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SUMMARY: �1,4-N-acetylglucosaminyltransferase (�4GnT) is a glycosyltransferase that forms a unique glycan,
GlcNAc�134Gal�3R, specifically present in gastric gland mucous cell-type mucin. Recently, we molecularly cloned human
�4GnT and showed that �4GnT is expressed in the mucous cells that secrete this particular mucin. In the present study, we first
demonstrated that �4GnT was frequently expressed in gastric cancer cells but not in peripheral blood cells using immunohis-
tochemistry. To detect gastric cancer cells circulating in the peripheral blood of gastric cancer patients, we quantitatively
analyzed the expression level of �4GnT mRNA in the mononuclear cell fraction of peripheral blood using real-time reverse
transcription polymerase chain reaction. The transcripts of �4GnT were detected in the mononuclear cell fraction isolated from
62.2% of 37 gastric cancer patients but not from any of 23 healthy individuals. Significant correlation was found in the expression
levels of �4GnT mRNA in peripheral blood and �4GnT protein in gastric cancer cells. Surprisingly, �4GnT mRNA was detectable
in 80% of five patients with an early stage of gastric cancer when the cancer cells were limited to the gastric mucosa, and the
expression levels of �4GnT mRNA were increased in association with tumor progression. In three patients with gastric cancer,
during postsurgical follow-up, the expression levels of �4GnT mRNA were decreased after surgical removal of gastric cancer.
However, significant amounts of the �4GnT transcripts were again detected in two patients, who eventually developed to the
recurrence of gastric cancer. Although �4GnT was detected in 33.3% of nine patients with Helicobacter pylori–infected chronic
active gastritis as well as all of four patients with peptic ulcer, the mean expression level of �4GnT mRNA in these benign
disorders was lower than that in gastric cancer. These results altogether indicate that the quantitative analysis of �4GnT mRNA
expressed in the peripheral blood is useful for the detection and, possibly, monitoring of gastric cancer. (Lab Invest 2003, 83:187–
197).

G astric cancer is the most frequently diagnosed
malignancy as well as one of the leading causes

of tumor death in both men and women in Japan (Sun
et al, 2001). When the gastric cancer is detected in
early stages, favorable outcome is expected when the
tumor is completely removed by surgical procedure

(Patino, 1994). However, it also has been documented
that the advanced gastric cancer showing serosal
invasion frequently recurred even when the extensive
resection of the primary tumor together with lymphad-
enectomy was performed (Boku et al, 1990; Wanebo
et al, 1993). This indicates that the early detection of
the gastric cancer is critical to expect favorable out-
come of this disease. For the gastric mass screening,
the indirect photofluorography or tumor markers such
as carcinoembryonic antigen (CEA) and CA19-9 are
widely used. However, it has been documented that
these methods have limitation in detecting early
stages of the gastric cancer when the cancer cells are
restricted to the gastric mucosa (Pectasides et al,
1997).
Recently, extensive studies have been carried out to

detect circulating gastric cancer cells in the peripheral
blood by using the reverse transcription polymerase
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chain reaction (RT-PCR) method targeted to the spe-
cific genes including CEA and cytokeratin 19 (CK19)
(Aihara et al, 1997; Majima et al, 2000; Nishida et al,
2000; Piva et al, 2000; Yeh et al, 1998). Although CEA
transcripts were detected in the mononuclear cell
fraction isolated from approximately 30 to 40% of
patients with gastric cancer (Nishida et al, 2000; Piva
et al, 2000), Piva et al (2000) reported that CEA mRNA
was positive in 1 of 16 control subjects. However,
CK19 mRNA was less frequently detected in the
peripheral blood compared with CEA, and thus only
9.6 to 20.6% of the patients with gastric cancer were
positive for CK19 transcripts (Majima et al, 2000; Yeh
et al, 1998). More important, both CEA and CK19 are
widely expressed not only in gastric cancer cells but
also in other epithelial cell–derived tumor cells such as
colorectal and breast cancers. In fact, CEA mRNA was
detected in 34% of patients with colorectal cancer
(Piva et al, 2000). In addition, transcripts of CK19 and
CEA are inducible in hematopoietic cells in the pres-
ence of inflammatory cytokines such as interleukin-3
and interferon-� (Jung et al, 1998). Thus, identification
of new molecules much more selectively expressed in
gastric cancer cells may be helpful to improve the
diagnosis of gastric cancer.

Glycoproteins secreted from the mucous cells such
as mucous neck cell and pyloric gland cell of gastric
mucosa and Brunner’s gland of duodenal mucosa
characteristically contain GlcNAc�134Gal�3R
structures in terminal ends of the oligosaccharides in
O-glycans (Ishihara et al, 1996). This unique carbohy-
drate is frequently expressed in the gastric cancer
cells, thus being regarded as a tumor-associated
carbohydrate antigen for this particular cancer (Naka-
mura et al, 1998). By expression cloning, we have
recently isolated a cDNA encoding human �1,4-N-
acetylglucosaminyltransferase (�4GnT), which is re-
sponsible for the biosynthesis of GlcNAc�134Gal�3R
residue (Nakayama et al, 1999). In addition, Northern
blot or immunohistochemical analysis using anti-
�4GnT antibody demonstrated that this enzyme is
found to be exclusively limited to the gastroduodenal
mucosa as well as pancreaticobiliary tract showing
gastric metaplasia, where GlcNAc�134Gal�3R res-
idues are expressed (Nakayama et al, 1999; Zhang et
al, 2001). These results as a whole indicate that �4GnT
plays a key role in forming GlcNAc�134Gal�3R
residues in vivo and may be expressed in gastric
cancer cells that produce this unique glycan.

In the present study, we first demonstrated that
�4GnT is frequently expressed in gastric cancer cells
but not in the peripheral blood cells by immunohisto-
chemistry using a specific antibody against �4GnT.
Then, we quantitatively measured the expression level
of �4GnT mRNA in the mononuclear cell fraction of
peripheral blood isolated from gastric cancer patients
by using real-time RT-PCR, demonstrating the clinical
usefulness of this assay for the detection and moni-
toring of gastric cancer.

Results

Expression of �4GnT in Gastric Cancer Cells

To determine whether �4GnT was expressed in the
gastric cancer cells, we performed immunohisto-
chemistry of the gastric cancer tissues resected from
the patients, whose blood samples had been collected
before the surgery, using the anti-�4GnT antibody
I17K (Zhang et al, 2001). Among the 29 patients
examined, �4GnT seemed to be expressed in the
Golgi region of gastric cancer cells in 22 patients
(75.9%), irrespective of the histopathological classifi-
cations of the gastric cancer (Fig. 1, A to C). The same
experiments also demonstrated that �4GnT was de-
tected in the mucous neck cells and pyloric glands
found in the normal gastric mucosa, as described
before (Zhang et al, 2001) (Fig. 1D), and that the
peripheral blood cells including leukocytes and lym-
phocytes were negative for �4GnT (Fig. 1, arrows and
arrowheads). These results combined suggested that
the RT-PCR method targeted to �4GnT mRNA would
be useful to detect the circulating tumor cells in the
peripheral blood of patients with gastric cancer, be-
cause �4GnT was not expressed in leukocytes and
lymphocytes.

Construction of Standard Curve for the Real-Time
RT-PCR Assay

The standard curve for �4GnT constructed by using
10-fold dilutions of �4GnT cDNA, pcDNAI-�4GnT, is
shown in Figure 2. The cycle number where the
fluorescence reached the detection threshold was
defined as CT, and a strong linear relationship be-
tween the CT and the log of the amount of the cDNAs
was demonstrated. On the basis of the standard
curve, we could detect �4GnT cDNA from 6 � 10�2 to
2.4 � 10�10 �g/ml, corresponding to 1 � 1010 to 4 �
101 copies/ml. Thus, the amount of �4GnT transcripts
more than 40 copies/ml was defined to be positive for
the �4GnT. Similarly, the standard curve for a house-
keeping gene, glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was constructed by using 10-fold
dilutions of pCR2.1-GAPDH ranging from 1.2 � 10�2

to 1.2 � 10�6 �g/ml (data not shown). With the use of
these standard curves, amounts of �4GnT mRNA and
GAPDH mRNA were determined, and the relative
expression level of �4GnT was defined by multiplying
�4GnT:GAPDH mRNA ratios by 1.0 � 107.

Detection of �4GnT mRNA in Peripheral Blood Samples
Derived from Healthy Volunteers and Patients with
Helicobacter pylori–Infected Chronic Active Gastritis

By using the real-time RT-PCR, expression of �4GnT
mRNA in the mononuclear cell fraction of peripheral
blood obtained from the healthy volunteers and pa-
tients with H. pylori–infected chronic active gastritis as
well as patients with peptic gastroduodenal ulcers
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was examined (Fig. 3). In 23 healthy volunteers, the
transcripts of �4GnT were not detectable in the pe-
ripheral blood. With the use of the commercially avail-
able blood cell cDNA panels, it was also shown that
�4GnT mRNA was not detectable in leukocytes,
mononuclear cells (B cells, T cells, and monocytes),
resting and activated CD8� cells, resting and acti-
vated CD4� cells, resting and activated CD19� cells,
resting CD14� cell, and activated mononuclear cells.
In the patients with chronic active gastritis or peptic
gastroduodenal ulcer, however, �4GnT transcripts in
the peripheral blood were detected in three (33.3%) of
nine patients with gastritis and in all of four patients
with peptic ulcer. It is interesting that the relative
amounts of �4GnT mRNA to GAPDH mRNA in the
patients with ulcer was shown to be significantly
higher than that in the chronic active gastritis (3.156 �

0.498 versus 0.406 � 0.206 [mean � SE]; p � 0.05,
Dunnett’s test; Fig. 3), indicating that gastric mucous
cells expressing �4GnT could enter the peripheral
blood stream through mucosal disruption or ulcer-
ation, and the relative amount of �4GnT transcripts in
the peripheral blood might reflect the extent of the
mucosal damage.

Detection of �4GnT mRNA in Peripheral Blood Samples
of Patients with Gastric Cancer

To determine whether �4GnT mRNA was detected in
the mononuclear cell fraction of peripheral blood
taken from patients with gastric cancer, we performed
quantitative analysis of �4GnT mRNA for 37 patients
with gastric cancer. The transcripts of �4GnT were
detected in 23 (62.2%) of the patients with gastric

Figure 1.
Immunohistochemical detection of �1,4-N-acetylglucosaminyltransferase (�4GnT) protein in gastric cancer cells and normal pyloric gland cells. �4GnT is expressed
in the Golgi region of gastric cancer cells of intestinal-type carcinoma (A and B) and diffuse-type carcinoma (C). It is also expressed in the Golgi region of normal
pyloric gland cells of the stomach (D). Immunohistochemistry with anti-�4GnT antibody I17K. Arrows and arrowhead indicate leukocytes and lymphocytes,
respectively. Bar � 50 �m.

Figure 2.
Standard curve of real-time reverse transcription polymerase chain reaction (RT-PCR) of �4GnT mRNA. A plasmid encoding human �4GnT, pcDNAI-�4GnT, was
serially diluted from 1010 to 101 copies/ml and used to construct the standard curve (black dots). Unknowns (red dots) represent patients’ samples.
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cancer, and the relative expression level of �4GnT
mRNA to GAPDH mRNA in the patients with gastric
cancer was 6.461 � 2.164 (mean � SE), significantly
higher than that in the normal volunteer (p � 0.01,
Dunnett’s test; Fig. 3). Although the significant differ-
ences were not obtained by the Dunnett’s test, the
expression level of �4GnT in patients with gastric
cancer was higher than that in the patients with
chronic active gastritis and peptic gastroduodenal
ulcer. The sensitivity and specificity of this assay for
the detection of gastric cancer are, thus, determined
to be 0.622 and 0.806, respectively.

The expression levels of �4GnT in the peripheral
blood taken from the 37 patients with gastric cancer
were then evaluated by clinicopathological variables
that were determined at the subsequent surgical op-
eration. As shown in Table 1, the amount of �4GnT
mRNA was positively correlated with tumor stage,
depth of tumor invasion, vessel and lymphatic inva-
sion, and lymph node and distant metastases. In
particular, significant correlations were found between
the tumor stage I and IV (p � 0.05, Dunnett’s test) as
well as in distant metastasis (p � 0.0157, Mann-
Whitney U test). Regarding the histopathological clas-
sification of gastric cancer (Laurén, 1965), the �4GnT
transcripts were more abundantly detected in the

peripheral blood of patients with diffuse-type carci-
noma than in those with intestinal-type carcinoma
(Table 1).

In 29 patients with gastric cancer, the expression
levels of �4GnT mRNA in peripheral blood were com-
pared with the expression level of �4GnT protein
determined by the immunohistochemistry of the sub-
sequently resected stomach using the anti-�4GnT
antibody I17K as described above (Fig. 4). The tran-
scripts of �4GnT were more abundantly expressed in
the peripheral blood of the patients who were positive
for �4GnT protein in the gastric cancer cells compared
with the patients who were negative for �4GnT protein
in the cancer cells with statistical significance (9.505 �
3.447 versus 0.696 � 0.455 [mean � SE]; p � 0.0270,
Mann-Whitney U test). Taking into account that
�4GnT is not detectable in the peripheral blood cells
including leukocytes, lymphocytes, and monocytes,
these combined results suggest that �4GnT mRNA
detected in the peripheral blood of the patients with
gastric cancer originated from circulating gastric can-
cer cells. Thus, the real-time RT-PCR method targeted
to �4GnT mRNA would allow us to detect such
circulating cancer cells.

Detection of �4GnT mRNA in the Peripheral Blood of the
Patients with Gastric Cancer during the Course of
Postsurgical Follow-Up

To examine the expression level of �4GnT mRNA
during the course of postsurgical follow-up, we ana-
lyzed the mononuclear cell fraction of the peripheral
blood obtained from three patients with gastric cancer
by real-time RT-PCR (Table 2). In all of the patients,
�4GnT mRNA detected in the peripheral blood before
the operation turned out to be negative after the
surgical removal of gastric cancer, irrespective of the
stages. In a nonrecurred patient with stage II (patient
21), small amounts of �4GnT mRNA comparable with
those in the chronic active gastritis were detected 464
days after the operation. In contrast, the significant
amounts of �4GnT mRNA were again detected in the
recurred patients with stage III (patients 30 and 31)
372 and 362 days after the operation, respectively.
These results indicate that the real-time RT-PCR as-
say targeted to �4GnT might be helpful during the
course of postsurgical follow up. Additional studies
with larger series will be required to determine the
usefulness of this assay for the postsurgical monitor-
ing of gastric cancer.

Comparison of �4GnT mRNA with Two Distinct Tumor
Markers, CEA and CA19-9

The results of the quantitative analysis for �4GnT
mRNA in peripheral blood of the preoperative patients
with gastric cancer were then compared with the
serum levels of two distinct tumor markers, CEA and
CA19-9, in the same patients. As shown in Table 3, the
expression levels of �4GnT mRNA were not correlated
with those of either CEA or CA19-9, irrespective of the
tumor stages. In addition, it was shown that the
sensitivity of �4GnT for the detection of gastric cancer

Figure 3.
Expression levels of �4GnT mRNA determined by real-time RT-PCR method in
the mononuclear cell fraction of peripheral blood from healthy volunteers and
patients with chronic active gastritis, peptic gastroduodenal ulcer, and gastric
cancer. Small and large circles indicate one and five people, respectively.
�4GnT:glyceraldehyde-3-phosphate dehydrogenase mRNA ratios multiplied by
1.0 � 107 are indicated, and bars indicate mean � SE. HV, healthy volunteers;
CAG, chronic active gastritis; PGU, peptic gastroduodenal ulcer; GC, gastric
cancer; *p � 0.05; **p � 0.01 (Dunnett’s test).
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seemed to be superior to that of CEA and CA19-9, ie,
�4GnT was detected in 23 (62.2%) of 37 patients,
whereas CEA and CA19-9 were merely detected in 11
(29.7%) and 3 (8.1%) patients, respectively. It is note-
worthy that all patients with stage IV were positive for
�4GnT transcripts, whereas CEA and CA19-9 were
not highly elevated in some of these patients.

Detection of �4GnT mRNA in Peripheral Blood Samples
of Patients with Cancer Other Than Gastric Cancer

The expression levels of �4GnT mRNA in mononu-
clear cell fraction of the peripheral blood taken from
patients with cancers other than gastric cancer were
also measured by the real-time RT-PCR method. As
shown in Table 4, �4GnT mRNA was not detectable in
the patients with esophageal cancer, lung cancer,
breast cancer, and uterine cancer. Small amounts of
�4GnT mRNA comparable with those of chronic active
gastritis were detected in two (20%) and one (25%)
colorectal and liver cancer patients, respectively. By
contrast, significant amounts of �4GnT mRNA com-
parable with those of gastric cancer were detected in
all of the patients with pancreatic cancer and carci-

Figure 4.
Correlation of the expression levels of �4GnT mRNA detected in the peripheral
blood by real-time RT-PCR and the expression of �4GnT detected by using
anti-�4GnT antibody I17K in the subsequently resected gastric cancer. The
expression level of �4GnT mRNA detected in the peripheral blood from the
patients whose cancer cells express �4GnT is significantly higher than that
from the patients whose cancer cells do not express �4GnT (p � 0.0270,
Mann-Whitney U test).

Table 1. Correlation of the Expression Level of �4GnT mRNA in the Mononuclear Cell Fraction of Peripheral Blood from
Patients with Gastric Cancer with Clinicopathological Variables

Frequency of
positive patientsa

�4GnT:GAPDH ratiob

(mean � SE) p

Tumor stage
I 11/19 (57.9%) 1.632 � 0.492
II 2/6 (33.3%) 4.073 � 3.548 �0.05c

III 4/6 (66.7%) 14.389 � 7.249
IV 6/6 (100%) 16.210 � 9.614

Depth of tumor invasion
Intramucosa 4/5 (80.0%) 1.090 � 0.560
Submucosa 6/11 (54.5%) 2.135 � 0.780
Proper muscle 2/4 (50.0%) 6.345 � 5.180 0.8301d

Subserosa 4/8 (50.0%) 9.575 � 5.760
Serosa 6/8 (75.0%) 13.205 � 7.525

Venous invasion
Negative 12/18 (66.7) 3.117 � 1.351 0.7942e

Positive 10/18 (55.6%) 10.024 � 4.135
Lymphatic invasion

Negative 7/12 (58.3%) 1.760 � 0.681 0.3778e

Positive 15/24 (62.5%) 8.976 � 3.225
Lymph node metastasis

Negative 11/20 (55.0%) 1.662 � 0.475 0.0850e

Positive 11/16 (68.8%) 12.705 � 4.587
Distant metastasis

Negative 17/31 (54.8%) 4.573 � 1.729 0.0157e

Positive 6/6 (100%) 16.211 � 9.615
Histopathologyf

Intestinal type 15/25 (60.0%) 5.781 � 1.156 0.3858e

Diffuse type 8/12 (66.7%) 20.671 � 5.967
a The amounts of �4GnT mRNA more than 40 copies/ml in a reaction tube are defined as positive.
b �4GnT:GAPDH mRNA ratios multiplied by 1.0 � 107 are indicated.
c Analyzed by Dunnett’s test. Significant difference was found between stage I and IV.
d Analyzed by Kruskal-Wallis test.
e Analyzed by Mann-Whitney U test.
f The Laurén classification.
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noma of the papilla vater as well as in three (60%)
patients with bile duct cancer, suggesting the possible
usefulness of this assay for the detection of pancreatic
and bile duct cancers as well as papilla vater cancer.

Discussion

�4GnT is a glycosyltransferase responsible for the
biosynthesis of GlcNAc�134Gal�3R structures
characteristic for the gastric gland mucous cell-type
mucin (Nakayama, 2002). In the present study, we first
demonstrated that this enzyme is frequently ex-
pressed in the gastric cancer cells, but not in periph-
eral blood cells, using immunohistochemistry with a
specific antibody for �4GnT, I17K (see Fig. 1). By
using real-time RT-PCR targeted to the �4GnT mRNA,
we could detect the transcripts of �4GnT in the

mononuclear cell fraction of peripheral blood isolated
from patients with gastric cancer but not from healthy
volunteers, and the expression level of �4GnT tran-
scripts was increased in association with tumor pro-
gression, including tumor stage, depth of the tumor
invasion, vessel invasion, and metastases. By com-
bining the results obtained by immunohistochemistry
and real-time RT-PCR, we also demonstrated that the
expression level of �4GnT mRNA in the peripheral
blood is clearly associated with the expression of
�4GnT protein in gastric cancer cells (see Fig. 4).
Moreover, it was also shown that �4GnT mRNA dis-
appears from peripheral blood after the surgical re-
moval of gastric cancer (see Table 2). Although the
circulating tumor cells have not been identified directly
in this study, these combined results strongly suggest
that �4GnT mRNA detected in peripheral blood of the
patients with gastric cancer originated from the circulat-
ing cancer cells. It would be a challenge to identify a
small number of the circulating tumor cells in the peri-
pheral blood by using morphological techniques such as
immunocytochemistry using anti-�4GnT antibody or
HIK1083 antibody directed to the GlcNAc�13Gal�3R
residue.

Among the serum tumor markers, CEA and CA19-9
are most widely used for the screening and monitoring of
gastric cancer (Pectasides et al, 1997). However, these
biomarkers have limitation for early detection of gastric
cancer, because both markers tend to be elevated in
advanced cancers than in early stages of the cancers. In
fact, the present study revealed that in 19 patients with
stage I gastric cancer, CEA was elevated only in 15.8%
of the patients, and no patients were positive for CA19-9
(see Table 3). By contrast, the transcripts of �4GnT were
detected in 57.9% of the same 19 patients with stage I
gastric cancer. These results indicate that for early
detection of gastric cancer, the real-time RT-PCR assay
targeted to the �4GnT mRNA is much more sensitive
than the immunoassay for CEA or CA19-9. CA72-4 is a
tumor assay that detects the sialyl Tn antigen
NeuAc�236GalNAc�13Ser/Thr (Guadagni et al, 1996).

Table 2. Expression Level of �4GnT mRNA in the
Mononuclear Cell Fraction of Peripheral Blood from
Patients with Gastric Cancer during Postsurgical
Follow-up

Patient Stage

Days
post-

surgery
�4GnT:GAPDH

ratioa Outcome

21 II �1 21.65
1 0
7 0

10 0
21 0

464 0.9925 No recurrence
30 III �4 44.25

7 0
14 0
24 0
49 0

104 0
372 2.636
428 Died

31 III �1 16.215
14 0
25 0

362 7.883
485 8.365
508 Died

a �4GnT:GAPDH mRNA ratios multiplied by 1.0 � 107 are indicated.

Table 3. Comparison of Frequencies of Positive Patients
for �4GnT mRNA, CEA, and CA19-9 Detected in
Peripheral Blood of Patients with Gastric Cancer

Tumor
stage

�4GnT mRNA
(� 40

copies/ml)
CEA (� 2.5

ng/ml)
CA19-9 (�
37 U/ml)

I 11/19 (57.9%) 3/19 (15.8%) 0/19 (0%)
II 2/6 (33.3%) 2/6 (33.3%) 0/6 (0%)
III 4/6 (66.7%) 2/6 (33.3%) 0/6 (0%)
IV 6/6 (100%) 4/6 (66.7%) 3/6 (50.0%)
Total 23/37 (62.2%) 11/37 (29.7%) 3/37 (8.1%)

Table 4. Detection of �4GnT mRNA by Real-Time
RT-PCR Method in the Mononuclear Cell Fraction of
Peripheral Blood from Patients with Cancer Other Than
Gastric Cancer

Cancer
location

Frequency of
positive patientsa

�4GnT:GAPDH
ratiob (mean � SE)

Esophagus 0/1 (0%) 0 � 0
Lung 0/2 (0%) 0 � 0
Breast 0/1 (0%) 0 � 0
Uterus 0/1 (0%) 0 � 0
Colorectum 2/10 (20.0%) 0.565 � 0.380
Liver 1/4 (25.0%) 0.174 � 0.174
Pancreas 4/4 (100%) 15.220 � 11.220
Papilla vater 1/1 (100%) 4.145 � 0
Bile duct 3/5 (60.0%) 2.994 � 1.950
a The amounts of �4GnT mRNA more than 40 copies/ml in a reaction tube

are defined as positive.
b �4GnT:GAPDH mRNA ratios multiplied by 1.0 � 107 are indicated.
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Immunohistochemical studies demonstrated that this
carbohydrate antigen is highly expressed in gastric can-
cer cells (David et al, 1992; Victorzon et al, 1996).
However, Kodama et al (1995) reported that the positive
rates of CA72-4 in the sera of 100 patients with gastric
cancer are 2.3% in early stage and 37.5% in the ad-
vanced stage. Future studies will be of significance to
compare the clinical utility of �4GnT mRNA with CA72-4.

Extensive studies have been carried out to detect
circulating tumor cells using RT-PCR method targeted
to tissue- or epithelial cell–specific molecules such as
CEA and CK19 for gastric cancer (Aihara et al, 1997;
Majima et al, 2000; Nishida et al, 2000; Piva et al,
2000; Yeh et al, 1998), CEA and mutated p53 gene for
colorectal cancer (Guadagni et al, 2001; Jonas et al,
1996; Khan et al, 2000; Piva et al, 2000), human tissue
kallikrein 2 for prostatic cancer (Kawakami et al, 1997),
uroplakin II for urothelial cancer (Lu et al, 2000), and
GM2/GD2 synthase for neuroblastoma (Hoon et al,
2001). Most of these studies demonstrated that the
molecular detection by RT-PCR is feasible for the
identification of circulating tumor cells in the periph-
eral blood. However, these assays were based on the
ordinary RT-PCR method and thus did not accurately
quantify the targeted molecules. By contrast, the
recently introduced real-time RT-PCR technology
made it possible to quantitatively analyze the circulat-
ing cancer cells using tissue-specific molecules such
as prostate-specific antigen for prostate cancer
(Straub et al, 2001) and MUC1 mucin for breast cancer
(de Cremoux et al, 2000).

For gastric cancer, it was shown that gastric gland
mucous cell–type mucins that have GlcNAc�13Gal�3R
residues formed by �4GnT are frequently expressed in
the tumor cells but not in peripheral blood cells
(Nakamura et al, 1998). In the present study, we thus
chose �4GnT mRNA as a tissue-specific molecule of
gastric cancer for the real-time RT-PCR assay. Ab-
sence of �4GnT mRNA in the peripheral blood cells
was further verified using the blood cell cDNA panels.
In addition to the gastric cancer, the gastric gland
mucous cell–type mucin is shown to be frequently
expressed in cancer cells derived from pancreas and
biliary tract (Nakamura et al, 1998), suggesting that the
real-time RT-PCR assay targeted to �4GnT would be
useful for the detection of the pancreaticobiliary tract
cancer. In fact, we found that significant amounts of
the �4GnT mRNA can be detected in the peripheral
blood isolated from the patients with pancreatic can-
cer, papilla vater cancer, and biliary tract cancer (see
Table 4).

It was demonstrated that the real-time RT-PCR
assay used in this study could detect �4GnT mRNA in
as low as 40 copies/ml in a reaction tube. On the basis
of this result, the minimum copy numbers of �4GnT
mRNA in the peripheral blood detectable for this assay
were calculated to be more than 1.6 copies in 5 ml of
the peripheral blood containing approximately 2.0 �
107 to 5.0 � 107 mononuclear blood cells. Because
the actual copy numbers of �4GnT mRNA in gastric
cancer cells seem to be variable, it is difficult to
estimate the minimum numbers of the cancer cells

detected for this assay. However the frequent detec-
tion of �4GnT mRNA in the mononuclear cell fraction
of the peripheral blood of the patients with stage I
gastric cancer suggests that the gastric cancer cells
expressing �4GnT mRNA are actually circulating in
peripheral blood even in early stages of gastric cancer.
Because the E- and/or P-selectin–mediated cell adhe-
sion of cancer cells to the endothelial cells in remote
organs is one of the critical events for metastatic
colonization of the cancer cells (Fukuda, 1996; Ha-
komori, 1996; Nicolson, 1988), the detection of circu-
lating cancer cells does not necessarily indicate the
presence of metastasis. However, as shown in this
study, the detection of circulating cancer cells in early
stages of the gastric cancer indicates that (micro)me-
tastases could already be occurring in the patients
when the gastric cancer cells are still limited to the
gastric mucosa or submucosa. In fact, Seto et al
(2001) reported that the frequency of lymph node
metastases of early gastric cancer is merely 8.9%. In
addition, the strong correlation between the expres-
sion level of �4GnT mRNA and clinicopathological
variables including the tumor stage suggests that
more cancer cells are released to the blood stream
when gastric cancer advances.

In the present study, the expression level of �4GnT
mRNA in the mononuclear cell fraction of peripheral
blood from the patients with H. pylori–infected chronic
active gastritis and peptic gastroduodenal ulcer was
also evaluated. Three of nine patients with chronic
active gastritis and all of four patients with peptic
gastroduodenal ulcer were actually positive for this
assay. Although the significant difference was not
obtained between the patients with gastric cancer and
patients with these benign gastric disorders, mean
value of �4GnT mRNA detected in chronic active
gastritis and peptic gastroduodenal ulcer was lower
than that in gastric cancer (see Fig. 3). By contrast, we
have also shown that �4GnT mRNA was not detect-
able in the mononuclear cell fraction of peripheral
blood isolated from healthy individuals. These com-
bined results suggest that gastric gland mucous cells
expressing �4GnT are not released into the peripheral
blood under the normal conditions. However, once the
mucosal disruption such as inflammation and ulcer-
ation occurs in gastric mucosa, the gastric gland
mucous cells enter the blood stream through the
injured sites. These results are consistent with our
previous report that extensive biopsy of the gastric
mucosa allows the gastric epithelial cells to enter the
peripheral blood (Shimizu et al, 2000). Thus, detection
of �4GnT mRNA in peripheral blood does not always
exclude the possibility of benign mucosal injuries
including chronic active gastritis and peptic gastrodu-
odenal ulcer. However, this assay is noninvasive and
sensitive enough for the early detection of gastric
cancer compared with other ordinary tumor markers
such as CEA and CA19-9. Therefore, we conclude that
the real-time RT-PCR targeted to �4GnT mRNA will be
useful for the screening of gastric cancer.
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Materials and Methods

Patients and Samples

The present study involved 37 patients with gastric
cancer (23 men and 14 women; age ranges, 46–97
years) and 29 patients with cancer other than gastric
cancer (18 men and 11 women; age ranges, 40–81
years) including 10 cases of colorectal cancer; 5 cases
of bile duct cancer; 4 cases of pancreatic cancer; 4
cases of hepatoma; 2 cases of lung cancer; and 1
case each of esophageal cancer, papilla vater cancer,
breast cancer, and uterine cancer. These patients
except for one with advanced gastric cancer with
peritoneal dissemination subsequently underwent sur-
gical operation for the removal of primary tumor at
Shinshu University Hospital, Matsumoto, Japan,
within 4 weeks in average after the diagnosis was
established. In addition, 9 patients (7 males and 2
females; age ranges, 30–58 years) with H. pylori–
infected chronic active gastritis, 4 patients (2 men and
2 women; age ranges, 66–83) with peptic gastroduo-
denal ulcer, and 23 healthy volunteers (14 men and 9
women; age ranges, 23–57 years) were enrolled in this
study. Status of H. pylori infection was serologically
determined using a PirikaplateG Helicobacter kit (Fu-
jirebio, Tokyo, Japan) as described previously (Mi-
sawa et al, 1998), and the healthy volunteers, negative
for H. pylori infection, were chosen. Histopathology of
gastric cancer was evaluated on the basis of the
Laurén (1965) classification, and tumor stage was
categorized according to the histological tumor-node-
metastasis classification system (Hayashi et al, 2000).

The peripheral blood samples were taken from
these patients as well as healthy volunteers. In the
patients with cancer, the blood samples were col-
lected before surgical resection of the primary tumor,
but the samples during postsurgical follow-up were
also collected in three of the patients with gastric
cancer. When the patients underwent endoscopic
biopsy of the gastric mucosa, the blood samples were
taken at least 2 weeks after the biopsy. In addition,
human QUICK-Clone cDNA of leukocytes pooled from
550 male/female white individuals as well as human
blood fractions multiple tissue cDNA (MTC) panel of
the first-strand cDNA prepared from T cells, B cells,
and monocytes were purchased from Clontech (Palo
Alto, California). The MTC panel is composed of
mononuclear cells (B cells, T cells, and monocytes)
pooled from 50 male/female white individuals, resting
CD8� cells pooled from 33 male/female white individ-
uals, resting CD4� cells pooled from 20 male/female
white individuals, resting CD14� cells pooled from 36
male/female white individuals, resting CD19� cells
pooled from 34 male/female white individuals, CD19�
cells activated with pokeweed mitogen pooled from 4
male/female white individuals, mononuclear cells ac-
tivated with pokeweed mitogen and concanavalin A
pooled from 4 male/female white individuals, CD4�
cells activated with concanavalin A pooled from 12
male/female white individuals, and CD8 cells activated
with PHA pooled from 8 male/female white individuals.

These samples were analyzed by a real-time quan-
titative RT-PCR assay. This study was approved by
the institutional review board of the Shinshu University
School of Medicine, Matsumoto, Japan, and written
informed consent was obtained from all of the patients
and healthy volunteers at Shinshu University Hospital
before the study.

Immunohistochemisty for �4GnT

For detecting �4GnT in the gastric cancer cells, 29
gastrectomies for gastric cancer were further sub-
jected to immunohistochemistry with monospecific
anti-�4GnT polyclonal antibodies I17K using a Super
Sensitive detection kit (BioGenex Laboratories, San
Romon, California) as described previously (Zhang et
al, 2001). Briefly, deparaffinized tissue sections sliced
into 3-�m thickness were treated with 0.3% H2O2 in
methanol and then blocked with 1% normal goat
serum in Tris-buffered saline. The sections were incu-
bated with I17K antibody for 1.5 hours. After the
sections were washed with Tris-buffered saline, they
were incubated with biotinylated anti-rabbit IgG and
then horseradish peroxidase–labeled streptavidin. The
peroxidase reaction was developed with a diamino-
benzidine/H2O2 solution, and counterstaining was
performed with hematoxylin. In control experiments
performed by replacing the primary antibody with
preimmune serum or omitting the primary antibody
from the staining procedure, no specific staining was
found. Tissue specimens containing more than 5%
positively stained cancer cells were defined as posi-
tive, and others were classified as negative according
to the criteria as described before (Machida et al,
2001).

RNA Extraction and cDNA Synthesis

Five milliliters of the peripheral blood anticoagulated
with EDTA was collected and layered on 3 ml of
Lymphprep (Nycomed Pharma, Oslo, Norway) in a
15-ml polypropylene tube. The tube was centrifuged
at 2000 �g for 30 minutes at 20°C. The mononuclear
cell fraction was transferred to a new tube, resus-
pended in 5 ml of phosphate-buffered saline, and then
centrifuged at 3000 �g for 5 minutes. Total RNA was
isolated from the pellet according to the acid guani-
dine thiocyanate-chloroform extraction method
(Chomczynski and Sacchi, 1987) using ISOGEN-LS
(Nippon Gene, Tokyo, Japan) and then incubated with
20 �l of a DNase I solution containing RNase inhibitor
(Promega, Madison, Wisconsin) at 37°C for 10
minutes.

After inactivation of the DNase I by heating, reverse
transcription of the total RNA extracted from the
peripheral blood was performed in a final volume of 20
�l containing 10 �l of the DNase I–treated RNA, 2 �l of
5 � first strand buffer, 2 �l of 2 mM dNTPs, 0.2 �l of
0.1 M dithiothreitol, 1 �l of RNase inhibitor (Promega),
0.5 �l of M-MLV (Life Technologies, Gaithersburg,
Maryland), and 1 �l of 0.5 mg/ml oligo(dT)15 primer
(Promega) at 42°C for 60 minutes. These samples
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were kept at �80°C until the real-time quantitative
RT-PCR analysis.

Real-Time Quantitative RT-PCR

The quantitation of �4GnT mRNA levels in the periph-
eral blood taken from the patients as well as healthy
volunteers was performed using an ABI PRISM 7700
Sequence Detection System (PE Applied Biosystems,
Foster City, California) based on the continuous opti-
cal monitoring of the progress of a fluorogenic PCR
(Heid et al, 1996). In addition, the human blood cell
cDNA panels including leukocytes, T cells, B cells, and
monocytes purchased from Clontech were subjected
to this assay. On the basis of the published sequence
of human �4GnT (Nakayama et al, 1999), specific
primer pair and probe were designed with the aid of
the Primer Express program (PE Applied Biosystems).
Forward and reverse primers for human �4GnT were
5'-GTTTTCCTCTTCCCTTTGGATATGA-3' (nucleo-
tides 340 to 364), and 5'-TGCCACCGTATTTCCA-
GATGA-3' (nucleotides 490 to 470), respectively.
These primers hybridized to different exons of the
�4GnT gene. The TaqMan probe spanning the exon-
exon junction was synthesized to be 5'-
ACAATCAAATCAACGCCAGCGCAGA-3' (nucleotides
401 to 425) by PE Applied Biosystems, and it carried
5'-FAM (6-carboxyfluorescein) reporter label and 3'-
TAMURA (6-carboxy-N,N,N',N'-tetramethylrhoda-
mine) quencher group. A relative standard curve rep-
resenting 10-fold dilutions of a human �4GnT cDNA
(pcDNAI-�4GnT) ranging from 6 � 10�2 to 6 � 10�11

�g/ml was used for linear regression analysis of the
patients’ samples. PCR was carried out in 50 �l of
reaction mixture containing 3 �l of the reverse tran-
scription reaction, 1� Universal PCR Master Mix (PE
Applied Biosystems), 900 nM of each primer, and 250
nM of the TaqMan probe.

For normalizing the expression level of �4GnT
mRNA, GAPDH was also quantitatively analyzed in the
same reactions. Thus, a partial cDNA of GAPDH was
amplified from peripheral blood cells using a specific
primer set for GAPDH (PE Applied Biosystems) and
then subcloned into pCR2.1 (Invitrogen, San Diego,
California). Ten-fold dilutions of the resultant vector,
pCR2.1-GAPDH ranging from 1.2 � 10�2 to 1.2 �
10�6 �g/ml, were used to construct a relative stan-
dard curve for GAPDH. The PCR mixture was basically
the same as that of �4GnT except for 200 nM GAPDH-
specific TaqMan probe carrying 5'-VIC reporter label
and 3'-TAMURA quencher group, and 500 nM of the
specific primer for GAPDH purchased from PE Applied
Biosystems.

These samples were placed in the ABI PRISM 7700
Sequence Analyzer and preheated at 95°C for 10
minutes, amplified for 50 cycles of 95°C for 15 sec-
onds, followed by 60°C for 1 minute. The relative
expression level of �4GnT was defined by multiplying
�4GnT:GAPDH mRNA ratios by 1.0 � 107. The assays
were performed in duplicate, and mean values of the
two experiments were indicated.

Enzyme Immunoassay of CEA and CA19-9 in Patients’
Serum

Expression levels of CEA in serum obtained from the 37
patients with gastric cancer before surgery were evalu-
ated by enzyme immunoassay using CEA � Dainapack
kit (Dainabot, Tokyo, Japan) with 2.5 ng/ml for cut-off
value. In parallel, serum level of CA19–9 was also
examined using an AxSYM CA19–9 � Dainapack kit
(Dainabot) with 37 U/ml for cutoff value.

Statistical Analysis

Statistical analyses of the comparison between two
independent groups were carried out using by Mann-
Whitney U test. Similarly, the comparison among more
than three groups was performed by use of Kruskal-
Wallis test, followed by Dunnett’s test. All of the
statistical analyses were performed using StatVeiw 5.0
software (Abacus Concepts, Berkeley, California), and
P values � 0.05 were considered to be statistically
significant.
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