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In the present study we investigated the cytokeratin (CK) polypep-
tide expression in gastric and colonic adenocarcinomas. A battery
of monoclonal anti-cytokeratin-specific antibodies and anti-vimen-
tin were used. While the majority of cases displayed simple epithelial

characteristics. in three of 17 cases of gastric adenocarcinomas and
..... acteristics, in taree of 1/ cases of gasinc aaendTarcinomas and

in one of 20 cases of colonic adenocarcinomas, CK polypeptides
13 (54 kd) and 16 (48 kd) were occasionally detected. These CK
polypeptides, characteristic of squamous nonkeratinizing epithelia,
were found in cases in which no evidence of squamous differentia-

tion could he demanstrated hv histalocic exami n, Wa haliavae
............ cemenstratec by msiciogic exam . We delieve

that the presence of these unique CK polypeptides points to the
squamous differentiation potential of the tumor cells. HuM PATHOL
23:695-702. Copyright © 1992 by W.B. Saunders Company

Adenocarcinomas are the most common type of tu-
mor found in the gastrointestinal tract. Histologically, ad-
enocarcinomas may be well differentiated, predominantly
composed of glandular structures, or anaplastic, featuring
mdmdually mﬁltratmg cells and often may | have a)s1gnet-
‘‘‘‘‘‘‘‘ O(.lud-
mous differentiation in these neoplasms is a rare phenom-
enon thought to arise from squamous epithelium of ad-
jacent structures (ie, esophagus or anus, e[c) or by a
metaplastic process of the simple epithelium."”

Previous studies have shown that metaplastic squa-
mous cells not only adopt the typical morphology but also
express proteins typical of squamous epithelium. Most
useful in that aspect are intermediate filament proteins.*

Recent hianchemical and immmimohistachemical studies
RECent piocnemidar anGg mmmunomnstoinemica: StUaKes

have examined the phenotypic expression of intermediate
filament proteins in human gastrointestinal adenocarci-
noma cells. The cytokeratins (CKs), numbered according
to Moll et al,” expressed in the gastric tumors were poly-
peptides 7, 8, 18, and 19, although CK7 was not found
by Osborn et al.” Adenocarcinoma of the colon expressed
three types of CK polypeptides: 8, 18, and 19.78101 1y
the present study we investigated the CK profile of gastric
and colonic carcinomas and found evidence of squamous-
type CK proteins in cases in which evidence of squamous
differentiaton could not be demonstrated by histologic

examination.
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MATERIALS AND METHODS

Tissue samples consisted of 17 gastric and 20 colonic ad-
enocarcinomas. Ten specimens of normal stomach and colonic
tissue at a distance from the tumor were used as controls. The
tissues were snap frozen in isopemane precooled in liquid
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lllll lls\all aliu stuircu éu
scribed."® For histologic examination, the tissues were fixed
in 10% buffered formalin, embedded in paraffin, and stained
with hematoxylin-eosin.

Antibodies

A series of anti-CK, polypeptide-specific monoclonal an-
tibodies as well as anti-vimentin (Sigma Immunochemicals,
Rehovot, Israel) were used in this study. These included the
following: (1) KG-8.13, a broad-spectrum anti-CK antibody
reacting with CK polypeptides 1, 5, 6, 7, 8, 10, 11, and 18,
and present in all human epithelial cells'’; (2) KM-4.62, re-
acting with human CK polypeptide 19, which is present in
simple epithelia and in the basal layer of squamous epithelialﬂ
{3) KS-B17.2. reacting with human CK polypeptide 18, present
in simple epithelia®; (4) KS-8.58, reacting with human CK
polypeptides 13 and 16, which are present in nonkeratinizing
squamous epithelium'?; (5) KS-1A3, reacting with human CK
polypepude 13, which is present n nonkeraumzmg squamous
C‘Pl[nCllulll klll d(l(,ll[lOIl l[ stains lIlC basal ldVC] ()I eplaermls
and myoepithelial and reserve cells of glands)f’, (6) KK-8.60,
reacting with human CK polypeptides 10 and 16, which are
present in keratinizing squamous epithelium'?; (7) KS-2.1, an
anti-CK monaclonal antibody that reacts with several human
Ellll}}lf dllU \quHl()Ub epllllflld \l[l CI)UOLCI VlLdl gxdnus ]l S(dlnS
the reserve and ciliated cells; the specificity of this antibody is
unknown because it does not react with any CKs in Western
blot analysis)®; (8) KB-8.37, reacting with CKs of unknown
speciﬁcity (this antibody reacts wath CK filaments in the basal
myc[ of stratified squamous Epitucuulu;, and ('l) V-13.2 anir-
vimentin monoclonal antibody (this antibody does not react
with simple, pseudostratified, or transitional epithelium in hu-
nans).

The different monoclonal antibodies used were applied
for immunchistochemical labeling as undiluted 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.?’%!

Immunohistochemistry

The frozen tissue samples were cut at 5 um with a Jung-
Reichert cryostat (Heidelberg, Germany). The frozen sections
were allowed to dry on the glass and were then acetone fixed
and immunolabeled as previously described.'™'® For immu-
nofluorescence, sections were examined with a Zeiss Axiphot
microscope equipped for epifluorescence using a plan-apo-
chromat X40/1.0 oil iris objective.
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FIGURE 4. Immunofiucrescence microscopy of well-differentiated adenocarcinoma of stomach with monoclonal antibodies: (top
left) KS-B47.2, (top right) KM-4.62, (center left) KS-1A3, {(center right) KS-8.58, (bottom left) KS-2.4, and (bottom right) KK-8.60. Note
positive staining with antibodies KM-4.62, KS- B17.2, and KS-2.1. Few cells were positive with antibodies KS-1A3 and K§-8.58, and
no staining was observed with antibody KK-8.60. Bar = 25 um.
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FIGURE 2. Hematoxylin-eosin staining (top left) and immunofluorescence microscopy (all other panels) of moderately differentiated
carcinoma of stomach: (top right) KM-4.62, (center left) KS-1A3, (center right) K5-8.58, (bottom left) KS-B17.2, and (bottom right)
KS-2.1. Note positive staining of tumor cells with antibodies KM-4.62, KS-B17.2, and KS-2.1. Antibodies KS-1A3 and KS$-8.58 stained

positive in few tumor cells. Bar — 25 um.

RESULTS
Gastric Tumors

The study comprised seven cases of well-difteren-
tated adenocarcinoma (including one case of intestinal
tpe). four cases of poorly differentiated adenocarci-
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nonya, one case of moderately difterentiated adenocar-
cinoma, one case of anaplastic carcinoma, and four cases
of infiltrating mucus-secreting carcinoma (including two
cases of signet-ring cell carcinoma). All cases were pos-
itively stained only with broad-spectrum antibody KG-
.13 and antibodies KS-B17.2, KM-4.62, and KS-2.1
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FIGURE 3. Hematoxylin-eosin staining (top left) and immunofluorescence microscopy (all other panels) of well-differentiated
adenocarcinoma (intestinal type) of the stomach: (top right) KM-4.62, (center left) KS-B17.2, (center right) KS-2.1, (bottom left)

KS-1A3, and (bottom right) KS-8.58. Note positive staining of tumor
KS-1A3 and KS-8.58 stained positive in few tumor cells. Bar = 25 um

(Figs 1 to 3). Antibodies KS-1A3 and KS-8.58 (Fig 3
center left and center right, Fig 4 center left and center
right, and Fig 5 center left and center right) stained
tumor cells of one case of well-differentiated, intestinal-
type adenocarcinoma, one case of moderately differ-
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cells with antibodies KM-4.62, KS-B17.2, and KS-2.1. Antibodies

entiated adenocarcinoma, and one case of poorly

ferentiated adenocarcinoma. Interestingly, no typical
morphologic characteristics of squamous cells were ob-
served in those tumor cells. An attempt to analyze the
CK content of a case of poorly differentiated adeno-
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FIGURE 4. hHematoxylin-eosin staining (top left) and immunofluorescence microscopy (all other panels) of invasive adenocarcinoma
of the colon: (top right) KS-B17.2, (center left) K5-1A3, (center right) KS-8.58, (bottom left) KM-4.62, and (bottom right) KS-2.1. Note
positive staining with antibodies KS-B17.2, KS-1A3, KM-4.62, and KS$-2.1. Antibody KS-8.48 only focally stains tumor cells. Bar = 25
ulm

carcinoma by gel electrophoresis revealed only 8, 18, All normal gastric specimens were negative with
and 19 CK polypeptides. The CKs were probably not antibodies KS-1A3, KS-8.58, KK-8.60, and KB-8.37.
sutficiently numerous to be detected. All tumor cells Strong positive reaction was shown with antibodies KG-
were negative with antibodies KB-8.37, KK-8.60, and 3.13, KS-B17.2, KM-4.62, and KS-2.1. The gastric pits
V-13.2. were more intensely stained than the glands.
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FIGURE 5. Hematoxylin-eosin staining (top left) and immunofluorescence microscopy (all other panels) of vilious-tubular adenoma
of the same case as in Fig 4, with the following antibodies: (top right) KS-8.13, (center left) KS-B17.2, (center right) KS-1A3, (bottom
left) KM-4.62, and (bottom right) K5-2.1. Note positive staining with K5-8.13, KS-B17.2, and KM-4.62. No staining is seen with KS-1A3.

Bar = 25 um.

Colonic Tumors

The study included 12 cases of well-differentiated
adenocarcinoma, seven cases of moderately differ-
entiated adenocarcinoma, and one case of poorly dif-
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ferentiated adenocarcinoma. All adenocarcinoma
specimens studied were strongly labeled with anti-
bodies KM-4.62 and KS-B17.2 (Figs 4 and 5). Staining
of carcinoma with antibody KM-4.62 showed stronger
staining of colon carcinoma than the adjacent normal
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TABLE 1. Results of Staining by Monoclonal Antibodies of Gastric and Colonic Carcinornas
.\lii_ (Pl
Ciases KG-8. 13 KS-B17.2 KS-+.62 KS-2.1 KS-8.08 KS-1A3 KK-R.60 KB-K8.37
Gutstric carcinoma (n - 17
Well-ditfe-eniared 7 4 + ' § I |
Poorly ditterentiated | 1 t t + 1 ]
Moderately differentiated ] + + + - I ]
Anaplastic crcinoma 1 + + + -
Mudimous cudinona | } t - - -
C olonic carcmoma {n s 208
Well-ditferentiated 12 + + 4 1 1 1 -
Moderately difterentiated 7 1 + l + - -
Poorly difterentiated 1 1 + t + - -

Svinbols: . positive reactivity of all cases examined: -
of total cases examined.

tisste (data not shown). Less intense staining was ob-
tained with antibody KS-2.1 and no staining was seen
with antibodies KB-8.37, KK-8.60, and V-13.2. An-
13 and 1\5-8.58 (Fig 1) showed strong
staining of tumor cells in one case of adenocarcinoma.
A tubovillous adenoma of the same case was negative
with these two antibodies (Fig 5). Morphologic char-
acteristios of squamous cells were not seen in those
cells.

All normal specimens showed positive reaction
onlv with antibodies KG-8.13, KS-B17.2, KM-4.62
and KS-2.1. The results are presented in Table 1.

B
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DISCUSSION

Normal epithelial cells of the stomach and large
intestine are quite uniform in their CK expression pat-
wern. Although there are a variety of cells (including
mucus neck cells, parietal cells, endocrine cells, and
goblet cells), they all expressed the same CK profile, as
do the tumors that arise from these cells.

Normal stomach epitheha were immunoreactive
with the hroad-spectrum antibody KG-8.13 as well as
with antibodies KS-B17.2 and KM-4.62. This corrobo-
rates the previous immunohistochemical findings of Os-
born et al™ and data obtained by biochemical analysis™
showing that the CKs present in the various arcas of the
stomach are 7. 80 18, and 19, although CK7 was not
found by Osborn et al.™

In gasivic carcinomas  we  found  unexpected
expression of CKs that are specific for squamous epi-
thelivm. These CKs are not usually found in simple ep-
ithelium. The normal stomach has no squamous epithe-
Jitme. with the exception ol small patches that mayv be
present in the cardia and probably represent congenital
displacement of esophageal tssue.' The three tumors
in which the staining was detected were well, moderately,
and poorh differentiated adenocarcinomas, and all three
cuses were located toward the antrum of the stomach,
fur away from the junction with the esophagus, making
it unlikelv that these cells are of esophageal origin. His-
tologically, there were no typical squamous character-
isties in these neoplasms. Furthermore, these cells were
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L negative reactivity of all cases examined. Numbers specity number of positive cases

morphologically indistinguishable from the surrounding
cells.

Squamous cell carcinomas and adenoacanthomas
{adenocarcinoma with squamous metaplasia) ot the
'mmzu'h have been reportcd in 0.04% 10 3.4% of
cases. "2 In our series, in one case ol colonic adeno-
carcinoma, few of the tumor cells reacted positively with
antibodies characteristic for squamous epithelium.

We believe that the presence of these unique CK
polvpeptides points to a squamous potential of the tu-
nor cells. We suggest that the cells in the gastric and
colonic adenocarcinoma expressing the CK polypeptides
tvpical for squamous epithelium have the potential to
develop squamous cell carcimoma. Despite this potential,
squamous cell carcinoma in the stomach and in the colon
Is rare, probably since not all of the cases (including
epithelia with this p()temml) will actually develop the
squamous celi-type carcinoma.

Theories on the origin of squamous cells in the
stomach have implicated a secondary squamous meta-
plasia occurring in an adenocarcinoma,”™ hypertrophy
of pre-existing squamous epithelium, and changing of
pluripotent stem cells that convert fron simple epithe-
lium into a squamous route of differennation, as well
as cells capable of differentiating into either squamous
or glandular celis.” We believe that the squamous cells
originate from tumor cells since they contain both CKs
13 and 18, while in squamous differentiation from nor-
mal simple epithelium CK 18 disappears. The conditions
that induce transformed simple epithelial cells to express
mappropriate CK polypeptides and those that induce
actual development of squamous cell carcinoma still
have to be elncidated.
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