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Knockdown of CMTM3 promotes metastasis of gastric cancer via 
the STAT3/Twist1/EMT signaling pathway
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ABSTRACT

CMTM3 (CKLF-like MARVEL transmembrane domain containing 3) possesses 
tumor suppressor properties in multiple types of malignancies. Restoration of CMTM3 
significantly inhibits the metastasis of gastric cancer, and its expression level is 
correlated with prognosis. However, the physiological effects and the mechanism 
of CMTM3 remain unknown. Here, we suppress CMTM3 expression by shRNA to 
explore its endogenous effects and its mechanism of action in gastric cancer. Stable 
knockdown of CMTM3 promotes cell migration, invasion and tumor metastasis, 
increases MMP2 expression and enhances MMP2 activity. CMTM3 inhibits EMT along 
with the upregulation of E-cadherin and the downregulation of N-cadherin, Vimentin 
and Twist1. It has no obvious effects on Zeb1 and Snail. CMTM3 suppresses the 
phosphorylation of STAT3 but not Akt. More importantly, the EMT phenotype and cell 
migration induced by CMTM3 knockdown can be reversed by the Jak2/STAT3 inhibitor 
JSI-124 or by siRNA against STAT3 or Twist1. Overall, this study demonstrates that 
knockdown of CMTM3 promotes the metastasis of gastric cancer through the STAT3/
Twist1/EMT pathway.

INTRODUCTION

CKLF-like MARVEL transmembrane domain-
containing family (CMTM) is a novel family of proteins 
that links classical chemokines and the transmembrane-4 
superfamily [1]. In humans, CMTM comprises nine genes, 
which are Chemokine-like factor (CKLF) and CMTM1-8 
[2]. CMTM family plays important roles in tumorigenesis. 
CMTM3, 5, 7 and 8 exhibit tumor suppressive properties 
in multiple types of malignancies, such as hepatocellular 
carcinoma [3], oral squamous carcinoma [4], esophageal 
squamous cell carcinoma [5], renal cell carcinoma [6], 
cervical cancer [7], testicular cancer [8], prostate cancer 
[9] and oral squamous cell carcinoma [10].

CMTM3 locates on 16q22.1, an important tumor 
suppressor locus that is involved in multiple tumors. 
CMTM3 expression is reduced or silenced by methylation 
in gastric cancer cell lines and in primary gastric cancer 
tissues [11, 12]. Restoration of CMTM3 significantly 
suppresses the migration and invasion of gastric cancer 
cells, inhibits tumor metastasis in vivo, downregulates the 

expression of matrix metalloproteinase (MMP)2, reduces 
MMP2 activity and decreases the phosphorylation of 
Erk1/2. The prognosis of gastric cancer patients whose 
tumors express CMTM3 is better than those whose tumors 
lack CMTM3 expression [12]. However, the physiological 
effects and the mechanism of CMTM3 in the metastasis of 
gastric cancer remain unknown.

Gastric cancer ranks as the third leading cause of 
cancer mortality worldwide and is a leading cause of 
cancer death in less developed countries [13]. Metastasis 
is not only a sign of deterioration but is also a major 
cause of treatment failure in patients with gastric cancer 
[14]. EMT is a critical process in the metastatic cascade, 
and it has been established as a key regulator in many 
types of cancers including gastric cancer [15]. Recently, 
the mechanisms of EMT were further elucidated. EMT 
transcription factors Zeb1 [16, 17], Snail [17, 18] and 
Twist1 [18, 20] are important players in the regulation of 
EMT during cancer metastasis through different signaling 
cascades, including the Akt [22, 22], Erk1/2 [22] and 
signal transducer and activator of transcription 3 (STAT3) 
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Figure 1: Knockdown of CMTM3 promotes cell migration and invasion. A. expression of CMTM3 in the gastric mucosa 
(N tissues), SGC-7901, GES-1 and AGS cells was detected by real-time PCR. B. SGC-7901 cells were infected with six CMTM3 
shRNAs, which are named according to the last three cloning item numbers: sh061, 062, 063, 391, 392, 393. The expression of 
CMTM3 was analyzed by real-time PCR. C. SGC-7901 (left) and GES-1 (right) cells were infected with the lentivirus supernatants: 
shN, sh391 or sh393, and CMTM3 expression was analyzed by western blot. The average relative gray density is shown under each 
blot. D. wound-healing assay in shN, sh391 and sh393 of SGC-7901 (upper) and GES-1 (lower) cells; photographs were obtained at 
the indicated time points after the scratch was generated (100 × magnification). E. Transwell assay of shN, sh391 and sh393 of SGC-
7901 cells (upper) and GES-1 cells (lower); the cells were fixed and stained with crystal violet after 12 h (SGC-7901) or 24 h (GES-1) 
of incubation and photographs were obtained (100 × magnification). F. Transwell assay to assess the invasion of shN, sh391 and sh393 
of SGC-7901 cells; cell numbers were counted and photographs were obtained after 48 h of incubation (100 × magnification). G. the 
expression of MMP2 was detected by real-time PCR in shN, sh391 and sh393 of SGC-7901 cells. H. the expression of MMP2 was 
detected by western blot in shN, sh391 and sh393 of SGC-7901 cells. The average relative gray density is shown under each blot. I. 
MMP2 activity was observed by Gelatin Zymography assay in shN, sh391 and sh393 of SGC-7901 cells. Data are presented as the 
mean±s.d (**P<0.01, ***P<0.001).
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Twist1 is involved in CMTM3-suppressed EMT 
in gastric cancer

Overexpression of CMTM3 in SGC-7901 and 
AGS cells inhibits cell migration and invasion [12], but 
the mechanism remains to be studied. In the current 
study, we further demonstrated that silencing CMTM3 
promoted cell migration and invasion. Next, we aimed 
to investigate the effects of CMTM3 on EMT, which is 
important in the initiation and promotion of cell migratory 
and invasive properties [14]. First, the expression of 
EMT markers was analyzed in CMTM3 restored SGC-
7901 cells and AGS cells. As shown in Figure 3A and 3B, 
overexpression of CMTM3 increased the expression of 

E-cadherin but decreased the expression of N-cadherin and 
Vimentin. Among the EMT-related transcription factors, 
the expression of Zeb1 and Snail was not obviously 
affected. However, Twist1 expression was significantly 
downregulated. Further, we confirmed the effects of 
CMTM3 on EMT in CMTM3-knockdown SGC-7901 cells 
(Figure 3C) and GES-1 cells (Figure 3D). The expression 
of E-cadherin was downregulated whereas the expression 
of N-cadherin, Vimentin and Twist1 was upregulated, but 
no obvious differences were observed in the expression of 
Zeb1 and Snail.

Then, the expression of EMT markers was analyzed 
in tumor samples from in vivo peritoneal metastases model 
by western blot (Figure 3E) and IHC staining (Figure 3F). 

Figure 2: Silencing CMTM3 promotes tumor metastasis in vivo. A total of 4×106 cells (SGC-7901-shN or SGC-7901-sh393, 
n=8 per group) was injected into the abdominal cavity of each mouse on Day 0. A. fluorescence visualization of tumors from representative 
mice from each group was detected by an IVIS Spectrum Imaging System. B. fluorescence intensity was quantified and shown by the bar 
graphs. C. the changes in body weight were monitored every four days after injection. D. images of the peritoneal cavity were obtained after 
the mice were sacrificed. Arrows indicate the disseminated tumor nodules. Disseminated nodules larger than or equal to 1 mm in diameter 
were counted and were shown in the bar graphs. Data are presented as the mean±s.d (*P<0.05 **P<0.01).
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Figure 3: Twist1 plays a vital role in the inhibition of EMT by CMTM3. A. expression of the EMT markers E-cadherin, 
N-cadherin, Vimentin, Zeb1, Snail and Twist1 was analyzed in CMTM3-restored SGC-7901 cells (MOI: 100). B. expression of EMT 
markers was analyzed in CMTM3-restored AGS cells (MOI: 100). C. expression of EMT markers was examined in shN and sh393 of SGC-
7901 cells. D. expression of EMT markers was examined in shN and sh393 of GES-1 cells. E. expression of EMT markers was analyzed 
in tumors from mouse model of peritoneal metastasis (4 mice were randomly selected from the 8 mice in each group) by western blot. F. 
representative IHC staining for the EMT markers E-cadherin, N-cadherin, Vimentin, and Twist1 (top, shN group; bottom, sh393 group, 200 
× magnification) was performed. The average relative gray density is shown under each blot (A-E).


