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Human chorionic gonadotropin in gastric carcinoma

An immunohistochemical study suggesting independent regulation of subunits
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Summary. To investigate the production of human
chorionic gonadotropin (hCQG) in gastric carcino-
ma, 124 gastric carcinomas and a choriocarcinoma
with adenocarcinoma were examined immuno-
histochemically, using anti-hCGa and f§ anti-
bodies. In choriocarcinoma, many trophoblastic
cells were synchronously positive for both sub-
units. In contrast, the distribution of hCG-subunits
in gastric carcinoma was unbalanced with hCGa
in 39 and hCGf in 63 cases. 26 cases contained
a and f positive cells, whereas synchronous cells
were extremely rare in four cases. Incidences of
hCG-subunit-positivities were not different be-
tween early and advanced carcinomas. HCGua-pos-
itive cells appeared endocrine-like in papillotubu-
lar carcinomas and some positive cells were argyro-
philic in serial sections in 23 of 39 cases. HCGf-
positive cells were much more frequent in deranged
glands, especially of microtubular-mucocellular
carcinomas and most were not argyrophilic. In sur-
rounding non-neoplastic mucosa, hCGo-positive
cells were more numerous with endocrine-like con-
figurations, but hCGf-positive cells were rarely
present in deranged glands. Although subunit-pro-
file of hCG in gastric carcinomas was different
from that of normal, the difference may be quanti-
tative: hCG-subunits may be expressed through
an independent mechanism but commonly in gas-
tric mucosa and carcinoma. These results are also
discussed in relation to trophoblastic tumours aris-
ing in non-trophoblastic tissues.
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Introduction

Human chorionic gonadotropin (hCG) is primarily
a product of placental trophoblastic cells. Tro-
phoblastic tumours are, therefore, associated with
hCG-production, but hCG or its subunits are also
secreted by a wide variety of non-trophoblastic
neoplasms. Gastric carcinoma is one of the most
common neoplasms with increased blood level of
hCG (Braunstein et al. 1973; Hattori et al. 1978).
However, hCG secretion of some neoplasms and
neoplastic cells is unbalanced in subunit-profile
(Weintraub and Rosen 1973; Tashjian et al. 1973;
Rosen et al. 1980; Hattori et al. 1980; Heitz et al.
1983). HCG consists of two different subunits: the
a-subunit is nearly identical in structure to other
glycoprotein hormones, ie, luteinizing hormone
(hLH), follicle stimulating hormone (hFSH) and
thyroid stimulating hormone (hTSH), whereas the
fS-subunit is specific to each hormone (Pierce and
Parsons 1981). In addition to neoplastic tissues,
hCG- and/or hCGf-like immunoreactivities have
been demonstrated in various tissues other than
the placenta (Yoshimoto et al. 1977, 1979; Braun-
stein et al. 1979, 1984). Immunohistochemical dis-
tribution of hCG-subunits is also unbalanced in
these tissues, such as the stomach, lung and colon
(Fukayama et al. 1986a, 1986b, 1987). HCGo-im-
munoreactive cells are identified much more often
than hCGg-positive cells and the two cells are not
identical. .

In the present paper, we have studied subunit-
profile of hCG in gastric carcinoma immunohisto-
chemically, which has not been studied in detail.
The aims of the study are to determine (a) whether
production or distribution of hCG-subunits is co-
ordinate or not in gastric carcinomas, and (b)



206

whether its subunit-profile is different or not from
that of normal mucosa. We will then discuss the
significance of hCG-subunits in non-trophoblastic
tumours, in an effort to clarify the regulatory
mechanism for hCG-subunits in neoplasia of non-
trophoblastic tissues.

Materials and methods

Gastric carcinomas were surgically resected (67 males and 48 fe-
males, 32-90 years old). The tumours consisted of 50 early car-
cinomas (invasion depth is confined within the mucosa or sub-
mucosa), and 74 advanced carcinomas (carcinoma invasion ex-
tended to or beyond the muscular layer). A case of choriocar-
cinoma with adenocarcinoma was also examined which devel-
oped at the oesophago-gastric anastomosis and was considered
to arise from Barrett’s type oesophagus (Aonuma et al. 1986).
All stomachs were opened along the greater curvature as soon
as possible after resection. They were fixed in 17% formalin.
One or two blocks were taken: In 109 carcinomas less than
10.0 cm in length, one tissue-block contained the entire longitu-
dinal cut surface along the lesser curvature in 50 early and
24 advanced carcinomas, or contained at least one peripheral
and the area of central deepest invasion in 35 advanced carcino-
mas. In 15 carcinomas larger than 10.0 cm, two seperate blocks
were sampled corresponding to one peripheral and one central
portion. Tissues were processed routinely and embedded in par-
affin. Serial sections were cut at 3 microns thick and stained
with haematoxylin and eosin (HE) and alcian blue, periodic
acid-Schiff double stain (ABPAS, pH 2.5) for diagnostic exami-
nation. Serial sections were then immunostained with anti-
hCGa and B antibodies. When any immunoreactive cell was
identified, another adjacent serial section was stained by Grime-
lius silver technique. In gastric carcinomas containing more
than 10 hCGo-immunoreactive cells, the sections were also im-
munostained with hLHS, hFSHf, and hTSHp, each parallel
to the sections stained with anti-hCGoe-antibody.

For classification of the histological types of gastric carci-
nomas, the criteria of the Japanese Research Society for Gastric
Cancer (1979) were applied. However, because frequent transi-
tion among histological types was observed in each carcinoma,
the classification was simplified to two categories: papillotubu-
lar and microtubular-mucocellular groups. The papillotubular

. group included papillary and well and moderately differentiated
tubular carcinomas. The microtubular-mucocellular group cov-
ered poorly differentiated and signet ring cell carcinomas. In
this simplification, papillotubular or microtubular-mucocellular
groups corresponded to intestinal or diffuse type in Lauren’s
classification (1965) respectively. The site of origin of the carci-
nomas of less than 10.0 cm in maximum length was determined
by the roentogenologic and macroscopic findings and was de-
scribed as cardia, body and antrum. The surrounding non-neo-
plastic mucosa of the early carcinomas was also evaluated as
an intrinsic control. These were classified by the nature of
glands; pyloric and fundic with or without intestinalized glands.

For immunohistochemistry, the peroxidase antiperoxidase
(PAP) method of Sternberger (1979) was applied to the forma-
lin fixed and paraffin embedded sections. Purification of each
hCG-subunit and generation of rabbit antiserum for each (pro-
vided by H. Okumura, Teikoku Hormone Manufacturing Com-
pany, Kawasaki, Japan) have been reported elsewhere (Oku-
mura et al. 1976, 1978). Antisera for hLHS, hFSHf and h'TSHS
were provided by National Institute of Arthritis, Diabetes and
Digestive and Kidney Diseases (NIADDK, USA). The optimal
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dilutions of rabbit antisera were 1:1000 for hCGa, 1:500 for
hCGpB, 1:20000 for hLHS, 1:5000 for hFSHS and 1:50000
for h"TSHP. Prior to the application of rabbit antisera, sections
were pretreated with 0.1% pronase (Type VII, Sigma, St. Louis,
USA) for 3 min. Incubation of primary antibodies was carried
out overnight at 4 C.

Control studies have been reported (Fukayama et al.
1986a, 1986b, 1987). There was no immunostaining without
antisera or with nonimmune sera. Immunoreactivity for each
hCG-subunit in the placenta was abolished by absorption with
each corresponding antigen, but it was not affected with coun-
terpart antigen. Different fixatives (formalin, Bouin’s solution
or periodate-lysine-paraformaldehyde) had no effect on the im-
munostaining of both subunits. Immunoreactivity for hCGa
crossreacted with other o-subunits of glycoprotein hormones
(Okumura et al. 1978). However, because single common gene
codes a-subunit of glycoprotein hormones (Fiddes and Talmage
1984), immunoreactivity with anti-hCGo~antibody was called
simply as hCGo-immunoreactivity. Immunoreactivity for
hCGa was not affected with absorption of a variety of gastroin-
testinal peptides or amine (gastrin 1-17 and 1-34, serotonin,
gastrin releasing peptide, calcitonin, adrenocorticotropic hor-
mone 1-39, f-endorphin, y-melanocyte stimulating hormone,
insulin, glucagon, glucagon like peptide, somatostatin, pancre-
atic polypeptide, and polypeptide YY). In the present study,
both antisera were further absorbed with serine proteinases to
eliminate unexpected cross reaction (Jagiello and Mesa-Tejada
1979). Cationic trypsin, chymotrypsin B, and elastase I were
kindly provided by M. Ogawa (Second Department of Surgery,
Osaka University, School of Medicine, Japan) (Fujimoto et al.
1980; Iwaki et al. 1983a, 1983b; Murata et al. 1983). Diluted
antisera for hCGa and § were absorbed with each proteinase
(20 microgram/ml) and then applied to the control sections
(placenta, non-neoplastic antral mucosa and gastric carcinomas
containing hCGpg-positive cells). Immunostaining in control
sections was the same with or without absorption.

Statistical analysis was carried out by using Chi-square
test. Binominal analysis (z-test) was also applied to the inci-
dence of carcinomas containing both subunits, comparing with
multiple incidences of isolated subunit-positivity.

Results

HCG-subunits in ‘ectopic’ choriocarcinoma
with adenocarcinoma

Syncytiotrophoblastic cells usually showed both
positivities for hCG-subunits. Many cytotrophob-
lastic cells were also synchronously positive for
both subunits, but in the typical nests of choriocar-
cinoma hCGp-positive cytotrophoblastic cells ap-
peared to be slightly more numerous than hCGa-
positive ones (Fig. 1a and b). In transition to ade-
nocarcinoma, there were several cells positive for
either isolated subunit, and several hCGa-positive
cells were identified in tubular adenocarcinoma
(Fig. 1¢). In comparison with serial sections
stained with Grimelius silver technique, the cells
positive for both hCG-subunits were not argyro-
philic. :
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Fig. 1. Serial sections of a choriocarcinoma with andenocarcinoma (45 years old, male) were stained with anti-hCGa (a and
¢) and £ (b) antibodies. Many trophoblastic cells are synchronously positive for both subunits (a and b). A few immunoreactive
cells for isolated hCGa are present in a portion of tubular carcinoma (c, arrows). PAP-immunostaining. a and b, x 150, and

¢, x 300

Table 1. Incidence of hCG-subunit-immunoreactivity in gastric
carcinoma

Histological group ~ Number  Number of positive cases
of cases
hCGa  hCGp (both)

Papillotubular 57 21 23% (15)***
Early 30 11 8** (7)***
Advanced 27 10 15 8)
Microtubular- 67 18 40%* 11)
mucocellular

Early 20 7 15%%* %)
Advanced 47 1 25 (6)
Total 124 39 63 (26)

Significant difference was detectable in incidences of hCGp-
positivities between papillotubular and microtubular-mucocel-
lular groups (* p<0.05), which may be due to differences in
early carcinomas (** p<0.005, Chi-square test). Incidence of
carcinomas bearing both subunits seemed to be higher in papil-
lotubular carcinomas than that deduced from multiple inci-
dences of both isolated positivities of the corresponding groups
(*** p<0.05, z-test)

HCG-suburits in gastric carcinoma

Immunoreactive cells for hCG-subunits were iden-
tified in 76 of 124 gastric carcinomas (Table 1) in
variable numbers with hCGe in 39 (31.5%) and
hCGp in 63 cases (50.8%). The number of positive
cells was usually small: the number of hCGa- or
f-positive cells were less than ten in 23 of 39, or

20 of 63 cases respectively. HCGa-immunoreactiv-
ity was present in 36.0% of early carcinoma and
28.4% of advanced carcinomas. HCGf-positive
cells were demonstrated in 46.0% of early and
54.1% of advanced carcinomas. 26 carcinomas
contained cells positive for both units (12 early and
14 advanced). The incidences of hCG-subunit-
positivities were not significantly different between
early and advanced carcinomas (p <0.05).

In the papillotubular group (Intestinal type) 29
of 57 cases exhibited hCGa or f-positive cells (21
and 23 cases respectively). HCGo-immunoreactive
cells were usually solitary within the neoplastic
glands. They were like intraglandular endocrine
cells: triangular or ovoid in shape (Fig. 2a). How-
ever, hCGp-positive cells were found in deranged
glands or in solitary and clustered in the intersti-
tium (Fig. 3). The shape of hCGf-immunoreactive
cells was variable; they might be slightly spindle
shaped, flat, or large and irregular.

15 cases contained cells positive for both units.
The incidence of this finding was significantly high-
er than that deduced from incidences of isolated
subunit-positivities (p <0.05) if it was assumed that
they were independent. However, immunoreactive
cells for both hCG-subunits were present in differ-
ent parts in 11 carcinomas. A few or several syn-
chronous cells were identified in only four carcino-
mas, in which positive cells for isolated hCG-sub-
units were also present in close proximity (Fig. 4a,
b).
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Fig. 2. Ser1a1 sections of an advanced papillotubular carcinoma (48 years old male) were immunostained with anti-hCGa antibody
(a) and stained by Grimelius silver technique (b). Some hCGo-positive cells are argyrophilic (arrows). In another serial section,

no hCGp-immunoreactive cell was identified. x 200

Fig. 3. Many hCGp-positive cells in an advanced papillotubular carcinoma (77 years old, male). PAP-immunostaining for hCG§,
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Fig. 4. Serial sections of an early papillotubular carcinoma
(79 years old, male) were immunostained with anti-hCGua (a)
and f (b) antibodies. A few cells are synchronously positive

for both subunits (arrows). In another adjacent sections, these
positive cells were argyrophilic. PAP-immunostaining, x 240

In comparison with argyrophilic cells in serial
sections, some of hCGo-positive cells were argyro-
philic in 13 of 21 cases (Fig. 2a and b), whereas
such a relation was extremely rare between hCGS-
positive cells and argyrophilic cells — in three of

23 cases (p<0.005). These three cases also con-
tained hCGo-positive argyrophilic cells.

In the microtubular-mucocellular group (Dif-
fuse type) 47 of 67 carcinomas showed hCGua- or
S-positivity (18 and 40 cases respectively). In early
carcinomas, hCGp-positivity was found in 15 of
20 cases, and the incidence was significantly higher
than its counterpart in the papillotubular group
(p <0.005).

HCGua-positive cells (Fig. 5a) were usually soli-
tary cells in the micronests or infiltrating in the
interstitium. HCGg-positive cells were observed
more often in clustered form, and they appeared
to be relatively pleomorphic. There were 11 cases
containing cells positive for both units, but the in-
cidence of this change could be deduced when both
positivities were assumed to be independent (p<
0.05). In serial sections, both cells were apparently
different. Some of hCGua-positive cells showed ar-
gyrophilia in 10 of 18 cases (Fig. 5a, b), but there
were no hCGp-positive cells, which were argyro-
philic.

In 50 early and 59 advanced carcinomas less
than 10.0 cm in size, the site of origin could be
determined (Table 2). The location did not appear
to affect the incidence of hCG-subunit-positivities
(p<0.05).

There were 16 cases of gastric carcinoma which
contained more than ten hCGa-positive cells. In
serial sections, there was no immunoreactivity
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Fig. 5. Serial sections of an advanced carcinoma of microtubu-
lar-mucocellular group (35 years old, female) were immuno-
stained with anti-hCGa antibody (a) and stained by Grimelius
silver technique (b). HCGa-positive cells are argyrophilic (ar-
rows). x 200

Table 2. Relation between hCG-subunit-positivity and the loca-
tion of the carcinoma

Location Number of cases Number of positive cases
hCGax  hCGp  (both)
Antrum 51 17 29 1
Body 40 12 16 ®)
Cardia 18 7 7 (5)
Total 109 36 52 (24)

The location did not affect the positivities of hCG-subunits
(Chi-square test, p<0.05)

for hLHp, hFSHfS or hTSHf in hCGa-positive
cells.

In the surrounding mucosa of 50 early carcino-
mas, 42 sections showed one type of glands and
8 carcinomas were situated at the margin of pyloric
and fundic glands. Thus, 31 pyloric and 27 fundic
glands were evaluated.

There were hCGua-positive cells, in variable
numbers, in all 31 sections of pyloric gland mucosa
and in 13 of 27 fundic mucosae. As has been de-
scribed (Fukayama et al. 1986a), hCGo-positive
cells corresponded to endocrine-like cells both in
pyloric and fundic glands.

HCGgB-positive cells were rarely observed in
three sections of pyloric and one of fundic gland
mucosa. In these sections, a few hCGf-positive
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Fig. 6. HCGp-positive cells (arrows) in a deranged gland of
non-neoplastic antral mucosa (49 years old, female). Other
glands show intestinal metaplasia. PAP-immunostaining for
hCGp, %200

cells were present in deranged glands with or with-
out neutrophilic infiltration (Fig. 6).

Discussion

It is well established that human chorionic gonado-
tropin (hCG) or its subunits are produced in non-
trophoblastic neoplasms and neoplastic cells (Hat-
tori et al. 1980; Rosen et al. 1980). In gastric carci-
nomas, increased blood level of immunoreactive
hCG was observed in 10.5% to 23.5% of cases
(Braunstein et al. 1973; Cailani et al. 1976; Hattori
et al. 1978; Wasada et al. 1979). However, when
hCG is assayed in urine (Papapetrou et al. 1980)
or in tumour tissues (Hattori et al. 1978), its inci-
dence of detection more than doubles. In the pres-
ent study, hCGa- or f-positive cells were found
in 61.3% (31.5% and 50.8% respectively) and the
incidence of hCGf-positivity is higher than that
of other immunohistochemical studies (7% to
34%, Mori et al. 1982; Ito and Tahara 1983 ; Man-
abe etal. 1985; Wittekind et al. 1986). Because
sampling methods did not seem to be different
among the studies, the difference might be due to
sensitivity of immunohistochemistry: different
antisera may be used or staining method might
be with or without pronase treatment. It is unlikely
that our results suffered from false positivity, be-
cause our control studies of immunohistochemistry
of hCG-subunits seemed to be comparable with
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or more strict than those used in other work. Nev-
ertheless, the incidence of hCG-subunit-positivity
in this study may be found if the other sensitive
methods described above were applied. Therefore,
hCG-subunit production in gastric carcinomas
may be fairly frequent and seems to be more fre-
quent than that in non-small cell carcinomas of
the lung (hCGa: 8/60, hCGf: 14/60, Fukayama
et al. 1986b) or in carcinomas of the rectosigmoid
colon (hCGa: 1/50, hCGf: 14/50, Fukayama et al.
1987).

In previous immunohistochemical studies, the
o-subunit of hCG has not been studied. This may
be due to the fact that o-subunit is nearly identical
in structure to other glycoprotein hormones which
is coded by a single common gene (Fiddes and
Talmage 1984); the f-subunit has been assumed
to limit the production of ‘biologically active’
combined hormone (Pierce and Parsons 1981).
However, unbalanced production of hCG-subunits
has been demonstrated in some neoplasms and car-
cinoma cells (Weintraub and Rosen 1973 ; Tashjian
et al. 1973; Rosen et al. 1980; Hattori et al. 1980;
Heitz et al. 1983). HCG-subunits are apparently
regulated by a different gene (Fiddes and Tal-
madge 1984) and the gene-regulation is not always
coordinate even in trophoblast-derived cells (Brun-
side et al. 1985). In the present study, many syncy-
tio- and cytotrophoblastic cells were synchron-
ously positive for both subunits in choriocarcin-
oma. Conversely, both positive cells were distinctly
different populations in most of gastric carcino-
mas. Although expression of isolated subunit-
positivities in papillotubular carcinomas did not
appear to be independent in the analyses of their
incidences, synchronous cells were extremely rare
in four of 15 papillotubular or none of 11 microtu-

bular-mucocellular carcinomas which contained .

both immunoreactive cells. Therefore, unbalanced
distribution or production may be one of charac-
teristics of hCG-production in gastric carcinoma.
It is very interesting that Hustin et al. (1985)
observed solitary immunoreactive cells for isolated
hCGa in testicular immature teratomas. These im-
munoreactive cells were intraglandular endocrine-
like cells with close proximity to argyrophilic cells.
In gastric carcinomas, hCGa-positive cells were
not immunoreactive for f-subunits of glycoprotein
hormones with exception of rare hCGf-immunore-
activity. HCGa-positive cells appeared to have en-
docrine-like configuration in the glandular struc-
ture of papillotubular carcinoma and some hCGa-
positive cells exhibited definite argyrophilia in 23
of 39 positive cases. Furthermore, we have recently
demonstrated that isolated hCGo-immunoreactivi-
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ty is present in endocrine cells of non-neoplastic
stomach, lung and rectosigmoid colon (Fukayama
et al. 1986a, 1986b, 1987). Thus, the expression
of isolated hCGoa may reflect endocrine cell-differ-
entiation in gastric carcinomas, as well as non-neo-
plastic mucosa. Future studies using immunoelec-
tron microscopy, however, will be necessary to elu-
cidate the heterogeneity of argyrophilia in hCGa-
positive cells in gastric carcinoma.

In contrast to the hCG-subunit profile of the
non-neoplastic gastric mucosa, hCGp-immunore-
activity was much more often seen than hCGa in
gastric carcinomas. This predilection to hCGf did
not appear to be related to invading depth (no

~ significant difference in early or advanced carcino-

mas) or to the original site of the carcinomas.
HCGg-positivity seemed to be more frequent in
the microtubular-mucocellular group with signifi-
cant differences in early carcinomas. In the recto-
sigmoid colon, only infiltrating carcinomas showed
hCGp-positive cells, but the incidence was unre-
lated to the invading depth (Fukayama et al. 1987).
Because mucosal carcinomas of the stomach,
especially microtubular-mucocellular group, show
more deranged tubular structure than that of the
colon carcinoma, some epitheliomesenchymal in-
teraction per se may affect expression of hCGp
in stomach and colon carcinomas. In four sections
of non-neoplastic mucosa, which surrounded early
carcinomas, epithelial cells of deranged glands
showed hCGg-positivity. HCGf-immunoreactive
cells were also observed in disorganized alveoli of
the lung (Fukayama et al. 1986b). Therefore the
expression of hCGf might not necessarily require
neoplastic transformation: HCGf may be ex-
pressed through an epithelio-mesenchymal interac-
tion common in carcinoma and in inflammation
of some non-trophoblastic tissues.

We have suggested that incidences of carcino-
mas containing both subunits appeared to be high-
er than that deduced from isolated positivities in
papillotubular carcinoma. Along the line of specu-
lation above, however, it may be due to relatively
diverse tubular structures in this group: expression
of hCGp was likely to occur in deranged tubular
structures. Thus, hCG-subunits in gastric carcino-
ma might be regulated by an independent mecha-
nism.

In the stomach, choriocarcinomas with or with-
out adenocarcinoma have rarely been documented
(Mori et al. 1982), but they occur relatively more
often there than in other intestinal tract areas
(Metz et al. 1985). Although hCG-subunit-profile
was unbalanced in gastric carcinoma, there were
cells positive for both isolated subunits in 26 of
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124 cases. This frequency appears higher than in
lung carcinoma (1/60) or in the rectosigmoid colon
(0/50) (Fukayama et al. 1986b, 1987). It is possible
that cells expressing both isolated subunits may
hybridize and develop into trophoblastic cells, al-
though such somatic hybridization (Warner 1974)
has not been observed in vivo. In the placenta,
hCG-subunits are postulated to be sequentially ex-
pressed or regulated from « to f (Hoshina et al.
1985). Furthermore, a particular DNA arrange-
ment at the hCGa-locus is suggested to be more
susceptible to development of choriocarcinoma
(Hoshina et al. 1985). Neoplastic endocrine cells
with hCGo-production might be a likely source
of trophoblastic cells following mutation in the
sensitive portion of hCGa gene. The precise se-
quence of trophoblast-development in non-tro-
phoblastic tissues, therefore, should be evaluated
by gene modulation or hybridization of cloned car-
cinoma cells expressing isolated hCG-subunits.

We have demonstrated unbalanced distribution
of hCG-subunits in gastric carcinomas. The sub-
unit-profile of hCG in carcinomas was different
from normal or non-neoplastic mucosa. However,
the difference may be quantitative rather than
qualitative: hCG-subunits may be regulated by an
independent mechanism, but commonly in normal
and neoplastic stomach. Future studies on this
issue should also include assessment of the biologi-
cal significance (Stanbridge et al. 1982) and a bio-
chemical characterization (Fein et al. 1980; Par-
sons et al. 1982; Hussa et al. 1986) of both isolated
subunits of hCG in the placenta and extraplacental
tissues.
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