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Differential Expression of Desmosomal Glycoproteins in
Keratoacanthoma and Squamous Cell Carcinoma of the Skin:
An Immunohistochemical Aid to Diagnosis
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The distinction between keratoacanthoma and squamous cell
carcinoma is a common dermatopathological dilemma. Although
the mainstay of the diagnosis is still clinico-pathological correla-
tion, many dermatopathologists now include keratoacanthomas
in the spectrum of squamous cell carcinomas. Recent reports,
however, have pointed out that keratoacanthoma is *‘deficient
squamous cell carcinoma” since it loses the expression of bel-2
antigen, consistent with initiation of apoptosis, i.e. its involution.
Electron microscope studies performed in keratoacanthomas and
squamous cell carcinomas also revealed significantly reduced
desmosomes in squamous cell carcinoma, but not in ker-
atoacanthoma.

A series of 38 keratoacanthomas and 62 squamous cell
carcinomas of the skin (28 well-differentiated, 21 moderately
differentiated and 13 poorly differentiated) were stained immuno-
histochemically with the monoclonal antibody 32-2B to desmoso-
mal glycoproteins desmoglein 1 and desmoglein 3. Thirty-five
keratoacanthomas showed extensive pericellular desmoglein
expression. Three keratoacanthomas and 20 squamous cell car-
cinomas (19 well-differentiated, 1 moderately differentiated)
showed focal staining, and in 11 squamous cell carcinomas (2
moderately differentiated, 9 poorly differentiated) the staining
was negative. The remaining 31 squamous cell carcinomas (9
well differentiated, 18 moderately differentiated, 4 poorly differ-
entiated) showed juxtanuclear staining. None of the squamous
cell carcinomas exhibited the extensive pericellular pattern found
in keratoacanthomas. Assessment of staining intensity, by 3
independent examiners, revealed a strong negative correlation
between desmoglein expression and degree of dysplasia in the
squamous cell carcinomas (p<0.01).

This antibody therefore clearly distinguishes these tumours
and may be of value in the differential diagnosis of keratoacan-
thoma and squamous cell carcinomas in routine histopathology.
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The distinction between solitary keratoacanthoma (KA) and
squamous cell carcinoma of the skin (SCC) is a common
dermatopathological dilemma (1). Rapid onset of the lesion
as well as a firm dome-shaped aspect with a keratin-filled
crater are highly indicative of KA, but cannot exclude well-
differentiated SCC. Conversely, cell atypia and deep stromal
or intravascular invasion characterize SCC but may also occur
in the early phase of KA (1-3). Some immunohistochemical
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studies (distribution of H blood group antigen (4), peanut
lectin receptor and carcinoembryonic antigen (5), major histo-
compatibility complex antigen expression (6). intercellular
substance staining pattern (7)., nucleolar organizer region
enumeration (8)) can be adjuncts in differential diagnosis of
these tumours. Others (involucrin (9), filaggrin (10), keratin
(9), B-2 microglobulin (11) and p33 oncoprotein expression
(12)) have shown conflicting results. For these reasons, in the
last decade, some authorities in dermatopathology have begun
to consider KA and SCC as variants of a single entity (13).
Confusingly, it has been considered as a pseudoneoplastic
growth (14), a benign epidermal lesion (15), a preneoplastic
lesion (16), an abortive malignarcy that rarely progresses to
invasive SCC (1), or as low-grade SCC (13). Clearly it is of
the utmost importance to distinguish between benign lesions
and those that may or will metastasize.

Electron microscope studies performed on KA and SCC (2,

7) showed significantly reduced expression of structures relat-
ing to the cohesiveness of epithelial cells (numerical and surface
density of desmosomes, volume density of intercellular space)
in SCC but not KA, so these characteristics may be useful in
differential diagnosis. Only small areas of tumour cells can be
scanned ultrastructurally, but results are also compatible with
studies of intercellular substance (ICS) staining patterns (7,
|8), which were completely preserved in KA but expressed
focally, decreased or absent in SCC. The marker for ICS was
pemphigus vulgaris serum with a high titre of anti-ICS anti-
body. applied to the frozen sections of both tumours, and
visualized by indirect immunotluorescence.

The major pemphigus foliaceus (19) and pemphigus vulgaris
(20) antigens have recently been characterized as desmoglein
| (Dsg 1) and desmoglein 3 (Dsg 3). They have been shown
1o be reduced in invasive SCC (21). We have examined the
expression of these desmosomal glycoproteins using a mono-
clonal antibody 32-2B developed by Vilela et al. (22). This
antibody, an 1gG2a class mouse immunoglobulin, recognizes
the cytoplasmic domains of human Dsg 1 and Dsg 3 (23, 24),
and can be used on sections from paraffin-embedded material.
The study was designed to determine the pattern of desmoglein
staining in KA and SCC. their relationship with prognosis
and their potential value in routine histopathology.

MATERIAL AND METHODS

Strict clinical (1) and histological (2. ) criteria were used to differenti-
ate between KA and SCC (Table I). Tissue specimens were retrieved
from dermatopathology files (Dermatopathology sections of the
Department of Dermatology. University of Belgrade School of
Medicine and St. John's Institute for skin diseases. London. UK),
dated January 1991 to June 1994, and initial haematoxylin-eosin (HE )
alass slides were reviewed by one author (AK). Small tissue samples.
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Table I. Clinical and histological criteria used for the differential diagnosis of KA and SCC

KA

SCC

Clinical criteria
Macroscopic appearance

margin
Duration less than 3 months
Biological behaviour

size
Histological criteria
Low power

collarette
High power

pink-coloured, crateriform nodule with central
keratin plug, regular circular border, with distinct

rapid growth phase, then static or decreasing in

invaginated, keratin-filled crater with epidermal

proliferation of the keratinocytes at the base and
sides of the lesion. few mitoses, little anaplasia;
large. eosinophilic, “ground glass™ keratinocytes;

indurated, scaly plaque, indistinct margin,
irregular border, sometimes eroded or ulcerated

more than 6 months
continuous slow growth

multiple keratin-filled nests

disordered proliferation of the keratinocytes,
multiple or atypical mitoses, pronounced
anaplasia

intraepithelial abscesses; mixed cell infiltrate at the

dermal side of the tumour;

specimens in which the lesion comprised only a minority of the tissue.
were excluded, as well as cases with incomplete or absent clinical data
from the patients’ charts. From the remaining 100 paraffin blocks
(38 KA and 62 SCC) 5-pum thick sections for HE were obtained, as
well as 4-um thick sections for immunochemical evaluation.

Immunocytochemical procedures

Immunocytochemistry was performed using the avidin-biotin complex
immunoperoxidase method (ABC) as described by Hsu et al (25),
with the modifications outlined below. After the sections had been cut
from paraffin blocks, they were deparaffinized in xylol, rehydrated
through graded alcohols to water and treated with 1% H,0, in
methanol to block endogenous peroxidase activity. The sections were
then trypsinized (0.1% trypsin in 0.1% CaCl,, pH 7.8 at 37°C for 10
min) and washed first in water and then in Tris-buffered saline (TBS:
0.5M Tris/HCI, pH 7.8, diluted 1:10 with 0.15M NaCl). Each incuba-
tion lasted 30 min and was followed by three 10-min washes in TBS.
The sections were then incubated with 1% bovine serum albumin
(BSA) in Dulbecco’s Minimum Essential Medium (DMEM ) plus 20%
fetal calf serum (FCS) for at least 30 min to eliminate non-specific
binding. Excess BSA solution was then blotted from the slides and
the diluted (1:20) monoclonal antibody applied. The sections were
then treated with biotinylated rabbit anti-mouse IgG for 30 min,
followed by the ABC (ABC kit, DAKO) for 60 min. Incubation was
followed by three 5-min washes with TBS. Bound peroxidase-labelled
antibody was revealed by the application of 3.3 diaminobenzidine
(DAB). Sections were then counterstained with Harris’s haematoxylin.
As a negative control normal mouse serum was used in place of the

primary antibody, while regions of uninvolved epidermis served as a
positive control when tumour staining was absent.

Classification and scoring of histological sections

HE sections were examined by a histopathologist (NPS and OC) and
the SCC were further classified according to the degree of differenti-
ation by the method of Broders (26), with the modifications summar-
ized by Wick (27):

1) well-differentiated (WD) (more than 75% of keratinized cells —
Broders I)

2) moderately differentiated (MD} (25% to 75% Keratinized cells —
Broders 1I/11T)

3) poorly differentiated (PD) (less than 25% of keratinized cells -
Broders IV)

The sections stained with the antidesmoglein antibody were examined
independently by 3 of the authors (AK, DRG, GSO) without know-
ledge of the histological assessment or subsequent clinical course of
the patient. The degree of desmoglein staining was graded as follows:
+ + + extensive pericellular staining up to the tumour-host border

++  focal pericellular staining

+ juxtanuclear staining pattern

0 absent staining.

Statistical analysis was performed by the chi-square test.

Fig. 1. Widespread intense pericellular staining of keratoacanthoma with classical crateriform architecture with monoclonal antibody 32-2B.

Staining extends to all non-keratinized epithelial layers. The keratinized crater which is not stained is indicated with an arrowhead. D=
dermis. (= 43).

Fig. 2. Keratoacanthoma showing extensive pericellular staining with monoclonal antibody 32-2B (x 86). Virtually all tumour cells show intense
staining with only a few showing reduced staining (arrowheads).

Fig. 3. Isolated islands of keratoacanthoma showing complete retention of pericellular staining with 32-2B except in keratinized areas (arrows).

Arrowheads indicate the boundaries of tumour islands where they abut on the extracellular matrix. Note that intense staining persists right up
to this boundary. ( x 86).

Fig. 4. Well-differentiated squamous cell carcinoma showing patchy staining with 32-2B. Staining surrounds the unstained keratinized areas

(arrows). However, each tumour island is surrounded “basally” by at least one layer of unstained cells (arrowheads) in stark contrast to the
appearance of the KA shown in Fig. 3. (< 86).

Fig. 5. Poorly differentiated squamous cell carcinoma showing complete absence of staining with 32-2B. (=< 43).
Fig. 6. Moderately differentiated squamous cell carcinoma showing juxtanuclear staining with 32-2B in localised areas (arrows) but absence of

staining elsewhere (arrowheads). (= 86).
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RESULTS

All 38 specimens of KA exhibited significant expression of
desmoglein. Thirty-five KA (92.1%) showed extensive pericel-
lular staining (+ + +) throughout the non-cornified layers of
the abnormal epidermis with very few or no cells remaining
unstained (Figs. 1 and 2). There was no staining in the
keratinized crater or at the contacts between the basal cells
and the basement membrane (Figs. 1 and 2). This staining
pattern is therefore entirely similar in distribution to that
found in normal epidermis with this and other desmosomal
antibodies (32). The remaining 3 KA (7.9%) showed extensive
desmoglein expression in a focal pericellular pattern (+ +)
(Fig. 3). Here again, the staining was detectable at the cell-
cell boundaries of all non-keratinized epithelial cells, including
those immediately adjacent to the extracellular matrix (arrow-
heads in Fig. 3).

Among 62 SCC examined, 20 SCC (32.3%—19 WD and
1 MD) exhibited focal pericellular expression of desmoglein
(++) (Fig. 4), especially concentrated around regions of
keratinization (horn pearls). However, in none of these cases
did the staining extend to all epithelial layers: many or all of
the cells adjacent to the matrix were negative (arrowheads in
Fig. 4). Eleven SCC (17.7%~2 MD and 9 PD) were completely
negative (Fig. 5). The remaining 31 (50%-9WD, 18 MD and
4 PD) specimens of SCC showed predominant juxtanuclear
expression (+) of desmoglein (Fig. 6). None of the SCC
studied showed pericellular staining of desmoglein thro ughout
all epithelial cells, in marked contrast to KA.

Desmoglein expression was strong in well-differentiated
tumours. but was absent in poorly differentiated ones.
Moderately differentiated SCC mostly demonstrated juxtanu-
clear desmoglein expression. This relation was statistically
highly significant (p <0.01). Strong and extensive pericellular
expression of desmoglein was noted only in KA (Table IT).

DISCUSSION

In this study we found that KA retains desmoglein antigen
throughout the whole body of the tumour, except in areas
where the cells show advanced keratinization. This strong
pericellular pattern of desmoglein expression is similar to the
labelling characteristics of normal epidermis, previously
reported (22). These results are compatible with the complete

Table II. The relationship between desmoglein expression and
differentiation of the twmours examined

The degree of desmoglein staining was assessed in the following way:
++ + =diffuse pericellular expression; + + =focal pericellular
expression: + =juxtanuclear expression; 0 = negative staining

Degree of desmoglein staining

Tumour type +++ ++ + 0 Total
Keratoacanthoma 35 3 0 0 38
Well-differentiated

squamous cell carcinoma 0 91 9 0 28
Moderately differentiated

squamous cell carcinoma () 1 18 2 21
Poorly differentiated

squamous cell carcinoma 0 0 4 9 13
Total 33 23 3 11 100
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retention of pemphigus antigen in KA shown in several indirect
immunofluorescence studies (7. 18). By contrast, we found
that desmoglein staining in SCC was always either partially
reduced or completely absent. These results appear consistent
with an electron microscope analysis, where number and
surface density of desmosomes were found to be significantly
lower in well-differentiated SCC than in KA without any
overlap (17). This ultrastructural study also found an inter-
mediate number and size of desmosomes in KA between
normal epidermis and well-differentiated SCC and suggested
that KA presents an intermediate lesion in this spectrum. The
focal absence of pericellular desmoglein expression in the
central areas of 3 KA examined is probably consistent with
advanced keratinization and keratinocyte-corneocyte trans-
formation, with subsequent loss of organized desmosomal
structures on the cell membranes, as shown previously in
normal skin (22).

Focal absence of desmoglein expression in well-differentiated
SCC may provide an early index of impaired differentiation,
leading to loss of desmosomes and reduced intercellular adhe-
sion. The weak expression of desmogleins 1 and 3 or their
complete absence may suggest potentially invasive behaviour,
since tumour cells without well-developed desmosomes may
be casily detached from the primary site, thus initiating
metastases (28). It has been shown previously that reduction
in staining for desmoglein correlates with invasion in trans-
itional cell carcinoma (29) and with metastatic spread in SCC
of the head and neck (28). Juxtanuclear expression of desmog]-
ein, as found here in some SCCs, probably represents internal-
ized desmosomes (22) and may also indicate reduced
intercellular adhesion. This event characterizes malignant
behaviour and has been reported in several electron microscope
studies of many different types of carcinoma (30). However,
Juxtanuclear pattern of desmoglein expression was not detected
in normal epidermis as shown by Vilela et al. (22) and was
also consistently absent in all KAs examined in our study.

Retention of desmosomes in KA shows that this keratinocyte
neoplasm is well-differentiated and suggests that this may
explain the difference in clinical behaviour when compared to
SCC. The ability to metastasize, while not an absolute cri-
terion, is generally accepted as an indicator of malignancy.
The suggestions from some authorities that KA is a variety of
SCC (13) or that classical KA may metastasize (13, 31) are
not entirely convincing. It is likely that in the majority of cases
so-called metastasizing KA represents wrongly diagnosed SCC.
Recent studies indicate that KAs lose bel-2 expression in the
process of maturation, as pointed out by Sleater et al. (32).
Since bcl-2 protooncogene is responsible for the inhibition of
apoptosis, its loss is compatible with the involution of KA. In
his study, proliferative KAs are bel-2-positive only at the basal
cell area, with subsequent loss of the staining in regressive
KAs. Basal cell pattern of bel-2 staining has also been detected
in normal epidermis and adnexal structures (33). This may be
concordant with controlled and predetermined evolution of
KA through the phases of proliferation, maturation and
involution. Conversely all examined SCC in Sleater’s study
exhibited diffuse presence of bel-2 consistent with uninhibited,
uncontrolled proliferation present in these tumours.
Emphasizing the striking difference in the staining patterns,
Sleater at al. (32) also questioned if KAs were “deficient
squamous cell carcinomas’.

An alternative explanation for “metastasizing KAs" could
be that the initial lesion represented a combined SCC and KA
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or that SCC may have developed from a preexisting KA. 1t is
possible that KA and SCC represent part of a biologic
spectrum with KA at one end and poorly differentiated SCC
at the other. However, we believe that the results of our
immunohistochemical study with 32-2B antibody indicate that
desmosomal glycoproteins present important markers that
may be helpful in the distinction of these two neoplasms.

In the authors’ opinion it is most likely that KA does not
metastasize and classical SCC does not undergo spontaneous
involution. One possible exception to this is the condition
known as familial self-healing carcinoma of Ferguson-Smith,
which histologically may be indistinguishable from a well-
differentiated SCC. Use of immunological markers already
mentioned (4-8, 18) as well as the present study of desmosomal
glycoproteins should help to distinguish KA from SCC more
clearly.

In conclusion, immunohistochemical investigation with
32-2B antibody is a valuable technique which may help in the
differential diagnosis of KA and SCC and, since it reacts with
paraffin-embedded tissue, is of potential value in routine
histopathology. It has a clear advantage over electron micro-
scope evaluation since it is easily performed and not time-
consuming, and larger areas of the lesion can be examined at
the light microscopic level. It also has an advantage over many
previously reported immunohistochemical studies for KA and
SCC (4-8, 18), because it reacts with fixed. paraffin-embedded
tissues and so is suitable for retrospective studies.

REFERENCES

1. Schwartz RA. Keratoacanthoma. J Am Acad Dermatol 1994;
30: 1-19.

2. Fisher ER, McCoy MM, Wechsler HL. Analysis of histopathol-
ogic and electron microscopic determinants of keratoacanthoma
and squamous cell carcinoma. Cancer 1972; 29: 1387-1397.

3. Janecka IP, Wolff M, Crikelair GF, Cosman B. Aggressive
histological features of keratoacanthoma. J Cutan Pathol 1978:
4: 342348,

4. Schaumburg-Lever G, Alroy J, Gavris V, Ucci A, Lever WF. Cell
surface carbohydrates in proliferative epidermal lesions.
Distribution of A. B, and H blood group antigens in benign and
malignant lesions. Am J Dermatopathol 1984; 6: 583-589,

. Ariano MC, Wiley EL. Ariano L, Coon JS, Tetzlaff L. H, Peanut
lectin receptor, and carcinoembryonic antigen distribution in
keratoacanthomas, squamous dysplasias, and carcinomas of the
skin. J Dermatol Surg Oncol 1985; 11: 10761083,

6. Markey AC, Churchill LJ, Mac Donald DM. Altered expression
of major histocompatibility complex (MHC) antigens by epi-
dermal tumours. J Cutan Pathol 1990: 17: 65-71.

7. De Morgas JM., Winkelmann RK, Jordan RE. Immuno-
fluorescence of epithelial skin tumors. 1. Patterns of intracellular
substance. Cancer 1970: 25: 1399-1403.

8. Kanitakis J, Hoyo E. Hermier C, Chouvet B, Thivolet I. Nucleolar
organizer region enumeration in keratoacanthomas and squamous
cell carcinomas of the skin. Cancer 1992; 69: 2937-2941.

9. Smoller BR, Kwan TH, Said JW. Banks-Schlegel S. Kerato-
acanthoma and squamous cell carcinoma of the skin; immuno-
histochemical localization of involuerin and keratin proteins. J Am
Acad Dermatol 1986; 14: 226-234.

10. Klein-Szanto AJP. Barr RJ, Reiners JJ, Mamrack MD. Filaggrin
distribution in keratoacanthoma and squamous cell carcinoma.
Arch Pathol Lab Med 1984; 108: 888—890.

11. Graham RM, Macfarlane AW, Curley RK, Nash JRG: Beta 2
microglobulin expression in keratoacanthoma and squamous cell
carcinoma. Br ] Dermatol 1987; 117: 441-449.

wn

Acta Derm Venereol { Stockh) 76

. MeNutt NS, Saenz-Santamaria C. Volkenandt M, Shea CR,

Albino AP. Abnormalities of p53 protein expression in cutaneous
disorders. Arch Dermatol 1994; "30: 225-232.

. Hodak E. Jones RE, Ackerman BA. Solitary keratoacanthoma is

a squamous cell carcinoma: three examples with metastases. Am
J Dermatopathol 1993; 15: 332-352.

. Sina B. The spectrum of cutaneous pseudomalignancy. Cutis 1984;

34: 381-334.

. Kingman J, Callen JP. Keratoacanthoma — a clinical study. Arch

Dermatol 1984; 120: 736-740.

. Slaga TJ. Cellular and molecular mechanisms involved in multi-

stage skin carcinogenesis. In: Conti CJ, Slaga TJ. Klein-Szanto
AJP, eds. “'Skin tumors™: “experimental and clinical aspects™.
New York: Raven Press, 1989: 1-18.

. Miracco CC, De Santi MM, Lio R, Biagioli P, Tosi P, Luzi P.

Quantitatively evaluated ultrastructural findings can add to the
differential diagnosis between keratoacanthoma and well differen-
tiated squamous cell carcinoma. J Submycrosc Cytol Pathol 1992;
24: 315-321.

. Muller HK, Flannery GR. Epidermal antigens in experimental

keratoacanthoma and squamous cell carcinoma. Cancer Res 1973;
33: 2181-2186.

. Olague-Alcala M, Giudice GJ. Diaz AL. Pemphigus foliaceous

sera recognize an N-terminal fragment of bovine desmoglein 1.
J Invest Dermatol 1994; 102: 882-885.

. Amagai M, Karpati S, Klaus-Kovtun V, Udey MC, Stanley JR.

Extracellular domain of pemphigus vulgaris antigen ( Desmoglein
3) mediates weak homophilic aclhesion. J Invest Dermatol 1994:
102: 402-408.

. Garrod DR. Desmosomes and hemidesmosomes. Curr Opin Cell

Biol 1993; 5: 30-40.

22. Vilela MJ, Parish EP, Wright DH. Garrod DR. Monoclonal

antibody to desmosomal glycoprotein 1 — a new epithelial marker
for diagnostic pathology. J Pathol 1987; 153: 365-375.

23. Dmochowski M. Hashimoto T, Amagai M, Kudoh J, Shimizu N,

Koch PI. et al. The extracellular aminoterminal domain of bovine
desmoglein (Dsg 1) is recognised only by certain pemphigus
foliaceus sera. whereas its intracellular domain is recognized by
both pemphigus vulgaris and pemphigus foliaceus sera. J Invest
Dermatol 1994: 103: 173-177.

24. Vilela MJ, Hashimoto T, Nishikawa T. A simple epithelial cell

line (MDCK ) shows heterogeneity of desmoglein isoforms, one
resembling pemphigus vulgaris antigen. (1995, submitted to
J Cell Sci.)

25. Hsu SM, Raine L. Fanger H. The use of antiavidin antibody and

avidin-biotin-peroxidase complex in immunoperoxidase technics.
Am J Clin Pathol 1981; 76: 816--821.

. Broders AC. Squamous cell eprthelioma of the skin. Ann Surg

1925: 73: 141-160.

. Wick MR. Malignant tumors of the epidermis. In: Farmer ER.

Hood AF. eds. Pathology of the skin. Norwalk. Connecticut:
Appleton Lange, 1990: 568-595.

. Harada T. Shinohara M, Nakamura S, Shimada M, Oka M.

Immunohistochemical detection of desmosomes in oral squamous
cell carcinomas: correlation with differentiation, mode of invasion,
and metastatic potential. Int J Oral Maxillofac Surg 1992; 21:
346-349.

. Conn IG. Vilela MJ, Garrod DR, Crocker J, Wallace DM.

Immunochistochemical staining with monoclonal antibody 32-2B
to desmosomal glycoprotein 1: its role in histological assesment
of urothelial tumours. Br J Uro. 1990; 65: 176—180.

. Ghadially FN. Diagnostic electron microscopy of tumours.

London: Butterworths, 1980,

. Piscioli F, Boi S, Zumiani G, Cristofolini M. A gigantic metastasiz-

ing keratocanthoma. Am J Dermatopathol 1984: 6: 123-129.

. Sleater JP. Beers BB. Stephens C. Hendricks JB. Kerato-

acanthoma: a deficient squamous cell carcinoma? Study of bel-2

expression. J Cutan Pathol 1994; 21: 514-519.

. Lu QL. Poulsom R, Wong L, Hanby AM. Bcl-2 expression in

adult and embryonic non-haematopoietic tissues. J Pathol 1993;
169: 431-437.



