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Overexpression of the enhancer of zeste homolog 2 (EZH2)
protein, a known repressor of gene transcription, has been
reported to be associated with biological malignancy of prostate
cancer and several other cancers. The purpose of this study was
to examine the expression of EZH2 and analyze its relationship
with the clinicopathological features of human gastric cancers.
Expression levels of EZH2 mRNA and protein were examined in
13 gastric cancer cell lines and in 83 surgically removed human
gastric cancer tissues. Immunohistochemical analysis of the 83
tissue samples and corresponding non-cancerous gastric mucosa
showed that EZH2 was more highly expressed in the cancerous
than in the non-cancerous tissues, and the expression levels of
EZH2 were highly correlated with tumor size, depth of invasion,
vessel invasion, lymph node metastasis and clinical stages.
Univariate analysis of survival rate calculated by the Kaplan-
Meier method revealed that gastric cancer patients with high-level
EZH2 expression had poorer prognosis than those expressing no
or low levels of EZH2 (P = 0.0271). These findings suggest that
overexpression of EZH2 may contribute to the progression and
oncogenesis of human gastric cancers, and thus immunohis-
tochemical study of EZH2 expression may serve as a new
biomarker for predicting the prognosis of gastric cancers. (Cancer
Sci 2006; 97: 484–491)

Although gastric cancer has gradually decreased in
prevalence, it still accounts for a large portion of cancer-

related deaths in Japan. The most informative prognostic factor
is the tumor stage, which involves both the depth of invasion
and the extent of metastasis. The size and histological type of
the tumor may also be useful factors. Despite the complexity
of stomach carcinogenesis, a number of molecular studies have
been performed in a search for additional prognostic factors.
As a result, several proteins, such as transforming growth factor
alpha (TGFα), epidermal growth factor receptor (EGFR), c-met,
c-erbB2, cyclin E, p27Kip1 and CDC25B, have been identified
as markers of the malignancy of gastric cancer.(1–3) The
search for molecular factors that are highly correlated with
prognosis may lead to the discovery of factors that can help
to predict not only patient survival, but also the tumor
response to specific anticancer drugs. One new marker that
has potential for cancer screening and can be a predictor of
patient survival is enhancer of zeste homolog 2 (EZH2).

EZH2, also called histone lysine methyltransferase
(HKMT), was cloned as one of the polycomb group genes.(4)

The function of EZH2 is to catalyze the subunit of the
polycomb repressor complex by methylating lysine 9 and 27
of histone H3.(5–8) Although EZH2, which by itself lacks
enzyme activity, it is assumed to associate with specific
polypeptides present in the polycomb repressive complexes 2
and 3 (PRC2/3), constructing an EZH2 complex to work as a
repressor gene in various organs.(5–12)

Recently, close correlation between overexpression of
EZH2 and progression of prostate cancer was reported by
Varambally et al. in a study using cDNA microarray analysis.(13)

An association of EZH2 overexpression with the biological
malignancy of tumors has also been reported for several other
cancers, including breast cancer, hepatocellular carcinoma,
bladder carcinoma and lymphomas.(10,14–22)

In the present study, we examined the mRNA and protein
expression of EZH2 in human gastric cancer cell lines. We
then conducted EZH2 immunohistochemical analysis of
human gastric cancer tissues and analyzed the relationship
between EZH2 expression and clinicopathological factors.
Furthermore, the association between EZH2 expression and
the prognosis of gastric cancer patients was investigated.

Materials and Methods

Cell cultures
Thirteen cell lines derived from human gastric carcinoma
were used. Eight gastric cancer cell lines of the HSC series
(HSC-57, tubular adenocarcinoma; HSC-42, HSC-58 and HSC-
59, poorly differentiated adenocarcinoma; HSC-40, HSC-44,
HSC-45 and HSC-60, signet ring cell carcinoma) and
SH101-P4 (tubular adenocarcinoma) were established by one
of the authors (K.Y).(23,24) Three cell lines of the MKN series
(MKN-1, adenosquamous cell carcinoma; MKN-7 and
MKN-74, tubular adenocarcinoma) were provided by Dr T.
Suzuki (Fukushima Medical University, Fukushima).(25,26)

The TMK-1 cell line (poorly differentiated adenocarcinoma)
was a gift from Dr W. Yasui (Hiroshima University,

3To whom correspondence should be addressed. 
E-mail: hyoko@med.kobe-u.ac.jp



Matsukawa et al. Cancer Sci | June 2006 | vol. 97 | no. 6 | 485
© 2006 Japanese Cancer Association

Hiroshima).(27) The cells were maintained in RPMI1640 (Life
Technologies, Grand Island, NY, USA) supplemented with
1 mM L-glutamine, 10% fetal bovine serum (FBS; Life
Technologies) and 12.5 µg/mL gentamicin (Sigma, St. Louis,
MO, USA) under humidified 5% CO2 in air at 37°C.

Tissue samples
A total of 83 gastric cancer tissue samples and adjacent non-
cancerous gastric mucosa specimens, surgically removed at
Kobe University Hospital, were used in the immunohistochemical
analysis. Informed consent was obtained from all patients
before surgery. All resected specimens were fixed in 10%
formalin and embedded in paraffin. Clinicopathological
information was obtained from medical charts and
histopathological examination was performed according to
the Japanese Classification of Gastric Carcinoma.(28) Tumor
size was divided into two groups according to the mean size
(40 mm). Fresh non-cancerous gastric mucosa specimens
were obtained at autopsy and, after written informed consent
was obtained, were frozen immediately.

RNA extraction and quantitative reverse transcription-
polymerase chain reaction (RT-PCR) analyses
Total RNAs from gastric cancer cell lines (1 × 106) were
isolated using an RNeasy Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Tissue samples were
homogenized and total RNA was prepared using a guanidine
thiocyanate/cesium method. Quantitative RT-PCR was performed
with a SYBR Green real-time Quantitative RT-PCR assay kit
(Qiagen) on RNA extracts obtained from gastric cancer cell
lines and non-cancerous gastric mucosa using an ABI PRISM
7700 Sequence Detection System (Applied Biosystems,
Foster City, CA, USA). The primer set used for RT-PCR
amplification of the EZH2 was as follows: forward, 5′-GCG
CGG GAC GAA GAA TAA TCA T-3′; reverse, 5′-TAC ACG
CTT CCG CCA ACA AAC T-3′. As an internal control, the
levels of β-actin expression were also analyzed (forward,
5′-CCA CGA AAC TAC CTT CAA CTC C-3′; reverse, 5′-
TCA TAC TCC TGC TGC TTG CTG ATC C-3′). A master
mix (50 µL) of the following reaction components was
prepared to the indicated end concentration: 25 µL of
2 × QuantiTect SYBR Green RT-PCR Master Mix, 10 ng of
total RNA, 1 mM of the primer pair, reverse transcriptase,
and 0.5 µL of QuantiTect RT Mix. They were mixed and
amplified for 30 cycles with the following regimen: reverse
transcription at 50°C for 30 min; denaturation at 94°C for
30 s; annealing at 60°C for 30 s; extension at 72°C for 1 min.

Western blot analysis
Cells or tissues were lyzed in buffer containing 50 mM
Tris-HCl (pH 7.4), 125 mM NaCl, 0.1% Triton-X (Wako Pure
Chemical Industries, Osaka, Japan) and 5 mM EDTA containing
both 1% (v/v) protease inhibitor and 1% (v/v) phosphatase
inhibitor cocktail II (Sigma). Forty micrograms of each
extracted protein was separated by sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS-PAGE), followed
by electrotransfer onto a PVDF membrane (Millipore, Bedford,
MA, USA). Rabbit polyclonal antibody to EZH2 (Upstate,
Charlottesville, VA, USA) was used for the primary antibody.
As a control, an antibody to β-actin (DAKO, Glostrup, Denmark)

was also used. Horseradish peroxidase-conjugated sheep
antirabbit IgG antibody (Amersham Biosciences, Piscataway,
NJ, USA) was used as a secondary antibody for enhanced
chemiluminescence (ImmunoStar Reagents, Wako Pure
Chemical Industries, Chuo-ku, Osaka, Japan).

Immunohistochemical analysis
Immunohistochemical analyses were performed with rabbit
polyclonal antibody to EZH2 (Upstate). Tissue sections of
4 µm in thickness were cut from each paraffin block.
Deparaffinized tissue sections were immersed in 10 mM
citrate buffer (pH 6.0) and autoclaved for 15 min at 121°C
for antigen retrieval. Endogenous peroxidase activity was
blocked by 0.03% hydrogen peroxide. Following incubation
with 0.01 M phosphate-buffered saline (PBS) (pH 7.2)
containing 5% bovine serum albumin (BSA) blocking buffer,
the sections were incubated with primary antibody overnight
at 4°C. After rinsing with 0.05 M Tris-HCl (pH 7.6), the
sections were sequentially incubated with biotinylated secondary
antibody (Histofine kit; Nichirei, Tokyo, Japan) for 30 min,
streptavidin peroxidase for 15 min and 3,3-diaminobenzidine
for 15 min with an LSAB2 Kit (DAKO). The sections were
then counterstained with Mayer’s hematoxylin.

The degree of immunoreactivity of EZH2 was categorized
as follows: high reactivity, more than 50% of cells showing
intense immunoreactivity in their nuclei; low reactivity, 50%
of fewer cells showing intense immunoreactivity in their
nuclei. The mean percentage of positive tumor cells was
determined in at least five areas at high power field.

Statistical analyses
Statistical significance was evaluated with the χ2 and Mann–
Whitney U-tests. Survival rate curves were drawn according
to the Kaplan-Meier method, and differences between the
curves were analyzed by applying the log-rank test. The date
of resection was considered day zero. The terminal event for
cancer-related survival was death attributable only to cancer,
and the significance level was set at 5% for each analysis.

Results

Expression of EZH2 in human gastric cancer cell lines
We first examined the expression of EZH2 in 13 gastric
cancer cell lines and non-cancerous gastric mucosa at the
mRNA and protein levels using quantitative RT-PCR and
western blot analyses, respectively. All of the 13 gastric
cancer cell lines expressed some level of EZH2 mRNA
(Fig. 1A). In eight of the cell lines- \HSC-60, HSC-44PE,
HSC-45, HSC-59, HSC-60, MKN-74, TMK-1 and SH101-
P4-\ , the expression levels of EZH2 mRNA were more than
20-fold higher than those in the non-cancerous gastric
mucosa. Among the 13 cell lines, HSC-60 cells demonstrated
the highest level of EZH2 mRNA expression, while MKN-1
cells showed the lowest.

EZH2 protein expressions in these 13 cell lines and non-
cancerous gastric mucosa were determined by western blot
analysis using the anti-EZH2 antibody to confirm the specif-
icity of the antibody (Fig. 1B). As expected, each cell line
showed a band with 100 kDa molecular weight whose intensity
corresponded to its expression level of EZH2 mRNA.
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Immunohistochemical analysis
Next, we examined EZH2 expression in gastric cancer tissues
and their corresponding non-cancerous gastric mucosa by
immunohistochemistry with the same anti-EZH2 antibody
used in the western blot analysis. Consistent with the results
of the western blot analyses, the non-cancerous gastric
mucosa showed faint EZH2 immunoreactivity restricted to
the nuclei of glandular epithelial cells. Weak membranous
staining was the characteristic feature for goblet cells of
intestinal metaplasia. Also, some of the intestinalized cells
showed intense nuclear staining, but none of the cases
satisfied the criteria of grading of EZH2 staining as ‘high’.
The percentage of the intense nuclear immunoreactivity
was used for the evaluation of EZH2 expression in gastric
cancer cells. A representative result for each group is shown
in Fig. 2A–C (negative, low and high expression groups,
respectively). In most of the gastric cancer tissues examined,
EZH2-specific signals were mainly located in the nuclei.
However, some gastric cancers showed EZH2 immuno-
reactivity not only in the nuclei but also in the cytoplasm.
Immunoreactivity of EZH2 in cytoplasm was graded as
high if the more then 50% of the cells showed intense
immunoreactivity in their cytoplasm. Twenty-seven percent
of the gastric cancer tissues (22 out of 83 cases) showed
the cytoplasmic staining of EZH2, and 18% (15 out of 84
cases) of the cases showed the intense staining in both the
cytoplasm and nuclei. There was no correlation between the
nuclear and cytoplasmic expression of EZH2 (P = 0.2021)

by χ2-test. Interestingly, several tissues showed very strong
EZH2 immunoreactivities both in the nucleus and cytoplasm
of tumor cells forming intravascular emboli (Fig. 2n,o).

Correlation of EZH2 expression levels with 
clinicopathological parameters
Immunohistochemical expression levels and their associa-
tions with clinicopathological features in the 83 gastric
cancers tissues samples are summarized in Table 1. More
than half of the cases (47 cases, 56.6%) belonged to the high
expression group. Conversely, none of the corresponding
normal mucosa expressed high levels of EZH2 immuno-
reactivity. High levels of EZH2 expression in gastric cancer
tissue were correlated with more malignant phenotypes
including tumor size (= 40 mm versus = 39 mm; P = 0.0006),
depth of invasion (pT1+pT2 versus pT3+pT4; P = 0.0096),
lymphatic invasion (P = 0.0013), venous invasion
(P = 0.0022), lymph node metastasis (P = 0.0023), and clinical
stages (P = 0.0012). There was no significant correlation
between cytoplasmic EZH2 immunoreactivity and clinicopa-
thological factors in the gastric carcinoma tissue samples
examined (data not shown).

Correlation of EZH2 expression levels with patient 
survival after surgery
Finally, we performed a prognostic study in 64 patients who
received curative surgery from 1999 to 2002 and were
followed up for 1–52 months. Seventeen of these patients
died from gastric cancer at between 2 and 30 months (mean
11.4 months). The mean follow-up time of the remaining 47
cases was 20 months. The results of the univariate analysis of
survival rate calculated by the Kaplan-Meier method are
shown in Table 2 and Fig. 3. The calculation showed that the
size of the tumor, depth of invasion, lymph node metastasis,
distant metastasis, stage, and level of EZH2 expression were
associated with an increased risk of death (Table 2). As
shown in Fig. 3A, cases with gastric cancer expressing high
levels of EZH2 had a worse prognosis than those expressing
no or low levels of EZH2 (P = 0.0271). To compare the
effect of EZH2 expression and the histological type of gastric
cancer on the prognosis, we divided the cases into two
groups: cohesive type (papillary adenocarcinoma, tubular
adenocarcinoma, solid-type poorly differentiated adenocar-
cinoma and mucinous adenocarcinoma) and non-cohesive
type (non-solid type poorly differentiated adenocarcinoma,
signet-ring cell carcinoma). The survival rate was calculated
for each group by the Kaplan-Meier method and the results
are shown in Fig. 3B. No statistically significant differences
were observed between the two types (P = 0.7975). In
addition, although cases of gastric cancer exhibiting high
levels of EZH2 expression tend to have poorer prognosis
than those with low levels of EZH2 expression when the T1
cases were excluded from Fig. 3A, a significant statistical
difference was not observed between them (Fig. 3C,
P = 0.6220).

Discussion

The overexpression of EZH2 in advanced prostate cancer in
comparison with benign prostate tissues and organ-confined

Fig. 1. Expression of enhancer of zeste homolog 2 (EZH2) in 13
human gastric cancer cell lines. (A) Expression levels of EZH2 mRNA
were quantitatively verified by real-time reverse transcription-
polymerase chain reaction (RT-PCR). The correction values of EZH2
expression were calculated by dividing the EZH2 amounts by the
amount of internal control (β-actin) concurrently examined on the
same samples. (B) Expression levels of EZH2 protein by western blot
analysis. Single 100 kDa band was detected in all cell lines. β-actin
was used as internal control for equal loading. N, non-cancerous
gastric mucosa.
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tumors was reported using cDNA microarray analysis.(13)

Because high EZH2 protein levels have been strongly
associated with the aggressiveness and patient outcome of
prostate cancer, it was proposed that the deregulation of
EZH2 expression might promote the malignant transfor-
mation of normal cells involving DNA transcription.(10,11,13,14,29,30)

An association between EZH2 overexpression and the
biological malignancy of the tumor has also been reported for
breast cancer, lymphoma, hepatocellular carcinoma and
bladder carcinoma.(14–22)

In the present study, the expression levels of EZH2 protein
determined by western blot analyses were in good agreement
with those of EZH2 mRNA determined by quantitative real-
time RT-PCR in 13 gastric cancer cell lines. These results
suggested that expression of the EZH2 protein was regulated
primarily in the transcriptional process, and we decided to
use this anti-EZH2 antibody in the following immunohisto-
chemical study. Immunohistochemical analysis was carried
out to investigate if overexpression of EZH2 was actually
reflected in the gastric cancer specimens taken surgically.
We found that 56.6% (47 out of 83 cases) of gastric cancer
tissues showed high expression of EZH2, which agreed with
the previously reported frequency (44%, 8 out of 18 cases)

by tissue microarray analysis.(31) In the tumor cells, EZH2
immunoreactivity was mainly located in the nucleus, while
some of the sections showed cytoplasmic staining with
nuclear dominant patterns, which is also in good agreement
with the previously reported results on breast cancer and
prostate cancer.(13,14,30)

To examine the clinical use of EZH2 protein as a marker
of gastric cancer progression, the associations between EZH2
and clinicopathological factors were evaluated. High levels of
EZH2 expression in gastric cancer tissues were significantly
associated with several clinicopathological factors including.
tumor size, depth of invasion, vessel invasion, lymph node
metastasis and clinical stage. These results strongly suggest
that the association of EZH2 protein expression to tumor
growth and cell invasion in gastric cancer is as reported for
prostate cancer, breast cancer, bladder carcinoma and lym-
phomas. The implications of EZH2 in tumor growth and cell
invasion may be explained by the existence of several target
genes of EZH2. It is known that EZH2 works to suppress
several genes, and a number of the target genes of EZH2
have been revealed by DNA microarrays.(13,32) These include
not only cell proliferation genes, but also metastasis-suppressing
genes such as Rho GTPase-activating protein 1.(13)

Fig. 2. Immunohistochemical analysis of
enhancer of zeste homolog 2 (EZH2) protein
expression in gastric cancer tissues. (A)
Representative results of immunostaining
used for standard. (a) Negative staining of
EZH2 in cancer cells. (b) Low level of EZH2
expression in nuclei of cancer cells. (c) High
level of EZH2 expression in nuclei of cancer
cells. (B) Representative results of EZH2
staining in different histological types of the
tissues. (d) (e) (f): tubular adenocarcinoma.
(g) (h) (i): papillary adenocarcinoma. (j) (k) (l):
poorly differentiated adenocarcinoma. (C)
An invasive gastric cancer cells forming
intravascular emboli. EZH2 immunoreactivity
was dominantly positive in the nuclei of the
gastric cancer cells (f, i, l). Nuclear and
cytoplasmic EZH2 immunoreactivity was detected
in cancer cells forming intravascular emboli
(n, o). Bar 500 µm (a, b, d, e, g, h, j, k, m, n).
Bar 100 µm (c, f, i, l, o). a, b, c, e, f, g, h, i, k,
l, n, o, immunoperoxidase stain. d, g, j, m,
hematoxylin and eosin stain.
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Most of the preceding studies described the role of nuclear
EZH2 in tumor progression. In addition to nuclear EZH2, we
noted the expression of cytosolic EZH2, because cytosolic
EZH2 has been recently reported to play a role in actin
polymerization.(33) Interestingly, we found that gastric cancer
cells forming intravascular tumor emboli showed very strong
cytosolic EZH2 immunoreactivity. This phenomenon may
support the idea that the cells expressing cytoplasmic EZH2
have higher motility and therefore a greater ability to invade
via the actin polymerization pathway.

In consequence, the results in this study showed there were
no correlation between distant metastasis and cytosolic EZH2
expression. We speculated that the mechanism by which

EZH2 increases the ability to move and invade is due to its
property of polymerizing actins, but this property is not suf-
ficient for establishment of distant metastasis because of
improper changes in actin polymerizing balance. To establish
distant metastasis, actin needs to be not only polymerized but
also severed.(34) This notion is reminiscent of gelsolin, an
actin-binding protein that regulates dynamic changes in the
actin cytoskeleton by severing actin filaments into smaller
pieces. Gelsolin by itself does not associated with lymph
node metastasis, but becomes a prognostic factor when it
coexists with erbB2/EGFR, receptors promoting actin polym-
erization.(35) The factors that cooperate with EZH2 in actin
dynamics are not understood yet. Evaluation of such factors

Table 1. Expression of enhancer of zeste homolog 2 (EZH2) in gastric cancer tissues and its correlation with clinicopathological parameters
 

Number of cases

EZH2 expression†

P value*Low High

n (%) n (%)

Normal mucosa 41 41 (100) 0 (0) <0.0001
Gastric cancer 83 36 (43.4) 47 (56.6)
Clinicopathological characteristics
Sex

Male 59 23 (39.0) 36 (61.0) 0.2057
Female 24 13 (54.2) 11 (45.8)

Age (years)‡

≥68 43 16 (37.2) 27 (62.8) 0.2400
≤67 40 20 (50.0) 20 (50.0)

Tumor size‡

≥40 mm 32 8 (25.0) 24 (75.0) 0.0006
≤39 mm 51 28 (54.9) 23 (45.1)

Histological type§

Pap 8 3 (37.5) 5 (62.5) 0.0023
Tub 37 13 (35.1) 24 (64.9)
Por 27 9 (33.3) 18 (66.7)
Sig 10 10 (100) 0 (0)
Muc 1 1 (100) 0 (0)

Depth of invasion§

pT1+pT2 49 27 (55.1) 22 (29.6) 0.0096
pT3+pT4 34 9 (26.5) 25 (73.5)

Lymphatic invasion§

(–) 26 18 (69.2) 8 (30.8) 0.0013
(+) 57 18 (31.6) 39 (68.4)

Venous invasion§

(–) 35 22 (62.9) 13 (37.1) 0.0022
(+) 48 14 (29.2) 34 (70.8)

Extent of lymph node metastasis§

N0 33 22 (66.7) 11 (33.3) 0.0023
N1 24 4 (16.7) 20 (83.3)
N2 21 8 (38.1) 13 (61.9)
N3 5 2 (40.0) 3 (60.0)

Stage§

I 30 21 (70.0) 9 (30.0) 0.0012
II 9 1 (11.1) 8 (88.9)
III 23 9 (39.1) 14 (60.9)
IV 21 5 (23.8) 16 (76.2)

*Data were analyzed by the χ2-test and P < 0.05 was considered to be significant. †Degree of immunoreactivity of EZH2 was evaluated as 
follows: low, negative or <50% of tumor cells showing intense nuclear immunoreactivity; high, >50% of cells showing intense 
immunoreactivity in their nuclei. ‡Tumor size and age were divided into two groups according to the median value. §Histological type, depth 
of invasion, stage, lymphatic invasion, venous invasion and extent of lymph node metastasis were determined according to the Japanese 
Classification of Gastric Cancer. Muc, mucinous adenocarcinoma; pap, papillary adenocarcinoma; por, poorly differentiated adenocarcinoma; 
sig, signet ring cell carcinoma; tub, tubular adenocarcinoma.
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and EZH2 together would be useful for predicting distant
metastasis.

Although there was no relation between distant metastasis
and cytoplasmic EZH2 expression in the present study (data
not shown), the survival rate calculated by Kaplan-Meier
analysis revealed a significant correlation between nuclear
EZH2 expression and prognosis. Several studies have been
reported showing that the histological type of gastric cancers
appeared to influence their prognosis.(36–39) Because cancer
cells having a lesser ability to aggregate (non-cohesive type)
are generally regarded as a type of gastric cancer with highly
malignant potential in comparison with those having greater
ability to aggregate (cohesive type), we wondered if high
levels of EZH2 expression in different histological types
of cancer consist with the correlation between high EZH2
expression and clinically malignant phenotypes of gastric
cancers. Our analysis using the Kaplan-Meier method dem-
onstrated a significant correlation between EZH2 expression
and prognosis, but did not demonstrate a correlation between
histological type and prognosis. Additionally, because T1-early
gastric cancer cases may enhance patients’ outcome, we
calculated the prognosis without the T1 cases. However, the
number of the cases was not enough to give confidence in the

Table 2. Relationship between clinicopathological features of
gastric cancer and survival
 

 

Deaths/total P-value*

Sex Male 13/46 0.8311
Female 4/18

Age (years)† = 68 8/31 0.6178
= 67 9/33

Tumor size† = 40 mm 13/22 <0.0001
= 39 mm 4/42

Differentiation‡ Well 8/34 0.7109
Moderate/poor 9/30

Type§ Cohesive 13/48 0.7975
Non-cohesive 4/16

Depth of invasion¶ pT1+pT2 3/39 <0.0001
pT3+pT4 14/25

Lymph node metastasis¶ N0 3/27 0.0038
N1+N2+N3 14/37

Distant metastasis¶ M0 13/57 0.0003
M1 4/7

Stage¶ I+II+III 7/47 <0.0001
IV 10/17

EZH2 expression Low 3/24 0.0271
High 14/40

*Data were analyzed using the Kaplan-Meier method and the 
log-rank test was used to analyze differences in outcome. P < 0.05 
was considered to be significant. †Tumor size and age were divided 
into two groups according to the median value. ‡Tumor was graded 
as well, moderately, or poorly differentiated and typed according to 
the World Health Organization classification system. §Cohesive type: 
papillary adenocarcinoma, tubular adenocarcinoma, solid type 
poorly differentiated adenocarcinoma and mucinous 
adenocarcinoma. Non-cohesive type: non-solid type poorly 
differentiated adenocarcinoma, signet-ring cell carcinoma. 
¶Histological type, depth of invasion, extent of lymph node 
metastasis, distant metastasis and stage were determined according 
to the Japanese Classification of Gastric Cancer. EZH2, enhancer of 
zeste homolog 2.

Fig. 3. Kaplan-Meier analysis of gastric cancers. (A) Cancer-related
survival rates showed significant difference between (…) high
expression (n = 40) versus (-) low and negative expression (n = 24) of
enhancer of zeste homolog 2 (EZH2) in gastric cancer. P = 0.0271
log–rank (Mantel-Cox). (B) Cancer-related survival rates of patients
whose histological type showed (-) cohesive type (n = 48) or (…)
non-cohesive type (n = 16). P = 0.7975 log–rank (Mantel-Cox). In 64
cases that had undergone curative surgery from 1999 to 2002 and
followed up in our hospital, the mean follow-up time of the 54
surviving cases was 20 months (range 1–52 months). Remaining 18
cases died between 2 and 30 months (mean 11.4 months). (C)
Cancer-related survival rates showed significant difference between
(…) high expression (n = 32) versus (-) low and negative expression
(n = 8) of EZH2 in gastric cancer without the T1 cases. Statistical
correlation was P = 0.6220 log–rank (Mantel-Cox). In 40 cases that
had undergone curative surgery from 1999 to 2002 and followed up
in our hospital, the mean follow-up time of the 24 surviving cases
was 20 months (range 1–52 months). Remaining 16 cases died
between 2 and 30 months (mean 11.4 months).
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obtained results; there was a slight tendency for poorer pro-
gnosis in the group with high levels of EZH2 expression.

Pathological staging is known as useful determinant of
patient prognosis after curative surgery for gastric cancer
and is a key factor affecting the choice of postoperative
strategy.(40–43) The present results support the notion that
EZH2 expression could be used to screen a patient with
aggressive gastric cancer and poor prognosis. Therefore,
clinical therapy can be planned along with EZH2 expression
level even though there was no metastasis detected at the
time of surgery or primary diagnosis.

In summary, the present study showed for the first time the
high correlation of EZH2 expression with poorer prognosis,
and the applicability of screening EZH2 expression as a

prognostic determinant. Furthermore, EZH2 might be a
molecular target in the clinical treatment of gastric cancer;
accordingly, further studies will be required to confirm these
findings.
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