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CMTM3 is reduced in prostate cancer and inhibits migration,
invasion and growth of LNCaP cells
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Abstract

Purpose A novel tumor suppressor gene CKLF-like

MARVEL transmembrane domain-containing member 3

(CMTM3) is reduced or undetectable in many kinds of

cancers and relates tumor malignant features. We detected

its role in prostate cancer for possibility of target therapy as

accumulating evidence has shown that CMTM3 is a

promising tumor suppressor gene (TSG) for gene therapy.

Methods The expression of CMTM3 detected in prostate

tissue microarray, specimens and cell lines were evaluated

by immunohistochemistry and semi-quantitative PCR and

Western blot, respectively. After being transfected with

CMTM3 adenovirus or vector (mock), the proliferation and

migration and invasion of LNCaP cells were detected by

transwell assay and matrigel assay, respectively. Further-

more, the effects of CMTM3 on tumor growth were per-

formed in nude mice xenograft in vivo.

Results We found CMTM3 was reduced in PCa tissues

and cells compared with BPH tissues, and its expression in

PCa tissues was related to the Gleason score. Moreover,

after being transfected with adenovirus, ectopic expression

of CMTM3 in LNCaP cells led to significant inhibition of

cell proliferation and migration and invasion compared

with the control (P\ 0.05), which may be attributed to

decreased Erk1/2 activity as p-Erk1/2 was remarkably re-

duced when CMTM3 was overexpressed. Finally, restora-

tion of CMTM3 significantly suppressed xenograft tumor

growth in vivo (P\ 0.01).

Keywords CMTM3 � Prostate cancer � MARVEL �
Tumor suppressor gene � Gene therapy

Introduction

Prostate cancer (PCa) is the most common malignant tumor

and the second leading cause of cancer-related death

among males in the USA [1]. And the incidence of prostate

cancer is increasing rapidly in Asian countries especially in

China, which is now economically fast expanding and

population aging. It is a critical public health problem and

remains incurable in the metastatic setting with mortality

that usually occurs as a result of castration-resistant dis-

ease. Therefore, better understanding of molecular

mechanisms that are involved in regulating prostate tumor

development and metastasis will help to optimize survival

and quality of life for the patients. In light of a growing

array of existing and novel treatment options, we are

striving to discover new targets for CRPC and relieve the

pain those patients are suffering from.

CKLF-like MAL and related proteins for vesicle traf-

ficking and membrane link (MARVEL) transmembrane

domain-containing family (CMTM) is a novel family of

proteins consisting of nine members, chemokine-like factor

(CKLF) and CMTM1–CMTM8. The members of CMTM

link to chemokines and the transmembrane 4 superfamily

(TM4SF) has important functions in the immune system,

male reproductive system, and tumorigenesis [2, 3]. CKLF-

like MARVEL transmembrane domain-containing member
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3 (CMTM3) belongs to the chemokine-like factor gene

superfamily located in a cluster on chromosome 16q22.

CMTM3 protein contains one leucine zipper and two

LXXLL motifs which localized to the cytoplasm and

serves as a scaffold for proteins in the endoplasmic reti-

culum and the nuclear membrane [4]. Previous studies

indicated that CMTM3 is silenced or down-regulated in

gastric, breast, nasopharyngeal, esophageal, colon and re-

nal carcinomas and its expression inversely correlates with

grade and phase in prostate cancer when combined with IL-

30 study [5–7]. The re-expression of CMTM3 in tumor

cells lacking its expression leads to the suppression of cell

growth and migration and invasion but its role in cancer

development and progression has not been clearly defined

until now.

In this study, we observed that CMTM3 was propor-

tionally down-regulated in prostate cancer tissues and

identified the effects of CMTM3 restoration on LNCaP

cells proliferation and migration and invasion in vitro and

proliferation in nude mice xenograft model in vivo.

Materials and methods

Chemicals, reagents and antibodies

The adenovirus carrying the CMTM3 gene (Ad-CMTM3)

and the empty adenovirus (Ad-null) and Rabbit antihuman

CMTM3 polyclonal antibody were kindly provided by Dr.

Han’s Lab and (Center for Human Disease Genomics,

Peking University, Beijing, PR China). Rabbit antihuman

GAPDH monoclonal antibody was purchased from Cell

Signaling Technology (Beverly, MA, USA). Antibody

specific for Erk1/2, p-Erk1/2, b-actin and GAPDH were

from Cell Signaling Technologies (Danvers, MA, USA).

Tissue microarray was purchased from Shanghai outdo

biotech co., LTD. Other prostate cancer tissues were ob-

tained from patients undergoing radical prostatectomy of

the prostate at the Peking University People’s Hospital

with the patients’ consent and institutional ethics

approval.

Immunohistochemistry

A tissue microarray included 180 spots of human prostate

tissue samples and adjacent BPH (benign prostatic hy-

perplasia) tissues (99 PCa and 81 BPH tissues) and 9

other BPH and 13 PCa surgical specimens in Peking

University People’s Hospital were used with patients’

consent and ethics committee’s approval. The tissue mi-

croarray and samples were dewaxed, rehydrated and

blocked with 10 % normal goat serum for 35 min and

incubated with 0.5 lg/ml purified anti-CMTM3 in a

humidified chamber at 4 �C overnight. Immunodetection

was performed using the Envision TM ABC Kit (Gene

Tech Company Limited, Shanghai, China). Previously

established immune histochemical scoring system for

prostate carcinomas was used after counterstained with

hematoxylin and then dehydrated and mounted [8]. The

extent and intensity of CMTM3 staining were evaluated

by two experienced observers, independently and without

clinical data and estimated in a consecutive analysis to

ensure maximal internal consistency. The overall results

of CMTM3 staining were assigned as ‘‘low expression’’

when the sum was 1–3, and ‘‘high expression’’ when 3–6

(except 3). All evaluations were conducted using a

LEICA DM4000B/M microscope.

Cell culture and infection

Two human metastatic androgen-independent cell lines

DU145, PC3 were obtained from the American Type

Culture Collection (ATCC, Manassas, VA, USA). LNCaP

was purchased from the Cell Resource Center of Peking

Union Medical College (Beijing, China). Cell culture

medium and reagents were from Invitrogen (Carlsbad, CA,

USA). Cells were maintained in RPMI 1640, 10 % FBS,

penicillin (100 U/ml) and streptomycin (100 lg/ml). The

normal epithelial prostate cell line RWPE-1 and its com-

plete growth medium Keratinocyte Serum-Free Medium

(K-SFM), Invitrogen (GIBCO), with each of the two ad-

ditives was required to grow this cell line [bovine pituitary

extract (BPE) and human recombinant epidermal growth

factor (EGF)]. Cell lines above were cultured in a hu-

midified atmosphere of 5 % CO2 air. Cells were infected

with ad-CMTM3 or vector-containing adenovirus as de-

scribed [3, 9]. Infection was accomplished by exposing the

cells to adenovirus at the required multiplicity of infection

(MOI) in serum-containing media for 1–4 days. The effi-

ciency of infection was monitored by ad-pEGFP. Cells with

[75 %infection efficiency were used for further

experiments.

Cell migration and invasion assay

The migration assay was done in 24-well transwell (corn-

ing, USA) containing a polycarbonate filter (8 lm pore

size, BD, USA). Conditioned medium 500 lL containing

10 % fetal bovine serum was added to the bottom part of

the chamber. The cells were trypsinized and washed twice,

and 200 lL of the suspension (5 9 104 cells in serum-free

RPMI 1640) was added to the upper well. Then the cells

were incubated in a 5 % carbon dioxide incubator at 37 �C
for 24 h. After incubation, attached but not migrated cells

in the upper chamber were scraped off and the migrated

cells on the bottom of the filter were fixed with methanol
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and stained with crystal violet, counted and photographed.

Each experiment was run in triplicate. The number of cells

was counted in five high-power (magnification, 9400)

randomized fields under a microscope. Results were ob-

tained from at least three individual experiments. The in-

vasion assay was done by polycarbonate filter covered with

matrigel upper well (8 lm pore size, BD, USA) and

200 lL of the suspension (1 9 105 cells in serum-free

RPMI 1640) was added to the upper well and the others are

same as above.

Cell proliferation

LNCaP cells were infected as above, and cell proliferation

was measured at 24, 48 and 72 h using the Cell Counting

Kit-8 (CCK-8 invitrogen, USA) following the manufac-

turers’ instruction. The spectrophotometric absorbance at

490 nm was measured using a microplate reader. The data

are reported as the mean of at least three independent

experiments.

Cell counting assay

For the further analysis of cell proliferation, cell counting

assay was done in 12-well plates with LNCaP cells infected

as above, and cells were measured at 2, 4, 6 days after being

trypsinized and neutralized using cell counting chamber

under microscope carefully, at least three times for group

Ad-CMTM3 and Ad-null, and the data are reported as the

mean of at least three independent experiments.

Protein extraction and Western blot analysis

Western blotting was carried out as described previously

[10]. For the detection of CMTM3, 100 lg total protein of

each sample was loaded.

A

B

CMTM3 CMTM3

GAPDH   ß-actin

LNCaP PC3 DU145 RWPE-1 LNCaP PC3 DU145 RWPE-1

a

b

c

d

Fig. 1 Expression patterns of

CMTM3 in prostate tissues and

cells. a Representative images

from immunohistochemical

staining of CMTM3 protein in

BPH (c, d) and PCa tissues (a,

b). a, c Low expression. b,

d High expression. b CMTM3

expression in PCa cell lines
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Semi-quantitative reverse transcription-PCR

The isolation of total RNA and reverse transcription were

performed as previously described [11]. The semi-quanti-

tative PCR analysis of CMTM3 was performed using

specific primers, and GAPDH was used as the internal

control. CMTM3 and GAPDH primers were used as de-

scribed previously [12]. The assay was conducted in trip-

licate using different primer sets and the relative expression

level of CMTM3 was determined by using the 2DDCt

method [13].

Tumor xenograft model in nude mice

Animal experimental protocols were approved by Peking

University Institutional Animal Care and Use Committee.

Twelve male BALB/c nude mice (6 weeks) were obtained

from Peking University Experimental Animal Center with

similar weight. LNCaP cells (4 9 106) were removed by

trypsinization, washed twice with PBS, and then injected

into mice with ad-CMTM3 or vector (MOI = 50) subcu-

taneously into the left dorsal flank of the nude mice (Day0).

Once palpable tumors were formed, tumor growth was

monitored as described [14]. There were six mice in the

Mock group and six in the CMTM3 group. The animals

were raised in specific pathogen-free experimental animal

rooms with free access to water and were fed ad libitum.

One mouse in each group died in the middle of the ex-

periment. After 4 weeks, 10 mice were humanely killed by

carbon dioxide narcosis (Day28). Tumors were measured,

weighed and photographed and part of the tumors was

excised for protein extraction and Western blot analysis.

The rest of specimens were fixed in formalin and embed-

ded in paraffin for IHC staining.

Statistical analysis

Statistical analysis was performed by statistical package of

the social sciences (SPSS) software 17.0 (SPSS Inc, Chi-

cago, IL, USA). Data were presented as values of

mean ± SEM. Statistical analysis was carried out with

Chi-square test and Student’s test. Values of P\ 0.05 were

considered as statistically significant difference.

Results

CMTM3 expression is down-regulated in PCa

tissues and lower in LNCaP cell line

In BPH (benign prostatic hyperplasia) tissues, CMTM3

expression was mainly detected in the membrane of the

prostatic epithelia cells, but in PCa tissues with high

CMTM3 expression, it was mainly located in the cyto-

plasm of cancer cells (Fig. 1a). It indicated that 60 % (54/

90) of BPH tissues had high CMTM3 expression. How-

ever, CMTM3 was decreased markedly in 56.25 % (63/

112) of PCa tissues (Table 1). There was a significant

difference in the ratio of high expression of CMTM3 be-

tween PCa (49/112, 43.75 %) and BPH tissues (54/90,

60.00 %) (P\ 0.05). The expression of CMTM3 had no

correlation with the age, clinical stage status. However,

when compared with the expression levels of CMTM3 in

PCa tissues with different Gleason scores, we found that

there was a significant difference (P = 0.0307) between

the well and moderately differentiated tumors (GS B 7)

and the poorly differentiated tumors (GS[ 8). The per-

centages of high-expression cases were 42.65 vs 22.73 %,

which suggested that CMTM3 expression might be related

with the malignancy of prostate cancer.

To better understand the discovery, semi-quantitative

reverse transcription-PCR and Western blot was done to

detect the CMTM3 expression in PCa cell lines. As shown

in Fig. 1b, CMTM3 expression in LNCaP cell lines is

significantly lower than other cell lines.

Re-expression of CMTM3 inhibits cell growth

and cell migration and invasion

The down-regulation in PCa samples and silencing of

CMTM3 in LNCaP cells indicated that CMTM3 might be a

functional tumor suppressor in carcinogenesis [15, 16]. To

investigate the growth-inhibitory effect of CMTM3, the re-

expression of CMTM3 in the transiently infected LNCaP

Table 1 CMTM3 expression in prostate tissues and correlation be-

tween CMTM3 and clinicopathologic features in PCa patients

Classification Number Low

expression

n (%)

High

expression

n (%)

P

Type

BPH 90 36 (40.00) 54 (60.00) 0.0217*

PCa 112 63 (56.25)

Age (years)

C70 60 32 (53.33) 28 (46.67)

\70 52 27 (51.92) 25 (48.08)

Gleason score

B7 68 39 (57.35) 29 (42.65) 0.0307*

C8 44 34 (77.27) 10 (22.73)

Clinical stage

II 57 31 (54.39) 26 (45.61) 0.1627

III–IV 55 37 (67.27) 18 (32.73)

* P\ 0.05
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cells was confirmed by Western blotting (Fig. 2a). As

shown in Fig. 2b, CCK8 assay and cell counting assay

revealed that cell growth was significantly decreased in

Ad-CMTM3-infected LNCaP cells compared with Ad-

null-infected control cells.

In addition, the effect of CMTM3 on cell motility and

invasion was examined by a transwell chamber assay and

matrigel assay, respectively. Ectopic CMTM3 expression

led to significantly reduced cell migration and invasion

ability compared to Ad-null-infected cells (Fig. 2c).
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Fig.2 Ectopic expression of

CMTM3 inhibited cell

proliferation and migration,

invasion of androgen-dependent

LNCaP cells. a Re-expression

of CMTM3 in the transiently

infected LNCaP cells was

confirmed by Western blotting.

b Cell growth was decreased in

Ad-CMTM3-infected LNCaP

cells. Data represent the

mean ± SEM of OD570 of at

least three independent

experiments. c Ectopic CMTM3

expression reduced cell

migration and invasion ability.

d Protein expressions of

CMTM3, Akt, p-Akt, Erk1/2,

p-Erk1/2 and EGFR were

detected by Western blot

(*P\ 0.05)
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To further explore the molecular mechanisms underly-

ing the tumor cell growth, migration and invasion inhibi-

tion by CMTM3, several proteins which may participate in

the process were assessed by Western blot. There were

significant decreased protein levels of phosphorylated

Erk1/2 Ad-CMTM3-infected LNCaP cells compared with

Ad-null-infected control cells. Results suggest that

CMTM3 may repress PCa cells through regulating Erk1/2

signaling, which is one of the most important pathways in

tumor progression (Fig. 2d) [17].

Restoration of CMTM3 inhibits xenograft tumor

growth in vivo

To confirm the in vivo tumor-suppressive ability of CMTM3,

tumor formation in nude mice was induced by injecting

LNCaP cells (Table 2, Fig. 3a). The solid tumor of the

CMTM3 group had a slower growth curve than the control

group (Fig. 3b). In addition, the weight of tumors of the

CMTM3 group was smaller than the Mock group (P\ 0.05;

Fig. 3c). These results indicated that tumor growth may be

suppressed in the animals with restoration of CMTM3.

Discussion

CMTM3 is located at 16q22.1, an important tumor sup-

pressor locus with pathogenesis of multiple carcinomas

[18]. Cell migration and invasion are two essential steps in

the progression of cancer metastasis [19]. Our findings

strongly indicate that CMTM3 plays important roles in

migration and invasion of PCa cells. Previous study showed

that CMTM3 was frequently silenced in many carcinoma

cell lines and primary tumors. Re-expression of CMTM3

inhibited tumor cell colony formation and viability, and

induced tumor cell apoptosis through caspase-3 activation

[20]. The molecular mechanism of how CMTM3 inhibits

tumor cell growth and migration is unclear. As a member of

CMTM family, the CMTM3 protein has predicted MAL-

related proteins for vesicle trafficking and membrane link

(MARVEL) domain. MARVEL, a common feature of

CMTM families, is a membrane-associating domain and

may be a part of the machinery of membrane apposition

events [21] such as transport vesicle biogenesis, neuro-

transmitter secretion and polarized membrane trafficking.

In the present study, the expression of CMTM3 was

reduced in most of the PCa tissues (56.25 %). More im-

portantly, CMTM3 expression had no correlation with

patients’ clinical stage and metastasis status in these cases,

but there was a significant difference in its expression be-

tween the two groups of patients with different Gleason

scores, supporting that CMTM3 may be involved in the

progression of PCa.

Exogenous CMTM3 expression in silenced and andro-

gen-dependent cancer cells LNCaP dramatically sup-

pressed not only tumor cell proliferation, but also their

migration, invasion abilities through attenuating Erk1/2

activity. Moreover, introducing the CMTM3 gene into

xenograft tumor growth in vivo slowed down tumor

growth. As a primary tumor cell lines of LNCaP, CMTM3

may be used as a new alternative of castration, which was

typical but incurable way of prostate cancer. Previous

studies showed that the down-regulation of tumor sup-

pressors is associated with transcriptional inhibition

Table 2 Mean reduction of the volume and weight of the tumor

Group Volume (mm3) Weight (g)

Day0 Day28 Mean reduction SD Day0 Day28 Mean reduction SD

CMTM3

cmtm3,1 0 600 0 0.38

cmtm3,2 0 510 0 0.31

cmtm3,3 0 400 74.31 0 0.30 0.04393

cmtm3,4 0 498 0 0.26

cmtm3,5 0 552 0 0.33

MOCK 349.8 0.948

mock1 0 950 0 1.37

mock2 0 853 0 1.20

mock3 0 790 66.42 0 1.26 0.07436

mock4 0 810 0 1.19

mock5 0 906 0 1.30

Five mice available in each group tagged as cmtm3,1; cmtm3,2; cmtm3,3 cmtm3,4; cmtm3,5 (CMTM3 group); mock1, mock2, mock3, mock4,

mock5 (Mock group)

Clin Transl Oncol (2015) 17:632–639 637

123



through the induction of repressive epigenetic modifica-

tions in the promoter, including DNA methylation and

histone modification [22]. In sum, for the first time, our

study shows the function of CMTM3 and the relationship

between its expression and clinical features in prostate

cancer. CMTM3 may be used as a marker for the treatment

for prostate cancer, leading to application of a new PCa

therapeutic target.

Conclusions

CMTM3 is significantly down-regulated or undetectable in

PCa tissues and LNCaP cell lines. Restoration of CMTM3

inhibits PCa cell proliferation and migration, invasion

in vitro and tumor growth in vivo. Thus, CMTM3 acts as a

tumor suppressor in PCa extending the current knowledge

of CMTM’s function in tumorigenesis and CMTM3’s po-

tential as a target of gene therapy. Further investigations

are warranted to bolster the present conclusion due to the

limited tissue samples available and research technology

available. However, further study of molecular mechan-

isms of the role CMTM3 plays in the development of

prostate cancer is indeed not enough in our study, results

above reveal CMTM3 acts as a potential tumor suppressor

in prostate cancer and targeting it may constitute a possible

therapeutic method for CRPC.
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