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Aberrant glycosylation occurs during development of gastric car-
cinomas. The initiation of mucin-type O-glycosylation is regulated
by GalNAc-T3 (UDP-N-acetylgalactosamine:polypeptide N-acetyl-
galactosaminyltransferase-3). However, the clinical significance of
GalNAc-T3 expression in human gastric carcinoma has not yet
been demonstrated. In the present study, we investigated the re-
lationship between immunohistochemical GalNAc-T3 expression
and various clinicopathologic factors, including prognosis, in 117
gastric carcinoma patients. Of 117 gastric carcinomas examined,
59 (50.4%) showed strong expression of GalNAc-T3. Strong ex-
pression was detected in 38 of 59 (64.4%) differentiated type and
in 21 of 58 (36.2%) undifferentiated gastric carcinomas, indicating
that the expression of GalNAc-T3 correlated significantly with tu-
mor differentiation (P====0.0023, χχχχ2 test). Overall 5-year survival
rate in patients with strong GalNAc-T3 expression (71.0%) was
significantly better than that of patients with weak expression
(49.3%) (P====0.0197, log-rank test). Multivariate analysis identified
GalNAc-T3 expression as an independent prognostic factor
(P====0.0158, Cox proportional hazards model). Our data suggest
that GalNAc-T3 expression may be a useful marker for prognosis
and differentiation of gastric carcinomas. (Cancer Sci 2003; 94:
32–36)

lthough the mortality rate of gastric carcinoma has im-
proved with advances in treatment, it remains the major

cause of cancer death in Japan.1) The major treatment for gas-
tric carcinoma is surgery. However, the prognosis after surgery
is related to the extent of metastasis and the possible recurrence
of peritoneal dissemination. Therefore, it is important to predict
prognosis after initial surgery in order to provide additional
treatment when necessary, since prognosis in such patients is
related to the extent of metastasis, recurrence and peritoneal
dissemination.

Alterations of mucin-type (O-linked) glycoproteins on the
surface of the cancer cell may contribute to changes in cancer
cell growth regulation, immune recognition, and cell adhesion,
all of which may in turn influence the invasive and metastatic
characteristics and capabilities of the cancer.2–6) Generally, tu-
mor-associated carbohydrate antigens are produced through in-
complete synthesis of carbohydrate chains resulting in their
accumulation as precursor forms or through neosynthesis of
carbohydrate chains via the activation of certain glycosyltrans-
ferases, such as GalNAc-T (UDP-GalNAc:polypeptide N-ace-
tylgalactosaminyltransferase).7, 8) Thus, GalNAc-T, which regu-
lates the initiation of O-glycosylation of mucins, may be impor-
tant for a better understanding of tumor-associated aberrant
O-glycosylation. To date, nine distinct human GalNAc-T genes
have been cloned,9) and it is known that multiple GalNAc-Ts
are expressed in various tissues.10) In the GalNAc-T family,

we previously reported that GalNAc-T3 was detected only in
glands and adenocarcinoma.11) We further showed that patients
with colorectal carcinoma that overexpressed GalNAc-T3 had
a significantly better prognosis than those with weak expres-
sion.12) GalNAc-T3 may be one of the most important transfer-
ases to regulate O-glycosylation in adenocarcinomas. However,
little is known regarding the function and the role of GalNAc-
T3 in human gastric carcinoma tissues, and there is no informa-
tion as to the relationship between GalNAc-T3 expression
and clinicopathologic factors, including prognosis, of patients
with gastric carcinoma.

In the present study, we demonstrate that GalNAc-T3 expres-
sion in gastric tumor tissue correlated strongly with good prog-
nosis in patients with gastric carcinoma.

Materials and Methods

Patients. The subjects were 117 patients (79 males, 38 females)
with primary gastric carcinoma who underwent surgical resec-
tion at the Department of Surgery I, University Hospital of Oc-
cupational and Environmental Health, Japan, between 1980 and
1982. Table 1 shows the histological classifications, stages of
the carcinomas and other clinicopathologic factors. Clinico-
pathologic findings were determined according to the Interna-
tional Union Against Cancer (UICC) TNM Classification of
Malignant Tumors13) and the Japanese Classification of Gastric
Carcinoma (tumor location, lymphatic invasion, venous inva-
sion, liver metastasis, and histopathological type).14)

Anti-GalNAc-T3 antibody. Polyclonal antibodies against human
GalNAc-T3 were generated by multiple immunizations of a
New Zealand white rabbit using synthetic peptides as described
previously.11) A dilution of 1:2000 in phosphate-buffered saline
(PBS) containing 2% bovine serum albumin was used to immu-
nostain paraffin-embedded sections.
Immunohistochemistry. Tumor samples resected from patients
with gastric carcinoma were fixed in formalin and embedded in
paraffin. Immunohistochemistry was performed using a strepta-
vidin-biotin-peroxidase complex method.15) Tissue sections (2
µm thick) were pretreated twice for 5 min per treatment with
citrate buffer (0.01 mol/liter; pH 6.0) at 100°C in a microwave
oven. Endogenous peroxidase activity was blocked by preincu-
bating the slides in 3% H2O2 in absolute methanol for 5 min.
Each slide was preincubated in normal goat serum for 10 min
and then incubated with polyclonal GalNAc-T3 antibody for 60
min. The antibody-treated slides were then washed thoroughly,
incubated in goat anti-rabbit immunoglobulin for 10 min,
washed, and incubated with streptavidin-biotinylated horserad-
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ish peroxidase complex for 5 min. Finally, diaminobenzidine
was used as a chromogen and the sections were lightly counter-
stained with hematoxylin. Substitution of PBS for the primary
antibody was used as the negative control. A section of normal
colorectal mucosa was used as the positive control.11)

Histopathology. The sections were examined by two indepen-
dent observers who were blinded as to the clinical status of the
patients. In each section, the staining was evaluated by count-
ing the frequency of labeled cells in 5 high power fields con-
taining 100 tumor cells each. This count was classified using
the following criteria: 0, negative; 1+ , <25% positive; 2+ ,
25–50% positive; 3+ , 50–75% positive; and 4+ , 75–100%
positive. 0, 1+  and 2+  were considered weak GalNAc-T3
expression. 3+  and 4+  were considered strong GalNAc-T3
expression.12)

Statistical analysis. Statistical analysis was performed using the
χ2 and Mann-Whitney U tests. For survival analysis, the Kap-
lan-Meier method was applied and statistical significance was
calculated using the log-rank test. Univariate and multivariate
analyses were performed using a Cox proportional hazards
model. Differences were considered statistically significant if
the P value was <0.05. All analyses were performed using the
StatView statistical package (version 5.0, SAS Institute, Inc.,
Cary, NC).

Results

Immunohistochemical staining of GalNAc-T3 expression in gastric
carcinoma tissues. GalNAc-T3 immunoreactivity was detected in
all cases, and predominantly localized to the cytoplasm. Strong
GalNAc-T3 expression was always noted in glandular epithelial
cells of the normal gastric mucosa (Fig. 1A). Fig. 1 shows rep-
resentative immunohistochemical staining in carcinomas with
strong GalNAc-T3 expression (B, D) and in carcinomas with
weak GalNAc-T3 expression (C, E). Of 117 gastric carcinoma
tissues, 59 (50.4%) were defined as having strong GalNAc-T3
expression, and 58 (49.6%) as having weak expression.
Relationship between GalNAc-T3 expression and clinicopathologic
factors. We next examined the relationship between GalNAc-T3
expression and various clinicopathologic factors (Table 2).
Strong GalNAc-T3 expression in the tumor was seen in 38 of
59 differentiated-type gastric carcinomas (papillary adenocarci-
noma, well-differentiated and moderately differentiated tubular
adenocarcinoma) (64.4%) and in 21 of 58 undifferentiated-type
gastric carcinoma (poorly differentiated adenocarcinoma, sig-
net-ring cell carcinoma, mucinous adenocarcinoma) (36.2%).
Thus, GalNAc-T3 expression correlated significantly with his-
topathological type (P=0.0023, χ2 test). However, there was no
significant relationship between GalNAc-T3 expression and
other clinicopathologic factors (Table 2).
Prognosis. Fig. 2A shows the Kaplan-Meier survival curve for
all patients. The 5-year and 10-year overall survival rates of pa-

Table 1. Clinicopathologic variables

Variable

Age (yrs)
Median (range) 62 (24–82)

Gender
Male 79
Female 38

Tumor location
Upper third of the stomach 23
Middle third of the stomach 47
Lower third of the stomach 47

Size (cm)
Median (range) 5.0 (0.7–16.5)

Lymphatic invasion
Negative 26
Positive 91

Venous invasion
Negative 50
Positive 67

Lymph node metastasis
Negative 50
Positive 66

Liver metastasis
Negative 109
Positive 8

Depth of invasion
Tis 0
T1 32
T2 55
T3 27
T4 3

TNM stage
0 0
I 51
II 13
III 27
IV 26

Histopathological type
Differentiated 59
Undifferentiated 58

Fig. 1. Immunohistochemical expression of GalNAc-T3 in normal gas-
tric mucosa and gastric carcinoma. Note the intense granular immu-
noreactivity for GalNAc-T3 appearing as a brown reaction product. A)
Strong GalNAc-T3 expression in normal mucosa. B) Strong GalNAc-T3
expression in differentiated type. C) Weak GalNAc-T3 expression in dif-
ferentiated type. D) Strong GalNAc-T3 expression in undifferentiated
type. E) Weak GalNAc-T3 expression in undifferentiated type. Original
magnification, ×400.
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tients with strong GalNAc-T3 expression were 71.0% and
66.4%, respectively. In contrast, the 5-year and 10-year survival
rates in patients with weak GalNAc-T3 expression were 49.3%
and 41.1%, respectively. The survival rate for the strong Gal-
NAc-T3 expression group was significantly higher than that for
the weak GalNAc-T3 expression group (P=0.0197, log-rank
test).

Because GalNAc-T3 expression correlated with histopatho-
logical type, we analyzed the survival rate in each histopatho-
logical subgroup in order to exclude the influence of histo-
pathology. Patients with strong GalNAc-T3 expression tended
to have higher survival rates than those with weak GalNAc-T3
expression in both the differentiated-type gastric carcinoma
subgroup (5-year survival rate, 71.9% vs. 48.9%; 10-year sur-
vival rate, 68.2% vs. 37.2%; Fig. 2B) and the undifferenti-
ated-type subgroup (5-year survival rate, 69.2% vs. 49.5%; 10-
year survival rate, 62.9% vs. 43.1%; Fig. 2C). However, these
differences were not statistically significant.

In univariate analysis of the factors affecting survival, TNM
stage, lymphatic invasion, venous invasion, lymph node me-
tastasis, liver metastasis, depth of invasion, and GalNAc-T3 im-
munoreactivity were found to be significant (Table 3). In
contrast, histopathological type did not correlate significantly

with survival (P=0.4728). Multivariate analysis using the Cox
proportional hazards model showed that only GalNAc-T3 ex-
pression (P=0.0158) and TNM stage (P=0.0313) were signifi-
cant independent prognostic factors among the eight variables
(Table 4).

Discussion

In this study, we found that the survival rate for patients with
gastric carcinoma that strongly expresses GalNAc-T3 is signifi-
cantly better than that of patients with tumors having weak Gal-
NAc-T3 expression (Fig. 2A), and multivariate Cox analysis
identified GalNAc-T3 expression as an independent prognostic
factor in patients with gastric carcinoma (Table 4). Our results
add further support to a previous report indicating that Gal-
NAc-T3 expression is a useful marker for prognosis in patients
with colorectal carcinoma.12) Further investigation will be nec-
essary to determine whether GalNAc-T3 expression correlates
with the prognosis of patients with other types of adenocarci-
noma. Since GalNAc-T3 expression correlated with tumor dif-
ferentiation (Table 2), it was necessary to exclude the influence
of differentiation on the survival rate in patients with gastric
carcinoma. Thus, we analyzed the relationship between Gal-

Table 2. Relation between clinicopathologic variables and GalNAc-T3 expression

Variable
No. of patients (%)

P valueStrong GalNAc-T3 expression 
n=59 (50.4)

Weak GalNAc-T3 expression
n=58 (49.6)

Age 0.9244
>62 years 29 (49.2) 28 (48.3)
≤62 years 30 (50.8) 30 (51.7)

Gender 0.2118
Male 43 (72.9) 36 (62.1)
Female 16 (27.1) 22 (37.9)

Tumor location 0.1328
Upper third of the stomach 15 (25.4) 8 (13.8)
Middle third of the stomach 25 (42.4) 22 (37.9)
Lower third of the stomach 19 (32.2) 28 (48.3)

Size 0.4039
>5 cm 31 (52.5) 26 (44.8)
≤5 cm 28 (47.5) 32 (55.2)

Lymphatic invasion 0.9606
Negative 13 (22.0) 13 (22.4)
Positive 46 (78.0) 45 (77.6)

Venous invasion 0.408
Negative 23 (39.0) 27 (46.6)
Positive 36 (61.0) 31 (53.4)

Lymph node metastasis 0.7077
Negative 24 (41.4) 26 (44.8)
Positive 34 (58.6) 32 (55.2)

Liver metastasis 0.4903
Negative 56 (94.9) 53 (91.4)
Positive 3 (5.1) 5 (8.6)

Depth of invasion 0.853
T1 16 (27.1) 16 (27.6)
T2 27 (45.8) 28 (48.3)
T3 15 (25.4) 12 (20.7)
T4 1 (1.7) 2 (3.4)

TNM stage 0.6867
I 25 (42.4) 26 (44.8)
II 8 (13.6) 5 (8.6)
III 16 (27.1) 11 (19.0)
IV 10 (16.9) 16 (27.6)

Histopathological type 0.0023
Differentiated 38 (64.4) 21 (36.2)
Undifferentiated 21 (35.6) 37 (63.8)



Onitsuka et al. Cancer Sci | January 2003 | Vol. 94 | no. 1 | 35

NAc-T3 expression and survival rate in each histopathological
subgroup. Regardless of the type of differentiation (Fig. 2, B
and C), patients with strong GalNAc-T3 expression had higher
survival rates than those with weak GalNAc-T3 expression.
However, the differences were not statistically significant,
probably due to the small sample size.

In order to examine the relationship between GalNAc-T3 ex-
pression and prognosis in 117 gastric carcinoma patients, we
had to decide the cut-off value of GalNAc-T3 expression. We
classified 117 gastric carcinomas into either 0–25%, 25–50%,
50–75% or 75–100% GalNAc-T3 expression, and examined
three different cut-off values: 25%, 50% and 75%.12) With 25%
or 75% as the cut-off value, GalNAc-T3 no longer predicted 5-
year survival in patients with gastric carcinoma. Thus, GalNAc-
T3 was a useful and independent prognostic marker in gastric
carcinoma patients only if the cut-off value of GalNAc-T3 ex-
pression was set at 50% in our study. Furthermore, we divided
the patients into three categories (weak GalNAc-T3 expression,
0–25%; moderate expression, 25–50%; and strong expression,
50–100%) and investigated the relationship between expression
level of GalNAc-T3 and prognosis. The 5-year survival rate

Fig. 2. Kaplan-Meier survival curves of patients with gastric carci-
noma. A) Overall.  strong GalNAc-T3 expression (n=59),  weak
GalNAc-T3 expression (n=58), P=0.0197. B) Patients with differenti-
ated-type adenocarcinoma.  strong GalNAc-T3 expression (n=38), 
weak GalNAc-T3 expression (n=21), P=0.0934. C) Patients with undif-
ferentiated-type adenocarcinoma.  strong GalNAc-T3 expression
(n=21),  weak GalNAc-T3 expression (n=37), P=0.1249.

Table 3. Univariate analysis of the relationship between clinicopathologic variables and survival in 117
patients with gastric carcinoma

Variable RH χ2 95% CI P

GalNAc-T3 expression 
Strong vs. weak 1.972 5.229 1.102–3.529 0.0222

TNM stage
I, II vs. III, IV 6.460 30.590 3.335–12.514 <0.0001

Size
≤5 cm vs. >5 cm 2.029 5.812 1.141–3.608 0.0159

Lymphatic invasion
Positive vs. negative 0.175 8.512 0.054–0.565 0.0035

Venous invasion
Positive vs. negative 0.354 10.223 0.188–0.669 0.0014

Lymph node metastasis
Positive vs. negative 0.124 22.549 0.053–0.294 <0.0001

Liver metastasis
Positive vs. negative 0.148 22.548 0.067–0.325 <0.0001

Depth of invasion 
T1, T2 vs. T3, T4 2.309 7.897 1.288–4.138 0.0050

Histopathological type
Undifferentiated vs. differentiated 0.814 0.516 0.464–1.427 0.4728

RH, relative hazard; 95% CI, 95% confidence interval.

Table 4. Multivariate analysis of prognostic factors for overall sur-
vival by the Cox hazards model

Variable RH χ2 95% CI P

GalNAc-T3 expression
Strong vs. weak 2.208 5.830 1.161–4.199 0.0158

TNM stage
I, II vs. III, IV 2.802 4.639 1.097–7.155 0.0313

Size
≤5 cm vs. >5 cm 1.163 0.211 0.610–2.219 0.6464

Lymphatic invasion
Positive vs. negative 0.905 0.018 0.212–3.860 0.8926

Venous invasion
Positive vs. negative 0.672 1.151 0.325–1.389 0.2833

Lymph node metastasis
Positive vs. negative 0.313 3.371 0.091–1.082 0.0663

Liver metastasis
Positive vs. negative 0.487 2.605 0.203–1.167 0.1066

Depth of invasion 
T1, T2 vs. T3, T4 0.862 0.171 0.427–1.741 0.6794

RH, relative hazard; 95% CI, 95% confidence interval.
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was 37.5% in the weak GalNAc-T3 expression group, 55.0% in
the moderate expression group and 71.0% in the strong expres-
sion group. However, there was no statistically significant dif-
ference (P=0.0543, log-rank test), probably due to the small
sample size.

With regard to the relationship between GalNAc-T3 expres-
sion and differentiation in adenocarcinoma, we found that Gal-
NAc-T3 expression was also related to differentiation in
colorectal carcinoma tissues12) and that expression of the Gal-
NAc-T3 gene was induced in two colorectal carcinoma cell
lines by a differentiation-promoting agent, sodium butyrate
(data not shown). Our results show that GalNAc-T3 expression
is significantly correlated with the histopathological type of
gastric carcinoma. These findings also support the hypothesis
that GalNAc-T3 gene expression may serve as a marker for dif-
ferentiation in adenocarcinomas. In this regard, it has been re-
ported that GalNAc-T3 is differentially expressed by pancreatic
adenocarcinoma cell lines, with a tendency for higher expres-
sion in more differentiated cell lines.16) These data indicate that
the expression of GalNAc-T3 might correlate with the differen-
tiation of some adenocarcinomas.

Malignant transformation of glandular epithelial cells is ac-
companied by changes in the biochemical characteristics of
mucins. These changes include both an altered expression of
mucin genes and an aberrant glycosylation of mucin core
peptides.17, 18) Alterations in cell surface and secreted glycopro-
teins are associated with carcinogenesis, and may play a signifi-
cant role in determining the metastatic behavior of tumor
cells.19, 20) We observed variable GalNAc-T3 expression in gas-
tric carcinoma tissues. Because GalNAc-T3 regulates O-glyco-
sylation of mucins, aberrant glycosylation of mucins may be

related to cancer-associated changes of GalNAc-T3 expression
and the change of GalNAcT-3 activity may play an important
role in tumor behavior.

We investigated the association between GalNAc-T3 expres-
sion and recurrence as peritoneal dissemination. Three of 7
cases (42.9%) with metachronous peritoneal dissemination
showed strong GalNAc-T3 expression (P=0.7168, χ2 test). We
also investigated the association between GalNAc-T3 expres-
sion and synchronous peritoneal dissemination. Seven of 15
cases (46.7%) with synchronous peritoneal dissemination
showed strong GalNAc-T3 expression (P=0.7550, χ2 test). In
this study, there were a few cases currently diagnosed as syn-
chronous or metachronous peritoneal dissemination, and this
might be the reason why no significant association was found
between GalNAc-T3 expression and peritoneal dissemination.

In conclusion, our results indicate that the expression of Gal-
NAc-T3 is strongly correlated with a better prognosis of pa-
tients with gastric carcinoma. Our results suggest that GalNAc-
T3 expression could be a useful marker for prognosis of pa-
tients with gastric carcinoma and could help to identify those
patients in need of closer follow-up and more aggressive treat-
ment.
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