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Chemokine-like factor-like MARVEL transmembrane
domain-containing 3 expression is associated with a favorable
prognosis in esophageal squamous cell carcinoma
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Abstract. Decreased expression of human chemokine-like
factor-like MARVEL transmembrane domain-containing 3
(CMTM3) has been identified in a number of human tumors
and tumor cell lines, including gastric and testicular cancer,
and PC3, CAL27 and Tca-83 cell lines. However, the associa-
tion between CMTM3 expression and the clinicopathological
features and prognosis of esophageal squamous cell carcinoma
(ESCC) patients remains unclear. The aim of the present study
was to investigate the correlation between CMTM3 expression
and clinicopathological parameters and prognosis in ESCC.
CMTM3 mRNA and protein expression was analyzed in
ESCC and paired non-tumor tissues by quantitative real-time
polymerase chain reaction, western blotting and immuno-
histochemical analysis. The Kaplan-Meier method was used
to plot survival curves and the Cox proportional hazards
regression model was also used for univariate and multivariate
survival analysis. The results revealed that CMTM3 mRNA
and protein expression levels were lower in 82.5% (30/40) and
75% (30/40) of ESCC tissues, respectively, when compared
with matched non-tumor tissues. Statistical analysis demon-
strated that CMTM3 expression was significantly correlated
with lymph node metastasis (P=0.002) and clinical stage
(P<0.001) in ESCC tissues. Furthermore, the survival time
of ESCC patients exhibiting low CMTM3 expression was
significantly shorter than that of ESCC patients exhibiting
high CMTM3 expression (P=0.01). In addition, Kaplan-Meier
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survival analysis revealed that the overall survival time of
patients exhibiting low CMTM3 expression was significantly
decreased compared with patients exhibiting high CMTM3
expression (P=0.010). Cox multivariate analysis indicated that
CMTMS3 protein expression was an independent prognostic
predictor for ESCC after resection. This study indicated that
CMTM3 expression is significantly decreased in ESCC tissues
and CMTM3 protein expression in resected tumors may
present an effective prognostic biomarker.

Introduction

Esophageal cancer is a common malignant tumor that repre-
sents the sixth leading cause of cancer-associated mortality,
worldwide (1). Esophageal squamous cell carcinoma (ESCC)
accounts for >90% of all esophageal cancer cases (2). ESCC
is a potentially fatal malignancy that arises from esophageal
epithelial cells, that is common in China, with a high global
incidence (3). Although diagnosis and treatment of ESCC have
improved in recent years, ESCC is frequently diagnosed in
patients with advanced stage disease and subsequently, tumors
are unresectable (4,5). The identification of early diagnostic
and prognostic evaluation markers are required to improve
diagnosis and prognosis of ESCC.

The human chemokine-like factor (CKLF)-like MARVEL
transmembrane domain-containing (CMTM) family is a
novel gene family, consisting of nine genes, CKLF and
CMTMI1-8 (6,7). CMTM proteins exhibit critical func-
tions in the immune system, male reproductive system and
tumorigenesis (8-16). CMTM3, which is a member of the
chemokine-like factor gene superfamily, is similar to the
chemokine and transmembrane 4 superfamily (TM4SF)
of signaling molecules in that they both have 4 transmem-
brane regions (7). The TM4SF family contains a number of
tumor-associated genes, including, TM4SF/plasmolipin, MAL
and BENE, which exhibit strong tumor-suppressive functions
in esophageal and prostate cancer (17,18). CMTM3, which is
located at 16q22.1, has frequently been identified in a number
of carcinomas, including prostate tumors, oral squamous cell
carcinoma and testicular cancer (11,19,20). Therefore, the
present study hypothesized that CMTM3 may act as a tumor
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suppressor gene (TSG). A previous study demonstrated that
CMTM3 was downregulated in 7/18 esophageal cell lines (21).
However, the association between CMTM3 expression and the
prognosis and clinicopathological features of ESCC patients
remains unclear.

The aim of the present study was to investigate asso-
ciation between CMTM3 expression and prognosis in ESCC.
Quantitative reverse transcription-polymerase chain reaction
(QRT-PCR) and western blotting were used to analyze CMTM3
mRNA and protein expression levels in 40 ESCC tissues and
40 adjacent non-tumor tissues. Immunohistochemistry was
performed to investigate the clinical relevance of CMTM3
expression in an additional 110 ESCC tissues and 36 adjacent
non-tumor tissues.

Materials and methods

Human samples. A total of 40 paired ESCC and normal
esophageal tissues were obtained from ESCC patients who
underwent complete esophageal cancer resection at The First
Affiliated Hospital of China Medical University (Shenyang,
China) between April 2014 and August 2014. Patients who
underwent palliative surgery were not included. The mean
age of the ESCC patients was 57.71 years (range, 44-71 years).
The fresh tissues were immediately frozen in liquid nitrogen
and stored at -80°C prior to RNA and protein extraction. To
investigate the association between CMTM3 expression and
the clinicopathological characteristics and prognosis of ESCC
patients, an additional 110 archived paraffin-embedded speci-
mens and 36 adjacent non-tumor paraffin-embedded tissues,
obtained from ESCC patients who underwent complete
esophageal cancer resection at the First Affiliated Hospital
of China Medical University between May 2008 and April
2010, were included in this study for immunohistochemical
(IHC) analysis. None of the 110 patients received neoadjuvant
therapy prior to surgery. The mean age of the ESCC patients
was 60.24 years (range, 43-80 years). The differentiation
grade, tumor-node-metastasis (TNM) stage and lymph node
status were classified according to the International Union
Against Cancer/American Joint Committee on Cancer TNM
classification (7th edition) (22). Clinicopathological data,
which included age, gender, tumor location, TNM stage,
differentiation and lymph node metastasis, was obtained from
medical records (Table I). Overall survival was determined
from the date of surgery to the time of death, estimated by
the Kaplan Meier method. The present study was approved by
the Speciality Committee on Ethics of Biomedicine Research
of The First Affiliated Hospital of China Medical University.
Written informed consent was obtained from all patients.

qRT-PCR. Total RNA (2 pug) was extracted from tissues
using TaKaRa RNAiso Reagent (Takara Bio, Inc., Otsu,
Japan) according to manufacturer's instructions. The quan-
tity and quality of the Extracted RNA were analyzed by
spectrophotometer at 260 nm (ND1000; Nanodrop; Thermo
Fisher Scientific, Inc., Wilmington, DE, USA). RNA (2 ug)
was reverse-transcribed using PrimeScript RT Reagent
Kit with gDNA Eraser (Takara Bio, Inc.) to synthesize
c¢DNA. qRT-PCR was performed using SYBR® Premix
Ex Tagq™ II (Takara Bio, Inc.) and the Corbet Rotor-Gene
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3000 thermocycler (Rotor-Gene 3000; Corbett Research,
Mortlake, Australia). Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) served as an internal control. The
following primers were used: Sense, 5'-GCTTGTGCTGGC
CCATGATG-3' and antisense, 5-"TGTGGGCTGTGGTCT
CATCT-3' for CMTM3; sense, 5'-CTCCTCCTGTTCGAC
AGTCAGC-3' and antisense, 5'-CCCAATACGACCAAA
TCCGTT-3' for GAPDH. PCR amplification was performed
under the following conditions: 95°C for 1 min, followed by
35 cycles at 95°C for 15 sec and 60°C for 1 min. Experiments
were performed in triplicate. CMTM3 mRNA expression
was quantified relative to that of GAPDH according to the
comparative threshold cycle (2"42¢9) method (23).

Western blot analysis. A total of 40 paired ESCC and non-tumor
tissue samples were sectioned, homogenized and lysed in RIPA
lysis buffer supplemented with 1% (v/v) protease inhibitor cock-
tail and phenylmethylsulfonyl fluoride (all Beyotime Institute
of Biology, Haimen, China). Protein concentrations were deter-
mined using the BCA method with an Enhanced BCA Protein
Assay kit (PO009; Beyotime Institute of Biotechnology) and
a microplate reader (BioTek, Winooski, VT, USA) according
to the manufacturer's instructions. Proteins (50 pg/lane) were
separated by 12% SDS-PAGE and transferred to polyvinylidine
difluoride filter membranes (EMD Millipore, Billerica, MA,
USA) in a wet transfer system (Bio-Rad, Berkeley, CA, USA)
at 70 V. Next, Tris-buffered saline with Tween-20 (TBST)
containing 5% nonfat milk was used to block the membrane for
1 h at room temperature, followed by incubation with CMTM3
(cat. no. ab198016; 1:1,000; Abcam, Cambridge, UK) and
GAPDH (cat. no. ab181602; 1:5,000; Abcam) primary antibodies
at 4°C overnight. After washing with TBST, the membranes
were incubated with horseradish peroxidase-conjugated goat
anti-rabbit secondary antibodies (cat. no. sc-2004; 1:10,000;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at room
temperature for 1 h. Immunopositive bands were visualized
using enhanced chemiluminescence buffer (Beyotime Institute
of Biotechnology) and band intensities were quantified using
ME-ChemiBIS 2.0 (DNR Bio-Imaging Systems Ltd., Jerusalem,
Israel) and Quantity One software (version 4.62; Bio-Rad).

IHC analysis. A total of 110 paraffin-embedded biopsy
samples were cut into 4-um sections, dewaxed, rehydrated
through decreasing concentrations of ethanol citrate buffer
and heated in 10 mmol/l sodium citrate buffer (pH 6.0) for
antigen retrieval (high-pressure heat method for 5 min). After
washing in phosphate-buffered saline (Beyotime Institute
of Biotechnology), all tissue slides were blocked with 10%
normal goat serum for 30 min and incubated with CMTM3
primary antibody (cat. no. abl98016; 1:100; Abcam) in a
humidified chamber at 4°C over night. Membranes were
then incubated with horseradish peroxidase-conjugated IgG
secondary antibodies (1:1; PV-9000; Beijing Zhongshan
Golden Bridge Biotechnology Co., Ltd., Beijing, China) at
37°C for 10 min. Next, the sections were incubated with DAB
solution (Beyotime Institute of Biotechnology) for 3 min
and counterstained with hematoxylin (Beyotime Institute of
Biotechnology). The expression of CMTM3 was determined
by two independent pathologists blinded to the clinical data.
Briefly, staining intensity was scored on a 4-tiered scale (0, no
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Table I. Associations between CMTM3 expression and clinicopathological features of 110 ESCC patients.

CMTM3 expression

Clinicopathological parameters Patients, n Low High P-value

Age, years 0.280
<60 48 37 11
>60 62 42 20

Gender 0.275
Male 97 68 29
Female 13 11 2

Location 0.357
Ut 26 19 7
Mt 32 20 12
Lt 52 40 12

Pathological grade 0.730
Moderately/poorly-differentiated 61 43 18
Well-differentiated 49 36 13

Lymph node metastasis 0.002
Negative 56 33 23
Positive 54 46 8

Clinical stage 0.001
I+11 58 33 25
I+IV 52 46 6

CMTM3, human chemokine-like factor-like MARVEL transmembrane domain-containing 3; ESCC, esophageal squamous cell carcinoma;

Ut, upper thoracic; Mt, middle thoracic; Lt, lower thoracic.
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Figure 1. CMTM3 mRNA expression levels were analyzed in 40 ESCC spec-
imens and 40 adjacent non-tumor tissues. The expression level of CMTM3
mRNA expression was significantly decreased in tumor tissue compared with
the paired non-tumor tissue. “"P<0.001. Experiments were performed in trip-
licate. Data are presented as the mean + standard deviation. CMTM3, human
chemokine-like factor-like MARVEL transmembrane domain-containing 3;
ESCC, esophageal squamous cell carcinoma.

immunostaining; 1, light-brown color; 2, medium-brown color;
3, brown color). The percentage of positively stained cells per
field was defined as: 0, <5%; 1, 5-25%; 2, 26-50%; 3, >50%.
The score for each field was the product of the percentage and
intensity scores and the final score for CMTM3 expression
in each case was the mean score of five fields: -, O points;

+, 1-2 points; ++, 3-5 points; +++, 6-9 points. For analysis,
the patients were divided into CMTM3 ‘high expression’ (++
and +++) and ‘low expression’ (+ and-) groups. Discrepancies
were resolved by discussion between the pathologists.

Statistical analysis. Data are presented as the mean + stan-
dard deviation. All statistical analysis was performed using
SPSS 21.0 statistical software (SPSS, Inc., Chicago, IL, USA).
Comparison of CMTM3 expression between ESCC tissues and
the corresponding adjacent non-tumor tissues was performed
using the paired Student's t-test. y* test was used to analyze
the correlation between CMTM3 expression and patient clini-
copathological features. The Kaplan Meier method was used
to plot survival curves and results were analyzed using the
log-rank test. Cox proportional hazards regression model was
used for univariate and multivariate survival analysis. P<0.05
was considered to indicate a statistically significant difference.

Results

CMTM3 mRNA expression levels are decreased in ESCC
tissues compared with adjacent non-tumor tissues. gRT-PCR
was performed to evaluate the CMTM3 mRNA expression
levels in 40 paired normal and ESCC tumor tissues. The
results revealed that 82.5% (33/40) of tumor tissues expressed
lower CMTM3 mRNA levels than their adjacent non-tumor
tissues (P<0.001; Fig. 1). The mean relative expression levels of
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Figure 2. Western blot analysis of CMTM3 protein expression in ESCC and non-tumor tissues. (A) CMTM3 protein expression levels were analyzed in
40 ESCC and 40 adjacent non-tumor tissues. CMTM3 protein expression was significantly decreased in tumor tissues compared with non-tumor tissues.
“P<0.001. Experiments were performed in triplicate. (B) CMTM3 protein expression in four representative pairs of ESCC tumor and adjacent non-tumor
tissues. CMTM3 protein expression was decreased in tumor tissue compared with the paired non-tumor tissue. CMTM3, human chemokine-like factor-like
MARVEL transmembrane domain-containing 3; ESCC, esophageal squamous cell carcinoma; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Figure 3. Immunohistochemical analysis of CMTM3 expression in ESCC tissue and paired non-tumor tissue. (A) High CMTM3 expression in non-tumor
tissue at x400 magnification. (B) Low CMTM3 expression in well-differentiated ESCC tissue at x400 magnification. (C) Low CMTM3 expression in
poorly-differentiated ESCC at x400 magnification. (D) High CMTM3 expression in ESCC tissue at x400 magnification CMTM3, human chemokine-like
factor-like MARVEL transmembrane domain-containing 3; ESCC, esophageal squamous cell carcinoma.

CMTM3 mRNA in the tumor and non-tumor tissues were 4.01
and 13.09, respectively. The results indicated that CMTM3
mRNA expression is significantly decreased in tumor tissues
when compared with the adjacent non-tumor tissues.

CMTM3 protein expression levels are decreased in ESCC
tissues compared with adjacent non-tumor tissues. CMTM3
protein levels in 40 paired of ESCC tumor and adjacent non-
tumor tissues were analyzed by western blot analysis. The
results revealed that 75% (30/40) of tumor tissues expressed
lower CMTM3 protein expression levels than their adjacent
non-tumor tissues (P<0.001; Fig. 2). The mean relative expres-
sion levels of CMTM3 protein in the tumor and non-tumor
tissues were 1.55 and 2.77, respectively. These results indicated
that CMTM3 protein expression is significantly decreased in
ESCC tumor tissue when compared with the paired adjacent
non-tumor tissues. Furthermore, low CMTM3 expression may
be important in the tumorigenesis of ESCC.

CMTMS3 protein expression is associated with lymph node
metastasis and clinical stage in ESCC tissues. To investigate
the association between CMTM3 protein expression and
clinicopathological parameters, a total of 110 tissues were
obtained from 110 ESCC patients. According to the level of
CMTM3 expression in tumor tissues as determined by immu-
nohistochemistry analysis (Fig. 3), the ESCC patients were
divided into low and high expression groups. No significant
associations were identified between CMTM3 expression and
age (P=0.280), gender (P=0.275), tumor location (P=0.357) or
pathological grade (P=0.730), however, CMTM3 expression
was associated with lymph node metastasis (P=0.002) and
clinical stage (P<0.001) in ESCC tissues (Table I).

Survival time of patients exhibiting low CMTM3 expression
is significantly shorter than patients exhibiting high CMTM3
expression in ESCC. The estimated survival time was calcu-
lated according to the Kaplan-Meier method. The median
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Table II. Univariate and multivariate analysis of overall survival in 110 ESCC patients.

Univariate analysis

Multivariate analysis

Variables P-value Hazard ratio (95% CI) P-value
Age, years 0.726 0.897
<60 1
>60 0.967 (0.580-1.611)
Gender 0413 0.287
Male 1
Female 0.727 (0.353-1.500)
Location 0.903
Ut 0.901 1
Mt 0918 1.065 (0.583-1.944) 0.838
Lt 0.704 1.059 (0.579-1.936) 0.853
Pathological grade 0.012 0.001
Well-differeniated 1
Moderately/poorly-differentiated 2.594 (1.516-4.439)
Lymph node metastasis <0.001 0.001
Negative 1
Positive Clinical 2.863 (1.574-5.207)
Clinical stage <0.001 <0.001
IA-1IB 1
MIA-IV 3.710 (1.994-6.901)
CMTM3 expression 0.012 0.036
High 1
Low 1.961 (1.046-3.674)

CMTM3, human chemokine-like factor-like MARVEL transmembrane domain-containing 3; ESCC, esophageal squamous cell carcinoma;

Ut, upper thoracic; Mt, middle thoracic; Lt, lower thoracic; CI, confidence interval.

duration of follow up was 35.05 months (range, 5-64 months).
Patients that succumbed as a result of postoperative complica-
tions were not included in the study. The results revealed that
the survival time of the low CMTM3 expression group was
significantly shorter than that of the high CMTM3 expression
group (32.9 vs. 48.4 %P=0.010; Fig. 4).

Cox regression analysis was carried out to assess whether
CMTM3 is an independent prognostic factor for survival
in ESCC. Univariate analysis revealed that patient overall
survival was significantly associated with pathological grade
(P=0.012), lymph node metastasis (P<0.001), clinical stage
(P<0.001) and CMTM3 expression (P=0.012). Multivariate
analysis revealed that CMTM3 expression (P=0.036), patho-
logical grade (P=0.001), clinical stage (P<0.001) and lymph
node metastasis (P=0.001) were independent prognostic
factors for overall survival in ESCC patients (Table II).

Discussion

CMTM3, which is a member of the CMTM family that was
first identified by Han ef al (7) in 2003. CMTM3 is located at
16¢g22.1, an important tumor suppressor locus that is associated
with the pathogenesis of multiple carcinomas (24-26). Previous
studies have demonstrated that CMTM3 is a candidate tumor
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Figure 4. Overall survival curves for ESCC patients exhibiting low and high
CMTM3 expression. The survival time of low CMTM3 expression patients
(n=79) was significantly shorter than that of high CMTM3 expression patients
(n=31) (P=0.010). CMTM3, human chemokine-like factor-like MARVEL trans-
membrane domain-containing 3; ESCC, esophageal squamous cell carcinoma.

suppressor gene in a number of tumors, such as renal cell
carcinoma (10), testicular cancer (11), gastric cancer (13) and
oral squamous cell carcinoma (19). Previously CMTM3 was
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demonstrated to be silenced or downregulated in 7/18 esopha-
geal cell lines (21), however, CMTM3 expression in ESCC and
its association with prognosis remains unknown.

In the present study, qRT-PCR revealed that 82.5% (33/40)
of ESCC tissues expressed lower levels of CMTM3 mRNA
expression compared with adjacent non-tumor tissues. Consis-
tent with these results, western blot analysis revealed that 75%
(30/40) of ESCC tissues expressed lower levels of CMTM3
protein compared with adjacent non-tumor tissues. Further-
more, THC analysis was performed to analyze associations
between CMTM3 expression and clinicopathological features
in 110 ESCC patients. No significant association was identified
between CMTM3 expression and patient age (P=0.280), gender
(P=0.275), tumor location (P=0.357) or pathological grade
(P=0.730), however, CMTM3 expression was significantly
associated with lymph node metastasis (P=0.002) and clinical
stage (P<0.001) in ESCC tissues. IHC analysis also revealed
that of the 110 ESCC samples, 79 cases (71.82%) exhibited
low CMTM3 expression and 31 cases (28.18%) exhibited high
CMTM3 expression. Of the 36 adjacent non-tumor tissues,
27 cases (75%) exhibited high CMTM3 expression and 9 cases
(25%) exhibited low CMTM3 expression. These results indicate
that CMTM3 may be involved in the progression of ESCC and
may act as a tumor suppressor in ESCC. In the present study,
the correlation between CMTM3 expression and patient prog-
nosis was evaluated in ESCC patients. Kaplan-Meier survival
analysis revealed that the overall survival time of patients with
low CMTM3 expression was significantly shorter than patients
with high CMTM3 expression (P=0.010). Cox multivariate
analysis indicated that CMTM3 protein expression was an
independent prognostic predictor for ESCC after resection.

CpG methylation resulting in the loss of TSG functions is
a major epigenetic alteration that leads to tumor development
and progression (27). The CMTM3 promoter contains a typical
CpG island consisting of 53 CpG sites, which is methylated
by the addition of a methyl group via DNA methyltransferase
enzymes (21). However, a previous study reported that CMTM3
was methylated in 3% of esophageal carcinomas (21). Consis-
tent with these results, methylation of the promoter region of
CMTM3 is not observed in renal cell carcinoma (10). Thus,
it may be hypothesized that unlike the aberrant methylation
observed in tumors such as oral squamous cell carcinoma (20),
hepatocellular carcinoma (28) and gastric cancer (21), in ESCC
low expression of CMTM3 may be associated with other genetic
or epigenetic mechanisms. The results of the present indicated
that CMTM3 is expressed in a number of ESCC tissues,
however, its function in ESCC cell lines remains unclear. Thus,
further studies are required to increase understanding with
regard to the function of CMTM3 in ESCC cells.

In conclusion, in the present study CMTM3 expression
was significantly decreased in ESCC tissue compared with
adjacent non-tumor tissue. Furthermore, this study is the first
to indicate that CMTM3 protein expression in resected tumors
is an effective prognostic biomarker for ESCC.
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