi that
do not express this antigen (48). It can also be used to differentiate
palisaded encapsulated neuromas that contain neuronal elements
from schwannomas that ordinarily do not contain many.

CD571is also expressed on the tumor cells in granular dermatofi-
bromas and occasional myofibroblastic dermatofibromas and fibrous
histiocytomas (49-51). This raises the question of the etiology of
these neoplasms and their relationship to neural differentiation.

Technical Considerations

Anti-CD57 is an antibody that works well in formalin-fixed, par-
affin-embedded tissue. It has a strong signal to noise ratio and very
little background staining. In normal skin, nerve fibers can be used as
an appropriate positive internal control to evaluate the adequacy of
the staining procedure. HIER has been shown to increase staining
intensity (36).



Fig. 4. CD57 is expressed in normal cutaneous nerves. The arrow points
to a nerve-expressing CD57.

Table 5

Anti-CD57 Antibody Essentials*
Tumors known to express CD57 Sensitivity
Fibrous histiocytomas 65%
Nerve sheath myxoma (cellular type) 25%
Palisaded encapsulated neuroma 18%
Neurofibroma Subset
Neuroma

Myofibroblastic dermatofibroma
Granular dermatofibroma

*Paraffin-embedded, formalin-fixed tissue.

Summary

CD57 is a marker with a small, but helpful role in dermatopathol-
ogy. It is a more specific marker for neuronal elements than is S100
protein, and therefore can be used to identify more precisely neural
origin or differentiation in tumors. It is used as a marker for natural
killer cells in determining subtypes of lymphoma, though it is less
sensitive than CD56 for this purpose (see Chapter 5).
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Table 6
Use of Immunomarkers in Distinguishing
Benign Cutaneous Neural Neoplasms
Palisaded
encapsulated Granular
Neurofibroma  neuroma Schwannoma cell tumor
S100 protein  Focally Focally Diffusely Diffusely
positive positive positive positive
PGP9.5 Focally Focally Rare positive Positive
positive positive cells
CD57 Focally Focally Mostly Mostly
positive positive negative negative
Epithelial Focally Focally Mostly Mostly
membrane positive positive negative negative
antigen
PGP 9.5
Introduction

PGP 9.5 is a marker for neuroectodermal tissue. The protein is
expressed by nerve fibers and in neurons within both the peripheral
and central nervous systems.

Diagnostic Utility
Cellular neurothekeomas express PGP 9.5. This is a useful char-
acteristic, as these neoplasms most commonly fail to label with any
other antibodies (/7). Granular cell tumors express PGP 9.5 in virtu-
ally 100% of cases (52,53). Similarly, malignant peripheral nerve
sheath tumors uniformly express this protein. All benign neural neo-
plasms that contain neuronal elements will have some PGP9.5 posi-
tive cells, which can be helpful in making a distinction between some

histologically similar entities (see Table 6).

Unfortunately, anti-PGP 9.5 has a relatively low specificity.
PGP 9.5 is expressed by up to 50% of basal cell carcinomas, 60% of
trichoepitheliomas, 80% of dermatofibromas, and 100% of some
types of eccrine neoplasms (/7). Merkel cell carcinomas express
PGP 9.5 in up to 88% of cases (54).

Melanomas do not ordinarily express PGP 9.5 (55).
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Technical Considerations

There are commercially available antibodies directed against PGP
9.5. These antibodies require no pretreatment and work well on for-
malin-fixed, paraffin-embedded tissue sections. However, in our
laboratory, we have increased the sensitivity of these antibodies with
HIER pretreatment.

Summary

At this point, there is little use for anti-PGP 9.5 antibodies in a
diagnostic dermatopathology laboratory. The antibodies may be use-
ful in confirming the neuroectodermal nature of a neoplasm, but in
most cases, this can be done with other antibodies (i.e., anti-S100,
anti-NSE). Anti-PGP 9.5 can be helpful in making a diagnosis of
cellular neurothekeoma, but due to lack of specificity, any results
should be interpreted with caution.

CD9%9 (MIC2)

Introduction

Anti-CD99 recognizes the p30/32MIC-2 gene product (56). This
protein was originally described in neoplastic cells of acute lympho-
blastic leukemia, and has subsequently been detected in a wide range
of other cells. It has been shown that CD99 can be negatively regu-
lated by the latent membrane protein-1 of the Epstein-Barr virus and
upregulated by Sp1 through the nuclear factor-kappa B (57). It may
play a role in caspase-independent death of T lymphocytes (58).

Diagnostic Utility

CD99 was first used in dermatopathology as a marker for primitive
neuroectodermal tumors (PNETs) (Fig. 5). However, it was shown
subsequently that CD99 also labels a significant minority of Merkel
cell tumors, a major tumor in the differential diagnosis of PNETS (see
Table 7) (7). Nonetheless, in conjunction with CD20 (which labels
the vast majority of Merkel cell carcinomas, but not PNETS), it still
serves a useful purpose for the evaluation of small blue cell tumors,
especially in pediatric patients. Cells within extraskeletal Ewing’s
sarcoma may also express CD99, and this provides a more challeng-
ing differential diagnosis, though many authors regard these tumors
as identical to PNETSs (59).
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Fig. 5. Primitive neuroectodermal tumors strongly and diffusely express CD99.

Table 7
Anti-CD99 Antibody Essentials*
Tumors known to express CD99 Sensitivity
Primitive neuroectodermal tumor 100%
Acute lymphoblastic leukemia 100%
Acute myelogenous leukemia 80%
Solitary fibrous tumor 75%
Merkel cell carcinoma 40%

Kaposiform hemangioendothelioma
Juvenile fibromatoses
Spindle cell epithelioma of the vagina

*Paraffin-embedded, formalin-fixed tissue.

Cellsin acute lymphoblastic lymphomaexpress CD99. Anti-CD99
antibody labels close to 100% of these neoplasms when they involve
the skin (60). However, it also identifies leukemia cells in up to 80%
of cases of acute myelogenous leukemia. Thus, CD99 appears to be
a sensitive marker for cutaneous leukemia, but does not help in the
further subtyping and classification (56). A more elaborate antibody
panel is also necessary to distinguish between PNETSs and lympho-
blastic lymphomas, especially in children (6/). A panel with many
hematopoietic markers would likely make this distinction in most
cases (see Chapter 5).
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The scope of tumors identified by CD99 is constantly enlarging
and now includes juvenile fibromatoses, solitary fibrous tumors and
Kaposiform hemangioendotheliomas (Table 7) (62—65).

Technical Considerations

Antibodies directed against CD99 are very useful on paraffin-
embedded, formalin-fixed tissue sections. They will also recognize
the epitopes on tissue that has been decalcified, which may be helpful
in the work-up of leukemias, as bone marrow biopsies usually require
decalcification prior to routine processing and immunolabeling. No
pretreatment is necessary when using these antibodies.

Summary

Anti-CD99 antibodies have a very limited role in diagnostic der-
matopathology. They can be used in a panel of antibodies to confirm
that a small, blue cell tumor represents a primitive neuroectodermal
tumor. As these neoplasms are exceedingly rare in the skin, the
antibody is not necessarily essential for routine immunopathology in
the skin. It is more widely used and necessary in distinguishing
between histologically similar neoplasms in a pediatric population.

Other Neuroendocrine Markers

Calcitonin and bombesin are just a couple of the myriad other
markers for neuroendocrine cells available in the market. Neither of
these immunostains offers any advantages, with lower specificity
and/or sensitivity rates than those described above. We do not cur-
rently stock any of these additional markers in our laboratory.
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8 Antibodies Used to Identify

Infectious Diseases

Herpes Virus
Introduction

There are antibodies directed against herpes virus proteins. Early
efforts produced antibodies with extensive cross-reactivity between
subtypes of herpes virus and with varicella viruses. In recent years,
more specific antibodies directed against specific members of this
virus family have been developed.

Diagnostic Utility

Antibodies directed against herpes virus types 1 and 2 could be used
in order to increase the sensitivity of making a diagnosis of herpetic
dermatitis in cases without blisters or vesicles (Fig. 1A,B). In some
cases, antibodies detect the viral antigens, although morphologic
changes of herpetic infection of keratinocytes and within nerves can-
not be observed (1,2). Tzanck smears and direct immuofluorescence
tests performed on cytologic preparations are thought to have a higher
sensitivity in establishing a diagnosis of herpes infection than do tissue
sections stained with anti-herpes virus antibodies. However, these
techniques cannot reliably distinguish between herpes virus types 1
and 2 (3,4). Inrecent years, specific antibodies directed against herpes
virus types 1 and 2 have been developed, permitting distinction
between these organisms that cannot be made on routine histologic
sections (4). As lesions age, herpes antigen load diminishes, lessening
the likelihood of a positive immunostain (4).

Newer antibodies have been developed against specific pro-
teins in the envelope of varicella zoster virus. This protein is not
present in herpes simplex virus and thus enables discrimination
between herpes infection and varicella infection on paraffin-embed-
ded, formalin-fixed tissue sections (5).

Antibodies directed against human herpes virus 8 (HHV-8) have
become commercially available in recent years. HHV-8 has been
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Fig. 1. (A) Anti-herpes antibodies label viral particles in keratinocytes in cases
of herpetic dermatitis. Staining can be seen in cases where routine histologic
sections may not demonstrate viral inclusions. The positive cells were
acantholytic keratinocytes within a blister cavity. (B) Intranuclear herpetic
inclusions stain very strongly with the antibody. Arrows demonstrate the intra-
nuclear inclusions.

detected in most cases of endemic and epidemic Kaposi’s sarcoma
(6). In contrast, other cutaneous vascular proliferations are rarely
found to contain herpes virus particles (7,8). Some laboratories are
using anti-HHVS staining as a diagnostic tool in distinguishing
Kaposi’s sarcoma from other spindle vascular proliferations (9).
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Anti-herpes virus 6 has been implicated in causing exanthema
subitum. Based upon the findings of staining with HHV6 in affected
skin, ithas also been implicated in the pathogenesis of pityriasis rosea
and some cases of erythroderma (/0). However, the specificity of
these results has been questioned and the antibodies are not routinely
used in diagnostic dermatopathology.

Technical Considerations

Antibodies directed against the herpes family viruses are widely
available. These antibodies recognize epitopes that survive routine
processing and are useful in detecting the present of herpes virus
particlesin the skin. There is still some concern about extensive cross
reactivity, however, and in most cases, it is not yet advisable
to attempt to distinguish type 1 from type 2 herpes based upon
immunostaining results. Anti-herpes antibodies do not require pre-
treatment with enzymatic digestion or HIER.

Summary

Anti-herpes virus antibody is a useful tool for identifying the pres-
ence of herpes infection on biopsies where no inclusions can be found
onroutine tissue sections. I do not believe thatitis prudent, yet, torely
too heavily on viral subtyping based upon immunostaining profiles.

Cytomegalovirus
Introduction

Cutaneous disease resulting from cytomegalovirus infection
(CMV) is quite rare. Thus, there is little need for immunostaining to
establish a diagnosis of cutaneous CMV infection in the routine der-
matopathology practice. Nonetheless, antibodies directed against
different portions of the viral proteins have been developed. Antibod-
ies against early and late antigens are available commercially (71).

Diagnostic Utility
Anti-CMYV antibodies can be used to detect CMV organisms in the
skin. This is helpful in cases with morphologic features suspicious
for CMV, especially in immunosuppressed patients in whom the
presence of such organisms may give rise to clinical disease (Fig. 2)
(2). CMV inclusions are seen with immunostaining in endothelial
cells and fibroblasts, as would be expected (/2).
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Fig. 2. CMV particles may be found in endothelial cells, especially in immu-
nosuppressed patients. In this placenta, strong nuclear and cytoplasmic stain-
ing is seen within stromal cells. Arrows point to intranuclear inclusions that
stain strongly positive with this antibody.

Technical Considerations

Antibodies that are directed against early and late CMV antigens
are commercially available. These antibodies recognize proteins that
survive routine processing (/7). Pretreating tissue sections with pro-
teinase K enhances the performance of these antibodies.

Summary

While the technology to identify CMV in routinely fixed skin
biopsies is available, there is generally very little clinical need for this
test. Therefore, except in laboratories that see large numbers of biop-
sies from immunosuppressed patients, there is probably little need to
have this antibody as part of the general stock.

Epstein-Barr Virus

Introduction

There are antibodies directed against various portions of the
Epstein-Barr virus (EBV). The most commonly used one is directed
against the latent membrane protein-1 (LMP-1).

Diagnostic Utility
Direct cutaneous infection with EBV does not result in any recog-
nized specific dermatosis. EBV is known to play a role in the patho-
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Fig. 3. Antibodies directed against Epstein-Barr virus demonstrate viral infec-

tion in inflammatory pseudotumors, as seen in this figure. There is strong
nuclear staining of virtually all cells in the proliferation.

genesis of some angiocentric lymphomas and in these cases, staining
with LMP may be helpful in confirming a diagnosis and in under-
standing its pathogenesis. Post-transplant lymphoproliferative disor-
ders may also be EBV induced and these, too, can be confirmed with
immunostains directed against EBV (73). Oral hairy leukoplakia is
caused, in part, by EBV infection and the virus can be detected in
these cases. EBV is also implicated in the pathogenesis of inflamma-
tory pseudotumors (Fig. 3) (14).

A molecule that cross-reacts with LMP-1 antibodies has been
described in benign and malignant melanocytic proliferations. Poly-
merase chain reaction (PCR) technology has demonstrated, how-
ever, that this protein is not related directly to EBV and such staining
should not be misconstrued as viral infection in the skin (15).

Technical Considerations

Antibodies directed against the LMP-1 portion of the EBV are
widely available and work well on routinely processed tissue sections.

Summary

There is little need for most diagnostic dermatopathology labora-
tories to stock antibodies directed against EBV. These viruses only
rarely are implicated in cutaneous diseases.
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Spirochetes
Introduction

Warthin-Starry and other silver stains are notoriously difficult to
interpret within the skin. This is partially because of all of the elastic
tissue and melanin, both of which precipitate silver in this stains.
Recently, antibodies directed against spirochetal antigens have been
developed, with limited success. Some authors have described anti-
bodies specific for Borrelia burgdorferi and have claimed complete
specificity. These authors found no cross-reactivity of their antibody
with Treponema pallidum (/6). However, this antibody has not yet
become widely available.

Other antibodies directed against Treponema pallidum have been
developed and used with some degree of efficacy (/7).

Diagnostic Utility
Anti-borrelia burgdorferi antibodies can be useful in making a
diagnosis of erythema chronicum migrans (associated with Lyme
disease). European authors have also found the antibody helpful in
confirming the etiologies in cases of morphea, lymphocytoma, and
lichen sclerosis and acrodermatitis chronica atrophicans (76,18).
American authors have not shared this experience.
Anti-Treponema pallidum antibodies used with a standard avidin-
biotin-immunoperoxidase technique have been shown to be more
sensitive at detecting organisms within skin specimens than darkfield
examinations and other techniques (/7,19).

Technical Considerations

Anti-spirochetal antibodies are still not widely available and pro-
vide variable results. Commercial products are available that work on
routinely processed tissue. It is likely that over time these reagents will
become more sensitive and specific and will attain wider circulation.

Summary

There is not yet a widespread experience with these antibodies.
Given the difficulty in interpreting Warthin-Starry (or other silver-
based) stains when looking for rare spirochetes, there is great prom-
ise that such antibodies will be a welcome tool for the diagnostic
dermatopathology laboratory.



Chapter 8/Antibodies Identifying Infectious Diseases 151

Mycobacteria
Introduction

Polyclonal antibodies directed against Mycobacteria bovis (BCG)
have been developed for use in diagnostic immunopathology.

Diagnostic Utility

Anti-BCG antibodies label a wide range of bacteria, including
mycobacteria and fungi with little specificity. Atypical mycobacte-
ria and sporotrichosis are also recognized by these antibodies (20).
They do not recognize spirochetes and protozoa such as leishmania
(21). Anti-BCG antibodies have proven especially helpful in diag-
nosing cases of indeterminate and borderline leprosy. In these cases,
histochemical stains reveal organisms in only about 30% of cases,

while immunostaining found organisms in 50—60% of cases exam-
ined (22-24).

Technical Considerations

The anti-BCG antibodies that are commercially available work
very well in formalin-fixed, paraffin-embedded tissue sections. The
staining is relatively strong with little background staining. No anti-
gen retrieval pretreatment is ordinarily necessary.

Summary

The anti-BCG antibody is very useful as a screen for infectious
processes. It stains most bacteria including mycobacteria and most
fungi, including sporotrichosis. It does not stain spirochetes or pro-
tozoa. Thus, as a screening tool, the antibody is very useful. How-
ever, there is absolutely no specificity to a positive result, so a
diagnosis of a precise infectious process cannot be made based upon
a positive staining reaction. Therefore, this antibody serves a useful,
but somewhat limited role in diagnostic dermatopathology.

Rickettsiae
Summary

Antibodies directed against Rickettsia rickettsii are commercially
available. These antibodies have been shown to be very sensitive in
detecting organisms in endothelial cells in biopsies of infected skin
(25). Direct immunofluorescence demonstrated no advantage over
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immunoperoxidase on formalin-fixed, paraffin-embedded tissue sec-
tions for identifying organisms in several studies (26,27).

Antibodies directed against Rickettsia akari also have been shown
to work with great sensitivity. This organism gives rise to rickettsi-
alpox. Antibodies directed against the offending organism have been
effectively localized to macrophages in infected individuals. The
immunoperoxidase technique proved more sensitive than a direct
immunofluorescence procedure in this population (28). These anti-
bodies have not yet received widespread usage and it is difficult to
assess the efficacy of them at this time.
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9 Markers Useful

in Detecting Metastatic Disease

Metastases to the skin are encountered with some frequency in
diagnostic dermatopathology. They occur in from 0.7-9% of all
patients with cancer (/). In many cases, there is a known primary site
for the metastatic lesion. In these cases, routine histologic sections
may provide enough evidence to label a metastatic tumor as likely
arising from the known primary source. In some cases, however,
routine sections may not be diagnostic, or the source of the primary
neoplasm may not be known.

Cutaneous metastases may be the presenting sign of disease (/).
In these cases, it can be helpful to be aware of some antibodies that
are not ordinarily associated with cutaneous cell types, but are found
in tumor cells that may spread to the skin. In this chapter, I will briefly
present a few of the more specific antibodies associated with neo-
plasms that may metastasize to the skin (2).

It is important to realize that antibodies commonly associated
with breast carcinoma, the most frequently encountered cutaneous
metastases, are also invariably associated with eccrine neoplasms
and are addressed in Chapter 3. At this point, there is not a reliable
method to immunophenotypically distinguish between a primary
eccrine neoplasm and a metastatic lesion from the breast. Though
there is not yet any published literature to this effect, differential
expression of Her-2-neu (expressed by metastatic breast carcino-
mas, but not by eccrine neoplasms) may prove to be helpful making
this distinction.

Prostate Specific Antigen/Prostatic Acid Phosphatase
Introduction

Prostate specific antigen is a 30 kD serine protease with unknown
physiologic function (3). Prostatic acid phosphatase is a phospho-
tyrosyl-protein phosphatase (4). Monoclonal antibodies directed
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Fig. 1. Epithelium in adenocarcinoma from the prostate strongly expresses
prostate specific antigen.

against these proteins have attained widespread use in surgical
pathology.

Diagnostic Utility

Cutaneous metastases from prostate adenocarcinomas are quite
uncommon. However, they do occur and can be the presenting mani-
festation of the disease. In these cases, the patient presents with a
tumor nodule that has the histologic features of an adenocarcinoma
within the dermis. Should prostate carcinoma be in the differential
diagnosis, immunostains for prostate specific antigen and prostatic
acid phosphatase provide more specific information than do other
markers for adenocarcinoma (such as CEA) (Fig. 1) (2,5). The litera-
ture offers mixed results as to which of the two markers is more
sensitive (6). There is no extensive study in the literature that sug-
gests sensitivities or specificities for these markers in detecting
cutaneous lesions of metastatic prostate carcinoma. This is probably
due, at least in part, to the rarity of this presentation.

Rare neoplasms other than prostatic adenocarcinomas have been
shown to express prostate specific antigen. This antigen has been
seen in a single salivary gland tumor that was negative when stained
with prostatic acid phosphatase (3). Primary breast carcinomas in
males can also express prostate specific antigen (7).
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Technical Considerations

Antibodies directed against prostate specific antigen and prostatic
acid phosphatase are commercially available. They work well on
routinely fixed tissue sections and do not ordinarily require any spe-
cial pretreatment. However, HIER has been shown to augment the
staining intensity with these antibodies (8).

Summary

Asis the case with all antibodies in this chapter, there is no primary
cutaneous disease recognized by prostate specific antigen or pros-
tatic acid phosphatase. These markers may be useful in the work-up
of a metastatic tumor with no known primary source, but unless the
laboratory volume is quite high, this scenario is not likely to be fre-
quent enough to warrant stocking these antibodies.

Thyroid Stimulating Hormone
Introduction

Thyroglobulin is a protein that is produced by the thyroid gland. It
is believed to be essentially specific for this organ.

Diagnostic Utility

Thyroglobulin antibodies have been shown to be relatively spe-
cific for thyroid neoplasms (2,5). In a small series, this antibody
proved to be 100% specific and 100% sensitive for metastatic thyroid
carcinomas (9). However, as is the case with any antibody, these
results should be interpreted with caution, as only a small series of
cases was examined. Positive staining with anti-thyroglobulin anti-
bodies has proven to be useful in confirming cutaneous metastases
from follicular and papillary thyroid neoplasms (/0-13). It is also
known that medullary carcinomas of the thyroid express thyroglobu-
lin in a minority of cases (/4), The thyroidal component of struma
ovarii expresses thyroglobulin (15).

Technical Considerations

Anti-thyroglobulin antibodies are commercially available. They
work well in routinely fixed tissue and do not require any pretreat-
ment. Cytoplasmic staining is strong and diffuse in most cases. HIER
has been shown to increase staining intensity (8).
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Summary

Anti-thyroglobulin antibodies are generally not important in diag-
nostic dermatopathology. While highly specific and sensitive, cuta-
neous metastases from thyroid malignancies are very rare.

Thyroid Transcription Factor-1 (TTF-1)
Introduction

Thyroid transcription factor-1 is one of three such factors present
in thyroid follicular cells. It appears to play some role in the differ-
entiation of these cells and in their ability to produce thyroid hor-
mone (/6). The same protein has also been found in pulmonary
epithelial cells (/7).

Diagnostic Utility

TTF-1 is thought to be relatively specific for neoplasms of thyroid
origin (2). However, this is not absolute. TTF-1 expression has also
been demonstrated in sclerosing hemangiomas of the lung (17).

Perhaps the most common usage for anti-TTF-1 in dermatopathol-
ogy at this point is in making the distinction between Merkel
cell carcinomas and metastatic small cell carcinomas of the lung.
TTF-1 is not expressed by Merkel cell carcinomas (/8,19). In
contrast, TTF-1 is strongly expressed by the vast majority of meta-
static small cell carcinomas of the lung (/8,719). TTF-1 is also
expressed by other types of small cell carcinoma that arise from
extrapulmonary sources (20).

Technical Considerations

Anti-TTF-1 antibodies are commercially available. They provide
reproducibly strong staining on routinely processed tissue sections.

Summary

As is the case with the other antibodies discussed in this chapter,
there is little need for this antibody on a routine, daily basis in
diagnostic dermatopathology. It may be helpful in distinguishing
Merkel cell carcinomas from metastatic small cell carcinomas, and
in defining a metastatic tumor as being from the thyroid gland,
but these situations are unlikely to arise on a regular basis in most
laboratories.
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Miscellaneous Tumor Markers
Summary

Antibodies directed against alpha-fetoprotein, human chorionic
gonadotropism and CA125 have all proven to be useful markers in
surgical pathology. The antigens recognized by these antibodies have
limited patterns of expression. Thus, detection of expression of one
or more of these antibodies is useful in narrowing down the origin of
an unknown primary tumor. However, as none of the tumors that
express these antigens commonly gives rise to cutaneous metastases,
it is not cost-effective for these reagents to be readily available in
most dermatopathology laboratories.

Sex Hormone Receptors

Estrogen, progesterone, and androgen receptors are discussed in
Chapter 3.
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1 O Vignettes

Introduction

The final section of this volume is a series of vignettes designed to
provide representative examples of the concepts put forth in the ear-
lier sections of the book. For each case, a representative clinical
history is presented along with actual routinely processed biopsy
material. In many cases, the biopsy specimens are sub-optimal, add-
ing to the difficulties in arriving at a diagnosis. These cases were
selected in order to exemplify the real-life situations that diagnostic
dermatopathologists find themselves encountering. In each case, a
differential diagnosis is presented based upon the biopsy findings
and an immunostaining strategy is presented in tabular form. The
tables are over-simplified, presenting expected immunostaining
results as “+” or “—” for situations where a positive result is
expected in >75% or <5% of cases, respectively. Less reproducible
situations are explained more completely in the table. I chose to
present the data this way so that the tables could serve as quick and
useful references; however, itis absolutely essential to recognize that
the “+” and “—” designations are not absolute. For more precise
percentages, the reader is strongly advised to refer back to the appro-
priate chapters, earlier in the book and the cited references. A photo-
graphic depiction of the staining results is presented following the
tabular data. Again, readers are encouraged to return to the main
sections of the text for the best references.

Vignette A

Differential Diagnosis of Intraepidermal,
Atypical Pagetoid Cells

The patient is a 67-yr-old woman with who presented with an
erythematous, scaly plaque on her vulva that she described as being
intensely pruritic. On clinical examination, the lesion appeared
erythematous and slightly hyperpigmented. The clinical differential
diagnosis included extra-mammary Paget’s disease, squamous cell
carcinoma in situ, seborrheic dermatitis, intertrigo, and candidiasis.

163
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Fig. 1. (A) Low magnification demonstrates an intra-epidermal population of
atypical cells. (B) Higher magnification demonstrates atypical cells with abun-
dant pale staining cytoplasm.

A small punch biopsy was performed and yielded the following speci-
men as seen in Fig. 1A,B.

While the clinical presentation was most in keeping with a diag-
nosis of extramammary Paget’s disease, the histology was difficult
to interpret and a differential diagnosis was generated. In order to
resolve the diagnostic dilemma, a strategy for immunolabeling tissue
sections was developed and is presented in Table 1.

The staining pattern is depicted in Fig. 2A—C. As can be seen, there
is strong staining of the large, atypical cells with cytokeratin 7 and
epithelial membrane antigen. The staining with AE1/AE3 is somewhat
difficult to interpret and there is no staining with S100. The negative
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Table 1
Differential Diagnosis of Atypical Intraepidermal Cells

Epithelial
Cytokeratin 7 membrane antigen S100  AEI/AE3

Extramammary + + - +
Paget’s disease

Squamous cell - Focal intermittent - t
carcinoma in situ staining
Melanoma in situ - - + -

S100 stain provides strong evidence against a diagnosis of melanoma;
however, it is imperative that the tissue sections be examined for the
presence of positive internal control staining in order to insure
adequacy of the test. Cytokeratin 7 expression is expected in Paget’s
disease and extramammary Paget’s disease, making this diagnosis most
likely. Cytokeratin 7 expression is not a feature of squamous cell car-
cinomas. The anti-keratin antibodies and the anti-epithelial membrane
antigen are useful in confirming the primary staining results. These
antigens can be expressed by keratinocytes in squamous cell carcino-
mas, but this is an inconstant finding. Cells in extramammary Paget’s
disease usually express them.

Vignette B

Differential Diagnosis of “Blue Cell Tumors”

A 27-yr-old woman presented to her local dermatologist with a
1 cm tender nodule on her forearm. She claimed it had been there for
about 2 mo and was very tender to palpation. Examination revealed
a dermal nodule with no overlying epidermal changes. The clinical
differential diagnosis included angiolipoma, eccrine spiradenoma,
glomus tumor and leiomyoma. A biopsy was performed.

The histologic changes are depicted in Fig. 3A,B. The differential
diagnosis included glomus tumor, eccrine spiradenoma, lymphoma,
Merkel cell carcinoma and less likely a metastasis, though there was
minimal cytologic atypia. An immunostaining strategy was designed
and is seen in Table 2.

Highlights from the immunostaining are seen in Fig. 4A-D. As
is shown in Fig. 4A, glomus tumors stain strongly with anti-smooth



166 Smoller

Fig. 2. (A) Anti-cytokeratin 7 is strongly expressed by the atypical cells within
the epidermis, but not by the background keratinocytes. (B) Similarly, anti-
EMA labels the tumor cells but not the background keratinocytes within the
epidermis.(C) Anti-S100 does not label the intraepidermal tumor cells.
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Fig. 3. (A) Low power demonstrates a well-circumscribed dermal nodule com-
prised of small, dark cells. (B) The tumor cells are remarkably uniform with
minimal cytologic atypia.

Table 2
Differential Diagnosis to Small Blue Cell Tumors in the Dermis
Smooth CK
muscle actin ~ CD3 CD20 cocktail CK 20 CK7

Glomus tumor + — — — — —
Lymphoma - +/= +/— - - -
Eccrine - - - + — +

spiradenoma (focal)
Merkel cell - - - + + -

Carcinoma
Metastatic - - - + - +/—

carcinoma
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Fig. 4. (A) Anti-smooth muscle actin strongly stains the tumor cells. (B) AE1/
AE3 anti-cytokeratin cocktail does not stain the tumor cells. (C) Anti-CD3
does not recognize the tumor cells.
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muscle actin, being neoplasms of modified smooth muscle cells.
Note that we used a combination of anti-CD3 and anti-CD20 to rule
out the possibility of lymphomain this case. Alternatively, we could
have used an anti-leukocyte common antigen antibody for this pur-
pose. (We do not currently stock anti-LCA, as we find little use for
it in our routine practice of dermatopathology). Anti-cytokeratin
cocktails are not able to discriminate between eccrine neoplasms
and metastatic carcinomas, as both would likely be focally positive.
It is possible that the anti-cytokeratin 7 antibody might be helpful.
It labels eccrine ductular differentiation, but some carcinomas will
also stain with this marker (see Chapter 3). Thus, it may not be
possible to make this distinction with immunostains. Routine his-
tologic findings, however, are helpful in that cytologic atypia is not
a feature of eccrine spiradenoma. Merkel cell carcinomas may also
be positive with anti-keratin cocktails, but usually express cyto-
keratin 20 and not cytokeratin 7, in contrast to eccrine neoplasms.
Expression of smooth muscle actin is unique to glomus cell tumors
in this differential diagnosis.

Vignette C

Differential Diagnosis of Densely
Cellular Spindle Cell Tumor

A 70-yr-old man presented with a slightly hyperpigmented nodule
on his hand that had been growing slowly for the past 3—4 mo. It was
not painful and he was otherwise in good health. The nodule was firm
and had no overlying surface changes. The clinical differential diag-
nosis included dermatofibroma, dermatofibrosarcoma protuberans,
Kaposi’s sarcoma and a foreign body giant cell granulomatous reac-
tion. A biopsy was performed and is represented in Fig. 5A,B.

The histologic differential diagnosis included mainly Kaposi’s
sarcoma, based upon the extravasation of erythrocytes, and dermatofi-
brosarcoma protuberans, based upon the dense cellularity with mini-
mal pleomorphism or cytologic atypia. Also considered were spindle
cell melanoma and a solitary fibrous tumor (which was thought to be
extremely unlikely). An immunostaining panel was developed to
resolve this diagnostic dilemma and is shown in Table 3.

Asis seen in Fig. 6A,B, the tumor cells stained strongly with both
anti-CD34 and anti-CD31. They failed to express S100 protein (not
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Fig. 5. (A) Low power demonstrates a dermal spindle cell neoplasm with no
obvious connection to the epidermis. (B) Higher magnification reveals a rela-

tively uniform population of spindle shaped cells. There is some extravasation
of erythrocytes present within the tumor mass.

Table 3
Differential Diagnosis to Dermal Spindle Cell Neoplasm
CD31 CD34 S100
Kaposi’s sarcoma + + —
Melanoma — — +
Dermatofibrosarcoma protuberans — + —

Solitary fibrous tumor — + —
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Fig. 6. (A) CD31 is strongly expressed by the spindle cells. (B) The spindle
cells also strongly express CD34.

shown). The important things to note in this work-up is that demon-
stration of CD34 alone would not have been sufficient. Three of the
four major entities in the differential diagnosis are known to express
CD34 strongly and diffusely. Only a spindle cell melanoma would
have been excluded based upon the finding of CD34 positivity. CD31
is a much more specific antibody, helping to identify the cellular
component of the tumor as being of endothelial cell origin. While
endothelial cells express CD34, a wide range of other cell types also
expresses it.
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Fig. 7. Histologic sections demonstrate an atrophic epidermis with atypical
basaloid cells.

It might also be noted that the staining profile of dermatofibrosa-
rcoma protuberans and solitary fibrous tumors is identical with this
antibody panel. In fact, they are very difficult to distinguish using
immunopathologic techniques. Examination of routine histologic
features and clinical presentation remain the best ways to differenti-
ate these two entities.

It is also essential to note that anti-S100 antibodies are the appro-
priate probes to exclude melanoma. For all subtypes of melanoma,
anti-S100 is the most sensitive marker. This is especially true of
spindle cell melanomas that only rarely express MART-1, HMB-45,
or tyrosinase.

Vignette D

Differential Diagnosis of Actinic
Keratosis vs Lentigo Maligna

A 77-yr-old man was evaluated by his dermatologist and found to
have a macular, irregular hyperpigmented patch on his face. He had
extensive sun damage and a history of many previous actinic kera-
toses and basal cell carcinomas. The clinical differential diagnosis
included pigmented actinic keratosis, solar lentigo and lentigo
maligna type of melanoma in situ. Biopsies were performed and are
depicted in Fig. 7.
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Table 4
Differential Diagnosis of Actinic Keratosis and Lentigo Maligna

AEI/AE3 S$100 MART-1

Actinic keratosis + — —

Lentigo maligna - + +
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Fig. 8. (A) The atypical cells along the basal layer fail to express cytokeratins
recognized by AE1/AE3. (B) Increased numbers of atypical basaloid cells
strongly express MART-1, proving that they are melanocytes.
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It was difficult, if not impossible, to determine if the atypical cells
along the dermal epidermal junction were keratinocytes or melano-
cytes. A simple immunostaining pattern was created to resolve this
simple question. It is presented in Table 4.

Results of the immunostaining are seen in Figs. 8A,B. In cases
where the atypical cells are keratinocytes, AE1 may or not be posi-
tive. The diagnosis of actinic keratosis can be made with positive
staining, but many atypical squamoproliferative processes only
focally express the cytokeratins recognized by this antibody. Alter-
natively, definitive staining of the intraepidermal atypical cells with
S100 and/or MART-1 is evidence strongly supportive of a melanoma
in situ. There is no known cross-reactivity of these antibodies with
keratinocytes. Thus, the atypical cells are melanocytes, and in this
pattern, represent a melanoma in situ. [ usually use both antibodies in
order to maximize sensitivity. Performance of anti-S100 antibodies
may be affected by variations in fixation procedures.

Vignette E
Differential Diagnosis of Cutaneous Lymphoid Infiltrate

A 61-yr-old woman presented to her dermatologist with an
erythematous 2 cm nodule on her forehead. There were no epidermal
changes and the nodule was firm to palpation. The clinical differen-
tial diagnosis included cutaneous lymphoma, lymphocytoma cutis
(reactive lymphoid hyperplasia), granuloma annulare and Jessner’s
lymphocytic infiltrate. A biopsy was performed and revealed the
histologic changes seen in Fig. 9A,B.

The histologic differential diagnosis included lymphoma cutis
(probable B cell type), Jessner’s lymphocytic infiltrate, and cutane-
ous lymphoid hyperplasia. A panel of antibodies designed to resolve
this dilemma was created and is seen in Table 5.

The results of the immunostaining are seen in Fig. 10A-D. Unlike
many of the other vignettes presented, staining pattern is essential in
making the diagnosis. In cutaneous lymphoid hyperplasia, the dermis
is filled with lymphocytes. Germinal centers (follicular centers) can
be identified in many cases, and these are highlighted with use of the
CD20 antibody. CD3 stains cells in the surrounding zones, recapitu-
lating the pattern seen in reactive lymph nodes. In contrast, as is seen
in this case, large sheets of CD20 positive lymphocytes are seen in B
cell lymphomas. T cells may be present, but are not seen in an orga-
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Fig. 9. (A) Low power demonstrates a dense dermal infiltrate of lymphocytes
with a prominent Grenz zone. (B) Higher magnification reveals a relatively
uniform population of lymphocytes, though both small and large cells are seen.

Table 5
Differential Diagnosis of a Dense Dermal Lymphocytic Infiltrate
Kappa Lambda
CD3 CD20 light chains light chains
Lymphoma  Focal; minority Sheets of cells ~ Almost all B Almost all B
of cells cells (or none) cells (or none)
Cutaneous  Zones of Germinal Majority of B Minority of B
lymphoid positive cells  centers positive  cells positive cells positive
hyperplasia
Jessner’s Diffusely Only rare Negative Negative
lymphocytic  positive positive cells

infiltrate
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Fig. 10. (A) Anti-CD3 stains only a small number of cells at the periphery of
the lymphoid aggregates. (B) Sheets of cells express CD20. (C) Kappa light
chains are expressed by almost all of the CD20 positive cells. (D) Expression
of lambda light chains is severely restricted in this monoclonal population of
neoplastic B cells.

nized pattern around well-formed follicular centers. In this case,
strong expression of kappa light chains, and no staining with lambda
confirms the monoclonal nature of the infiltrate. The addition of a
CD68 antibody may be helpful in highlighting the presence of tingible
body macrophages. These cells are found in reactive follicles, but not
within neoplastic follicles of follicular center cell B cell lymphomas.
I'have not found anti-bcl-2 antibodies to be helpful in most cases (see
Chapter 5).

Jessner’s lymphocytic infiltrate is an ill-defined entity that is char-
acterized by a nonepidermotropic, dermal infiltrate of T lympho-
cytes. Immunostaining such as the panel depicted above would help
in making this distinction, as B lymphocytes are present in small
numbers scattered throughout the dermis in this process.
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Vignette F

Differential Diagnosis of Basal Cell
Carcinoma vs Appendageal Neoplasm

A 37-yr-old man presented with a 1 cm nodule on his posterior neck.
The tumor had no epidermal changes, was not tender, and was firm and
freely mobile. There was an extended clinical differential diagnosis.

The histologic sections are represented in Fig. 11A,B. Abundant
ductular or pseudoductules are present admixed with islands of
basaloid cells. The characteristic cleft artifact often present in basal
cell carcinomas is not present. The differential diagnosis included a
basal cell carcinoma and an eccrine epithelioma. An appropriate panel
of immunostains was developed and is depicted in Table 6.

The staining results are demonstrated in Fig. 12A—C. There are
several important points to underscore with regard to the staining
results. First, it should be noted that most basal cell carcinomas do
not express the keratins that are detected by cocktails such as CAM
5.2, nor do they produce cytokeratin 7. Thus, it is difficult to find
a marker that can reliably be expected to label these neoplasms.
(The exception would be that if there is squamatization, the areas
with more “squamous” differentiation might express the keratins
detected by CAM 5.2 or AE1/AE3. MNF116 is also known to be
expressed by basal cell carcinomas.)

Another point to be gleaned from this panel is in the selection of
antibodies designed to demonstrate true ductular differentiation. In
order to maximize sensitivity, [ often will select more than one anti-
body that potentially labels a certain finding. In this type of case
where ductular differentiation might not be so readily found, it is
useful to try to find such differentiation with both anti-epithelial
membrane antigen and anti-cytokeratin 7 antibodies. Alternatively,
anti-CEA antibodies could have been used, but these tend to have a
higher level of background staining.

In some cases, Merkel cell carcinoma may also enter into the differ-
ential diagnosis. In those cases, anti-CK20 could be added to the panel.

Vignette G

Differential Diagnosis of Dermatofibroma
vs Dermatofibrosarcoma Protuberans

A 42-yr-old woman presented to the dermatologist with a multin-
odular 1.3 cm hyperpigmented growth on her shoulder. She claimed
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Fig. 11. (A) A tumor comprised of small dark cells coursing throughout the
dermis in large nests is present. There is no cleft artifact present surrounding
the epithelial islands. (B) There are spaces within the epithelial islands. No
definitive ductular differentiation is seen.

Table 6
Differential Diagnosis of Basaloid Proliferations

CAM 5.2 EMA Cytokeratin 7

Basal cell carcinoma - -
Eccrine epithelioma + + +
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Fig. 12. (A) CAMS5.2 strongly labels cells lining the spaces present within the
epithelial islands. (B) Anti-EMA antibodies are also present in these same
ductular lining cells. (C) Strong staining with anti-cytokeratin 7 antibodies is
present within the cells lining these spaces.
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Fig. 13. (A) Within the mid-reticular dermis, there is a cellular proliferation of
spindle shaped cells. (B) The tumor cells are relatively uniform in appearance
and display minimal cytologic atypia. Mitotic activity is very slight.

Table 7
Differential Diagnosis of Bland Spindle Cell Proliferations in the Dermis
Factor Smooth
S100 CD34 Xllla muscle actin

Dermatofibrosarcoma — + — —

protuberans
Dermatofibroma — — + _
Neurofibroma + + - -
Dermatomyofibroma - — - +

Leiomyoma - - - +
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Fig. 14. (A) Anti-S100 protein does not recognize the spindle shaped tumor
cells. (B) CD34 is strongly expressed by virtually all cells within the tumor.
(C) Anti-factor XIIIa antibodies demonstrate scattered positive cells, but the
majority of the tumor cells fail to express this antigen. (D) The tumor cells
do not express smooth muscle actin.

that it had been growing slowly over the past 2-3 yr, but could not
remember when she first noticed it. The clinical differential diagno-
sis included a dermatofibroma, dermatofibrosarcoma protuberans,
leiomyoma, or other dermal tumor.

Routine histologic sections demonstrated a dermal spindle cell
neoplasm, as seen in Fig. 13A,B.

The histologic differential diagnosis included mainly “fibroblast-
like” proliferations such as dermatofibroma and dermatofibro-
sarcoma protuberans. Neural neoplasms seemed less likely.
Dermatomyofibroma was also considered in the differential diagno-
sis. A panel of immunostains shown in Table 7 was developed to
solve this diagnostic dilemma.

The results from the immunostaining are seen in Fig. 14A-D.
Virtually all dermatofibrosarcoma protuberans stain diffusely with
anti-CD34, as is seen in this case. While not usually necessary, in less
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cellular variants, this stain can be very helpful. In contrast, CD34
staining is rarely present in dermatofibromas. While focal elements
of aneurofibroma may express CD34, the focal S100 positivity of the
schwann cells will help differentiate this neoplasm. The distinction
between a dermatomyofibroma and leiomyoma is more difficult with
immunolabeling, but routine histology usually separates these enti-
ties. (The newly described anti-caldesmon antibody may prove to be
helpful in making this decision.) As both express smooth muscle
actin, but not CD34, differentiation from dermatofibrosarcoma
protuberans is not a problem.

Vignette H
Differential Diagnosis of Spongiotic Dermatitis in a Child

A 5-wk-old boy was seen in the dermatology clinic with a diffuse
erythematous, scaly eruption that was most extensive on his face, neck
and scalp. It was not noticed at birth, but appeared within the first
week of life and continued to progress. The clinical differential diag-
nosis included atopic dermatitis, seborrheic dermatitis, and Langer-
hans cell histiocytosis. The histologic sections prepared from the
biopsy specimen are demonstrated in Fig. 15A,B.

The histologic differential diagnosis of a spongiotic process with
intraepidermal hematopoietic cells was similar to the clinical differen-
tial diagnosis, and included Langerhans cell histocytosis, seborrheic
dermatitis, and atopic dermatitis in this patient population. Other en-
tities such as Gianotti-Crosti syndrome and mycosis fungoides were
easily eliminated based upon clinical presentation and disease history.
A strategic table was developed as is seen in Table 8.

The diagnostic stains are depicted in Fig. 16A,B. It is important to
note that Langerhans cells express CD4 and that this antibody cannot
be used to differentiate Langerhans cells fromintraepidermal T helper
lymphocytes. However, they do not express CD3. The key immuno-
staining result in this case is the strong, diffuse staining of virtually
all of the hematopoietic cells with CD1a. It should also be noted that
pan T cell markers are expressed by the inflammatory infiltrates in
both atopic dermatitis and seborrheic dermatitis. Immunostains are
not helpful in making this distinction. (While Langerhans cells may
be slightly increased within the epidermis in both diseases, in neither
will they represent the dominant hematopoietic cell infiltrate within
the epidermis.)
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Fig. 15. (A) Histologic sections demonstrate intraepidermal hematopoietic
cells with accompanying spongiosis. (B) The cells appear slightly enlarged and
have a small bit of cytoplasm.

Table 8
Differential Diagnosis of Spongiotic Processes of Childhood
CD3 CD4 CDla
Langerhans cell histiocytosis - + +
Atopic dermatitis + + —

Seborrheic dermatitis + + —
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Fig. 16. (A) The intraepidermal cells fail to express CD3. (B) There is strong
staining with anti-CD1a antibody in the epidermotropic hematopoietic cells.

Vignette I

Differential Diagnosis of an Atypical Lymphoid Infiltrate

A 47-yr-old woman presented to the dermatologist with scattered
erythematous papules and nodules on her left arm. Several of them
appeared ulcerated. The clinical differential diagnosis included mul-
tiple arthropod bites, lymphomatoid papulosis, and pityriasis
lichenoides et varioliformis acuta. A biopsy was performed and is
shown in Fig. 17A,B.

The histologic differential diagnosis included lymphomatoid
papulosis, arthropod bite reaction, pityriasis lichenoides et varioli-
formis acuta and large cell anaplastic lymphoma. The number of
atypical lymphocytes suggested the first diagnosis to be most likely.
An antibody panel was developed to confirm this diagnosis.

Figure 18 A—C demonstrate the results of the immunolabeling
studies. Examination of the constructed panel reveals that all of the
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Fig. 17. (A) Histologic sections demonstrate a superficial and deep perivascu-
lar infiltrate with focal exocytosis. (B) Higher magnification demonstrates
focal enlarged, atypical lymphocytes and a mixed inflammatory infiltrate.

Table 9
Differential Diagnosis of Atypical Dermal Lymphocytes
CD3 CD20 CD7 CD30

Lymphomatoid + - - +

papulosis (10-20%) of cells
Arthropod bite reaction + Rare + Rare
Pityriasis lichenoides + - + Rare

et varioliformis acuta
Large cell anaplastic + - + +

lymphoma (Extremely rare) (>75% of cells)
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Fig. 18. (A) Anti-CD3 stains virtually all of the inflammatory cells within the

dermis. (B) Only rare dermal cells express CD20. (C) The large, atypical cells
within the dermis express CD30, constituting only a minority population of the

dermal infiltrate.
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processes considered in the differential diagnosis are predominantly
T cell processes; however, occasional B cells may be present in an
arthropod bite reaction. While CD30 expression is seen in rare cells
in arthropod bite reactions and pityriasis lichenoides et vario-
liformis acuta, such cells rarely exceed 2— 5% of infiltrating T lym-
phocytes. Inlymphomatoid papulosis, a significant minority of cells
(20-30%), including the atypical cells (especially in type A lym-
phomatoid papulosis) expresses this antigen. However, in large cell
anaplastic lymphoma, by definition more than 75% of the infiltrat-
ing T cells express CD30. The major differential diagnoses in this
situation are the newly described Type C lymphomatoid papulosis,
which can only be distinguished based upon clinical grounds, and
a secondary large cell anaplastic lymphoma, which is primarily
distinguished by history. (Note that extremely rare cases of large
cell anaplastic lymphoma of the skin are comprised of B lympho-
cytes and not T lymphocytes.)

Vignette |

Differential Diagnosis of an Atypical
Dermal Spindle Cell Proliferation

The patient is an 82-yr-old man who presented with an ulcerated
nodule on his right ear that had been present for about 6 mo. The
clinical differential diagnosis included squamous cell carcinoma,
basal cell carcinoma, amelanotic melanoma, and atypical fibro-
xanthoma. A small shave biopsy was performed yielding the fol-
lowing tissue sections (Fig. 19A,B).

The differential diagnosis of this specimen included spindled squa-
mous cell carcinoma, atypical fibroxanthoma, spindle cell melanoma,
and leiomyosarcoma and perhaps poorly differentiated angiosarcoma
(though the cells in these neoplasms are not usually quite so spindle-
shaped). An immunostaining strategy was established to decipher
this differential diagnosis and is portrayed in Table 10.

The immunostaining for this case is shown in Fig. 20A-D. Ascan
be seen, there was staining with CD68 and focally with smooth muscle
actin. The CD68 staining is expected in atypical fibroxan-thomas,
but can also be seen focally in some cases of melanoma and leiomyo-
sarcoma. The focal staining with smooth muscle actin is not surpris-
ing in an atypical fibroxanthoma, but would be unusual in a
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Fig. 19. (A) Low power demonstrates a dermal spindle cell infiltrate with no
obvious connection to the overlying epidermis. (B) Higher magnification dem-
onstrates marked atypia and scattered multinucleated cells.

Table 10
Differential Diagnosis of Atypical Dermal Spindle Cell Tumor

Smooth
§100 CD68 muscle actin  CD31  Cytokeratin

Atypical - + + - -
fibroxanthoma

I+
|
|
|

Melanoma +

|
<
=}
&
<

Squamous cell - - -
carcinoma

+
_|_
|
|

Leiomyosarcoma -

Angiosarcoma - - - + -




Fig. 20. (A) Anti-S100 fails to stain the population of dermal spindle shaped
cells. (B) Anti-CD68 antibody identifies only scattered cells in the spindle cell
infiltrate. (C) CD31 is strongly expressed by dermal endothelial cells, but not
by the spindle cells in the tumor. (D) Anti-cytokera-tin is strongly expressed
by cells in the overlying epidermis, but not in the tumor cells.

melanoma. Leiomyosarcomas are almost always strongly and dif-
fusely positive with this marker and the focal staining seen in this
case would be most unusual. The negative S100 is additional evi-
dence against a melanoma. The absence of CD31 staining of the
tumor cells, with concomitant strong staining of the dermal blood
vessels mitigates against an angiosarcoma. If angiosarcoma were a
stronger diagnostic consideration, addition of anti-CD34 antibodies
would be helpful in excluding or including endothelial cell differen-
tiation. Itis difficult to completely exclude a spindled squamous cell
carcinoma. The absence of cytokeratin staining does not exclude this
possibility, though the presence of smooth muscle actin and CD68
would be unusual for this diagnosis. (New information suggests that
the inclusion of anti-CK5/6 antibodies might be helpful in positively
labeling spindle cell squamous cell carcinomas.)
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There are several other points worth mentioning. There is little
role for antibodies directed against vimentin in this differential diag-
nosis. With the exception of squamous cell carcinomas, all of the
tumors considered would be expected to demonstrate strong cyto-
plasmic staining. In addition, vimentin can be seen in a significant
percentage of spindled squamous cell carcinomas. Thus, a positive
result has virtually no discriminatory power. There is also little rea-
son to add MART-1, HMB-45, or any other “melanocyte specific”
marker to the panel. Spindle cell melanomas almost always fail to
express these antigens. Thus, anegative result would add little infor-
mation to that attained from the panel as presented.

Vignette K
Differential Diagnosis of Mycosis Fungoides

A 72-yr-old man presented to the dermatology clinic with a
known 5-yr history of erythematous patches on his proximal trunk
and extremities. The patches initially responded to topical steroids,
but more recently persisted even with treatment. The differential
diagnosis included contact dermatitis, mycosis fungoides, and a
drug eruption. Several punch biopsies were performed and are dem-
onstrated in Fig. 21A,B.

The histologic differential diagnosis included a partially treated
spongiotic dermatitis, mycosis fungoides, chronic actinic dermatosis
(actinic reticuloid), and perhaps a drug eruption. In order to resolve
this differential diagnosis, a panel of immunostains was developed
and is presented in Table 11.

Fig. 22 A-D demonstrate the immunolabeling results in this case.
It is important to note that most inflammatory dermatoses are com-
prised almost entirely of CD3 positive T cells. CD20 positive B
cells represent only a small minority of infiltrating cells. Mycosis
fungoides is characterized by a marked predominance of CD4+ T
helper lymphocytes. T helper cells are about 10X more frequent
than are CD8+ cells in the dermal and epidermal infiltrates in
mycosis fungoides, as is seen in this case. In many cases, less than
10% of these cells will express the pan-T cell antigen CD7. This is
in contrast to inflammatory processes in which the vast majority of
lymphocytes express CD7. Chronic actinic dermatoses are charac-
terized by a predominantly CD8+ cell infiltrate.
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A

Fig. 21. (A) A band-like infiltrate of lymphocytes is seen along the dermal
epidermal junction and there is focal epidermotropism. (B) Higher magnifica-
tion demonstrates dermal fibrosis, epidermotropism and minimal spongiosis.

Table 11
Differential Diagnosis of Mycosis Fungoides
CD3 CD4 CDS8 CD7 CD20

Spongiotic + + + + -

dermatitis (Majority) (Minority)
Chronic actinic + + + + —

dermatosis (Minority) (Majority)
Drug eruption + + + + -
Mycosis + + + — —

fungoides (Usually >90% (Usually <10%

of T cells) of T cells)
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Fig. 22. (A) Anti-CD3 antibodies label virtually all of the lymphocytes in the
epidermis and dermis. (B) The vast majority of epidermal and dermal lympho-
cytes expresses CD4. (C) A minority population of lymphocytes in this biopsy
specimen expresses CD8. (D) Only rare cells in the dermis express CD20.
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Actin,
cell sources, 55
diagnostic utility, 55-58
technical considerations for immuno-
staining, 57, 58
tumor expression, 55, 56
Actinic keratosis, differential diagnosis vs
lentigo maligna, 172, 174
AEC, see Aminoethylcarbazol
Alkaline phosphatase, colorimetric detec-
tion system, 17
Aminoethylcarbazol (AEC), colorimetric
detection, 16, 17
Androgen receptor,
diagnostic utility, 45-47
technical considerations for immuno-
staining, 46
tissue distribution, 45
Antibody,
monoclonal vs polyclonal, 18
primary, 17, 18
secondary, 19
Antigen retrieval, see Epitope retrieval
Automation, immunostaining, 20, 21

B
Basal cell carcinoma, differential diagnosis
vs eccrine epithelioma, 177, 178
BCG, see Mycobacteria bovis
Bcl-2,
cell sources, 76
diagnostic utility, 82—-84
technical considerations for immuno-
staining, 84
Biotin-streptavidin immunoperoxidase
complex, principles of staining,
15,16
Blue cell tumor, differential diagnosis,
165, 169
B lymphocyte markers,
Bcl-2, 82-84
CD10, 78,79

CD20, 80
CD79a, 80-82
immunoglobulin light chains, 76-78
lymphoma work-up, 78, 79
Bombesin, neuroendocrine marker, 140
Borrelia burgdorferi, diagnostic anti-
bodies, 150

C
Calcitonin, neuroendocrine marker, 140
Calgranulins, MAC387 detection, 100,
101
Carcinoembryonic antigen (CEA),
cell sources, 38
diagnostic utility, 38—41
technical considerations for immuno-
staining, 40
tumor expression, 38, 39
CDla,
cell sources, 96
diagnostic utility, 96
technical considerations for immuno-
staining, 96
CD3,
diagnostic utility, 84, 85
T lymphocyte expression, 84
technical considerations for immuno-
staining, 84, 85
CD4,
cell sources, 86
diagnostic utility, 86
technical considerations for immuno-
staining, 86
CDs5,
cell sources, 86
diagnostic utility, 88
technical considerations for immuno-
staining, 88
CD7,
diagnostic utility, 89
T lymphocyte expression, 88, 89
technical considerations for immuno-
staining, 89
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CDg, CD57,
diagnostic utility, 90, 91 benign cutaneous neural neoplasm
T lymphocyte expression, 89 expression, 137
technical considerations for immuno- cell sources, 135
staining, 91 diagnostic utility, 135, 136
CD10, technical considerations for immuno-
B lymphocyte expression, 78 staining, 135
diagnostic utility, 78, 79 CDe68,

technical considerations for immuno- antibodies, 97-99
staining, 79 cell sources, 98

CDI15 diagnostic utility, 99, 100
’ technical considerations for immuno-

11 , 97 ini
cell sources staining, 99

diagnostic utility, 97
technical considerations for immuno-
staining, 97

CD79a,
B lymphocyte expression, 80
diagnostic utility, 81, 82

D20, . technical considerations for immuno-
B lymphocyte expression, 80 staining, 82
diagnostic utility, 80 CD99 ’

technical considerations for immuno- cell sources, 138

staining, 80 diagnostic utility, 138-140
CD30, technical considerations for immuno-
diagnostic utility, 92, 93 staining, 140
T lymphocyte expression, 92 CEA, see Carcinoembryonic antigen
technical considerations for immuno-  Chromagranin A,
staining, 93 cell sources, 131, 132
CD3l1, diagnostic utility, 132, 133
cell sources and functions, 63, 64 technical considerations for immuno-
diagnostic utility, 64, 65 staining, 132, 133
technical considerations for immuno- ~ CMV, see Cytomegalovirus
staining, 65 Controls, immunostaining, 19, 20
CD34, Cytokeratin 5/6,

cell sources, 35

diagnostic utility, 35, 36

technical considerations for immuno-
staining, 35

Cytokeratin 7,

cell sources, 36

diagnostic utility, 36, 37

technical considerations for immuno-
staining, 36, 37

cell sources, 60
diagnostic utility, 60—63
technical considerations for immuno-
staining, 63
tumor expression, 60—-63
CD43,
cell sources, 93, 94
diagnostic utility, 95
technical considerations for immuno-

e Cytokeratin 20,
staining, 95 cell sources, 127
CD45RB, see Leukocyte common antigen diagnostic utility, 127-130
CD56, technical considerations for immuno-
cell sources, 102 staining, 129
diagnostic utility, 102, 103 Cytomegalovirus (CMV), antibodies,
technical considerations for immuno- diagnostic utility, 147, 148

staining, 102 technical considerations for use, 148
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D F
DAB, see Diaminobenzidine Factor XIIIa,
Dermatofibroma, differential diagnosis vs cell sources, 66
dermatofibrosarcoma protuberans, diagnostic utility, 67, 68
177,181, 182 technical considerations for immuno-
Desmin, staining, 67
cell sources, 58 Fixation,

diagnostic utility, 58-60
technical considerations for immuno-
staining, 59
tumor expression, 58, 59
Diaminobenzidine (DAB), colorimetric
detection, 16
Double labeling, principles, 24

E

Eccrine epithelioma, differential diagnosis
vs basal cell carcinoma, 177, 178
EMA, see Epithelial membrane antigen
Epithelial markers,
carcinoembryonic antigen, 38—41
cytokeratin 5/6, 35, 36
cytokeratin 7, 36, 37
cytokeratin 20, see Cytokeratin 20
epithelial membrane antigen, 41-44
gross cystic disease fluid protein,
44, 45
keratins, 31-35
sex hormone receptors, 4547
Epithelial membrane antigen (EMA),
benign cutaneous neural neoplasm
expression, 137
cell sources, 41
diagnostic utility, 42-44
technical considerations for immuno-
staining, 43
tumor expression, 42, 43
Epitope retrieval,
enzymatic, 21-23
heat-induced epitope retrieval, 23
Epstein-Barr virus, antibodies,
diagnostic utility, 148, 149
technical considerations for use, 149
types, 148
Estrogen receptor,
diagnostic utility, 45-47
technical considerations for immuno-
staining, 46
tissue distribution, 45

formalin, 9, 10
microwave fixation, 10
selection of fixative, 9
Formalin, fixation, 9, 10
Frozen sections, immunopathology
applications, 23, 24

G
GCDFP-15, see Gross cystic disease fluid
protein
Gross cystic disease fluid protein,
diagnostic utility, 44, 45
technical considerations for immuno-
staining, 44
tissue distribution, 44

H

Heat-induced epitope retrieval (HIER),
principles, 23
Hematopoietic markers,
B lymphocyte markers,
Bcl-2, 82-84
CD10, 78,79
CD20, 80
CD79a, 80-82
immunoglobulin light chains, 7678
CD56, 102, 103
CD99, see CD99
Ki-67, 101, 102
leukocyte common antigen, 75, 76
mast cell trypase, 102, 103
monocyte/macrophage markers,
calgranulins, 100, 101
CDla, 96
CD15,97
CDe68, 97-100
T lymphocyte markers,
CD3, 84, 85
CD4, 86
CDs, 86, 88
CD7, 88, 89
CDs, 89-91
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CD30, 91, 92 AE3, 32
CD43, 93-96 CAMS5.2, 33

Her-2-neu, metastatic breast cancer MNF116, 34

expression, 155
Herpes virus, antibodies,
diagnostic utility, 145-147
technical considerations for use, 147
types, 145
HIER, see Heat-induced epitope retrieval
HMB-45,
diagnostic utility, 116, 119, 120
epitope features, 118
melanoma expression, 116, 119, 120
technical considerations for immuno-
staining, 120

I
Immunoglobulin light chains, see Kappa
light chain; Lambda light chain

Immunopathology,

definition, 3, 4

facilities, 5

frozen sections, 23, 24

goals, 3

indications, 4, 5

interpretation of results,

personnel, 6, 7
troubleshooting, 25, 27

neoplasm diagnostic algorithm, 4, 5

supervision of laboratories, 5, 6

timing of tests, 6
Immunoperoxidase,

automation, 20, 21

controls, 19, 20

definition, 3

limitations, 7

principles of staining, 12, 15, 16

K
Kaposi’s sarcoma, herpes virus antibody
staining, 146
Kappa light chain,
B lymphocyte expression, 76
diagnostic utility, 76-78
technical considerations for immuno-
staining, 77, 78
Keratins,
antibody cocktails,
AEl, 32

cell sources, 31

classification, 31

diagnostic utility, 32-35

technical considerations for immuno-
staining, 34

Ki-67,

cell cycle dependence of expression,
101

diagnostic utility, 101, 102

technical considerations for immuno-
staining, 101, 102

L
Laboratory,
facilities, 5
supervision, 5, 6
Lambda light chain,
B lymphocyte expression, 76
diagnostic utility, 76-78
technical considerations for immuno-
staining, 77, 78
LCA, see Leukocyte common antigen
Lentigo maligna, differential diagnosis
vs actinic keratosis, 172, 174
Leu-7, see CD57
Leukocyte common antigen (LCA),
diagnostic utility, 75, 76
isoforms, 75
technical considerations for immuno-
staining, 75
Lymphoid infiltrate, differential diagnosis,
atypical infiltrate, 184, 187
cutaneous infiltrate, 174, 176

M
MAC387,
diagnostic utility, 100, 101
technical considerations for immuno-
staining, 100
MAGE, melanocyte marker, 121
MART-1,
diagnostic utility, 115-118
immunotherapy targeting, 115
melanoma expression, 115-117
technical considerations for immuno-
staining, 118
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Mast cell trypase,
diagnostic utility, 102, 103
technical considerations for immuno-
staining, 103
Melanocyte markers,
HMB-45, 118-120
MAGE, 121
MART-1, 115-118
microphthalma transcription factor, 121
S100, 111-115
tyrosinase, 120
Mesenchymal markers,
actin, 55-58
CD31, 63-65
CD34, 60-63
desmin, 58-60
factor XIIIa, 66—68
vimentin, 53-55
von Willebrand factor, 66
Metastasis,
incidence in skin, 155
prostate cancer markers, 155-157
sex hormone receptors, 159
surgical pathology markers, 159
thyroid cancer markers, 157, 158
MIC2, see CD99
Microphthalma transcription factor,
melanocyte marker, 121
Microwave fixation, tissue samples, 10
Monocyte/macrophage markers,
calgranulins, 100, 101
CDl1a, 95, 96
CD15, 96, 97
CD68, 97-100
Mycobacteria bovis (BCG), diagnostic
antibodies, 151
Mycosis fungoids, differential diagnosis,
190

N

Neuroendocrine markers,
bombesin, 140
calcitonin, 140
CD57, 135, 136
CD99, 138-140
chromagranin A, 131-133
cytokeratin 20, 127-130
neuron-specific enolase, 130, 131

PGP 9.5, 137, 138

synaptophysin, 133-135
Neuronal cell adhesion marker, see CD56
Neuron-specific enolase (NSE),

cell sources, 130

diagnostic utility, 130, 131

technical considerations for immuno-

staining, 131

NSE, see Neuron-specific enolase

P
Paget’s disease, differential diagnosis of in-
tradermal atypical cells, 163—165
Paraffin, embedding of tissue, 10, 11
PECAM-1, see CD31
Peroxidase, see Immunoperoxidase
PGP 9.5,
benign cutaneous neural neoplasm
expression, 137
cell sources, 137
diagnostic utility, 137, 138
technical considerations for immuno-
staining, 138
PNETS, see Primitive neuroectodermal
tumors
Primitive neuroectodermal tumors (PNETS),
CD99 staining, 138, 139
Progesterone receptor,
diagnostic utility, 45-47
technical considerations for immuno-
staining, 46
tissue distribution, 45
Prostate specific antigen,
diagnostic utility for metastasis, 156,
157
function, 155
technical considerations for immuno-
staining, 157
Prostatic acid phosphatase,
diagnostic utility for metastasis, 156,
157
function, 155
technical considerations for immuno-
staining, 157
Protease, enzymatic epitope retrieval,
21-23

R

Rickettsia rickettsii,
diagnostic antibodies, 151, 152
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S Tissue preparation,
S100, fixation, 9, 10
benign cutaneous neural neoplasm paraffin embedding, 10, 11
expression, 137 T lymphocyte markers,
diagnostic utility, 111-115 CD3, 84, 85
subunit distribution, 111 CD4, 86
technical considerations for immuno- CD5, 86, 88
staining, 115 CD7, 88, 89
Sex hormone receptors, see Androgen CDS8, 89-91
receptor; Estrogen receptor; CD30, 91, 93
Progesterone receptor CD43, 93-95
Sialyl Lewis X, see CD15 Treponema pallidum, diagnostic anti-
Slide, preparation forimmunostaining, 11 bodies, 150

Spindle cell tumor, differential diagnosis,
169, 171, 172, 187, 189, 190
Spirochetes, antibodies,
diagnostic utility, 150
technical considerations for use, 150
Spongiotic dermatitis, differential diagnosis
in children, 182
Synaptophysin,
cell sources, 133
diagnostic utility, 133, 134
technical considerations for immuno-
staining, 133

T
Thyroglobulin,

diagnostic utility formetastasis, 157,158
Thyroid transcription factor-1 (TTF-1),

diagnostic utility for metastasis,
158

TTF-1, see Thyroid transcription factor-1
Tyrosinase, melanocyte marker, 120

v

Vimentin,
cell sources, 53
diagnostic utility, 53-55
technical considerations for immuno-
staining, 54, 55
von Willebrand factor (vVWF),
cell sources, 66
diagnostic utility, 66
technical considerations for immuno-
staining, 66
vWEF, see von Willebrand factor
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