
Xu et al. Cancer Cell Int          (2021) 21:155  
https://doi.org/10.1186/s12935-020-01740-8

PRIMARY RESEARCH

CTCF‑silenced miR‑137 contributes to EMT 
and radioresistance in esophageal squamous 
cell carcinoma
Shuwen Xu1†, Xiaofeng Li2†, Longfei Li3, Yufeng Wang4, Chong Geng5, Feng Guo5, Tao Zhang5, Aonan Du5, 
Zhiwei Lu5, Hua Hui5 and Qiang Wang5* 

Abstract 

Background:  Esophageal squamous cell carcinoma (ESCC) is one of the most malignant tumors in gastrointestinal 
system. MicroRNAs (miRNAs) have been reported to be implicated in cancer development. However, the role of miR-
137 has not been fully revealed in ESCC.

Methods:  Quantitative real-time polymerase chain reaction (qRT-PCR) and western blot analyses were separately 
used to examine RNA level and protein level. 5-ethynyl-2′-deoxyuridine (EdU) assay, transwell assays and flow cytom-
etry analyses were conducted to assess biological behaviors of ESCC cells. Additionally, the interaction between genes 
were analyzed via Chromatin Immunoprecipitation (ChIP) assay, RNA Binding Protein Immunoprecipitation (RIP) assay, 
RNA pull down assay and luciferase reporter assay.

Results:  MiR-137 was down-regulated in ESCC cells. Upregulation of miR-137 hindered ESCC cell proliferation, migra-
tion, invasion and epithelial mesenchymal transition (EMT). Besides, miR-137 enhanced the sensitivity of ESCC cells to 
irradiation. Moreover, CCCTC-binding factor (CTCF) inactivated miR-137 transcription in ESCC cells. Furthermore, we 
revealed enhancer of zeste 2 polycomb repressive complex 2 subunit (EZH2) and paxillin (PXN) as the downstream 
targets of miR-137. In turn, EZH2 was recruited by CTCF and induced methylation in miR-137 promoter.

Conclusion:  CTCF/Suz12/EZH2 complex-silenced miR-137 facilitates ESCC progression and radioresistance by target-
ing EZH2 and PXN.
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Background
Esophageal carcinoma (EC) occurs in esophageal epithe-
lial tissue, is one of the commonest malignancies with 
leading causes of cancer-associated mortality globally 
[1]. The deaths cases of EC reach approximately 509,000 
each year [2]. Esophageal adenocarcinoma (EA) and 
esophageal squamous cell carcinoma (ESCC) are two 

major subtypes of EC. ESCC remains the predominant 
subtype in China, which accounts for almost 90% of all 
EC cases [3]. Chemotherapy [4] and radiotherapy [5] has 
been applied in the treatment for ESCC patients. How-
ever, chemoresistance and radioresistance will occur 
in advanced stage. Therefore, exploring the molecular 
mechanism is necessary for improving the effectiveness 
of chemotherapy and radiotherapy.

Alteration of RNA expression is closely correlated with 
the progression of human diseases [6, 7]. Non coding 
RNAs (ncRNAs) have been reported in recent years due 
to their crucial role in human cancers [8]. MicroRNAs 
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(miRNAs) are a class of short ncRNA molecules that 
engaged in diverse biological activities [9–12]. Numer-
ous miRNAs have been reported to be dysregulated and 
is associated with the development of various cancers 
[13–22], including EC [23]. MiR-137 has been validated 
to be a tumor suppressor in several cancer types. For 
instance, miR-137 is lowly expressed in pancreatic cancer 
tissues and cell lines and suppresses the progression of 
pancreatic cancer [24]. Furthermore, miR-137 restrains 
endometrial cancer cell proliferation [25]. Downregula-
tion of miR-137 in endometrial cancer potentially due 
to the methylation of miR-137 promoter [26]. However, 
the role miR-137 in ESCC progression has never been 
investigated.

Enhancer of zeste homolog 2 (EZH2) is an enzymatic 
subunit of the polycomb repressive complex 2 (PRC2) 
that plays crucial role in cancer development. EZH2 inhi-
bition induces anti-myeloma impacts on multiple mye-
loma [27]. EZH2 can strengthen the resistance of gastric 
cancer to 5-FU [28]. Paxillin (PXN) has been found to be 
markedly abundant in cervical cancer tissues and is posi-
tively correlated with tumor stage and lymphatic metas-
tasis [29]. To our knowledge, the interaction between 
miR-137 and EZH2 or PXN remains to be explored in 
ESCC.

This study was aimed to investigate the function of 
miR-137 in ESCC progression and unveiled its upstream 
or downstream molecular mechanism.

Materials and methods
Cell culture
Four human ESCC cell lines (Eca109, EC9706, KYSE150, 
KYSE450) and human normal esophageal epithelial cell 
line (Het-1A) were all procured from the ATCC (Manas-
sas, VA, USA) and propagated at 37  °C in a humidified 
incubator of 5% CO2. Cell lines were cultured in RPMI-
1640 medium (Gibco, Carlsbad, CA, USA) with 10% FBS 
(Gibco) and 1% Pen/Strep mixture.

RNA extraction and quantitative real‑time polymerase 
chain reaction (qRT‑PCR)
Total RNA extraction from cell samples were achieved 
using Trizol method, then cDNA template was synthe-
sized using complementary DNA (cDNA) reverse tran-
scription kit (Applied Biosystems, Carlsbad, CA, USA). 
The Power SYBR® Green Master mix (Applied Biosys-
tems) was used for qRT-PCR on StepOne™ Real-Time 
PCR System (Applied Biosystems). Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) or U6 snRNA 
(U6) was regarded as the internal reference. The 2−ΔΔCt 
method was applied to calculate relative gene expression.

Transfection
MiR-137 mimics and negative control (NC) mimics 
were designed by Genepharma Company (Shanghai, 
China) to overexpress miR-137. The pcDNA3.1 vec-
tors containing whole sequence of CCCTC-binding 
factor (CTCF), SUZ12 polycomb repressive complex 2 
subunit (Suz12), EZH2 and paxillin (PXN) were syn-
thesized by Genepharma and named as pcDNA3.1/
CTCF, pcDNA3.1/Suz12, pcDNA3.1/EZH2 and 
pcDNA3.1/PXN. The empty pcDNA3.1 vector was used 
as NC. Transfections were accomplished using Lipo-
fectamine2000 (Invitrogen, Carlsbad, CA, USA). Forty-
eight hours later, Cells were reaped for analysis.

5‑ethynyl‑2′‑deoxyuridine (EdU) assay
Cells were seeded to 96-well plates which were added 
with the EdU medium (Ribobio, Guangzhou, China) in 
PBS, then fixed with 4% paraformaldehyde for fixing. 
Cells were cultured with DAPI solution for 30 min and 
observed under a fluorescence microscope (Olympus, 
Tokyo, Japan).

Transwell assay
Cells in serum-free medium were placed on the top of 
transwell chamber (BD Biosciences, Franklin Lakes, NJ, 
USA) pre-coated with or without Matrigel for invasion 
or migration assay. The conditioned medium served 
as the supplements of lower chamber. After incubated 
for 24 h, cells on the bottom were fixed and dyed with 
0.5% crystal violet. Five fields in each well were counted 
randomly.

Western blot
Total protein extracts were acquired using RIPA lysis 
buffer, then dissolved in 12% SDS-PAGE gel and trans-
ferred to PVDF membranes. After blocking in 5% skim 
milk for 1  h, the membranes were incubated with the 
primary antibody against GAPDH (the internal con-
trol), ZO-1, E-cadherin, N-cadherin, Vimentin, CTCF, 
Suz12, EZH2, PXN, and then were incubated with the 
secondary antibodies conjugated to HRP. All antibodies 
were purchased from Abcam (Cambridge, MA, USA). 
At last, protein blots were exposed to the enhanced 
chemiluminescence (ECL) fluorescence test kit (Amer-
sham, Arlington Heights, IL) (Additional file 1: Fig. S1).

Survival fraction assay
Transfected ESCC cells in 6-well plates were pro-
cessed with the irradiation at doses of 0, 2, 4, 6, 8 Gy, 
then cultured in medium at 37 °C for colony formation. 
Fourteen days later, cells were fixed and stained with 
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0.1% crystal violet. Survival clones with > 50 cells were 
counted manually under Olympus microscope.

Flow cytometer of apoptosis
Cell apoptosis was analyzed by Annexin-V fluorescein 
isothiocyanate (FITC)/propidium iodide (PI) dual-stain-
ing kit as per the instruction. The apoptotic cells were 
detected by use of FACSC alibur flow cytometer (BD Bio-
sciences) with CellQuest software (BD Biosciences).

Chromatin immunoprecipitation (ChIP)
ESCC cells were fixed in 4% paraformaldehyde for 
10 min to form cross-linking of DNA and protein. After 
ultrasonic, antibodies against CTCF, Suz12, EZH2, 
H3K27Me3 and control IgG antibody (Millipore, Biller-
ica, MA, USA) were prepared for the immunoprecipita-
tion. The precipitated DNA was recovered by magnetic 
beads for qRT-PCR analysis.

Luciferase reporter assay
MiR-137 promoter covering the CTCF binding sites 
was amplified and sub-cloned into pGL3-basic vec-
tor (Promega, Madison, WI, USA), and then co-trans-
fected into HEK-293 T cells (ATCC) with pcDNA3.1/
CTCF or empty pcDNA3.1 vector. Besides, the EZH2 or 
PXN fragments containing wild-type and mutated miR-
137 binding sites were applied for the establishment of 
EZH2-WT/Mut and PXN-WT/Mut using pmirGLO vec-
tor (Promega), then co-transfected with miR-137 mimics 
or miR-NC in HEK-293 T cells. Fluorescence intensity 
changes were tested by Dual-Luciferase Reporter Assay 
System (Promega).

RNA immunoprecipitation (RIP)
Cells in complete RIP lysis buffer were collected and 
incubated with the beads-bound anti-Ago2 antibody or 
anti-IgG antibody for 2  h in RIP buffer. After immuno-
precipitation, the RNAs-bound to protein were isolated 
for qRT-PCR.

RNA pull down assay
The wild-type and mutant interacting sites of EZH2 or 
PXN in miR-137 sequences were synthesized and bioti-
nylated severally into Bio-miR-137-WT/Mut, followed 
by mixing with the cellular protein extracts. Beads were 
added to collect precipitated mixtures, then analyzed by 
qRT-PCR.

Immunofluorescence (IF) staining
ESCC cells samples on coverslips were treated with 4% 
paraformaldehyde for permeabilizing, then blocked in 5% 
BSA. The primary antibodies against CTCF, Suz12, EZH2 
(Abcam) were diluted and used as instructed by supplier. 
After washing in PBS, samples were cultured with sec-
ondary antibodies. Images were captured using a fluores-
cence microscope.

Statistical analyses
All data from independent bio-triplicates were shown 
as the mean ± standard deviation (SD) and analyzed 
by Prism 6.0 software. Analysis of group difference was 
achieved by Student’s t-test (two-tailed) or one-way anal-
ysis of variance, with p < 0.05 as statistical significance.

Results
MiR‑137 is expressed at a low level in ESCC cells 
and suppresses cell proliferation, migration 
and radioresistance
Firstly, we utilized qRT-PCR to explore miR-137 
expression in ESCC cells. We observed that the expres-
sion of miR-137 was markedly lower in ESCC cell 
lines compared with that in the normal cell line Het-
1A (Fig.  1a). Since miR-137 was expressed at lowest 
level in Eca109 and KYSE450, we chose these two cell 
lines for substantial experiments. For gain-of-function 
assay, miR-137 was overexpressed through transfect-
ing with miR-137 mimics (Fig.  1b). EdU assay mani-
fested that miR-137 mimics significantly decreased the 
percent of EdU positive cells (Fig. 1c). Transwell assay 
revealed that upregulation of miR-137 visibly impeded 
the migratory and invasive abilities of two ESCC cells 

(See figure on next page.)
Fig. 1  MiR-137 is expressed at a low level in ESCC cells and suppresses cell proliferation, migration and radioresistance. a The expression of miR-137 
was evaluated by qRT-PCR assay in ESCC cell lines (Eca109, EC9706, KYSE150, KYSE450) and normal esophageal epithelial cell line (Het-1A). b The 
overexpression efficiency of miR-137 mimics was assessed by qRT-PCR. c The proliferation ability was testified by EdU assay in Eca109 and KYSE450 
cells transfected with miR-137 mimics or NC mimics. d, e Transwell assays were performed to evaluate the migratory and invasive capacities 
after transfected with miR-137 mimics. f Western blot assays were conducted to measure the level of EMT-related proteins in two ESCC cells with 
miR-137 upregulation. g The expression of miR-137 was detected by qRT-PCR assay in parental Eca109 and KYSE450 cells and radio-resistant cells. 
h Clonogenic survival assay showed that the surviving fraction of radio-resistant cells and parental cells. i Flow cytometry analysis was performed 
to evaluate cell apoptosis rate in parental and radio-resistant cells. j Clonogenic survival assay was performed to testify radio sensitivity after 
transfected with miR-137 mimics. k Flow cytometry analysis was performed to evaluate cell apoptosis rate after transfected with miR-137 mimics. 
**P < 0.01
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(Fig. 1d, e). Additionally, western blot was conducted to 
measure the protein level of EMT-related proteins. The 
results indicated that ectopic expression of miR-137 
could reverse EMT process (Fig. 1f ).

To explore whether miR-137 exerted effects on radi-
oresistance in ESCC cells, we performed qRT-PCR to 
examine its expression in parental cell line and radio-
resistant cell lines. We identified the relative low level 
of miR-137 in radio-resistant Eca109 and KYSE450 cells 
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(Fig.  1g). Clonogenic survival assay manifested that the 
surviving fraction was notably increased in radio-resist-
ant Eca109 and KYSE450 cells compared with that of 
untreated parental ones (Fig.  1h). Flow cytometry anal-
ysis showed that the apoptotic rate was lower in radio-
resistant cells than that in parental ones with or without 
irradiation (Fig. 1i). After steadily irradiating with a dose 
of x-ray radiation, miR-137 mimics significantly reduced 
the surviving fraction compared with NC mimics group, 
indicating that miR-137 could suppress radioresistance 
of ESCC cells (Fig.  1j). Additionally, miR-137 mimics 
markedly increased the ratio of apoptosis of ESCC cells 

treated with or without irradiation. (Fig.  1k). This phe-
nomenon revealed that miR-137 could inhibit the resist-
ance of ESCC cells to irradiation.

CTCF represses the transcription of miR‑137
Transcription factor could regulate the expression of 
miRNAs through activating or repressing transcription. 
We detected that CTCF might be a transcription factor 
of miR-137 by utilizing JASPAR (http://jaspa​rdev.gener​
eg.net/). We up-regulated the expression of CTCF in 
Eca109 and KYSE450 cells firstly (Fig. 2a, b). ChIP assay 
showed that CTCF could bind to miR-137 promoter 

Fig. 2  CTCF represses the transcription of miR-137. a qRT-PCR and western blot assays were performed to determine the level of CTCF mRNA and 
protein. b The expression of miR-137 was examined after CTCF overexpression. c ChIP assays were conducted to investigate the affinity of CTCF in 
miR-137 promoter (left). Luciferase reporter was conducted to assess the effect of CTCF on the transcriptional activity of miR-137 in HEK-293 T cell 
(right). d Potential binding site between CTCF and miR-137 promoter region. e The promoter region of miR-137 was divided into five segments and 
the sequence of F5 was mutated. f ChIP assay was performed to explore the specific fragment in miR-137 promoter responsible for the binding 
with CTCF. g Luciferase reporter was conducted to determine which sequence in F5 fragment could bind to CTCF. *P < 0.05, ***P < 0.01

http://jaspardev.genereg.net/
http://jaspardev.genereg.net/
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(Fig.  2c). Then, we obtained DNA motif of CTCF and 
its binding sites in miR-137 promoter from JASPAR 
(Fig. 2d). We divided the promoter region into five frag-
ments for further experiments (Fig.  2e). Later, ChIP 
assay was conducted and the result revealed that F5 was 
responsible for the affinity (Fig.  2f ). To elucidate which 
binding sites in F5 functions, we constructed F5-WT, 
F5-Mut1, F5-Mut2 and F5-Mut3 with corresponding 
sequence mutation. The promoter activity of F5-WT and 
F5-Mut3 were much impaired by CTCF, while this effect 
on promoter activity was partially abolished by F5-Mut1 
or F5-Mut (Fig.  2g). Overall, these data implied that 
CTCF repressed the transcription of miR-137 in ESCC 
via binding to miR-137 promoter region at both 1638–
1620 and − 1908–1890 site in the upstream of transcrip-
tion start site (TSS).

EZH2 and PXN are downstream targets of miR‑137
Extensive documents have elucidated that miRNAs could 
induce translational repression or degradation of target 
mRNAs, leading to alteration of biological functions. 
Utilizing bioinformatics analysis, we screened 39 poten-
tial downstream targets of miR-137 (Fig.  3a). Among 
which, only three mRNAs could be downregulated by 
the upregulation of miR-137 in both ESCC cells (Fig. 3b). 
Further qRT-PCR analyses showed that EZH2 and PXN 
were expressed higher in ESCC cell lines than that in 
normal cell line (Fig. 3c) and were expressed at high level 
in radio-resistant Eca109 and KYSE450 cells than that 
in parental cells (Fig.  3d). RIP assay demonstrated the 
enrichment of miR-137, EZH2 and PXN in the Ago2-
bound complexes (Fig.  3e), indicating their coexistence 
in RNA induced silencing complex (RISC). Furthermore, 
RNA pull down assay manifested that both EZH2 and 
PXN were preferentially abundant by Bio-miR-137-WT 
(Fig.  3f ). Next, we found putative binding site of miR-
137 with EZH2 and PXN and mutated the binging sites, 
respectively (Fig.  3g). We noticed that the luciferase 
activity of EZH2-WT or PXN-WT was attenuated dra-
matically by miR-137 mimics (Fig. 3h). Finally, the mRNA 
levels of PXN and EZH2 was depleted by miR-137 mim-
ics, but was recovered again by co-repression of CTCF 
(Fig. 3i). Together, these findings revealed that EZH2 and 
PXN are two downstream targets of miR-137.

CTCF induces DNA methylation of miR‑137 via recruiting 
PRC2 complex
Using UCSC (http://genom​e.ucsc.edu/), we focused 
on three potential transcription factors of miR-137, 
namely, Suz12, EZH2 and CTCF (Fig.  4a). It has been 
reported that CTCF can interact with suppressor of 
zeste 12 homologue (Suz12) and induces DNA meth-
ylation of downstream targets via polycomb repressive 

complex 2 (PRC2) complex [30]. Here, we conjectured 
that the depletion of miR-137 might be associated with 
the interaction between CTCF and PRC2 complex. We 
separately overexpressed Suz12 and EZH2 in Eca109 and 
KYSE450 cells and found that the level of miR-137 was 
decreased (Fig.  4b, c). To certify whether CTCF could 
interact with Suz12, we firstly examined the subcellu-
lar situation of CTCF, Suz12 and EZH2 and found that 
all of them were predominantly located in the nucleus of 
Eca109 and KYSE450 cells (Fig. 4d). Histone H3 lysine 4 
trimethylation (H3K4me3) was closely related with tran-
scriptional activity and open-chromatin structures, and 
served as a repressive marker of transcription [31]. ChIP 
assay showed that the enrichment of miR-137 promoter 
in the immunoprecipitation with CTCF, Suz12, EZH2 
and H3K27Me3 antibodies (Fig. 4e). qRT-PCR and west-
ern blot analyses revealed that CTCF had no effects on 
the expression of Suz12 and EZH2 mRNA and protein 
(Fig.  4f, g). ChIP data revealed that the upregulation of 
CTCF enhanced the enrichment of miR-137 promoter 
in CTCF, Suz12, EZH2 group and increased H3K27Me3 
level (Fig. 4h). These findings suggested that CTCF inter-
acts with Suz12/EZH2 and induces DNA methylation of 
miR-137 promoter via recruiting PRC2 complex.

MiR‑137 inhibits ESCC cell proliferation, migration 
and radioresistance by targeting EZH2 and PXN
Apart from EZH2, PXN was also found to be a direct tar-
get of miR-137. Thus, we intended to prove whether miR-
137 regulate ESCC cellular processes via targeting EZH2 
and PXN. Before rescue assays, we overexpressed PXN in 
two ESCC cells (Fig. 5a). The expression of PXN or EZH2 
was depleted by miR-137 mimics was partially restored 
by co-transfection of PXN or EZH2 (Fig. 5b, c).

Next, EdU assay indicated that PXN or EZH2 overex-
pression could recover the proliferative ability weakened 
by miR-137 upregulation (Fig.  5d). Furthermore, the 
migratory and invasive capacities impaired by miR-137 
upregulation were stimulated again by PXN or EZH2 
overexpression (Fig.  5e). The level of EMT-related pro-
teins affected by miR-137 overexpression was reset by 
the overexpression of PXN or EZH2 (Fig.  5f ). Moreo-
ver, the surviving fraction reduced by miR-137 mimics 
was notably increased by PXN or EZH2 overexpression 
(Fig. 5g). Flow cytometry showed that the radio-induced 
apoptotic cells were increased by miR-137 mimics, while 
distinctively decreased again by overexpressing PXN 
or EZH2 (Fig. 5h). Therefore, we confirmed that CTCF/
Suz12/EZH2 complex-silenced miR-137 facilitates ESCC 
progression and radioresistance by targeting EZH2 and 
PXN.

http://genome.ucsc.edu/
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Fig. 3  EZH2 and PXN are two downstream targets of miR-137. a The putative targets of miR-137 were predicted by utilizing starBase and 
miRTarBase bioinformatics tools. b Results of qRT-PCR analysis showed the mRNAs that were downregulate by the miR-137 upregulation in Eca109 
and KYSE450 cells. c qRT-PCR was performed to detect the expressions of target genes in four ESCC cell lines and the normal cell line. d qRT-PCR 
was performed to evaluate the expressions of EZH2, PXN and RNF4 in parental and radio-resistant cells. e RIP assay manifested that miR-137, EZH2 
and PXN were significantly enriched in Ago2 group. f RNA pull down showed that Bio-miR-137-WT could pull down EZH2 and PXN. g The binding 
sites between miR-137 and EZH2 or PXN. h Luciferase reporter assay was performed to validate the interaction between miR-137 and EZH2 or 
PXN. i The expression of PXN or EZH2 was measured by qRT-PCR in cells transfected with NC mimics, miR-137 mimics or miR-137 mimics + CTCF. 
**P < 0.01
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Discussion
MiRNAs play pivotal roles in a wide array of biologi-
cal processes, such as proliferation, apoptosis and 

migration [32]. Accumulating evidence supported the 
involvement of miR-137 in cancer biology [33]. MiR-
137 has been found to interact with long non-coding 

Fig. 4  CTCF induces DNA methylation of miR-137 via recruiting PRC2 complex. a The potential transcription factor for miR-137 was predicted by 
UCSC tool. b qRT-PCR and western blot assays were performed to determine the level of Suz12 mRNA and protein as well as miR-137 expression 
after Suz12 overexpression. c qRT-PCR and western blot assays were performed to determine the level of EZH2 mRNA and protein as well as 
miR-137 expression after EZH2 overexpression. d Immunofluorescence assay was performed to determine the co-localization of CTCF, Suz12 and 
EZH2. e ChIP assay was conducted to test the affinity of CTCF, SUZ12, EZH2 and H3K27Me3 to miR-137 promoter. f, g qRT-PCR and western blot 
assays were performed to determine the level of Suz12 and EZH2 mRNA and protein in CTCF-abundant cells. h ChIP data indicated that Suz12 and 
EZH2 were recruited by CTCF to enhance the H3K27Me3 level of miR-137. **P < 0.01
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Fig. 5  MiR-137 inhibits ESCC cell proliferation, migration and radioresistance by targeting EZH2 and PXN. a qRT-PCR analysis was utilized to 
determine the overexpression of PXN. b, c The level of PXN and EZH2 mRNA and protein were measured by qRT-PCR and western blot assays in 
indicated cells. d EdU assay was conducted to measure the effects of PXN or EZH2 on miR-137 mimics-mediated cell proliferation. e Transwell 
assays were performed to detect the effects of PXN or EZH2 on miR-137 mimics-mediated cell migration and invasion. f Western blot assays were 
conducted to measure the level of EMT-related proteins in indicated cells. g Clonogenic survival assay was performed to testify the effects of PXN 
or EZH2 on miR-137 mimics-mediated radiosensitivity. h Flow cytometry analysis was performed to evaluate cell apoptosis rate after indicated 
transfections. *P < 0.05, **P < 0.01
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RNA (lncRNA) small nucleolar RNA host gene 1 
(SNHG1) in the tumorigenesis of colorectal cancer 
(CRC) [34]. Moreover, miR-137 has been reported to be 
abnormally expressed in cancer samples and exhibited 
anti-cancer potential in ovarian cancer [35] and gas-
tric cancer [36]. Herein, we noticed that miR-137 was 
notably downregulated in ESCC cells and its upregu-
lation could inhibit cell proliferation migration and 
radioresistance.

As an 11-zinc-finger nuclear protein, CTCF is a type 
of insulator protein capable of mediating transcriptional 
domains through promoter activation or repression 
[37–39]. In the current study, CTCF was identified to be 
a transcriptional repressor that was responsible for the 
downregulation of miR-137 in ESCC. CTCF has been 
reported to interact with Suz12 and recruit PRC2 com-
plex to transcriptionally suppressing their downstream 
targets [40]. Polycomb group (PcG) is protein capable of 
mediating the transcription repressor of target mRNA 
via chromatin modification. PRC2 is a major principle 
protein complex of PcG, which can regulate various bio-
logical functions. Since Suz12 is a crucial component of 
PRC2, we hypothesized that CTCF could recruit PRC2 
complex and further affect the expression of miR-137. 
Through our experiments, we elucidated that CTCF 
could recruit PRC2 complex to promote the DNA meth-
ylation in the promoter of miR-137 via the interaction 
with Suz12.

By means of bioinformatics analysis and molecular 
mechanical experiments, we identified EZH2 and PXN 
as two targets of miR-137. Functionally, EZH2 and PXN 
restoration could counteract the cellular processes and 
radioresistance mediated by miR-137 upregulation. In 
conclusion, miR-137 exerts tumor-suppressive functions 
in ESCC through forming a negative feedback loop with 
EZH2 and PXN. Our findings may contribute to provid-
ing a promising therapeutic target for ESCC patients. We 
will make clinical investigation on this feedback loop in 
our future study.

Conclusion
Our findings revealed the downregulation of miR-137 in 
ESCC and its tumor suppressive role by targeting EZH2 
and PXN. Our findings might provide a promising tar-
get for ESCC treatment, especially for patients with 
radioresistance.
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