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Oral squamous cell carcinoma (OSCC) is one of the most common types of malignancies in the head and
neck region. CKLF-like MARVEL transmembrane domain-containing member 5 (CMTM5) has been
recently implicated as a tumor suppressor gene in several cancer types. Herein, we examined the
expression and function of CMTM5 in oral squamous cell carcinoma. CMTM5 was down-regulated in oral
squamous cell lines and tumor samples from patients with promoter methylation. Treatment with the
demethylating agent 5-aza-20-deoxycytidine restored CMTM5 expression. In the OSCC cell lines CAL27
and GNM, the ectopic expression of CMTM5-v1 strongly inhibited cell proliferation and migration and
induced apoptosis. In addition, CMTM5-v1 inhibited tumor formation in vivo. Therefore, CMTM5 might
act as a putative tumor suppressor gene through promoter methylation in oral squamous cell carcinoma.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Oral squamous cell carcinoma (OSCC) is a common, highly
lethal cancer worldwide that is due to its recurrence and metasta-
sis [1]. Although continuous improvements in the treatment of
OSCC have been observed, the survival of patients has not
markedly increased. To improve the survival rate of oral cancer
patients, it is important to understand the molecular mechanisms
underlying oral tumorigenesis. Increasing evidence suggests that
inactivation of tumor suppressor genes (TSG) through epigenetic
silencing plays a major role in human carcinogenesis [2]. DNA
methylation primarily induces gene silencing in carcinogenesis,
and epigenetic changes are suggested to occur during the early
stages of tumor formation [3,4].

Recent studies have identified the putative tumor suppressor
gene CMTM5 (CKLF-like MARVEL transmembrane domain-contain-
ing member 5). CKLF-like MARVEL transmembrane domain con-
taining (CMTM) proteins are a novel family of proteins linking
chemokines and the transmembrane-4 superfamily (TM4SF). In
humans, the CMTM family comprises nine genes, CKLF and
CMTM1–8 [5,6]. CMTM5 has at least six alternatively spliced forms,
CMTM5-v1-v6, and CMTM5-v1 is the main form. CMTM5-v1 is
secreted through a vesicle-mediated secretory pathway [7].
Previous studies have demonstrated that CMTM5 exerts tumor
suppressor functions in many tumors through promoter
methylation. CMTM5 is downregulated in ovarian cancer [8],
pancreatic cancer [9] and myeloid leukemia [10]. The restoration
of CMTM5-v1 strongly suppresses tumor cell growth and
migration [10,11]. CMTM5-v1 also induces apoptosis in cancer cell
lines [9,12]. These results suggest an important role for CMTM5 in
carcinogenesis. However, the expression and function of CMTM5
has not been explored in oral squamous cell carcinoma.

In the present study, we detected the expression and
methylation status of CMTM5 in OSCC cell lines and clinical
samples, and provided the first evidence that CMTM5 was
downregulated in oral squamous cell lines and tissues through
promoter methylation. The restoration of CMTM5-v1 inhibited
the growth and migration of oral squamous cells and induced cell
apoptosis in vitro. Furthermore, CMTM5-v1 inhibited tumor forma-
tion in vivo.
2. Materials and methods

2.1. Cell lines and tissue samples

The oral squamous cell lines (SCC-15, CAL27, Tca-83, WSU-HN6
and GNM cells) were obtained from the American Type Culture
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Collection and the Peking University School and Hospital of Stoma-
tology. All cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM, GibcoBRL, Life Technologies, Grand Island, NY, USA), sup-
plemented with 4 mM L-glutamine and 10% fetal bovine serum
(FBS). The cells were incubated at 37 �C in a humidified 5% (v/v)
CO2 atmosphere and used for assays at the exponential growth
phase. Some cell lines were treated with 10 lM of 5-aza-20-deoxy-
cytidine (Aza) (Sigma) for 3 days, with or without further treat-
ment with 100 nM trichostatin A (TSA) (Sigma) for 16 h. The cells
were transfected using Lipofectamine 2000 (Invitrogen) according
to the manufacturer’s instructions.

Fifty-six OSCC patients diagnosed and surgically treated at the
Peking University School of Stomatology from 2011 to 2013 were
enrolled in this study. The paired OSCC tumors and adjacent non-
tumor tissues were collected with patient’ consent and the
approval of Institutional Review Board of Peking University School
of Stomatology. None of the subjects received radiation therapy or
chemotherapy before surgery. The mean age of the patients,
including 27 men and 29 women, was 61 ± 10.0 years.

2.2. RNA isolation, RT-PCR and real-time quantitative RT-PCR

RNA was extracted using TRIzol reagent (Invitrogen) according
to the manufacturer’s instructions. RT-PCR and real-time quantita-
tive RT-PCR analyses were performed as previously described [13].
CMTM5 was amplified using the following primers: forward pri-
mer: 50-ATC TGC TTC ACG GCC TCC-30; and reverse primer: 50-
GTG CCA TCT CAG TCC GGT AG-30. The annealing temperature
was 60 �C for 35 cycles.

2.3. DNA bisulfite treatment and promoter methylation analysis

Genomic DNA was isolated from cell lines and tissues using a
DNA extraction kit and chemically modified using a EZ DNA Meth-
ylation-Gold kit (Zymo Research, Orange, CA, USA) according to the
manufacturer’s instructions [11]. The bisulfite-treated DNA was
amplified using the methylation-specific primer set CMTM5m1:
50-CGT GGT GTT TGA ATA TTT CGC and CMTM5m2: 50-TCC AAC
ATA CYR AA AAC GCG or the unmethylation-specific primer set
CMTM5u1: 50-ATT TGT GGT GTT TGA ATA TTT TGT and CMTM5u2:
50-TCT CCA ACA TAC YAA AAA CACA. For bisulfite genomic
sequencing (BGS), the bisulfite-treated DNA was amplified using
the primers BGS1: 50-AAT GGT TTA ATT TGT ATT TGG TATT and
BGS2: 50-CTC TAA CCT TAA CCC TCT TAT TTAA, and the PCR prod-
ucts were cloned into the pGEM-T Easy vector (Promega, Madison,
WI, USA). A total of 3–5 clones were randomly selected and
sequenced.

2.4. Protein extraction and Western blot analysis

The cells were harvested and lysed, and the proteins (25 lg)
were subjected to Western blot analysis as previously described
[12].

2.5. Immunohistochemistry analysis

Human tissue slides were deparaffinized and rehydrated.
Antigen retrieval was performed after heating a solution in
0.01 M citrate buffer (pH 6.0) twice for 5 min. The tissue slides
were incubated with 3% (v/v) H2O2 at room temperature for
10 min, rinsed twice and blocked in 10% normal goat serum for
30 min. The slides were subsequently incubated at 37 �C for 1 h
with anti-CMTM5 antibody (10 mg/l). After thorough washing,
Envision™ System HRP (DakoCytomation) was applied for
30 min. After rinsing in PBS, all slides were visualized
using 0.05% (w/v) 3.30-diaminobenzidine and subsequently
counter-stained with hematoxylin. Rabbit IgG was used as a nega-
tive control.

2.6. Cell proliferation assays

Cell proliferation was evaluated using a CCK-8 assay and cell
counting. The cells were transfected with pCDB or pCDB-CMTM5-
v1 plasmids. After 12 h, the transfected cells (1000 cells/well) were
seeded in 96-well plates and tested using the CCK-8 (Cell Counting
kit-8) kit according to the manufacturer’s instructions. Briefly,
10 ll of CCK-8 solution (Dojindo, Kumamoto, Japan) was added
to each well, and the samples were incubated for the indicated
times (2–4 h) and the absorbance was subsequently measured at
450 nm. For cell counting, the transfected cells (5 � 103/well) were
seeded onto 12-well plates and counted using trypan blue
exclusion at the indicated time points using a Coulter counter
(Vi-Cell™ XR Cell Viability Analyzer, Beckman, Fullerton, CA,
USA). The results are presented as the means ± standard deviation
(SD).

2.7. In vivo tumor formation assay

All animal studies were performed with the approval of Peking
University Biomedical Ethic Committee. CAL27 cells were infected
with ad5-null (mock) or ad5-CMTM5-v1 at an MOI of 60 pfu/cell
[12]. After 36 h, 2 � 106 cells suspended in 100 ll of sterile phos-
phate-buffered saline were subcutaneously injected into the right
flank of 5-week-old female BALB/c nu/nu nude mice. Tumor
growth was monitored every 4 days using a linear caliper, and
the volume was estimated using the formula V = (a � b2)/2, where
a is the larger dimension and b is the perpendicular diameter. The
mice were sacrificed after the xenografts were seeded for approx-
imately 31 days.

2.8. Cell apoptosis assay

The cells were transfected with pCDB or pCDB-CMTM5-v1 plas-
mids. After 48 h, the transfected cells (5 � 105) were trypsinized,
washed twice with PBS and resuspended in 200 ll of binding buf-
fer (10 mM HEPES, pH7.4; 140 mM NaCl; 1 mM MgCl2; 5 mM KCl;
and 2.5 mM CaCl2). FITC-conjugated Annexin V was added at a final
concentration of 0.5 lg/ml, and the cells were further incubated for
20 min at room temperature in the dark. After washing two times,
the samples were treated with PI and analyzed on a FACSCalibur
flow cytometer (Becton Dickinson, San Jose, CA).

2.9. Cell migration assay

The migration assay was performed in a 48-well chemotaxis
chamber (Neuroprobe, Inc.), according to the manufacturer’s
instructions [11]. Briefly, NIH 3T3 cells were grown in serum-free
medium containing 0.5 lg/ml of bovine serum albumin for 24 h
and added to the bottom of the chamber. A polycarbonate filter
(8-lm pore size) was used. The GNM cells were transfected with
pCDB or pCDB-CMTM5-v1 plasmids. After 36 h, the cells were tryp-
sinized and washed twice, and 50 ll of the single-cell suspension
(3 � 105 cells/ml in 0.1% bovine serum albumin/RPMI 1640) was
added to the upper well of the chamber. The cells were incubated
for 8 h at 37 �C in a humidified, 5% CO2 atmosphere. After incuba-
tion, the non-migrated cells in the upper chamber were scraped
off, and the migrated cells on the bottom part of the filter were
fixed with methanol, followed by H&E staining. In each individual
experiment, the cells that migrated through the filters were
counted from at least three randomly selected fields. The results
were obtained from at least three individual experiments and



Fig. 1. CMTM5 is downregulated and methylated in oral squamous cell lines. (A)
Real-time RT-PCR analysis of CMTM5 expression in oral squamous cell lines. GAPDH
was used as a reference gene. (B) MSP analysis of CMTM5 in oral squamous cell
lines. M: methylated and U: unmethylated. (C) Pharmacological demethylation
using 5-aza-20-deoxycytidine alone (A) or in combination with trichostatin A (A + T)
restored CMTM5 expression in methylated and silenced oral squamous cell lines.
(D) MSP analysis of CMTM5 in oral squamous cell lines with or without A or A + T
treatment. (E) Detailed BGS analysis of the CMTM5 promoter in CAL27 cells with or
without A + T treatment. Each row represents an individual randomly cloned and
sequenced allele. The circles represented the analyzed CpG sites (12 sites): black
circles, methylated CpG site; and white circles, unmethylated CpG site.

Table 1
Clinicopathological characteristics of OSCC patients.

Variables N

Gender
Male 27
Female 29

Age
<60 23
P60 33

Differentiation
Well 12
Moderate 31
Poor 13

Tumor stage
I 28
II 19
III 9

Lymph node metastasis
Positive 7
Negative 49
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represented as a cell migration index, i.e., the number of cells per
high-power field.

2.10. Wound healing assay

The transfected cells were cultured in a 6-well plate until con-
fluent. The cell layer was carefully wounded using sterile tips
and washed twice with PBS, DMEM medium without adding FBS.
After incubation for 36 h, the cells were photographed at low mag-
nification (4 � objective). To analyze the wound healing capability
of the cells, three pictures per well were taken. The gap size of the
wound was measured with Image-Pro Plus 6.0 software, and the
percentage of coverage of the wound was evaluated. Complete cov-
erage was defined as 100%.

2.11. Statistical analysis

Student’s t test was used to analyze the results, expressed as the
means ± SD. The different rates of CMTM5 expression were com-
pared using chi-square v2 analysis. All tests were two-sided, with
a significance level of P < 0.05.

3. Results

3.1. CMTM5 is downregulated in oral squamous cell lines

Previous studies have shown that CMTM5 is silenced in many
cancer cell lines, including breast, nasopharyngeal, esophageal
and gastric cancers. Herein, we examined CMTM5 at the mRNA
level in five oral squamous cell lines (SCC-15, WSU-HN6, CAL27,
Tca-83 and GNM). RT-PCR analysis showed that CMTM5 was unde-
tectable in SCC-15, CAL27, Tca-83 and GNM and expressed moder-
ately in WSU-HN6 cells (Fig. 1A).

To clarify whether the expression of CMTM5 was regulated
through DNA hypermethylation, we examined the promoter meth-
ylation status of CMTM5 in oral squamous cell lines using methyl-
ation-specific PCR (MSP). As shown in Fig. 1B, the CMTM5 promoter
was partially methylated in WSU-HN6 and fully methylated in the
other four cell lines. The methylation status was correlated with
the CMTM5 expression level in all oral squamous cell lines. To fur-
ther examine the link between the methylation and silencing of
CMTM5, we treated CAL27, GNM and Tca-83 cell lines with the
methyltransferase inhibitor Aza (A) alone or combined with the
histone deacetylase inhibitor trichostatin A (T). The demethylation
reagents restored CMTM5 expression and the demethylation of the
promoter (Fig. 1C, D). We conducted BGS to examine the detailed
methylation status of individual CpG sites. The results confirmed
that the CMTM5 promoter was methylated in the CAL27 cell line,
and A + T treatment restored the expression of this gene (Fig. 1E).
These results strongly suggest that hypermethylation is responsi-
ble for the defective expression of CMTM5 in oral squamous cell
lines.

3.2. CMTM5 is downregulated in OSCC tissues

Next, we evaluated CMTM5 expression using immunohisto-
chemistry in primary oral squamous cell carcinoma tissues and
paired adjacent non-tumor tissues (n = 56) (Table 1). A pathologist,
blinded to the experimental conditions, scored the levels of
CMTM5 expression in individual samples as negative, weakly posi-
tive or strongly positive. CMTM5 expression was primarily
observed in the cytoplasm (Fig. 2A). Weakly positive CMTM5 stain-
ing was observed in 22 (39.29%) normal tissue samples, while
strongly positive staining was observed in 34 (60.71%) samples.



Fig. 2. CMTM5 is downregulated in oral squamous cell carcinoma tissues. (A) CMTM5 immunostaining in OSCC tumor tissues and adjacent non-tumor tissues. Left, adjacent
non-tumor tissues; right, OSCC tumor tissues. (B) Analysis of CMTM5 expression in OSCC tumor tissues and adjacent non-tumor tissues (n = 56). (C) Correlation between
CMTM5 expression and the OCSS patient age. (D) RT-PCR and MSP analysis of CMTM5 in OSCC tumor tissues and adjacent non-tumor tissues (n = 3). N: adjacent non-tumor
tissues and T: OSCC tumor tissues. M: methylated and U: unmethylated. (E) Western blot analysis of CMTM5 in OSCC tumor tissues and adjacent non-tumor tissues (n = 3).
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In cases of oral squamous cancer, negative CMTM5 staining was
observed in 21 (37.50%) samples, weakly positive staining was
observed in 31 (55.36%) samples and strongly positive staining
was observed in 4 (7.84%) samples (Fig. 2B). The expression of
CMTM5 protein was stronger in normal tissues than in cancer tis-
sues (P < 0.001). We also observed that CMTM5 expression is asso-
ciated with the patient age (P < 0.001) (Fig. 2C). We did not detect a
correlation between the level of CMTM5 expression and other Clin-
icopathological characteristics (data not shown).

We also examined the CMTM5 mRNA expression in primary oral
squamous tumors and paired non-tumor tissues. As shown in
Fig. 2D, CMTM5 mRNA expression was detected in non-tumor tis-
sues and undetectable in tumor tissues. CMTM5 promoter methyl-
ation was observed in tumor tissues. Consistent with the mRNA
expression, CMTM5 was downregulated at the protein level in oral
squamous tumor tissues compared with non-tumor tissues
through Western blot analysis (Fig. 2E).
3.3. The restoration of CMTM5-v1 inhibits cell growth in vitro and
in vivo

Based on the transcriptional silencing of CMTM5 endogenously
maintained in CAL27 and GNM cells detected through RT-PCR,
we examined the effects of the ectopic CMTM5-v1 expression on
cell growth using a CCK-8 assay and cell counting. CMTM5-v1
strongly inhibited the growth of CAL27 (Fig. 3A, B) and GNM cells
(Fig. 3C, D) compared with the control groups.

CAL27 cells are highly tumorigenic when subcutaneously
injected into nude mice. To examine whether CMTM5 inhibits
the tumor formation, CAL27 cells transduced with ad5-null
(control) or ad5-CMTM5 were subcutaneously injected into the
right flank of nu/nu mice. At 31 days after inoculation, the mean
tumor volume in the control group was 128.18 ± 43.65 mm3

(Fig. 3E, F), and the mean tumor weight in the control group was
39.46 ± 6.45 mg (Fig. 3G). Tumor formation was completely
suppressed in the animals injected with ad5-CMTM5-infected
cells.
The restoration of CMTM5-v1 expression in these cell lines
transfected or infected 24 h later was evidenced through Western
blot analysis (Fig. 3H).

3.4. The restoration of CMTM5-v1 induces cell apoptosis and inhibits
cell migration

Next, we determined whether the inhibition of tumor cell
growth through CMTM5 was associated with apoptosis. We
observed that the overexpression of CMTM5-v1 significantly
increased early and late apoptosis in CAL27 (Fig. 4A, B) and GNM
(Fig. 4C, D) cells compared with cells transfected with the control
vector.

The effect of CMTM5-v1 on oral squamous cell motility was
investigated using wound healing and Boyden chamber migration
assays. The wound-healing assay revealed that CMTM5-v1-trans-
fected cells spread along wound edges remarkably slower than
vector-transfected cells after 36 h, indicating that CMTM5-v1
inhibited CAL27 cell migration (P < 0.001) (Fig. 4E). The restoration
of CMTM5-v1 also strongly inhibited the migration of GNM cells,
evidenced through a significant decrease in the number of
migrated cells in CMTM5-v1-expressing cells compared with con-
trols (P < 0.001) (Fig. 4F).

4. Discussion

Previous studies have shown that CMTM5 exerts tumor sup-
pressor functions with frequent epigenetic inactivation through
promoter methylation in many tumors. CMTM5 is located at
14q11.2, a locus containing multiple genes associated with various
carcinomas. Studies have shown that the abnormalities in the
genes on chromosome 14q11.2 cause generation or growth of var-
ious cancers, such as nasopharyngeal carcinoma [14], leukemia
[15], glioblastoma [16] and meningioma [17]. Herein, we provided
the first examination of the tumor suppressor effects of CMTM5 in
oral squamous cell carcinoma.

Similar to other tumor cell lines, CMTM5 was downregulated in
SCC-15, CAL27, GNM and Tca-83, and the CMTM5 promoter was



Fig. 3. Restoration of CMTM5-v1 inhibits cell growth. (A) Representative CCK-8 assay showing that CMTM5-v1 inhibited CAL27 cell growth. (B) Growth curve for transfected
CAL27 cells showing that CMTM5-v1 inhibited CAL27 cell growth. (C) Representative CCK-8 assay showing that CMTM5-v1 inhibited GNM cell growth. (D) Growth curve for
transfected GNM cells showing that CMTM5-v1 inhibited GNM cell growth. (E) CMTM5-v1 effectively suppressed tumorigenecity in nude mice. The average tumor volumes of
CMTM5 versus mock cells are expressed as the means ± SD in 5 inoculated sites for each group. (F) The tumor sizes of CMTM5-v1 versus mock cells are shown. (G) The tumor
weights of CMTM5-v1 versus mock cells are shown. (H) CMTM5-v1 expression in cells transfected or infected 24 h later was confirmed through Western blot analysis.
⁄P < 0.05. ⁄⁄P < 0.001.
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also methylated in these cell lines. CMTM5 expression was signifi-
cantly decreased in oral squamous cell tumor tissues and CMTM5
promoter methylation was detected in OSCC tumor tissues. DNA
methylation is one of the most common epigenetic modifications
in the mammalian genome involved in the regulation of gene
expression. The aberrant promoter hypermethylation of several
genes, such as adenomatous polyposis coli (APC) [18], p16(INK4A)
[19], p14ARF [20], etc., has been demonstrated in OSCC [21].
Epigenetic alterations occur at a relatively early stage, suggesting
that these genes could be used as prognostic markers in the clinic.
In recent years, the ages of patients diagnosed with oral squamous
cell carcinoma have become increasingly younger. We observed
that CMTM5 expression was significantly associated with the age
of OSCC patients. The decrease or absence of CMTM5 expression
is more frequent in younger patients, suggesting that CMTM5
inactivation might induce early on-set carcinogenesis and play an
important role in the pathological changes observed in young OSCC
patients.

We also investigated the tumor suppressor role of CMTM5 in
OSCC in vitro and in vivo. The restoration of CMTM5 expression
in silenced CAL27 and GNM cells inhibited cell growth and
migration and induced cell apoptosis. Decreased tumor growth
through CMTM5 expression was confirmed by the reduction of
tumorigenesis in nude mice. These results implicated CMTM5 as



Fig. 4. Restoration of CMTM5-v1 induces cell apoptosis and inhibits cell migration. (A) Flow cytometric assays with Annexin V and PI double staining of CAL27 cells
transfected with pCDB or pCDB-CMTM5-v1 plasmids after 48 h. (B) Graphic representation of apoptotic cells as a percentage of total CAL27 cells in three independent
experiments. (C) Flow cytometric assays with Annexin V and PI double staining of GNM cells transfected with pCDB or pCDB-CMTM5-v1 plasmids after 48 h. (D) Graphic
representation of apoptotic cells as a percentage of total GNM cells in three independent experiments. (E) Wound healing assay using CAL27 cells transfected with pCDB or
pCDB-CMTM5-v1 showing that CMTM5-v1 inhibited CAL27 cell mobility. The images were captured at 0 and 36 h after the scratch. (F) Boyden migration assay using GNM
cells transfected with pCDB or pCDB-CMTM5-v1 showing that CMTM5-v1 inhibited GNM cell migration after 8 h. ⁄P < 0.05. ⁄⁄P < 0.001.
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a tumor suppressor in OSCC. The demethylation of tumor suppres-
sor genes leads to re-expression, which could be utilized in cancer
therapy [22]. The development of improved demethylating agents
is in progress. Zebularine sensitized ovarian cancer cells to cis-
platin and caused the re-expression of tumor suppressor genes,
including RASSF1A, ARHI and BLU [23], whereas Aza and decita-
bine showed differential nonrandom DNA demethylation in colon
cancer and leukemia cells [24]. Epigenetic drugs sensitize cancer
cells, inhibit the formation of progenitor cells, showing potential
for use in combination drug therapies with other cytotoxic drugs
[22].

In conclusion, we provided the first evidence of the aberrant
expression and tumor suppressive function of CMTM5 in oral squa-
mous cell carcinoma. CMTM5 methylation might serve as a poten-
tial epigenetic biomarker for the early diagnosis of OSCC patients.
While CMTM5 might be a novel tumor suppressor gene in oral
squamous cell tumors, further studies are needed to elucidate
the function and underlying mechanisms of CMTM5.
Conflict of interest

None declared.
Acknowledgments

This work was supported the National Natural Science Founda-
tion of China (grant numbers 81300894, 81030018, 30901680) and
the Doctoral Fund of Ministry of Education of China (grant number
20120001110043).



310 H. Zhang et al. / Biochemical and Biophysical Research Communications 447 (2014) 304–310
References

[1] R. Siegel, D. Naishadham, A. Jemal, Cancer statistics, CA Cancer J. Clin. 63
(2013) (2013) 11–30.

[2] A. Saulnier, T. Vaissiere, J. Yue, M. Siouda, M. Malfroy, R. Accardi, M. Creveaux,
S. Sebastian, N. Shahzad, T. Gheit, I. Hussain, M. Torrente, F.A. Maffini, L.
Calabrese, F. Chiesa, C. Cuenin, R. Shukla, I. Fathallah, E. Matos, A. Daudt, S.
Koifman, V. Wunsch-Filho, A.M. Menezes, M.P. Curado, D. Zaridze, P. Boffetta,
P. Brennan, M. Tommasino, Z. Herceg, B.S. Sylla, Inactivation of the putative
suppressor gene DOK1 by promoter hypermethylation in primary human
cancers, Int. J. Cancer 130 (2011) 2484–2494.

[3] P.A. Jones, S.B. Baylin, The fundamental role of epigenetic events in cancer, Nat.
Rev. Genet. 3 (2002) 415–428.

[4] S.B. Baylin, J.E. Ohm, Epigenetic gene silencing in cancer – a mechanism for
early oncogenic pathway addiction?, Nat Rev. Cancer 6 (2006) 107–
116.

[5] W. Han, P. Ding, M. Xu, L. Wang, M. Rui, S. Shi, Y. Liu, Y. Zheng, Y. Chen, T. Yang,
D. Ma, Identification of eight genes encoding chemokine-like factor
superfamily members 1–8 (CKLFSF1–8) by in silico cloning and experimental
validation, Genomics 81 (2003) 609–617.

[6] W. Han, Y. Lou, J. Tang, Y. Zhang, Y. Chen, Y. Li, W. Gu, J. Huang, L. Gui, Y. Tang,
F. Li, Q. Song, C. Di, L. Wang, Q. Shi, R. Sun, D. Xia, M. Rui, J. Tang, D. Ma,
Molecular cloning and characterization of chemokine-like factor 1 (CKLF1), a
novel human cytokine with unique structure and potential chemotactic
activity, Biochem. J. 357 (2001) 127–135.

[7] H. Li, X. Guo, L. Shao, M. Plate, X. Mo, Y. Wang, W. Han, CMTM5-v1, a four-
transmembrane protein, presents a secreted form released via a vesicle-
mediated secretory pathway, BMB Rep. 43 (2010) 182–187.

[8] P. Li, K. Liu, L. Li, M. Yang, W. Gao, J. Feng, Y. Lv, X. Qu, B. Kong, Reduced CMTM5
expression correlates with carcinogenesis in human epithelial ovarian cancer,
Int. J. Gynecol. Cancer. 21 (2011) 1248–1255.

[9] X. Guo, T. Li, Y. Wang, L. Shao, Y. Zhang, D. Ma, W. Han, CMTM5 induces
apoptosis of pancreatic cancer cells and has synergistic effects with TNF-alpha,
Biochem. Biophys. Res. Commun. 387 (2009) 139–142.

[10] J. Niu, H. Li, Y. Zhang, J. Li, M. Xie, L. Li, X. Qin, Y. Qin, X. Guo, Q. Jiang, Y. Liu, S.
Chen, X. Huang, W. Han, G. Ruan, Aberrant expression of CKLF-like MARVEL
transmembrane member 5 (CMTM5) by promoter methylation in myeloid
leukemia, Leuk. Res. 35 (2011) 771–776.

[11] L. Shao, Y. Cui, H. Li, Y. Liu, H. Zhao, Y. Wang, Y. Zhang, K.M. Ng, W. Han, D.
Ma, Q. Tao, CMTM5 exhibits tumor suppressor activities and is frequently
silenced by methylation in carcinoma cell lines, Clin. Cancer Res. 13 (2007)
5756–5762.
[12] L. Shao, X. Guo, M. Plate, T. Li, Y. Wang, D. Ma, W. Han, CMTM5-v1 induces
apoptosis in cervical carcinoma cells, Biochem. Biophys. Res. Commun. 379
(2009) 866–871.

[13] H. Zhang, X. Ma, T. Shi, Q. Song, H. Zhao, D. Ma, NSA2, a novel nucleolus protein
regulates cell proliferation and cell cycle, Biochem. Biophys. Res. Commun.
391 (2009) 651–658.

[14] A. Mutirangura, W. Pornthanakasem, V. Sriuranpong, P. Supiyaphun, N.
Voravud, Loss of heterozygosity on chromosome 14 in nasopharyngeal
carcinoma, Int. J. Cancer 78 (1998) 153–156.

[15] M. Koike, A.M. Chumakov, S. Takeuchi, T. Tasaka, R. Yang, T. Nakamaki, N.
Tsuruoka, H.P. Koeffler, C/EBP-epsilon: chromosomal mapping and mutational
analysis of the gene in leukemia and preleukemia, Leuk. Res. 21 (1997) 833–839.

[16] M. Tepel, P. Roerig, M. Wolter, D.H. Gutmann, A. Perry, G. Reifenberger, M.J.
Riemenschneider, Frequent promoter hypermethylation and transcriptional
downregulation of the NDRG2 gene at 14q11.2 in primary glioblastoma, Int. J.
Cancer 123 (2008) 2080–2086.

[17] E.A. Lusis, M.A. Watson, M.R. Chicoine, M. Lyman, P. Roerig, G. Reifenberger,
D.H. Gutmann, A. Perry, Integrative genomic analysis identifies NDRG2 as a
candidate tumor suppressor gene frequently inactivated in clinically
aggressive meningioma, Cancer Res. 65 (2005) 7121–7126.

[18] H. Uesugi, K. Uzawa, K. Kawasaki, K. Shimada, T. Moriya, A. Tada, M. Shiiba, H.
Tanzawa, Status of reduced expression and hypermethylation of the APC
tumor suppressor gene in human oral squamous cell carcinoma, Int. J. Mol.
Med. 15 (2005) 597–602.

[19] P.F. Su, W.L. Huang, H.T. Wu, C.H. Wu, T.Y. Liu, S.Y. Kao, P16(INK4A) promoter
hypermethylation is associated with invasiveness and prognosis of oral
squamous cell carcinoma in an age-dependent manner, Oral Oncol. 46
(2010) 734–739.

[20] E. Ishida, M. Nakamura, M. Ikuta, K. Shimada, S. Matsuyoshi, T. Kirita, N.
Konishi, Promotor hypermethylation of p14ARF is a key alteration for
progression of oral squamous cell carcinoma, Oral Oncol. 41 (2005) 614–622.

[21] J.A. Gasche, A. Goel, Epigenetic mechanisms in oral carcinogenesis, Future
Oncol. 8 (2012) 1407–1425.

[22] S. Sarkar, S. Goldgar, S. Byler, S. Rosenthal, S. Heerboth, Demethylation and re-
expression of epigenetically silenced tumor suppressor genes: sensitization of
cancer cells by combination therapy, Epigenomics 5 (2013) 87–94.

[23] C. Balch, P. Yan, T. Craft, S. Young, D.G. Skalnik, T.H. Huang, K.P. Nephew,
Antimitogenic and chemosensitizing effects of the methylation inhibitor
zebularine in ovarian cancer, Mol. Cancer Ther. 4 (2005) 1505–1514.

[24] S. Hagemann, O. Heil, F. Lyko, B. Brueckner, Azacytidine and decitabine induce
gene-specific and non-random DNA demethylation in human cancer cell lines,
PLoS One 6 (2011) e17388.

http://refhub.elsevier.com/S0006-291X(14)00619-6/h0005
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0005
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0010
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0010
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0010
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0010
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0010
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0010
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0010
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0015
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0015
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0020
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0020
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0020
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0025
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0025
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0025
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0025
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0030
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0030
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0030
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0030
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0030
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0035
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0035
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0035
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0040
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0040
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0040
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0045
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0045
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0045
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0050
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0050
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0050
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0050
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0055
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0055
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0055
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0055
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0060
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0060
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0060
http://refhub.elsevier.com/S0006-291X(14)00619-6/h9000
http://refhub.elsevier.com/S0006-291X(14)00619-6/h9000
http://refhub.elsevier.com/S0006-291X(14)00619-6/h9000
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0070
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0070
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0070
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0075
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0075
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0075
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0080
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0080
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0080
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0080
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0085
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0085
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0085
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0085
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0090
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0090
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0090
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0090
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0095
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0095
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0095
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0095
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0100
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0100
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0100
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0105
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0105
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0110
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0110
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0110
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0115
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0115
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0115
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0120
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0120
http://refhub.elsevier.com/S0006-291X(14)00619-6/h0120

	CMTM5 exhibits tumor suppressor activity through promoter methylation in oral squamous cell carcinoma
	1 Introduction
	2 Materials and methods
	2.1 Cell lines and tissue samples
	2.2 RNA isolation, RT-PCR and real-time quantitative RT-PCR
	2.3 DNA bisulfite treatment and promoter methylation analysis
	2.4 Protein extraction and Western blot analysis
	2.5 Immunohistochemistry analysis
	2.6 Cell proliferation assays
	2.7 In vivo tumor formation assay
	2.8 Cell apoptosis assay
	2.9 Cell migration assay
	2.10 Wound healing assay
	2.11 Statistical analysis

	3 Results
	3.1 CMTM5 is downregulated in oral squamous cell lines
	3.2 CMTM5 is downregulated in OSCC tissues
	3.3 The restoration of CMTM5-v1 inhibits cell growth in vitro and in vivo
	3.4 The restoration of CMTM5-v1 induces cell apoptosis and inhibits cell migration

	4 Discussion
	Conflict of interest
	Acknowledgments
	References


