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Some clinical cases have been reported on 
α-fetoprotein（AFP）and carbohydrate antigen 19-9

（CA 19-9）, which gastric cancers produce, a dis-
ease whose clinical prognosis is poor. However, 
there are no reports identifying whether the prog-
nosis of gastric cancer producing AFP or that pro-
ducing CA 19-9 is poorer. Thus, the main purpose 
of the present study is to determine the malignant 
potential of gastric cancer producing AFP and gas-
tric cancer producing CA 19-9. The patients were 
selected from cancer patients undergoing surgery 
for gastric carcinoma at the First Department of 
Surgery, Shimane Medical University, between July 
1984 and December 2000. The preoperative serum 
AFP and CA 19-9 levels were measured, and the 
resected specimens were examined macroscopi-
cally and microscopically. There were 12 patients 
with preoperative serum AFP levels over 20 ng/
ml（Group A: gastric cancer which produce AFP）
ranging from 48ng/ml to 22,790 ng/ml, and all 12 
patients demonstrated positive immunoreactivity 
for AFP.  On the contrary, there were 10 patients 
with serum CA 19-9 values over 37 U/ml（Group 
B: gastric cancer which produce CA 19-9）rang-
ing from 60 IU/ml to 138,900 IU/m, and all 10 
patients demonstrated positive immunoreactivity for 
CA19-9. The 92 patients with normal preoperative 
serum levels of AFP and CA 19-9, which were im-
munohistochemically negative for those two tumor 
markers, were selected as a control group（Group 
C: gastric cancer which do not produce AFP and 
CA 19-9）.  Because all patients of groups A and 
B were in clinical Stage III or IV, 39 in the clini-
cal Stage III or IV of group C were selected as 

a control to evaluate the prognosis after surgery, 
collect pathohistological findings, and determine 
the malignant potential of the cancer cells. The 
malignant potential of the cancer cells of the three 
groups was studied by measuring the argyrophilic 
nuclear organizer region（Ag-NOR）score and area, 
DNA ploidy pattern, and 4c exceeding rate（4cER）, 
which is defined as the percentage of cells with 
an aneuploid nuclear DNA content over the tetra-
ploid（4c）. The Ag-NOR score and area of group 
A were significantly（P<0.05）higher than those of 
the two other groups. Moreover, the incidence of 
the aneuploid pattern and 4cER of group A were 
significantly（P<0.05）higher than those of the oth-
er two groups. From the viewpoint of the pathologi-
cal analysis of the resected specimens, the incidence 
of poorly differentiated adenocarcinoma and post-
operative liver metastasis was higher, and vascular 
and lymphatic infiltrations were prominent in group 
A. Meanwhile, in group B, vascular and lymphatic 
infiltrations were also prominent, and there was a 
relationship between the serum CA 19-9 level and 
lymph node metastasis at operation. After a 5-year 
follow-up, the accumulative rate of group A and 
B was smaller than that of Stage IV of group C, 
and the prognosis after surgery in group A was the 
worst of all. We attribute this poor prognosis in 
groups A and B to the extremely high malignant 
potential of the cancer cells. In conclusion, multi-
modality therapy using chemotherapy, radiation, or 
a combination of both must be performed to pre-
vent liver metastasis or recurrence in local regional 
lymph nodes after gastrectomy in patients with AFP 
and CA 19-9 producing gastric cancer. 
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INTRODUCTION

AFP is a fetal serum protein produced mainly in 
the fetal liver and yolk sac.［1］After birth, AFP 
rapidly disappears and is undetected in the serum of 
healthy individuals. However, AFP often reappears in 
the serum of patients with hepatoma and germ cell 
tumors, such as yolk sac tumors.［2］The serum 
level of AFP has been revealed to be elevated in 
other tumors, most of which are gastric cancers.［3, 
4］The incidence of AFP-producing gastric cancer 
has been reported 1.3-15%［5, 6］, and it is approxi-
mately 5% of gastric cancer patients in Japan. The 
criteria for diagnosing AFP producing gastric cancer 
depend on positive staining of the primary lesions 
because of the uncertainty of the serum AFP level. 
Several diseases, such as hepatitis, liver cirrhosis, 
and HCC demonstrate high serum AFP levels that 
are unrelated to gastric cancerous lesions. On the 
other hand, there is an AFP producing gastric cancer 
with a normal serum AFP level. It was reported that 
some early gastric cancer patients had a normal se-
rum AFP, yet, immunostaining of the gastric cancer 
lesions was strongly positive.［7］So it is impor-
tant to examine immunohistochemically an massive 
existence of AFP in the gastric cancer lesions, if 
we define an AFP producing gastric cancer. Conse-
quently, without staining all of the gastric specimens, 
this indication “AFP non-producing gastric cancer” is 
usually quite skepical. 

Meanwhile, CA 19-9 was first isolated in 1979, 
and it is the only available serum biomarker for 
pancreatic cancer or bile duct cancer.［8］CA 
19-9 is a high-molecular-weight mucin, defined by 
a monoclonal antibody reacting with a repetitive 
carbohydrate epitope of the heterogeneous fam-
ily of mucins,［8］with a carbohydrate structure

（sialylated-lacto-N-fucopentose II）whose antigenic 
determinant is a sialized substance from the Lewis 
blood group.［9］An elevated serum CA 19-9 level 
has been found in patients with pancreatic and bile 
duct carcinoma, as well as in patients with colorec-
tal, gastric, and hepatic neoplasias.［11, 12］Atkin-
son et al.［13］demonstrated immunoreactivity for 
CA19-9 in gastric cancer cells, and they reported 
that 89% of these cells were immunohistochemically 
positive. Previously, we demonstrated that about 

66% of the gastric cancer was immunohistochemi-
cally positive for CA 19-9.［14］Whether gastric 
cancer produces CA 19-9 depends on positive im-
munohistochemical staining of the primary lesions.  
Clinical reports have indicated that the prognoses 
of both AFP and CA 19-9 producing gastric cancer 
are bad.［5, 6, 11, 12］However, there are no ex-
planations for the poor prognosis of those cancers 
or for the malignant potential of the gastric cancer 
cells. 

Thus, the main purposes of the present study are 
to ascertain the malignant potential of AFP and CA 
19-9 producing gastric cancer cells by measurement 
of their Ag-NORs score and area and to analyze 
the DNA ploidy. An additional goal is to clarify 
the relationship between the prognosis and the bio-
logical malignant potential of the three groups.

PATIENTS AND METHODS

Present study is based on the analysis of data 
among the patients who developed gastric cancer 
and underwent gastric carcinoma surgical treatment 
at the first department of surgery, Shimane Medical 
University between July 1984 and December 2000. 
To all patients, preoperative serum AFP and CA 
19-9 levels were examined, and microscopic histo-
pathological findings of the resected specimens were 
examined. There were 12 patients with preoperative 
serum AFP level over 20 ng/ml（AFP producing 
gastric cancer group: group A）ranging from 48ng/
ml to 22,790 ng/ml and all 12 patients demonstrat-
ed positive immunoreactivity for AFP.  On the con-
trary, there were 10 patients with serum CA 19-9 
values over 37 U/ml（CA 19-9 producing gastric 
cancer group: group B）ranging from 60 U/ml to 
33,700 IU/m, and all 10 patients demonstrated posi-
tive immunoreactivity for CA19-9. 92 gastric cancer 
patients were selected as a control group（AFP and 
CA 19-9 non producing gastric cancer: group C）. 
These exhibited normal preoperative serum AFP 
and CA 19-9 levels and these two tumor markers 
were immunohistochemically negative. Because both 
in group A and B, the clinical stages were Stage 
III or IV, in order to compare the malignant po-
tentials of cancer cells of the three groups and the 
pathological findings of the resected specimens, 39 

38 Nagami



patients of clinical Stage III or IV in group C were 
selected as a control. Inclusion criteria was the 
presence of gastric carcinoma confirmed by histo-
pathological study of the lesion extirpated with cu-
rative or palliative intention. The Ethics Committee 
of the institution approved this study. 

Of 114 patients included in this study, 68（60.0%）
were females and 46（40.0%）were males, which 
gives a male/female ratio of 1.47: 1. Mean age was 
74.6 ± 11.5 years（37 to 88 years）. Those patients 
with resectable lesions located in the antropyloric 
region were submitted to D2 standard subtotal cura-
tive gastrectomy. Patients with resectable lesions in 
the medium and proximal third of the stomach were 
submitted to D2 standard total curative gastrectomy. 
Patients presenting penetration of the lesion into the 
gastric serosa on macroscopic evaluation underwent 
total gastrectomy, with extirpation of the spleen and 
pancreas tail. 

1）Immunohistochemical staining for AFP and 
CA 19-9  

For the immunohistochemical study, the speci-
mens were fixed in a 10% neutral buffered form-
aldehyde solution and embedded in paraffin. The 
formalin-fixed, paraffin-embedded tissue blocks 
of the gastric tumors were sliced into 4μm sec-
tions. They were then stained with hematoxylin 
and eosin（H&E）and examined histologically 
and the same deparaffinized sections were used 
for the immunohistochemical investigation of AFP 
and CA19-9 expression. The immunohistochemical 
analyses were performed using the streptoavidin-
biotin method. Sections were dewaxed in xylene, 
passed through ethanol, and incubated with 0.3% 
hydrogen peroxide in methanol for 30 minutes to 
block endogenous peroxidase activity. Sections were 
washed in phosphate-buffered saline（PBS）, and 
10% normal rabbit serum was applied for 20 min-
utes to reduce nonspecific antibody binding. AFP, 
a mouse monoclonal antibody purchased from the 
DAKO Corporation（Copenhagen, Denmark）, was 
diluted 1: 100 and reacted with tissue specimens at 
room temperature for 2 hours. The specimens were 
washed three times with PBS. The sections were 
incubated with biotinylated rabbit antimouse immu-
noglobulin G at a dilution of 1: 100 for 30 minutes 

follows by three washes. Slides were reacted with 
a streptoavidin-biotin peroxidase reagent for 30 
minutes at a dilution of 1: 100 and washed with 
PBS three times. Finally, the slides were reacted in 
PBS containing diaminobezidine and 1% hydrogen 
peroxidase for 10minutes, counterstained with meth-
ylgreen, and mounted. Hepatocellular carcinoma tis-
sues containing AFP were used as positive controls. 
Meanwhile, immunostaining of CA19-9 were done 
by the peroxidase antiperoxidase method using a 
polyclonal antibody against CA19-9（DAKO Inc., 
Tokyo, Japan）as the primary antibody and the 
color reaction for peroxidase was developed with 
0.02%3, 3-diaminobenzidine tetrahydrochloride. 

2）Investigation of clinicopathological finding 
among the resected gastric specimens

 In the present study, clinicopathological factors, 
such as clinical stage, histological type of tumor, 
tumor size, lymph node metastasis, vascular inva-
sion, and tumor differentiation were investigated by 
use of resected gastric specimens in each groups. 
The macroscopic stage, the histological diagnosis of 
the primary tumor, the depth of invasion, the extent 
of lymph node metastasis was determined according 
to TNM（tumor-nodes-metastases）classification. 
Tumors were classified according to the 5th Interna-
tional Union Against Cancer（UICC）［15］. 

3）Ag-NOR staining technique and counting 
procedure

  Same sections used for immunostaining of AFP 
and CA19-9 were cut at a thickness of 4μm from 
routinely processed paraffin blocks. These sections 
were dewaxed in xylene and dehydrated through a 
graded ethanol series to deionized water. The Ag-
NOR staining solution was prepared by dissolving 
gelatin in 1% aqueous formic acid at a concentra-
tion of 2%; this solution was mixed at a 1: 2 vol-
ume ratio with a 150%（w/v）aqueous silver nitrate 
solution to provide the final working solution. This 
solution was poured over the tissue sections, which 
were left for 20-30 minutes at a room temperature 
in the dark. The silver colloid was washed off with 
deionized water, and the sections were dehydrated 
to xylene and mounted in a synthetic medium. Ag-
NORs were firmly stained as black nuclear dots of 
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various sizes. The number and area of Ag-NOR nu-
clear dots in cancer and normal cells were counted 
by computerized analysis system, such as Analysis 
Program in the CAS 200 Image Analysis System

（CAS 200 Image Analysis System）. 

4）DNA analysis technique and counting proce-
dure

  Likewise Ag-NOR staining, sections contain-
ing cancer lesion were cut at a thickness of 4μm 
section from routinely processed paraffin blocks 
and then dewaxed and rehydrated. Then, the sec-
tions were stained with Feulgen using a quantiative 
DNA-staining kit（Cell Analysis system, Inc., Elm-
hurst, IL）, a commercially available staining and 
reagent system. All slides were studied using the 
Quantitative Ploidy Analysis Program in the CAS 
200 Image Analysis System（Cell Analysis System, 
Inc., Lombard, IL）. At least 200 structurally identi-
fied neoplastic cell nuclei encountered in a system-
atic screening of each cancer were analyzed in each 
specimen, and DNA histograms were generated for 
each cell population. As a control, the DNA content 
of normal cells at the G0/G1 phase was defined as 
7.18pg using a DNA calibration slide supplied by 
the CAS 200 Image Analysis System. The DNA 
ploidy pattern of the neoplastic cells was calculated, 
and the 4c exceeding rate（4c ER）, defined as the 
percentage of cells with an aneuploid nuclear DNA 
content over 4c, was also figured in each group. 

5）Statistical analysis
Statistical differences in the AgNORs score and 

area, and 4c ER in each group were analyzed by 
Student's t-test, then percentage of DNA ploidy pat-
tern and pathological factors were evaluated by the 
chi-square test. Overall survival rate was determined 
by Kaplan-Meier method and were compared us-
ing the log-rank test. P<0.05 was defined significant 
difference. 

RESULTS

The characteristics of the patients’ preoperative 
serum AFP levels, immunoreactivity for AFP, and 
tumor size in group A are shown in Table 1. The 
immunohistochemical expression of AFP was dem-

onstrated in all specimens of group A. The macro-
scopic view of the resected AFP producing gastric 
cancer is shown in Fig. 1. The macroscopic view 
of this tumor was not different from a usual IIc-
like gastric cancer. However, serum AFP level of 
this patient was extremely high, so this tumor was 
demonstrated in this figure. And this gastric cancer 
was histologically composed of poorly differentiated 
adenocarcinoma, and immunohistochemical stain-
ing for AFP of the gastric biopsy of this case is 
shown in Fig. 2. AFP was stained partially in the 
cytoplasm of cancer cells. In group A, the depths 
of carcinoma invasion into the gastric wall were T₂ 
in 3 patients, T₃ in 8, and T₄in 1. Liver metastasis, 
identified during surgery, had occurred in only 1 
patient. Macroscopic lymph node metastases were 
recognized in all 12 patients, peritoneal dissemina-
tion was detected in only 1 patient, and distant 
metastasis was not recognized at all. The clinical 
stages according to the histology were III and IV, 
and the incidence of postoperative liver metastases 
were extremely high（8/12: 66.7%）. AFP producing 
gastric cancers were divided into two histological 
subgroups: one with well-differentiated adenocar-
cinomas, which consisted of papillary adenocar-
cinomas, and, the other with poorly differentiated 
adenocarcinomas, signet-ring cell carcinomas, and 
mucinous adenocarcinomas. All patients presented 
venous infiltration, and 11 patients presented lym-
phatic infiltration（Table 2 A）. The mean preopera-
tive AFP level was 5418.6±7683.0 ng/ml（Table 1）. 
The preoperative mean serum AFP level of the pa-
tients with gastric lesions ≧ 5 cm in diameter（n=6）
was 9511.7±8744.2 ng/ml, which was significantly

（P<0.05）higher than that of patients with gastric 
lesions < 5 cm（422.5±537.4 ng/ml: n=6）. 

Meanwhile, the characteristics of the patients’ 
preoperative serum CA 19-9 levels, immunoreactiv-
ity for CA 19-9, and tumor size in group B are 
shown in Table 1. The macroscopic view of the 
resected specimen of the CA 19-9 producing gastric 
cancer of which serum CA 19-9 level of this tumor 
is extremely high is shown in Fig. 3. And CA 19-9 
is stained diffusely in the cytoplasm of cancer cells 
in an immunohistochemical study（Fig. 4a, b）. The 
depths of carcinoma invasion into the gastric wall 
in Group B were T₁ in 1 patient, T₂ in 4, T₃ in 4, 
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and T₄ in 1. After surgery, all 10 patients presented 
venous and lymphatic infiltrations with a clinico-
pathological stage of III or IV. From microscopic 
findings, almost all tumors consisted of well-differ-
entiated adenocarcinomas and papillary adenocarci-
nomas（Table 2A）. The preoperative mean serum 
CA 19-9 level of the patients with gastric lesions 
≧ 4cm（n=4）in diameter was 12,117.5±13,385.7 
ng/ml, which was higher than that in gastric le-
sions <4cm（299.3±220.4 ng/ml: n=6）, although 
there was no significant difference. With regard to 
the macroscopic findings of group C, the depths 

of carcinoma invasion into the gastric wall were 
T₁ in 23 patients, T₂ in 35, T₃ in 30, and T₄ in 
4.  Forty patients were Stage I（A, B）; 21, Stage 
II; 18, Stage III（A, B）; and 6, Stage VI. Their 
pathological findings are shown in Table 2. Of 92 
patients in group C, 38（41.3%）presented venous 
infiltration, and 45（48.9%）presented lymphatic 
infiltration by the histological examination（Table 
2A）. The precise analysis of venous and lymphatic 
infiltration in three groups is shown in Table 2 B. 
Massive venous（v2, v3）and lymphatic（ly2, ly3）
infiltrations were recognized in groups A and B. In 

Table 1. The characteristics of the patients of group A and B. This table shows sex, age, preoperative serum AFP 
level, CA 19-9 level, immunoreactivity for AFP and CA 19-9 and tumor size of group A and B.
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group C, venous and lymphatic infiltrations were 
not prominent in the early stage, but they were 
frequently spotted in the advanced stage. In evalu-
ating the survival rate after surgery, many of the 
patients in group A died following liver metastasis 
or peritoneal dissemination within two years after 
surgery even if curative resections were performed. 

Three patients died of local recurrence by lymph 
node metastasis within five years of surgery even 
with curative resection in group B. There was one 
patient in group A who survived 14 years. The cu-
mulative survival rate following  surgery is shown 
in Fig. 5. The rate in Groups A and B were lower 
than those in Stages III and IV in Group C. 

Table. 2A. Operative findings and pathohistological findings of group A, B and C. 
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Table. 2B. The precise investigation about venous and lymphatic infiltrations of the three groups.
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Fig. 1. Macroscopic view of the AFP producing gastric 
cancer is demonstrated（mucosal side）. This is a 0-IIc 
like advanced type. Preoperative serum AFP level of this 
patient was extremely high (10500 ng/ml). To this pa-
tient, distal gastrectomy with lymph nodes dissection and 
gastroduodenostomy was performed. 

Fig. 3. Macroscopic view of the CA19-9 producing gastric 
cancer is shown. This cancer is a wide IIc type combined 
with Bormann I cancer（→）. Preoperative serum level of 
CA 19-9 of this patient was 12,900 U/ml. To this patient, 
distal gastrectomy with lymph nodes dissection was per-
formed and reconstructed by gastrodudenostomy. 

Fig. 2. The tumor was composed of poorly differentiated 
adenocarcinoma. The histological finding of the gastric 
biopsy of this AFP producing gastric cancer is shown at 
upper side（H.E staining: ×200）. And immunohistochemi-
cal staining of this tissue shows a scattered localization 
of AFP at cytoplasm of the cancer cells（×200）.

Fig. 4. Immunohistochemical examination of this CA 
19-9 producing gastric cancer shows a diffuse localization 
of CA 19-9 in the gastric cancer cells（×40: upper side, 
4a）And precise examination of the cancer cells of the 
CA 19-9 producing gastric cancer shows strongly positive 
staining at the cytoplasm（×200: lower side, 4b）.
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In the three groups, Ag-NORs were strongly 
stained as black nuclear dots of various sizes in 
normal cells and gastric cancer cells（Fig 6）. These 
black dots were analyzed with the CAS 200 Im-
age Analysis System, and the mean score and area 
of Ag-NORs were calculated（Fig 7）. The Ag-
NORs in the normal gastric epithelium were were 
small and round. The mean score and area of the 
Ag-NORs in normal gastric epithelium examined in 
all 114 patients were 1.65±0.23 and 1.58±0.32μm2, 
respectively. On the other hand, Ag-NORs were 
larger and irregular; the mean value of the Ag-
NORs score and area of the cancer cells in group 
A（n=12） were 11.99±2.19 and 7.88±1.57μm2, re-
spectively. Those of group B（n=10）were 8.56±1.98 
and 5.87±1.34μm2, respectively. Furthermore, those 
of group C（Stage IIIA, B, or IV ;n=39）were 
6.48±1.09 and 4.11±1.22μm2, respectively. Both 
the Ag-NORs score and area of group A were sig-
nificantly（P=0.038）higher than those of the two 
other groups（Table 3）. Those of group B were 
significantly（P=0.043）higher than those of group 
C（Stage IIIA, B or IV）. The DNA ploidy pattern 
and 4c ER of cancer cells of the three groups were 
measured by the CAS 200 Image Analysis System

（Fig. 8）. The incidence of the aneuploidy pattern 
of group A（n=12）was significantly（P=0.045）

higher than that of the two other groups. The 4c 
ER of groups A（n=10）, B（n=12）, and C（Stage 
III or IV ;n=39）were 26.88±7.07%, 14.07±5.09%, 
and 7.01±3.44%, respectively. The 4c ER of group 
A was significantly（P=0.046）higher than that of 
the two other groups（Table 4）. Those of group B 
were significantly（P=0.047）higher than those of 
group C（Stage III or IV）. 

DISCUSSION

Worldwide, gastric cancer is the fourth most 
common and the second cause of cancer death.

［16］It shows extensive tumor invasion and early 
spread to metastatic sites.［17］Several serum tu-
mor markers have been used in the diagnosis of 
gastric cancer. Some clinical investigations demon-
strated that increased levels of classic tumor mark-
ers, such as AFP, CA 19-9, and（carcinoembryonic 
antigen）CEA, correlated with the clinicopathologi-
cal features of gastric cancer［4, 5, 18］. Among 
them, the organs of the gastrointestinal（GI）tract 
and malignancies of the GI tract, pancreaticobiliary, 
pulmonary, and urogenital organs have also been 
reported to produce AFP.［4, 5］It has been re-
ported that gastric carcinomas have a close relation-
ship with hepatomas because both the stomach and 
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Fig. 7. The schema of identification process of the Ag-NORs score and area by Cell Anal-
ysis System.
Arrow pointed out Ag-NORs by Cell Analysis System.

Fig. 6. Ag-NORs staining of the normal gastric epithelial cells（left side: ×100）and gastric cancer cells
（right side×100）are showed. In normal gastric epithelial cells, 1 or 2 small sized and round shaped black         
dots were recognized in the nucleus. Meanwhile, many large sized and irregular shaped black dots were rec-
ognized in the nucleus of poorly differentiated adenocarcinoma.  Numbers of Ag-NORs were recognized in the 
nucleus of the cancer cells.
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the liver are derived from the primitive foregut of 
the embryo. Therefore, in some primary gastric car-
cinomas, disturbances of differentiation occur. So it 
is not surprising that some gastric carcinomas con-
tain foci of hepatocellular differentiation.［19, 20］
These gastric carcinoma cells tend to produce AFP 
in great amounts, as do most neoplastic hepato-
cytes.［21］Kodama et al.［22］reported that there 
are two histological types of AFP producing gastric 
cancers of the stomach. The first is a histologically 
hepatoid type, characterized by polygonal cells ar-
ranged in solid nests or sheets with scattered large 
pleomorphic or multinucleated giant cells, and the 
second is histologically the well-differentiated tu-
bular type or papillary type with a clear cytoplasm 
without mucin or glycogen. The poor prognosis of 
AFP producing gastric cancer may be attributed to 
the production of AFP because AFP has an im-
munosuppressive effect.［2］A normal serum AFP 
level alone cannot identify a tumor as an AFP pro-
ducing tumor because Chang et al.［23］reported a 
patient who had a normal serum AFP, yet showed 
strongly positive immunohistochemical staining of 
AFP. Consequently, the term AFP producing gastric 
cancer can be clinically used for gastric specimens 
that are immunohistochemically stained. In the pres-
ent study, of 12 patients in group A, all were im-
munohistochemically stained in the cytoplasm of 
cancer cells of the stomach.  Five patients with a 
serum AFP level above 1,000ng/ml were strongly 
stained, but 3 patients（3/12: 25.0%）with a serum 
AFP level below 50 ng/ml were weakly stained.  
At the same time, Kodama and his associates［22］
reported that there was a close relationship between 
elevated serum AFP levels and an increased number 
of AFP-positive tumor cells. Furthermore, Alpert et 
al.［4］demonstrated that the serum AFP levels re-
flected the degree of tumor growth in the host. 

Meanwhile, in 1982, Atkinson et al. demonstrated 
immunoreactivity for CA19-9 in gastric cancer cells, 
and they reported that 89% of these cells were im-
munohistochemically positive.［13］At the same 
time, we reported that approximately 65% of gastric 
cancer cells showed positive immunoreactivity for 
CA 19-9. In the present study, it was indicated that 
the preoperative serum CA 19-9 levels in advanced 
stages were higher than those in the early stages 

in group B.  Joypaul et al.［24］reported that there 
was a difference between the mean value of serum 
CA 19-9 levels for early and advanced tumors. 
Other authors have also shown that the advanced 
stages of gastric carcinoma were more frequent in 
patients with high serum CA 19-9 levels.［25］
They reported that the CA 19-9 antigen from neo-
plastic cells was not released into the blood stream 
during the initial stages of the carcinoma; however, 
they might enter circulation when lymphatic vessels 
or veins are invaded as neoplasia spreads.［25, 26］
This hypothesis can explain the finding of more 
elevated serum CA 19-9 levels in more advanced 
gastric neoplastic lesions. On the contrary, Wobbes 
et al.［25］found no association between the stage 
of the disease and immunopositivity for CA19-9 
and reported that the values of the serum CA 19-9 
levels in gastric carcinoma might not influence stag-
ing or the degree of cellular differentiation of neo-
plasias. Kodera et al.［26］also found a significant 
number of lymph node metastasis in patients with 
elevated serum CA19-9 and verified that neoplasias 
that extended beyond the muscle layer were more 
frequent in patients with elevated serum CA 19-9 
levels. Furthermore, Tomasich et al.,［27］in a 
study involving 144 patients, assessed the associa-
tion between serum CA 19-9 levels, depth of inva-
sion into the gastric wall, and staging of gastric 
carcinoma. Thus, these results could reflect that the 
values of CA 19-9 serum levels in gastric carcino-
ma might be related to the morphological aspects of 
neoplasias, which influence staging, and the degree 
of cellular differentiation of neoplasias. 

Clinically, the patient numbers of AFP and CA 
19-9 producing gastric cancer are small, and the 
prognosis of those cancers is believed to be ex-
tremely poor. Furthermore, there is little basic re-
search concerning the malignant potential of these 
cancers. From the above, it is necessary to identify 
the malignant potential of AFP and CA19-9 produc-
ing gastric cancer and to explore the difference of 
the malignant biological potential between AFP and 
CA 19-9 producing gastric cancer. Furthermore, it 
is necessary to investigate whether there is a signif-
icant difference between the malignant potential of 
AFP producing gastric cancer and CA19-9 produc-
ing gastric cancer and gastric cancer not producing 
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AFP or CA 19-9. 
Recently, there have been many reports about the 

biological malignant potential of cancer cells us-
ing several methods.［28, 29］Analyzing the DNA 
content of neoplastic cells in gastric cancer fields, 
Kimura and Yonemura［29］proposed that the 
DNA ploidy pattern was a useful prognostic indi-
cator of advanced gastric cancer. In addition, they 
suggested that an aneuploid tumor might reflect 
the malignant potential of advanced gastric cancer; 
however, they noted that it was difficult to explain 
the malignant potential of gastric cancer on the ba-
sis of the DNA ploidy pattern alone because some 
patients with a diploid tumor had  poor prognoses 
even after curative surgery. On the other hand, a 
silver technique for identifying Ag-NORs has been 
applied to various cancerous lesions.［30, 31, 32］
The assessment of the Ag-NORs score demonstrates 
that this score is greater in neoplastic cells than in 
corresponding normal tissue. It is strictly related 
to cell proliferative activity and increases during 
the G1-phase, reaching its peak during the S-phase 
in the cell cycle. Accordingly, this DNA and Ag-
NORs analysis is reliable for evaluating biologically 
the malignant potential of carcinoma cells. How-
ever, evaluation of the malignant potential of the 
present three groups must include a comparison of 
patients in the same clinical stage. Thirty-nine Stage 
III or IV patients were selected as a control group 
in group C because all patients were in groups A 
and B were in Stage III or IV. 

From the viewpoint of the survival rate, it was 
demonstrated that the prognosis of the patients in 
groups A or B was worse than that of Stage III or 
IV patients in group C. Furthermore, it was also 
demonstrated that most patients in group A or B 
had complications resulting from a high incidence 
of microscopic infiltration into the lymphatic system 
and veins. To resolve these problems, the reason 
that the prognosis of groups A and B was worse 
than that for group C must be determined; there-
fore, Ag-NOR and DNA analyses were undertaken 
in the present study.  In the present study, the Ag-
NOR score and area of groups A and B were sig-
nificantly higher than those of group C. Group A, 
especially, was significantly higher than group B, 
and the incidence of the aneuploid pattern of groups 

A and B was significantly higher than that in group 
C. Moreover, in an investigation of the 4c ER per-
centage in the DNA histogram, it was demonstrated 
that the 4c ER of groups A and B was significantly 
higher than that of group C and that of group A 
was significantly higher than that of group B. These 
results confirmed that the biologically malignant 
potentials of carcinoma cells of group A and B 
were much higher than those of group C. The pro-
liferative activities of cancer cells of group A were 
especially high. This phenomenon might reflect an 
lower survival rate after surgery, as shown in the 
present study. 

The malignant potential of gastric cancer cells 
in group A was then increased in accordance with 
tumor growth, eventually resulting in early liver 
metastasis even if curative surgery was performed. 
Meanwhile, it was also demonstrated that the Ag-
NORs score and area, also an aneuploid pattern 
including 4c ER in the DNA histogram of group B 
were significantly larger than those in the 39 Stage 
III or IV patients in group C. These facts clearly 
showed that the malignant potential of gastric can-
cer cells of group A was higher than that of group 
B and that the high malignant potential of group A 
was associated with the low survival time following 
surgery. At the same time, the tumor malignancy in 
group B was higher than that in the 39 patients of 
group C. 

In the present study, there was a patient in group 
C that had early gastric cancer with high Ag-NORs 
scores and areas, along with high 4cER. This pa-
tient with an extremely high Ag-NORs score（8.83）
and high 4cER（14.8%）developed lymph node 
metastasis and peritoneal dissemination at postopera-
tive 15 months. This suggests some concern about 
early recurrence in a patient with a high Ag-NOR 
score and high 4cER, even if they are in an early 
clinical stage. These facts strongly suggest that, if 
the intensity of the lymphatic and venous infiltra-
tions is strong, evaluation by both measuring the 
serum AFP and CA 19-9 and immunohistochemical 
study of those two tumor markers may be necessary 
to determine the characteristics of gastric cancer. 

In conclusion, the present study shows that the 
evaluation of cellular kinetics by the Ag-NORs 
score and area and the analysis of the DNA ploidy 
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pattern provide important prognostic informa-
tion in addition to that obtained from clinical and 
pathological obsrvation in gastric cancer patients.  
Furthermore, gastric cancers that are immunohisto-
chemically positive for AFP or CA19-9 have a high 
and large Ag-NORs score and area. Their prognoses 
are poorer than those in individuals with typical 
gastric cancer. Accordingly, preoperative assessment 
of AFP and CA19-9 must be done routinely, and 
immunostaining analysis of gastric cancer cells for 
AFP and CA19-9 must also be performed because 
prognostic information can be obtained. 

Despite the development of advanced treatment 
over the last decade, gastric cancer is among the 
most difficult to treat, generally with a poor out-
come. A multidisciplinary approach is now a widely 
accepted standard of treatment for operable diseases, 
although marked variation occurs worldwide. In 
Japan, postoperative flioropyrimidine chemoradia-
tion or perioperative combination chemotherapy is 
commonly used, although a neoadjuvant approach 
with chemotherapy or chemoradiation may also be 
used for cancers of the cardia or cardia-esophageal 
junction. Postoperative recurrence of gastric cancer 
is most likely due to occult metastatic disease in 
the tumor bed and distant sites; hence, multimodal-
ity approaches using chemotherapy, radiation, or a 
combination of both have been evaluated in the last 
few decades in an attempt to improve outcomes 
following surgery. Regardless of the differences in 
these approaches, a benefit is usually seen from 
adding systemic chemotherapy, thereby reinforcing 
the concept that operable gastric cancer is in fact a 
local presentation of systemic diseases with occult 
micrometastatic disease at the time of diagnosis, 
leading to relapse and poor survival after radical 
surgery. In the present study, AFP and CA 19-9 
producing gastric cancers have close connections 
with microscopic venous and lymphatic infiltrations, 
eventually leading to early liver metastasis after 
surgery. From the viewpoint of the tumor charac-
ters, it is essential to have an exact assessment of 
cancer malignant potential by not only investigation 
of microscopic pathological findings but also evalu-
ation of the malignant potential of cancer cells by 
the methodology of the Ag-NORs score and area 
and the DNA ploidy pattern. Currently, there is 

not a specific tumor marker for gastric cancer. As 
a result, it is necessary to measure the preopera-
tive serum AFP and CA 19-9 level and to analyze 
the malignant potential of the cancer cells of the 
resected gastric cancer. These trials help with the 
identification of efficacious therapies that permit an 
individualized approach for the treatment of patients 
and improve the generally poor prognosis of this 
aggressive disease. 
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