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INTRODUCTION

Many monoclonal antibodies (MoAbs) have been identified over the 15 years
since the advent of hybridoma methodology. Antibodies which detect gastric
cancer-associated antigens have made a place for themselves as an essential,
non-invasive diagnostic tool for the clinician. The name ‘tumor markers’ has
been coined for these antigens as well as cancer-associated proteins, amino acids
and glycolipids. The name has been found to apply further afield, to genes, in-
cluding oncogenes and suppressor oncogenes as well as their mRNAs, if they are
expressed or depressed preferentially in tumor cells or tissues.

In this review, we will describe the latest information concerning gastric can-
cer-associated tumor markers and briefly discuss the significance of these
markers from the viewpoint of tumor biology.

TUMOR MARKERS DETECTED IN THE SERUM AND THE TISSUE

Many monoclonal antibodies have been established as an aid in detecting
’ gastric cancer-associated antigens [1,2]. Among these interesting monoclonal
antibodies, some have turned out to be capable of providing precise measure-
ments of circulating antigens in the serum. Table1 shows the incidence of the
antigens in sera from patients with gastric cancer. It is well known that car-
cinoembryonic antigen (CEA) occurs in 20-309% of the patients with gastric can-
cer [3]. CA19-9, which carries the sialyl Le® epitope, shows a 32% incidence
[4], while sialyl SSEA-1 bearing molecules, recognized by monoclonal antibody
-FHS6, only show 13% [5]; it seems that gastric cancer cells produce sialyl Le®
bearing molecules more frequently than sialyl SSEA-1 molecules. MoAb B 72.3
has recently been found to recognize the sialosyl Tn epitope [6], and appears in
43% of the sera of the gastric cancer cases [4]. In the case of the YH206
antigen [7, 8], the incidence is 329%, the same as that of CA19-9 [4]. Interest-
ingly, this monoclonal antibody recognizes the high-molecular-weight asialo-type
glycoproteins, which belong to the classic mucin molecules [9], while the MoAb
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NCC-ST-439 recognizes the sialosyl-type glycoprotein, showing a 199 incidence
[10].

Scirrhous-type gastric cancer is still difficult to diagnose using serum
markers. Niitsu ef al. [11], however, found that the procollagen type I shows
higher level in the serum in particular from patients with scirrhous-type gastric
cancer.

Recently, cDNA of mucin genes has been extensively cloned; as of the begin-
ning of 1992, four mucin genes have been reported, and designated as MUC-1, 2,
3 and 4 [12-15]. We do not know at present to which gene our YH206 antigen
belongs. It is interesting, however, that at least one of the mucin gene products
carries the asialo-type sugar chain; this epitope can be frequently detected in the
sera from gastric cancer patients. It is noteworthy that there was no correlation
between CA19-9 and YH206 levels in the sera of gastric cancer patients [9].

Monoclonal antibody MUSE11, which was originated in our laboratory [16],
was found to recognize the MUC-1 gene core protein [17]. The binding activity
of MUSE11 to a synthetic peptide corresponding to the tandem repeat motif of
the MUC-1 gene protein was compared with MoAbs DF3 (Table 2), which is the
antibody used in the CA15-3 assay kit for monitoring breast cancer; MoAb
MUSEI11 showed a higher binding activity than that of MoAb DF3 [18]. It is
known that MoAb DF3 detects epitope structure containing sialylated carbo-

Table 1 Incidence of positivity of various tumor markers in the seva
of patients with gastric cancer

M : L Positive
a?lr;(i)lgcl)(()ir)lfal . étr;fllcggg‘lg (No.rg(glsci)tive/ reference
No. tested)

NS19-9 Sialyl Le®* (CA19-9) 329%(30/94) 4

FH-6 Sialyl SSEA-1 13%

B 72.3/CC49 Sialosyl-2 6 a-N- 43%(40/94) 4
acetyl galactosamyl
epitope (TAG-72)

NCC-ST-439 high-molecular-weight 199 (48/249) 10
glycoprotein

- (sialosyl type)

YH206 high~molecular-weight 329%(22/69) 8
glycoprotein
(asialo-type) '

MUSEI1 MUC-1 gene 329%( 9/28) 16
core protein

c-erbB-2 185 kD glycoprotein 109%( 4/40) submitted
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Table 2 Binding activity of MoAbs MUSE11 and DF3 to a syn-
thetic peptide

MoAbs Binding activity (cpm)* to peptide*
MUSEI11 ‘ 42852794
DF3 14163+ 46
YH206 1074+ 29
P1-255 2108+ 46

* Detected with an #I-labeled anti-mouse IgG-Fc antibody.

+ A peptide consisting of one repeat and 4 amino acids from the tandem repeat region of
mucin core protein. Concentration of the peptide and MoAbs used were 100 xg/m/ and 5
ug/mli, respectively.

Values are mean * SD of triplicated determinations.

Table 3 Relationship between serum levels of antigen MUSEI1 and
CA15-3 in patients with gastric cancer

CAI5-3(+) CAI5-3(—)
Antigen
MUSEL1(+) 7 1
Antigen
MUSE11(—) 2 15

hydrate chains. The serum levels of antigen MUSE11 and CA15-3 were simulta-
neously measured in 35 specimens including gastric cancers and the relationship
between serum levels of antigen MUSEL1 and CA15-3 was then evaluated (Table
3) [unpublished observation]. Seven out of 35 serum specimens were tested posi-
tive for both antigen MUSE11l and CA15-3. Eleven out of 35 were positive for
antigen MUSE11 and negative for CA15-3, whereas only 2 were negative for
antigen MUSE11 and positive for CA15-3. These data indicate a higher inci-
dence of abnormal levels of antigen MUSE1l in the sera of gastric cancer
patients compared to CA15-3 (p<<0.01). It is noteworthy that no significant cor-
relation was observed in the serum levels between antigen MUSE11 and CAl5-3.
In any case, it is of interest that MoAb MUSEI]L can detect 32% of the gastric
cancer patients (Table 1).

ErbB-2 protein is a 185 kD glycoprotein encoded by the c-erbB-2 gene, which
was found by Yamamoto, Toyoshima and their colleagues in 1986 [19]. Several
monoclonal antibodies to erbB-2 protein have been established, including our own
monoclonal antibody [Ishida, T. et al. submitted for publication]. The simulta-
neous use of two monoclonal antibodies, is neccessary to unambiguously detect
erbB-2 protein in the serum. As depicted in Table 3, this method was successful
in identifying 10% of the gastric cancer patients. Furthermore, all the patients
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with gastric cancer who showed higher levels of erbB-2 protein were found to
have well-differentiated adenocarcinoma. Therefore, although it is not very
common to find erbB-2 protein in the circulation, when it is found, it is a depend-
able indicator for this histological type of tumors. It is also possible that the
erbB-2 protein-positive patients form a subgroup of patients with well-
differentiated adenocacinoma.

Studies of suppressor oncogenes have also borne fruit. For example, Mat-
ozaki and his coworkers [20] have studied the p 53 gene, a suppressor oncogene,
in 12 human gastric cancer cell lines. After the reverse-transcriptase polymerase
chain reaction and direct sequencing, 7 cell lines showed point mutations of the p
53 gene resulting-in amino-acid substitutions. Most of them were rare mutations
which had not been observed in other types of cancers. Six out of 7 cell lines
with mutations of p53 gene also lost one allele of chromosome 17 p. Immuno-
blotting of cell lysates with an antibody specific to p 53 demonstrated high levels
of p53 protein in 5 cell lines, all of which contained mutations of the p 53 gene.
These results suggest that human gastric cancer tissue may show certain abnor-
malities either at the genetic level or at the protein/mRNA level. 1In fact, pre-
liminary results performed by Shiku et a/ (Nagasaki University School of Medi-
cine) showed that 15 out of 30 cases showed point mutations of the p 53 gene and
that 12 out of 27 cases showed positive nuclear staining with the antibody to p 53
protein. Eleven of these 12 cases were found to have structural abnormalities in
the p53 gene (personal communication by Prof.. SHIKU). Other suppressor on-
cogenes or the candidates for suppressor oncogenes, such as DCC, APC and PTP
will be examined in the near future.

TUMOR MARKERS AND EARLY DETECTION OF GASTRIC CANCER

In many parts of the world, mass endoscopy-based screening for gastric can-
cer is not feasible because of the relatively low incidence of the disease. Alterna-
tive approaches, such as screening using cancer-associated markers, are not, as
yet, reliable enough to be used.

To be clinically useful for screening, as distinct from “monitoring” the
progress of an established disease, a marker for gastric cancer should also be
sensitive enough to allow detection of cancer before it becomes symptomatic or
detectable with the usual diagnostic tools. Additional requirements would
include that the marker could be assayed with an easily performed test, cause a
minimum of tissue damage and discomfort to the patient, have a low cost/
effectiveness ratio and give reproducible results.

Farinati ef al, [21] have identified MoAb CA50, which bears sialosyl fucosyl-
lactotetraose corresponding to the sialylated blood group antigen Lewis(a), in
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serum, gastric juice and urine of patients undergoing upper gastrointestinal tract
endoscopy : this study employed 22 control subjects (no macroscopic or micro-
scopic lesions), 29 patients with chronic atrophic gastritis, 20 with epithelial
dysplasia and 16 with gastric cancer. Gastric juices were also tested for pH,
protein concentration and specific gravity, and urines for protein concentration
and osmolarity. Serum and gastric juices were also tested for CEA levels. Com-
parison of the results obtained with the two markers revealed that in patients
with gastric cancer, CAb0 gastric juice levels were statistically higher than in
controls ; a wide overlap was, however, present among groups, and the sensitiv-
ity and specificity were respectively 38% and 85% for serum and 699 and 82%
for gastric juice. Sensitivity and specificity were respectively 23% and 899 for
CA50 determination in urines. In this case, no statistically significant difference
was observed between gastric cancer and control patients. A trend toward
higher median values wan observed in advanced with respect to early gastric
cancer. A correlation was found between gastric juice and serum CA50 levels,
as well as between serum and urine levels of the marker. A correlation was also
observed between CA50 values and protein concentration in gastric juice and with
osmolarity in urines. Overall, CA50 levels were statistically higher in patients
with intestinal metaplasia than in those who had no lesions. Increased CA50
gastric juice levels were also observed in patients with chronic atrophic gastritis
and epithelial dysplasia. CA50 levels in gastric juice and urine appear to depend,
at least in part, on the concentration of the protein in the fluid. Horinouchi ef
al. {22] investigated alterations of carbohydrate chain antigens using immunohis-
tochemical method in relation to histologicail malignant changes on 62 cases of
gastric atypical epithelial lesions (adenomas) which were diagnosed as Group-III
at the first biopsy. These cases were followed up after more than one year.
Among the 7 carbohydrate chain antigens which are related to the Lewis antigen,
the sialyl Le*-i antigen showed the most impressive findings; the ratio of positive
indications from the first biopsy specimens of Group-IIl was 6%, however, it rose
to 339% in the final biopsy specimens of Group-IV, 509 in the resected specimens
of border-line lesions, and 679% in the resected specimens of carcinomas. The
results indicate that there exists a close correlation between malignant changes in
gastric atypical epithelial lesions and alterations in carbohydrate chains in terms
of sialylation.

The monoclonal antibodies to the 7as oncogene product p 21 have been used
to analyse the precancerous lesions. Ohuchi et al. [23] showed that dysplastic
lesions and noncancerous lesions immediately configuous to cancerous tissue test-
ed positive for p 21 using the monoclonal antibody RAP-5. We have also found a
high number of cells expressing p 21 in gastric atypical epithelial lesions of more
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Fig. 1 Percent positive cells of ras p 21 and CEA in the atypical epithelial lesions
determined by immunoperoxidase technique

than 1cm in diameter, using the MoAb rp-12 [Imai et al, unpublished observa-
tion] which recognizes both the H- and K-7as product p21 (Fig.1). An in situ
hybridization assay -in conjunction with an H-ras gene probe confirmed this ten-
dency at the mRNA level in our laboratory. Yoshida, Shiku et «l. [24] have
followed this line of investigation using their MoAb RASK-3 which reacted with
all the Ki-, N- and Ha-7as p2ls, and proposed an interesting hypothesis: They
showed a marked expression of p 21 in moderately- to well-differentiated cancer,
intestinal metaplasia, and atypical hyperplasia, but not in normal epithelial cells
and hyperplastic polyps; this indicates that the expression of p 21 in the epithelial
cells of the stomach has increased as a consequence of cellular changes to
premalignant status, such as intestinal metaplasia and atypical hyperplasia.
Recently, Helicobacter pylorvi (H. Pylori) infection has been believed to be
responsible for most cases of gastritis [25]. Investigations into the epidemiology
of H. pylori infection have been assisted by a large body of information. More-
over, a number of excéllent indirect studies have shown a consistant link between
the frequency of H. pylori and the prevalence of gastric carcinoma in various
populations. Recently, the results of three case control studies [26-28] have
confirmed and extended the indirect association between H. pylori and gastric
cancer. We have developed several monoclonal antibodies to H. pylori [29).
Because the serum from patients with gastritis reacted strongly with the 25 kD
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Fig. 2 The effect of westernization on the epidemiology of Helicobacter pylori in
Japan.
The 1940 curve shows the pattern of incidence in a typical underdeveloped
country, which would have been expected from a study in that year.
The 1990 curve shows the current pattern and the 2030 curve represents
the prevalence of H. pylovi that may occur with continued improvements
in the standard of living in Japan. IgG, immunoglobulin G.

antigen among the H. pylori antigen, we have developed the ELISA system for
detecting the serum antibody against the 25 kD antigen [30]. The serum titer of
anti-25 kD antibodies (mainly IgG type) was significantly higher in patients with
gastritis than in healthy controls. In addition, the titer of IgA type anti-25kD
antibodies in gastric juice correlated closely with the histological grade of gastri-
tis, suggesting that a local immune response to H. pylovi in gastric mucosa might
also be associated with the formation of gastritis [31]. Asaka, Miki., et al [32]
reported that the serum pepsinogen I and II levels (markers of gastritis and gas-
tric atrophy) were significantly higher in H. pylori-infected volunteers than in H.
pylovi-uninfected volunteers. Graham et al. [25] suggested an interesting
epidemiological way of thinking: their prospective study in Japan (Fig.2) has
given us further insight into the changes in the epidemiology of H. pylori as-
sociated with westernization of Japanese society, and this change is consistent
with ongoing changes in the epidemiology of gastric cancer in Japan [32].
Although we need more data, especially desease-specific features of H. pylori, in
order to connect H. pylori infection and gastric cancer, we must keep in mind
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that H. pylori provides the proper environment such as chronic atrophic gastritis
and/or intestinal metaplasia, for gastric cancer.

TUMOR MARKERS AND PROGNOSIS OF GASTRIC CANCER

Many tumor markers have been used to detect malignancies, and to assess
the efficacy of treatment. Predicting prognosis and detecting recurrence are also
an important role for tumor markers. In this section, we will introduce some
recent reports concerning these points.

A recent study [33] using a MoAb specific to estrogen receptors showed
receptors in 28 per cent of gastric adenocarcinomas, particularly in poorly
differentiated lesions. Harrison ef al. [34] described the correlation of estrogen
receptor-related protein status with long-term survival in a group of 188 consecu-
tive patients undergoing surgery for gastric cancer ; those who tested negative
for the presence of this protein had a significant survival advantage over those
who tested positive. Prognostic factor analysis with a Cox proportional hazards
model showed the tumor stage and the estrogen receptor-related protein to be
significantly independent factor in gastric cancer.

In 1970, Bourreille ef al. [35] reported the first case of a-fetoprotein
(AFP)-producing gastric cancer with liver metastasis. There have been a few
cases of advanced and early gastfic cancer which produced AFP in the literature.
The incidence of AFP-producing gastric cancer is reported to be from 1.3 to
15%, depending on the writer (about 5% average) in Japan [36]. Chang Y-C.
et al. [36] compared 27 cases of AFP-positive gastric cancer with 478 cases of
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early gastric cancers calculated by the Kaplan-Meier method.
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AFP-negative gastric cancer. Although sex, age distribution, pathologic type
and serum CEA levels were similar between these two groups, Borrmann III-type
cancer, lymph node metastasis, and incidence of synchronous and metachronous
liver metastasis occurred more often in the AFP-positive group. Liver metas-
tasis occurred in 729 of the AFP-positive patients, all of whom died within 2
years. The long-term survival of the AFP-positive group was clearly worse
‘than that of the others. They also reported three cases of AFP-producing early
gastric cancer, in all of whom liver metastasis occurred shortly after curative
gastrectomy ; all died within two years [37] (Fig.3). These data suggest that
AFP-producing cells are more prone to liver metastasis. Chang discussed the
possibility that the liver may offer a suitable environment for AFP-producing
tumors to proliferate. It also is possible that AFP-producing cells are associated
with early vascular invasion. In any case, AFP-producing gastric cancer seems
to have a poor prognosis. Establishment of an AFP-producing gastric cancer
cell line [38] may help dissect the mechanisms of this disease process.

Using CA19-9 as a marker, Ikeda et al. [39] compared two groups: 57
patients who died of recurrence or metastasis within 2 years (group I) and 58
patients who survived 5 years or more after resection (group II). In
undifferentiated type carcinoma, the staining pattern belonging to stromal type
was seen in 656% of group I and 23% of group II. Therefore they proposed that
the immunohistochemical localization for CA19-9 in tumorous tissues, particular-
ly in undifferentiated carcinoma, will be useful in predicting the prognosis of
patients with advanced gastric carcinoma.

Recent studies huve shown that the erbB-2 proto-oncogene is amplified in
25-33% of human mammary carcinomas and that there is a significant associa-
tion between erbB-2 amplification and prognosis, as well as with lymph node
metastasis [40]. In gastric carcinoma, however, there have been conflicting
results in the literature. Yonemura ef al. [41] reported that expression of erbB-
2 protein using a polyclonal antibody, was associated with serosal invasion,
lymph node metastasis and lymphatic invasion, and that patients with erbB-2
protein-positive tumors had a 5-fold greater relative risk of death, as compared
with those with e»bB-2 protein-negative tumors. Jain ef al. [42], on the other
hand, described apparently opposite results. They claimed that overall, patients
with tumors expressing this proto-oncogene had a significantly improved progno-
sis and that within the group of intestinal-type tumors, those that were c-evbB-2
positive formed a distinct sub-population which had a better prognosis, suggest-
ing possible differences in etiology. Both Yonemura and Jain used formalin-fixed
parafin embedded tissue sections and polyclonal anti-c-erbB~2 product antisera,
although the epitope recognized by each antisera seems to be different. We
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would think that the s sifu hybridization method or Nothern blot analysis may
be helpful to dissect these conflicting results.

Yamaguchi et al. [43] examined the possibility that urinary pepsinogen I is
a tumor marker of stomach cancer after total gastrectomy. Because of the high
blood and urine concentration of pepsinogen isozymes derived from gastric
mucosa, it is difficult to detect trace amounts of the pepsinogen isozymes
produced by gastric cancer cells. However, when the stomach is totally resected,
the urinary concentration of “background” pepsinogen isozymes decreases to
lower levels. They reported that 22 out of 74 cases who had undergone total
gastrectomy for stomach cancer showed positive indications for urinary pep-
sinogen I, and that 20 of these 22 positive cases had definite clinical signs of
recurrence of stomach cancer. This suggests that uninary pepsinogen I will be
an useful tumor marker in detecting the recurrence of stomach cancer after total
gastrectomy.

Asao et al. [44] have reported interesting results after using CEA in per-
itoneal washings. They determined CEA levels in the peritoneal washings from
120 patients with gastric cancer and 9 patients with benign diseases. Elevated
values (>100ng/g of protein) were observed in 20 of 25 patients with gastric
cancer with visible dissemination and 16 of 25 patients with serosal invasion but
no dissemination. The same elevation was found in only 9 of 70 patients with no
serosal invasion and none of the patients with bening diseases. The 2-year sur-
vival rates after curative operations for the patients with and without elevation
of CEA levels were 21% and 100%, respectively (p<0.001). They concluded
from this study that the CEA level in peritoneal washings could be a sensitive
detector of invisible peritoneal dissemination and a new predictor for the pos-
toperative prognosis of gastric cancer.
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