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Figure 3: Inhibition of miR-675-5p inhibited vivo tumorigenicity and tumor metastasis of ESCC cells. (A) Representative 
picture of ESCC subcutaneous implantation models (left) , HE staining of the tumor (middle) , tumor volumes and tumor growth curves 
(right) of each group are shown. (B) Representative picture and the bioluminescence image of murine whole lung on 35th day are presented 
(upper left). The bioluminescent change in miR-675-5p-inhibition group was significantly decreased compared with the negative control 
(namely cells transfected with LV-miR-675-5p-NC) (upper left and lower left). The number of visible surface metastatic lesions in miR-
675-5p group was greatly decreased than in the negative control group (namely cells transfected with LV-miR-675-5p-NC) (lower right) 
and HE staining of the lung was presented (upper left). *P < 0.05, **P < 0.01.



Oncotarget30738www.impactjournals.com/oncotarget

miR-675-5p promoted the RalBP1/RAC1/CDC42 
signaling pathway by inhibiting REPS2

To explore whether miR-675-5p exerts its functions 
through the REPS2/RalBP1/RAC1/CDC42 signaling 
pathways that contribute to cancer proliferation, 
development and progression [27–29, 31], we examined 
a number of the main REPS2 signaling downstream 
target genes, including RalBP1 which possessed GAPase 
activity, RAC1 and CDC42  with GTPase activity, 
MMP9 and MMP2  which were demonstrated to be 
associated with tumor dissemination and metastasis 
and Cyclin D1 correlated with G1-S phase transition. 
Expression of RalBP1, RAC1, CDC42 MMP9, MMP2 
and CyclinD1 were decreased in miR-675-5p-inhibition 
EC9706 and EC109 cells (Figure  6A, left and middle, 
lane  1). Moreover, knockdown of REPS2 expression 
in miR-675-5p-inhibition EC9706 cells by si-REPS2 
(Figure 6A, right, lane 1) abrogated the effects induced 
by miR-675-5p down-regulation (Figure 6A, left, lane 1), 
which was similar to the effect of miR-675-5p up-
regulation in EC9706 cells (Figure 6A, right, lane 3). These 
data indicated that miR-675-5p promoted RalBP1/RAC1/
CDC42 signaling by inhibiting REPS2 in ESCC, which 
was involved in tumor development and progression.

miR-675-5p expression inversely correlated with 
the expression of REPS2 in ESCC

In our previous study, we found that REPS2 mRNA 
and protein expression levels were down-regulated in 
ESCC tissues and cell lines [30]. In the present study we 
explored the expression of REPS2 mRNA and miR-675-5p 
by qRT-PCR analysis. As shown in Figure  6B, miR-
675-5p was negatively correlated with REPS2 mRNA in 
the ESCC samples (r = –0.670, P < 0.001). These results 
confirmed that overexpressed miR-675-5p repressesed 
endogenous REPS2 expression.

DISCUSSION

Recently, it has been revealed that altered expression 
of miRNAs contribute to the initiation and progression 
of cancers [32–36]. The overexpression of miR-675 has 
been found in human colorectal cancer, pancreatic 
cancer, serous endometrial tumors and endometrial 
carcinosarcomas [17–19]. In the present study, we firstly 
found that miR-675-5p was constantly up-regulated in 
ESCC tissues and cell lines. And interestingly, miR-675-5p 
expression was significantly correlated with lymph node 
metastasis, TNM stage, overall survival and disease-

Figure 4: REPS2 was a direct downstream target of miR-675-5p. (A) Schematic of the construction of wild-type or mutant 
pMIR-REPS2 3′-UTR vectors was illustrated. (B) Relative luciferase activity was analyzed in EC9706 cells. Firefly luciferase vector 
was used as an internal control. (C, D) Related expression of REPS2 protein and mRNA in EC109 and EC9706 cells treated with LV-
miR-675-5p-inhibition or negative control (namely cells transfected with LV-miR-675-5p-NC) or blank control (namely cells without 
any treatment) was determined by western blotting analysis and qRT-PCR analysis. Data were represented as the mean ± SD of three 
independent experiments. *P < 0.05, **P < 0.01.
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Figure 5: Interference of REPS2 RNA in miR-675-5p-inhibition EC9706 cells mimicked the oncogenic function of  
miR-675-5p up-regulation in EC9706 cells. (A, B) The up-regulated REPS2 mRNA and protein in miR-675-5p-inhibition EC9706 
cells was significantly down-regulated after transfection with si-REPS2, which mimicked the effect of miR-675-5p up-regulation. 
Knockdown of REPS2 significantly induced proliferation (C), reduced cell G1 arrest (D), promoted colony formation (E), migration and 
invasion (F) in miR-675-5p-inhibition EC9706 cells, which was similar to the function of up-regulating miR-675-5p in EC9706 cells. 
*P < 0.05, **P < 0.01.


