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The CKLF-like MARVEL transmembrane domain containing 3 (CMTM3) gene is a

novel tumor suppressor with frequent epigenetic inactivation. In this study, we

showed the role played by CMTM3 in gastric cancer cells as a tumor suppressor

gene, and examined the correlation between CMTM3 expression and clinicopatho-

logical parameters using immunohistochemistry in gastric cancer patients with

different pathological stages (n = 350). We found that CMTM3 expression was

reduced or silenced by epigenetic regulation in gastric cell lines, and dramatically

downregulated in primary gastric cancer tissues. Restoration of CMTM3 signifi-

cantly affected migration and invasion of AGS and SGC-7901 cells (P < 0.001).

In vivo experiments showed that peritoneal disseminated metastases were signifi-

cantly suppressed by CMTM3 (P < 0.001). We further showed that the expression

of MMP2 and the phosphorylation of Erk1 ⁄ 2 were decreased when CMTM3 was

restored. In addition, by immunohistochemical staining, we found that the expres-

sion of CMTM3 was remarkably weaker in gastric cancer tissues than in normal

mucosae (P = 0.008), and was significantly correlated with gender (P = 0.033),

tumor depth (P = 0.049), stage (P = 0.021), and histological grade (P = 0.022). More

importantly, CMTM3 expression was associated with prognosis in gastric cancer

patients (P = 0.041), and was a significant independent prognostic indicator (haz-

ard ratio = 0.704, 95% confidence interval, 0.498–0.994; P = 0.046). Our findings

indicate that CMTM3 regulates migration and invasion of gastric cancer cells. More-

over, CMTM3 is a candidate marker for prognosis of gastric cancer in the clinic.

G astric cancer is the second leading cause of cancer-related
death worldwide, accounting for 8% of all new cancer

cases annually.(1) Despite great efforts invested in promising tai-
lored therapy, treatment was notoriously ineffective without
prognostic markers for proper stratification of gastric cancer
patients. Recently, accumulating evidence has shown that tumor
suppressor genes (TSG) were critical to carcinogenesis of gastric
cancer, and a large number of results showed that TSG func-
tioned as potential prognostic factors.(2) However, further study
is required both in clinical and basic research for translating
these TSG into clinical applications as markers for prognosis.
The CKLF-like MARVEL transmembrane domain (CMTM)

family of proteins link classical chemokines and the transmem-
brane 4 superfamily with important functions in the immune
system, male reproductive system, and tumorigenesis.(3–10) In
humans, the family includes nine members, CKLF and
CMTM1–8. CMTM proteins contain a MARVEL domain that
is involved in many essential cellular processes including

tumor suppression.(11,12) Our previous studies showed that
CMTM3 CMTM5 are novel potential TSG with frequent epige-
netic inactivation.(6,9,13)

Although widely expressed in normal tissues, CMTM3 is
silenced or downregulated in many cancer cell lines and pri-
mary cancer tissues. Restoration of CMTM3 inhibits cell
growth and leads to apoptosis with caspase-3 activation in
CNE-2 cells.(6) In detected cancer tissues including stomach,
colon, and breast, the frequency of CMTM3 methylation is
highest in gastric cancer.(6) In addition, data from the Human
Protein Atlas (\http://www.proteinatlas.org/) shows that
expression of CMTM3 is lower in stomach cancer than in
normal tissues. These results indicate that CMTM3 may play
important roles in gastric cancer, which requires further
study.
In this paper, we showed that CMTM3 inhibited the migra-

tion and invasion of gastric cancer cells both in vitro and
in vivo. Furthermore, we analyzed the association of CMTM3

Cancer Sci | January 2014 | vol. 105 | no. 1 | 26–34 © 2013 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
This is an open access article under the terms of the \Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-
commercial and no modifications or adaptations are made.



expression with clinical features through immunohistochemical
staining, and found that CMTM3 was associated with favor-
able prognosis in gastric cancer.

Materials and Methods

Cell lines, cell cultures, and treatment. Cell lines including
KATOIII, SNU1, SNU16, NCI-N87, and AGS were obtained
from ATCC (Manassas, VA, USA), and BGC823 and SGC-
7901 were obtained from the Cell Research Institute (Shanghai,
China). Cell lines MKN28 and MKN45 were from the Health
Science Research Resources Bank (Tokyo, Japan). Cells were
routinely grown in RPMI-1640 (NCI-N87, AGS, BGC823,
SGC-7901, MKN28, and MKN45) or DMEM (KATOIII,
SNU1, and SNU16) (Gibco BRL, Grand Island, NY, USA),
supplemented with 10% (v ⁄v) FBS (Gibco BRL) at 37°C in a
humidified 5% CO2 atmosphere. Some cell lines were treated
with 10 lM 5-aza-2′-deoxycytidine (Aza; Sigma, St. Louis,
MO, USA) for 3 days, with or without further treatment with
100 nM trichostatin A (Sigma) for an additional 24 h.

Semiquantitative RT-PCR. Reverse transcription–PCR was
carried out as previously described.(6)

DNA bisulfite treatment and methylation analysis. Bisulfite
modification of DNA, methylation-specific PCR, and unmethy-
lation-specific PCR were carried out as previously described.(6)

Adenovirus construction and cell infection. The construction,
generation, and purification of ad5-null (vector containing ade-
novirus, defined as Mock) and ad5-CMTM3 was described
previously.(5)

Protein extraction and Western blot analysis. Western blotting
was carried out as described previously.(5) For the detection of
CMTM3, 120 lg total protein of each sample was loaded.
Anti-MMP2, Erk1 ⁄ 2, and phosphorylated Erk1 ⁄2 antibody
were purchased commercially (Cell Signaling Technology,
Danvers, MA, USA).

Wound healing assay. Wound healing assay was carried out
as described previously.(13)

Cell migration and invasion assay. Cell migration and inva-
sion assay was carried out as described previously.(13)

Peritoneal metastases animal model. Cells (2 9 106) were
removed by trypsinization, washed twice with PBS, and then
injected into the abdominal cavity of 6-week-old female nude
mice provided by Peking Experimental Animal Center (Beijing,
China), along with 200 mL PBS. There were eight mice in the
Mock group and nine in the CMTM3 group. The animals were
raised in specific pathogen-free experimental animal rooms with
free access to water. After 4 weeks, mice were humanely killed,
and any disseminated nodules ≥1 mm in diameter were counted.

Real-time PCR. Real-time PCR was carried out as previously
described.(4) Primers of MMP2 were (forward) 5′-ATAACC
TGGATGCCGTCGT-3′ and (reverse) 5′-AGGCACCCTTGA
AGAAGTAGC-3′. Univeral ProbeLibrary probe #70 was used
for MMP2.

Gelatin zymography. Cells were incubated for 16 h in serum-
free medium and 40 lL supernatants were used for gelatin zy-
mography. Following electrophoresis, the gels were washed
with renaturing buffer (2.5% Triton X-100) and then incubated
for 24 h at 37°C in the developing buffer (10 mM CaCl2,
15 mM NaCl, 2 mM NaN3, and 50 mM Tris–HCl, pH 7.5).
The gels were stained and destained at appropriate times. The
Odyssey Infrared Imager (LI-COR Bioscience, Lincoln, NE,
USA) was used to scan the gels.

Patients and tissue specimens. The study cohort consisted of
350 gastric cancer patients who underwent uneventful surgical

resection, including 254 males and 96 females (mean age,
61 years; range, 22–87 years), between February 1998 and
January 2007 in Peking University Cancer Hospital (Beijing,
China). None of the patients received neoadjuvant chemother-
apy or radiation therapy. The records of patients were
reviewed with follow-up information. Gastric cancer was clas-
sified according to the American Joint Committee on Cancer’s
tumor staging system (7th edition) and the Japanese Classifica-
tion of Gastric Carcinoma (3rd English edition).(14,15) All
patients were followed up until November 2007. Overall sur-
vival time was calculated from the date of initial surgery to
date of death, counting death from any cause, or the last time
of follow-up as the end-point. Fresh human tissues were fixed
with 10% formalin in PBS for immunohistochemistry, or fro-
zen in liquid nitrogen for RNA and protein extraction. This
investigation was carried out after approval by the Ethics
Committee of Peking University Cancer Hospital. Informed
consent was obtained from each patient.

Immunohistochemistry analysis. Immunohistochemistry analy-
sis was carried out as previously described.(6)

Statistical analysis. The statistical analysis was calculated
from three independent experiments and presented as the
mean � SEM and P-value using Student’s t-test. The v2-test
(Fisher’s exact test) was carried out to analyze the correlations
between CMTM3 expression and clinical pathological vari-
ables. Overall survival was plotted and calculated using the
Kaplan–Meier method, and differences between groups were
compared by the log–rank test. The Cox proportional hazard
model (backward, stepwise) was used to estimate the influence
of each variable on survival. P-values <0.05 (two-sided) were
considered statistically significant. All analyses were performed
by SPSS software version 13.0 (SPSS Inc., Chicago, IL, USA).

Results

Expression and methylation profile of CMTM3 in gastric cancer

cell lines and primary tissues. Our previous study showed that
CMTM3 was silenced or downregulated in carcinoma cell
lines with regulatory region methylation.(6) In this study, we
chose gastric cancer cell lines that have been widely used in
gastric cancer research, especially in functional studies. We
examined the expression of CMTM3 in nine cell lines by RT-
PCR at the mRNA level. The result showed that CMTM3 was
silenced in four of these cell lines (Fig. 1a). Then we carried
out real-time PCR and Western blot analyses to confirm the
expression of CMTM3. As shown in Figure 1(a), SGC-7901
had the highest mRNA level of CMTM3, and CMTM3 protein
could be only detected in SGC-7901 by Western blotting
(Fig. 1a). To analyze the methylation status of CMTM3, meth-
ylation-specific PCR was carried out in nine cell lines. Full or
partial methylation was found in the six of these (Fig. 1a).
Furthermore, we treated AGS, SNU1, SNU16 and KATOIII
cells with demethylating agent Aza, or combined with histone
deacetylase inhibitor trichostatin A (TSA). Indeed, CMTM3
expression was restored by Aza and TSA both on mRNA and
protein levels (Fig. 1b). However, in SNU16 cells, the expres-
sion of CMTM3 was not fully restored when treated with Aza.
This result indicates that histone acetylation might play a more
important role in controlling CMTM3 expression in SNU16
cells. These findings are consistent with our previous results,
and indicate that epigenetic changes are correlated to CMTM3
silencing in gastric cancer cell lines.
In order to know the expression of CMTM3 in primary gas-

tric cancer tissues and gastric mucosae tissues, we collected six
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Fig. 1. (a) Expression and methylation status of CMTM3 in cell lines was detected by RT-PCR, methylation-specific PCR (MSP), unmethylation-
specific PCR (USP), and quantitative PCR. Western blotting (WB) confirmed the expression of CMTM3. RQ, relative quantity. (b) Expression of
CMTM3 was detected by RT-PCR and WB after treatment with demethylation agent. A, cells treated with 5-aza-2′-deoxycytidine; A+T, cells trea-
ted with 5-aza-2′-deoxycytidine and trichostatin A; WT, untreated cells; (c) CMTM3 expression in gastric cancer paired tissues was detected by
quantitative PCR and WB. Normal mucosae tissues (N) are shown as white columns; tumor tissues (T) are shown as black columns. Gastric cancer
cell lines were also analyzed with the same standard, and the relative quantity of SGC-7901 was present.

© 2013 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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Cancer Sci | January 2014 | vol. 105 | no. 1 | 28

Original Article
CMTM3 inhibits cell migration and invasion www.wileyonlinelibrary.com/journal/cas



paired tissues from patients and carried out real-time PCR and
Western blot analysis of CMTM3. As shown in Figure 1(c),
CMTM3 expression was dramatically reduced in primary tumor
tissues compared with that in normal mucosae tissues both at
mRNA and protein levels, except for one pair (478N ⁄T), in
which CMTM3 protein could not be detected. More impor-
tantly, the expression of CMTM3 in SGC-7901, which had
the highest CMTM3 expression in the detected cell lines, was
much lower than that in most normal tissues (Fig. 1c).
These results indicated that CMTM3 expression was signifi-
cantly reduced in gastric cancer, both in primary tissues and
cell lines.

Restoration of CMTM3 suppresses migration and invasion of

AGS and SGC-7901 in vitro and in vivo. CMTM3 is downregulat-
ed in gastric cancer cell lines and primary tissues both at
mRNA and protein levels. To know the function of CMTM3
in gastric cancer, we infected cells with adenovirus and con-
firmed the expression of CMTM3 in AGS and SGC-7901 cells
by Western blotting (Fig. 2a). We first tested the effect of
CMTM3 on cell proliferation and apoptosis, and found that
CMTM3 did not significantly affect cell growth or apoptosis in
AGS and SGC-7901 cells (data not shown). To evaluate
whether CMTM3 had any effect on cell mobility or invasion
ability, we carried out the wound healing assay using AGS
and SGC-7901 cells. After observing for 36–48 h after the
scratch, we found that cells in the CMTM3 group were distinc-
tively less migrated than those in the Mock group (Fig. 2a).
Strikingly, in SGC-7901 cells, the Mock group healed the
wounded area in 36 h, whereas the CMTM3 group was unable
to heal in the same time period. The relative migration rates
were statistically significant (P < 0.001) (Fig. 2b). These
results showed that the migratory capacity of both cells lines
was suppressed by CMTM3. To confirm this conclusion, we
used a Transwell system with or without Matrigel to detect
cell migration and invasion. As shown in Figure 2(c,d),
CMTM3 groups showed a markedly lower migratory and inva-
sive capacity compared to the Mock groups, suggesting that
CMTM3 might decrease the abilities of cell motility and inva-
sion. Overall, the results suggest that CMTM3 inhibits migra-
tion and invasion of gastric cancer cells in vitro.
To confirm the regulation effect of CMTM3 on cell migra-

tion and invasion in vivo, we used a peritoneal spreading
model of gastric cancer using a total of 17 nude mice. SGC-
7901 cells could successfully form tumor nodules on the peri-
toneum, whereas AGS cells failed to develop visible nodules
on the peritoneum, as previously reported.(16) As illustrated in
Figure 2(e), the number of peritoneal nodules was significantly
lower in the CMTM3 group, compared with the Mock group
(6.87 � 0.398 vs. 3.33 � 0.408, P < 0.001), whereas the dif-
ference in nodule size was not significant (2.380 � 0.213 vs.
1.944 � 0.239, P = 0.22). Combined with the in vitro find-
ings, it is reasonable to conclude that CMTM3 is an inhibitor
of migration and invasion in gastric cancer cells.

Inhibition of MMP2 expression and phosphorylation of Erk1 ⁄ 2
by CMTM3. To investigate the mechanism of CMTM3 as a
tumor suppressor in gastric cancer cells, we collected AGS cells
infected with Ad-Mock and Ad-CMTM3 and carried out the
Tumor Metastasis RT Profiler PCR Array (SA Biosciences,
Shanghai, China) which includes 84 genes known to be
involved in cell migration and invasion. The PCR array results
indicated that CMTM3 restoration may induce downregulation
of several MMPs, especially MMP2 and MMP9. Then we mea-
sured the expression level of MMP2 and MMP9 in AGS cells
and SGC-7901 cells by real-time PCR, and found that MMP2

expression was downregulated by CMTM3 significantly
(Fig. 3a), whereas the level of MMP9 was too low to be
detected. Then gelatin zymography showed that CMTM3 inhib-
ited the MMP2 level in cell supernatants and the gray density
was significantly different (Fig. 3b). To further confirm this
result, we used Western blotting and found that the protein level
of MMP2 from cell lysates was also reduced. These observa-
tions suggest that CMTM3 inhibits the expression and activity
of MMP2. We also detected phosphorylated Erk1 ⁄2 (p-Erk1 ⁄2),
a main signaling pathway regulating MMP2 expression. As
shown in Figure 3(c), p-Erk was remarkably reduced when
CMTM3 was overexpressed, which indicated that CMTM3
might regulate MMP2 expression through the Erk1 ⁄2 signaling
pathway.

Expression of CMTM3 decreased in primary gastric cancer

tissues and correlated with clinicopathological parameters. Next
we aimed to examine whether CMTM3 had any clinical signif-
icance in gastric cancer. CMTM3 expression was detected in
350 gastric cancer samples and 222 normal gastric tissues by
immunochemistry staining. The intensity of CMTM3 staining
was remarkably weaker in primary gastric tissues than in nor-
mal mucosae (41.43% vs. 59.91%, P = 0.008). Its expression
could also be observed significantly more frequently in patients
with high grade well-differentiated tumor (Fig. 4a).
Table 1 shows the correlation between CMTM3 expression

and pathological parameters. Statistical analysis showed that
CMTM3 expression was strongly associated with gender
(P = 0.033), tumor depth (P = 0.049), stage (P = 0.021), and
histological grade (P = 0.022). The association of between
CMTM3 expression and tumor depth was analyzed statistically
and showed that a direct relationship existed between CMTM3
expression and tumor invasiveness. Other features failed to
reach statistically significant association with CMTM3 expres-
sion in our study (Table 1).

Expression of CMTM3 associated with favorable survival for

gastric cancer patients as an independent prognostic marker.

The analysis of survival and CMTM3 expression is depicted in
Figures 4(b) and S1. Kaplan–Meier survival curves showed that
the high CMTM3 expression group had a significantly higher
5-year survival rate (48.77%) than the low CMTM3 expression
group (34.642%; log–rank, 4.179; P = 0.041). A multivariate
Cox proportional hazards model (Table 2) using variables asso-
ciated with survival in our study revealed that CMTM3 expres-
sion was a significant independent prognostic indicator (hazard
ratio = 0.704; 95% confidence interval, 0.498–0.994;
P = 0.046; Table 2) associated with better survival among gas-
tric cancer patients. Peritoneal metastasis, lymph node metasta-
sis, distant metastasis, and adjuvant chemotherapy all had
independent prognostic value in the multivariate analysis. Other
clinical parameters had no prognostic value for survival in mul-
tivariate analyses. These results suggest that CMTM3 is an
independent prognostic factor of gastric cancer.

Discussion

The tumor suppressor gene CMTM3 is located at 16q22.1, an
important tumor suppressor locus with pathogenesis of multiple
carcinomas.(17) Our findings strongly indicate that CMTM3 plays
important roles in migration and invasion of gastric cancer cells.
Cell migration and invasion are two crucial steps in the progres-
sion of cancer, especially in cancer metastasis.(18) Several TSGs
involved in these two events have been discovered.(19,20)

Although expression of CMTM3 in gastric cancer patients did
not correlate with distant metastasis, perhaps because of the lim-
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(a)

(b)

(c)

(d)

(e)

Fig. 2. (a) Overexpression of CMTM3 in SGC-7901 and AGS gastric cancer cells was detected by Western blot analysis. Different MOIs (0, 60,
120, and 240) of adenovirus were used. (b) Effect of CMTM3 on cell migration was observed by wound healing assay. Photographs were taken
at indicated time points after the scratch (magnification, 9100). (c, d) Effects of CMTM3 on cell migration (c) and invasion (d) were detected by
Transwell assay (magnification, 9100). The statistical graph indicates the mean � SD and P-value of the number of cells per five random high
power fields (magnification, 9400) counted from three independent experiments. (e) Ability of cell migration and invasion in vivo was detected
by a peritoneal spreading model in nude mice. Photographs were taken after the mice were killed. Arrows indicate tumor nodules. NS, not
significant. *P < 0.05; ***P < 0.001.

© 2013 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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itation of the M1 stage sample size (37 patients), it was statisti-
cally related to the depth of primary tumor, which indicated that
the invasion suppressive function of CMTM3 might happen
during the early progression of the disease.
Compared with other cancers, patients with advanced stages

of gastric cancer hardly have any symptoms, so identification of
predictive markers is an important push to fight against this
disease.(21) Several important factors have been identified
and linked with gastric cancer survival and these molecules
participate in key processes involved in cancer development,
including cell migration and invasion.(22,23) In this paper, we
found that CMTM3 expression was associated with favorable sur-
vival of gastric cancer patients, indicating that it might be a novel

molecular prognostic marker. This finding not only expands the
understanding of CMTM3 in cancer development, but also
contributes to translating a TSG into clinical applications. In addi-
tion, expression of CMTM3 was found to be statistically associ-
ated with the depth of primary tumor. Previous reports also
showed that the use of the TNM classification has predictive
value for survival, even after changes to each edition.(24)

Another interesting finding in our study is that CMTM3
expression was associated with gender, and had a larger pro-
portion of positive expression in males. In our previous study,
CMTM3, which has the highest expression level in testes,
could repress androgen receptor transactivation, perhaps
through its typical leucine zipper and two LXXLL motifs.(5) It

(a)

(b)

(c)

Fig. 3. (a) Real-time PCR was carried out to detect
MMP2 expression in AGS and SGC-7901 gastric cancer
cells. Average percentage of control (Mock) with
SEM is shown from three independent experiments.
(b) MMP2 in AGS cell supernatants was observed by
gelatin zymography. Average relative gray density
with SEM is shown from three independent
experiments. (c) MMP2, phosphorylated Erk1 ⁄ 2 (P-
Erk1 ⁄ 2) and total Erk1 ⁄ 2 (T-Erk1 ⁄ 2) in two cell lines
were observed by Western blotting. The experiment
was repeated at least three times and one
representative result is shown. *P < 0.05; **P < 0.01.
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is well known that the incidence of gastric cancer is higher in
males than in females. In fact, there has been some evidence
that androgen and its receptor play an important role in modi-
fying the development of gastric cancer.(25) Also, genes and
proteins related to androgen synthesis and metabolism have
been reported as correlating factors in gastric cancer.(26) The

exact function of CMTM3 and its relationship with androgen
receptor in gastric cancer requires further study.
According to the present studies of CMTM3, it seems that this

gene has tissue specificity, including expression profile, methyl-
ation status, and function. In gastric cancer, the downregulation
of CMTM3 and the methylation of its regulatory region fre-

(a)

(b)

Fig. 4. (a) Immunohistochemical staining showing
the relationship between CMTM3 expression and
gastric cancer by representative images
(magnification, 9100 [left] and 9400 [right]).
(b) Kaplan–Meier survival curve showing the
association between CMTM3 expression and
patients’ survival. CMTM3+, CMTM3 positive;
CMTM3�, CMTM3 negative; n, number of patients.

© 2013 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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quently happened. However, there was no methylation in any
of the nine hepatocellular, 17 lung, and five prostate tumors
we tested.(6) In a study of non-small-cell lung cancer, methyla-
tion of CMTM3 was undetectable in 78 tumor tissues and
matched normal tissues.(27) In the respect of function, CMTM3
is a tumor growth inhibitor and an apoptosis inducer in CNE-2
cells.(6) Nevertheless, in gastric cancer cells, it is a regulator of
cell migration and invasion. These results indicate that the
function of CMTM3 in tumorigenesis is one of tissue and cell
specificity.
The mechanism of CMTM3 in migration and invasion of

gastric cancer cells requires more study. Until now, a pattern
of MARVEL proteins has been identified to contribute to tight
junction regulation.(28,29) These proteins are not only correlated
with tight junction regulation, but also with cancer cell migra-
tion and invasion.(30) Another CMTM family member,
CMTM8, is also a regulator of the Erk1 ⁄2 signaling path-
way.(10) In this study, we found that CMTM3 may suppress
cell migration and invasion through the inhibition of MMP2
expression and phosphorylation of Erk1 ⁄2, which provides us
with a better understanding of the role of MARVEL proteins.
In sum, for the first time, our study shows the function and

mechanism of CMTM3 and the relationship between its expres-
sion and clinical outcomes in gastric cancer. CMTM3 may be
used as a marker for prognosis of gastric cancer, which would
help to define initial medication to obtain a clinical benefit.

Table 1. Association between CMTM3 expression and clinicopatho-

logical characteristics in 350 gastric cancer patients

n

CMTM3 expression

v2
P-

valueNegative

(%)

Positive

(%)

Gender

Male 254 140 (40) 114 (32.57) 4.551 0.033

Female 96 65 (18.57) 31 (8.86)

Age, years (median, 61)

≤60 172 101 (28.86) 71 (20.29) 0.003 0.955

>60 178 104 (29.71) 74 (21.14)

Primary tumor location

Cardia 96 54 (15.47) 42 (12.03) 0.265 0.607

Non-cardia 253 150 (42.98) 103 (29.51)

No record† 1

Tumor size

<5 cm 183 104 (30.05) 79 (22.83) 0.542 0.461

≥5 cm 163 99 (28.61) 64 (18.92)

No record† 4

Gastrectomy

Total 48 30 (8.57) 18 (5.14) 0.792 0.673

Proximal 103 57 (16.29) 46 (13.14)

Distal 199 118 (33.71) 81 (23.14)

Borrmann type

Borrmann I 35 18 (5.64) 17 (5.33) 1.958 0.581

Borrmann II 97 59 (18.50) 38 (11.91)

Borrmann III 156 98 (30.72) 58 (18.18)

Borrmann IV 31 17 (5.33) 14 (4.39)

Early 25

No record† 6

Tumor depth

T1 25 11 (3.14) 14 (4) 7.852 0.049

T2 37 16 (4.57) 21 (6)

T3 50 28 (8) 22 (6.29)

T4 238 150 (42.86) 88 (25.14)

Lymph node metastasis

N0 82 43 (12.29) 39 (11.14) 2.288 0.683

N1 52 30 (8.57) 22 (6.29)

N2 69 40 (11.43) 29 (8.29)

N3a 98 61 (17.43) 37 (10.57)

N3b 49 31 (8.86) 18 (5.14)

Distant metastasis

M0 313 181 (51.71) 132 (37.71) 0.675 0.411

M1 37 24 (6.86) 13 (3.71)

Stage

I 44 19 (5.43) 25 (7.14) 9.695 0.021

II 51 24 (6.86) 27 (7.71)

III 218 138 (39.43) 80 (22.86)

IV 37 24 (6.86) 13 (3.71)

Hepatic metastasis

Absent 323 185 (52.86) 138 (39.43) 2.898 0.089

Present 27 20 (5.71) 7 (2)

Peritoneal metastasis

Absent 327 191 (54.57) 136 (38.86) 0.054 0.817

Present 23 14 (4) 9 (2.57)

Histological type

Adenocarcinoma 272 158 (45.14) 114 (32.57) 0.117 0.732

Other types‡ 78 47 (13.43) 31 (8.86)

Table 1. (continued)

n

CMTM3 expression

v2
P-

valueNegative

(%)

Positive

(%)

V ⁄ L invasion

Absent 162 97 (28.03) 65 (18.79) 0.050 0.823

Present 184 108 (31.21) 76 (21.97)

No record† 4

Histological grade

Well 12 6 (1.74) 6 (1.74) 9.673 0.022

Moderately 134 68 (19.71) 66 (19.13)

Poorly 174 109 (31.59) 65 (18.84)

Undifferentiated 25 20 (5.80) 5 (1.45)

No record† 5

†Data incomplete. ‡Signet-ring cell carcinoma, mucinous adenocarci-
noma. V ⁄ L, vascular ⁄ lymphatic.

Table 2. Multivariate Cox analyses of factors associated with

survival in gastric cancer patients by proportional hazards model

HR 95% CI P-value

CMTM3 expression

Positive versus negative 0.704 0.498–0.994 0.046

Peritoneal metastasis

Present versus absent 1.807 1.076–3.037 0.025

Lymph node metastasis

Present versus absent 3.785 2.382–6.016 <0.001

Distant metastasis

Present versus absent 3.104 2.028–4.753 <0.001

Adjuvant therapy

No versus yes 2.122 1.515–2.973 <0.001

CI, confidence interval; HR, hazard ratio.
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