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Summary. The aim of the present study was to explore
the origin of cloacogenic carcinoma in the anal canal
by immunohistochemical methods. We compared cytok-
eratin polypeptide expression of a cloacogenic carcino-
ma to normal anal epithelia, to anal squamous cell carci-
noma and to basal and squamous cell carcinoma of the
skin, using a battery of monoclonal anti-cytokeratin, po-
lypeptide-specific antibodies. Our results indicate that
cloacogenic carcinoma expresses cytokeratin polypep-
tides similar to those of the basal layer of anal squamous
epithelium, of the anal transitional zone epithelium and
of a layer of basal cells in the anal glands. Thus we
concluded that each of the above cell types may be the
cell of origin of cloacogenic carcinoma.
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Introduction

Neoplasms of the anorectal region are uncommon (Saw-
yers 1972; White et al. 1984) and only 2-3% of them
are cloacogenic carcinomas, orginating in the transition-
al zone of the anal canal (Kheir et al. 1972; Klots et al.
1967; Levin et al. 1977). Grinvalsky and Helwig in 1956
drew attention to the transitional zone epithelium as
a probable remnant of the embryonic cloaca and named
the tumour arising from this tissue ‘“transitional cloaco-
genic carcinoma”. The most common growth pattern
is that of nests of elongated and angulated cells growing
invasively in long finger-like extensions. In the better
differentiated lesions, distinct palisading is present at the
periphery of the cellular nests presenting a basaloid ap-
pearance. The classic transitional type cloacogenic carci-
noma has cells that are larger than those of the basaloid
variety. Well-differentiated cloacogenic cancer closely re-
sembles basal cell carcinoma. Various degrees of squa-
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mous differentiation may also be present (Gillespie and
Mackay 1978; Grodsky 1969; Kheir et al. 1972; Pang
and Morson 1967). The tumour occasionally presents
as a squamous cell carcinoma, often containing basaloid
elements.

Recent studies have indicated that intermediate fila-
ments can be used as reliable histogenetic markers in
normal and malignant tissues (Anderton 1981; Debus
et al. 1982; Franke et al. 1979, 1982; Fuchs 1983; Lazar-
ides 1980, 1982; Moll et al. 1981; Osborn and Weber
1983; Osborn et al. 1984a, b; Ramaekers et al. 1983;
Vogel and Gown 1984). Moll et al. (1982, 1983) found
a very complex pattern of cytokeratin polypeptide ex-
pression in gel-electrophoretic analysis of a cloacogenic
carcinoma. The tumour contained cytokeratin polypep-
tides 1, 5, 6, 7, 8, 13, 15, 17 and 19 with small amounts
of 10, 11 and 14.

In the present study we examined cytokeratin poly-
peptide expression in a cloacogenic carcinoma. We com-
pared the results to cytokeratin polypeptide expression
of squamous cell carcinoma of the anus as well as to
basal and squamous cell carcinoma of the skin and to
normal anal mucosa, by immunohistochemical tech-
niques, using a battery of monoclonal anti-cytokeratin
polypeptide-specific antibodies.

Materials and methods

Tissue samples of five cases from the normal anorectal area, ob-
tained from surgical specimens from one case of cloacogenic carci-
noma, from a patient with squamous cell carcinoma of the anus,
as well as from two cases of typical basal cell carcinoma and two
cases of moderately differentiated squamous cell carcinoma of the
skin were obtained from operations performed at the Kaplan Hos-
pital in Rehovot. The tissues were snap frozen in isopentane pre-
cooled in liquid nitrogen and stored at —70° C until used as pre-
viously described (Blobel et al. 1984; Franke et al. 1979). For histo-
logical examination, the tissues were fixed in 10% buffered forma-
lin, embedded in paraffin and stained with haematoxylin and eosin.

A series of anti-cytokeratin polypeptide-specific monoclonal an-
tibodies all from Bio-Makor (Rehovot, Israel) were used in this
study: KG-8.13 — a broad spectrum anticytokeratin antibody react-
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Fig. 1. Haematoxylin and eosin (H&E) (a) and immunofluores-
cence staining of normal human anal transitional zone epithelium
monoclonal cytokeratin-specific antibodies (b—f): b KM-4.62, ¢
KS-B17.2,d KS-2.1, ¢ KS-1A3 and f KS-8.58. Note positive homo-

ing with cytokeratin polypeptides 1, 5, 6, 7, 8, 10, 11 and 18 and
present in all human epithelial cells (Gigi et al. 1982).

KM-4.62 — reacting with human cytokeratin polypeptide 19,
which is present in simple epithelia and in the basal layer of squa-
mous epithelia (Gigi-Leitner and Geiger 1986).

KS-B17.2 — reacting with human cytokeratin polypeptide 18,
present in simple epithelia (Levy et al. 1988).

KS-8.58 — reacting with human cytokeratin polypeptides 13 and
16, which are present in non-keratinizing squamous epithelium
(Huszar ct al. 1986). .

KS-1A3 - reacting with human cytokeratin polypeptide 13,
which is present in non-keratinizing squamous epithelium. In addi-
tion, it stains the basal layer of epidermis as well as myoepithelial
and reserve cells of glands (Levy et al. 1988).

geneous staining of the transitional zone epithelium with antibodies
KM-4.62, KS-2.1, KS-1A3 and KS-8.58. Antibody KS-B17.2
stained positively some areas of the epithelium, while negative reac-
tion is seen in other areas. Bar, 25 um

KK-8.60 — reacting with human cytokeratin polypeptides 10 and
11, which are present in epidermis staining keratinizing squamous
epithelium (Huszar et al. 1986).

KS-2.1 - reacts with several human simple and squamous epithe-
lium. In endocervical glands it stains specifically the reserve and
ciliated cells. The specificity of this antibody is unknown because
it does not react with any cytokeratin in Western blot analysis
(Levy et al. 1988).

The different monoclonal antibodies used were applied as undi-
luted hybridoma culture supernatants. The secondary antibodies
were affinity-purified goat antibodies raised against mouse (Fab')2,
and conjugated to lissamine rhodamine sulphonyl chloride as pre-
viously described (Brandzaeg 1973 ; Geiger and Singer 1979).

For immunohistochemistry tissue samples were frozen in isopen-



tane precooled in liquid nitrogen and cut at 5 um using a Jung-
Reichert cryostat (Heidelberg, FRG). The frozen sections were ace-
tone fixed and immunolabelled as previously described (Blobel
et al. 1984; Franke et al. 1979). For immunofluorescence analysis
sections were stained and examined with a Zeiss Axiophot micro-
scope equipped for epifluorescence, using a planapochromat x 40/
1.0 oil iris objective. Adjacent sections were stained with haematox-
ylin and eosin.

Results

The cytokeratin polypeptide expression in the normal
anal canal was manifest as follows.

All the epithelial elements were positively stained with
the braod spectrum antibody K(G-8.13 and were negative
with the antibody to vimentin.

The transitional epithelium of the anus was homogen-
eously stained with antibodies KM-4.62 (Fig. 1b), KS-
2.1 (Fig. 1d), KS-1A3 (Fig. 1e) and KS-8.58 (Fig. 11).
Antibody KS-B17.2 stained the transitional epithelium
unevenly (Fig. 1¢); some areas reacted strongly, others
were weak or negative. No labelling was obtained with
antibody KK-8.60.
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Fig. 2. Immunofluorescence staining of normal human
surface squamous epithelium of anus with monoclonal
antibodies: a KG-8.13, b KK-8.60, ¢ KS-1A3, d KS-
8.58, e KM-4.62, f KS-2.1. Note positive
homogeneous staining of all cells with antibodies KG-
8.13, KS-1A3 and KS-8.58. The basal layer was
strongly stained with antibodies KM-4.62, and X S-
2.1. Antibody KK-8.60 stained only individual cells
positively. Bar, 25 ym

The rectal glands stained positively with antibodies
KG-8.13, KM-4.62, KS-B17.2 and KS-2.1. No labelling
was obtained with antibodies KS-8.58, KK-8.60, and
KS-1A3.

Antibodies KG-8.13, KS-1A3 and KS-8.58 showed
strong positive staining of the squamous epithelium
(Fig. 2a, ¢ and d respectively). Antibodies KM-4.62 and
KS-2.1 stained the basal layer of the squamous epitheli-
um (Fig.2e and f respectively). Antibody KK-8.60
stained strongly groups of supra-basal cells (Fig. 2b).

The epithelium lining the superficial portions of the
anal glands stained similarly to that of the anal transi-
tional epithelium. The deeper parts of the glands are
lined by simple columnar epithelium (Fig. 3a). All the
cells of the anal glands were positively stained with anti-
body KM-4.62 (Fig. 3b). Antibodies KS-1A3 and KS-
8.58 stained only a layer of basal cells (Fig. 3e, f) located
underneath the luminal epithelium. KS-B17.2 stained
positively most of the anal gland cells except for basal
cells (Fig. 3¢). Heterogeneous staining was also obtained
with antibody KS-2.1, which stained strongly some cells
mainly close to the lumen (Fig. 3d). No labelling was
obtained with antibody KK-8.60.
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Fig. 3. H&E (a) and immunofluorescence staining with cytokera-
tin-specific monoclonal antibodies of normal anal canal glands (b—
f): b KM-4.62, ¢ KS-B17.2, d KS-2.1, e KS-1A3 and f KS-8.58.
Note positive homogeneous staining of all anal gland cells with
antibody KM-4.62. Antibody KS-2.1 stained mainly cells facing

Table 1 compares the cytokeratin pattern between
cloacogenic carcinoma and anal and rectal epithelial tis-
sues.

The cloacogenic carcinoma examined was in a speci-
men consisting of a segment of the rectum and anus.

the lumen; antibody KS-B17.2 stained most anal gland cells except
for one layer of basally located cells (arrowheads). Most cells are
not stajned with antibodies KS-8.58 and KS-1A3, while basal cells
stained positively. Bar, 25 pm

About 3 cm above the anus there was a soft grey ulcerat-
ed infiltrating mass of 5.5 cm in greatest diameter. The
tumour was composed of epithelial nests of varying size
separated by fibrous connective tissue (Fig. 4a, b). In
many of these nests there was central eosinophilic necro-
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Table 1. Comparison of cytokeratin profile
of cloacogenic carcinoma and normal anal

Cloacogenic  Squamous Transi- Anal glands Rectal

and rectal epithelial tissues carcinoma epithelium tional — glands

epithelium  basal  supra
basal  supra

KG-8.13 +
KM-4.62 +
KS-B17.2 +h
KS-1A3 +
KS-8.58 +s
KS-8.60 +s
KS-2.1 +s

+ + + + + +
+ - + + + +
— — +h + + +
+ + + + - -
+ + + + - -
— +h — — — -
+ - + + + +

h, Heterogeneous staining, some groups of cells were positively stained; s, sporadic staining

of cells

sis with cyst formation (Fig. 4b). Squamous differentia-
tion with keratinization was often noticed. In the central
area of the tumour nests there was occasional pearl for-
mation. Moreover some of the tumour nests were entire-
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Fig. 4a, b. Light microscopic
appearance of cloacogenic
carcinoma. a Tumour showing
features of transitional type
epithelium. b Tumour nests
showing basaloid cells at
periphery with squamous
differentiation towards the centre.
H&E, x 150

ly squamous. Most tumour cells showed round to oval
nuclei with dispersed chromatin and single nucleoli, al-
though in some areas the nuclei were elongated. It was
noted that nuclear pleomorphism was slight and mitoses
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were frequent. The tumour cell nests did not merge with
the overlying anal skin or rectal mucosa. Anal glands
were not identified.

All nests were labelled weakly with antibody KS-8.58,
while squamous tumour cells stained strongly (Fig. 5f).
All neoplastic cells showed strong reaction with anti-
bodies KS-1A3 and KM-4.62 (Fig. 5e and a respective-
ly). Labelling of tumour cells with antibody KK-8.60
was obtained in few cells of tumour nests and in areas
of pearls (Fig. 5¢). Antibody KS-2.1 stained individual
cells among the squamous area (Fig. 5d). While some
tumour cell nests stained with antibody KS-B17.2,
others were either negative or only partially stained
(Fig. 5b).

In squamous cell carcinoma of anal canal the broad
spectrum antibody KG-8.13 stained all tumour cells pos-
itively (Fig. 6a). All cells were also positive with anti-
bodies KS-2.1 (Fig. 6b), KS-1A3 (Fig. 6¢) and KS-8.58
(Fig. 6¢). Antibody KK-8.60 stained the tumour strong-
ly in the centre, while the cells at the periphery of cell
nests were negative (Fig. 6d). KM-4.62 stained few, scat-

Fig. 5. Immunofluorescence staining of
cloacogenic carcinoma with monoclonal
antibodies: a KM-4.62, b KS-B17.2,

¢ KS-2.1, d KK-8.60, e KS-1A3, and

f KS-8.58. Note positive homogeneous
staining of all tumour cells with
antibodies KM-4.62 and KS-1A3. There
is uneven staining with antibodies KS-
B17.2, KS-2.1, KK-8.60 and KS-8.58.
Bar, 25 pm

tered tumour cells. No staining was obtained with anti-
body KS-B17.2.

Antibody KS-8.58 stained weakly most of the cells
in both cases of basal cell carcinoma of the skin with
strong focal staining of individual cell. With antibody
KM-4.62 there was no positive staining in one case and
little to strong labelling in different parts of the tumour
in the second case. In both cases strong positive staining
of tumour cells was obtained with antibody KS-1A3;
antibody KS-2.1 stained the cells weakly; antibody KK-
8.60 stained the large cell nests of tumours strongly and
groups of cells in the centre of small nests. No staining
was obtained with antibody KS-B17.2.

Antibodies KG-8.13, KS-1A3 and KS-8.58 stained
positively all the tumour cells in squamous cell carcino-
ma of the skin with stronger staining of the pearls. No
staining was obtained with antibodies KK-8.60, KM-
4.62 and KS-B17.2 (data not shown). Results with anti-
bodies KS-8.58, KM-4.62 and KK-8.60 were similar to
those previously reported (Gigi-Leitner and Geiger
1986; Huszar et al. 1986; Thomas et al. 1984).



Fig. 6. Immunofluorescence staining of squamous cell carcinoma
of anus with monoclonal antibodies: a KG-8.13, b KS-2.1, ¢ KS-
1A3, d KK-8.60, e KS-8.58 and f KM-4.62. Note positive homoge-
neous staining of all tumour cells with antibodies KG-8.13, KS-2.1,

Table 2. Comparison of cytokeratin profile of cloacogenic carcino-
ma and other neoplasms

Cloacogenic  Anal Squamous cell BCC

carcinoma squamous cell carcinoma of
carcinoma of skin skin

KG-8.13 + + + +
KM-4.62 + +s - -
KS-B17.2 +h - - —
KS-1A3 + -+ + +
KS-8.58 +h + + +
KS-8.60 +s — - —
KS-2.1 +53 + ND +

h, Heterogeneous staining; s, staining of individual cells only;
BCC, basal cell carcinoma; ND, not done
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KS-1A3 and KS-8.58. Antibody KK-8.60 stained the tumour cells
strongly, while cells in the periphery of nests were negative. Staining
with KM-4.62 was of individual few cells. Bar, 25 pm

Table 2 compares the cytokeratin pattern between the
various tumours.

Discussion

The site of origin of the rare cloacogenic carcinoma is
still uncertain. It has been proposed that these neoplasms
arise from the transitional epithelium of the anal canal
(Gillespie and MacKay 1978; Grinvalsky and Helwig
1956; Otto et al. 1979). In the present study the same
pattern of staining of both cloacogenic carcinoma and
normal transitional anal epithelium was seen with most
antibodies except for antibody KK-8.60. The latter
showed no staining of transitional epithelium, but strong
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staining of individual cells in the central squamous areas
of the tumour. Thus it was concluded that cytokeratin
expression of transitional epithelium is very similar to
that of cloacogenic carcinoma. The difference in staining
with antibody KK-8.60 might indicate that these cells
present within the tumour nests possess a higher poten-
tial of squamous differentiation. Furthermore compari-
son of the cytokeratin expression of cloacogenic carcino-
ma with the normal squamous epithelium of the anal
region revealed that the tumour may arise from the basal
layer of squamous epithelium. In addition there is the
possibility that the anal glands may be the tissue of ori-
gin of the cloacogenic tumour, especially a layer of cells
located underneath the luminal cells, which are positive-
ly labelled with antibodies KS-8.58 and KS-1A3. This
possibility may explain the occasional presence of this
neoplasm within the wall of the rectum or anal canal
without superficial mucosal involvement as well as at
locations higher or lower than the narrow transitional
zone (Kheir et al. 1972). These basal cells present a cer-
tain resemblance to the reserve cells of the endocervix,
both by their morphology as well as by their cytokeratin
expression (Gigi-Leitner and Geiger 1986; Levy et al.
1988).

Previous biochemical analysis of cloacogenic carcino-
ma by Moll et al. (1982, 1983) indicated that this neo-
plasm contained cytokeratins 1, 5, 6, 7, 8, 13, 15, 17
and 19 with small amounts of polypeptides 10, 11 and
14 indicating a complex pattern of differentiation. Our
results were largely in agreement with those of Moll
et al., providing, in addition, information concerning the
spatial distribution of the various polypeptides. Cytoker-
atin polypeptide 18 was present in some tumour cells

according to our immunocytochemical studies but was -

not identified biochemically by Moll et al. (1982, 1983).
The explanation for this discrepancy might be that the
small amounts of cytokeratin polypeptide 18 present
could not be detected in gel electrophoresis, or that nests
of tumour tested by Moll et al. (1982, 1983) did not
contain this particular cytokeratin polypeptide. In the
centre of nests some peripheral tumour cells showing
clearly squamous differentiation expressed cytokera-
tin 18 which is typical of simple epithelium. A similar
phenomenon was observed in an ovarian Brenner tu-
mour (Lifschitz-Mercer et al. 1988), in which cell stain-
ing for cytokeratin 18 was present at the periphery of
squamous nests, suggesting polarity in the transforma-
tion from transitional to squamous elements.

According to Gillespie and MacKay (1978) two prin-
ciple variants of cloacogenic tumours are generally re-
cognized: the more common, well-differentiated transi-
tional form, which is associated with relatively favour-
able prognosis (Grinvalsky and Helwig 1956); and a sec-
ond “basaloid” variant bearing histological resemblance
to cutaneous basal cell carcinoma (Pang and Morson
1967). Although there are morphological similarities be-
tween the basaloid variant and basal cell carcinoma,
there is a striking contrast in the biological behaviour
of these tumours. The basaloid cloacogenic tumour be-
haves aggressively and has a poor prognosis (Grodsky
1969; Kheir et al. 1972). For this reason we thought

that it might be of interest to compare the cytokeratin
polypeptide expression of the two types of tumour. In
spite of some differences noted between the two cases
of basal cell carcinoma we observed some similarities
as well as significant differences between basal cell and
cloacogenic carcinomas. Both expressed cytokeratin po-
lypeptide 13. The most significant differences could be
detected in expression of cytokeratin 19 (KM-4.62) and
10/11 (KK-8.60). The former labelled the cloacogenic
carcinoma extensively but was almost absent in the bet-
ter-differentiated basal cell carcinoma. Cytokeratin poly-
peptides 10 and 11, which appeared only in few cells
in cloacogenic carcinoma, were abundant in basal cell
carcinoma. This may be explained on the basis of the
theory of Sun et al. (1984), according to which there
is a correlation between the molecular weight of the cy-
tokeratins and the tissue state of differentiation. Dough-
erty and Evans (1985) and Cullen and Sanders (1966)
suggested that cloacogenic carcinoma should be classi-
fied as a squamous cell carcinoma. The present study,
based on cytokeratin polypeptide comparison with cuta-
neous squamous cell carcinoma, does not support this
hypothesis.

In conclusion, we have mapped the cytokeratin pro-
file of the epithelial elements of the normal anal canal
and of a cloacogenic carcinoma as well as of morpholog-
ically related tumours. On the basis of cytokeratin stain-
ing we believe that cloacogenic carcinoma represents a
distinct group of tumours which may arise from either
the transitional zone of the anal epithelium, from the
basal layer of the anal glands or from the basal layer
of the anal squamous epithelium.
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