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Background: Esophageal cancer (EC) is one of the aggressive gastrointestinal malignan-
cies. It has been reported that microRNAs (miRNAs) play key roles during the tumorigenesis
of EC. To identify novel potential targets for EC, differential expressed miRNAs (DEG)
between EC and adjacent normal tissues were analyzed with bioinformatics tool.
Methods: The differential expression of miRNAs between EC and adjacent normal tissues
was analyzed. CCK-8 and Ki67 staining were used to detect the cell proliferation. Flow
cytometry was performed to test the cell apoptosis. The correlation between miR-7-5p and
KLF4 was detected by dual-luciferase report assay. Gene and protein expression in EC cells
or in tissues were measured by qRT-PCR and Western blot, respectively. Cell migration and
invasion were detected with transwell assay. Xenograft mice model was established to
investigate the role of miR-7-5p in EC tumorigenesis in vivo.

Results: MiR-7-5p was found to be negatively correlated with the survival rate of patient
with EC. In addition, downregulation of miR-7-5p significantly inhibited the growth and
invasion of EC cells. Meanwhile, miR-7-5p directly targeted KLF4 in EC cells. Moreover,
downregulation of miR-7-5p inhibited the tumorigenesis of EC via inactivating MAPK
signaling pathway in vivo.

Conclusion: Downregulation of miR-7-5p notably suppressed the progression of EC via
targeting KLF4. Thus, miR-7-5p might serve as a new target for the treatment of EC.
Keywords: esophageal cancer, miR-7-5p, KLF4, MAPK signaling

Introduction

Esophageal cancer (EC) has become one of the aggressive malignancies which can
cause cancer-related death all over the world.! Meanwhile, esophageal squamous
cell carcinoma (ESCC) is the major histologic type that contains about 95% cases
of EC, while the percentage of esophageal adenocarcinoma is still low.> Nowadays,
surgical operation is the major method for EC treatment, while about 70% of cases
were regarded to be in the late stage.” When tumor is in late stage, chemotherapy is
the only method since surgery is invalid.*> Therefore, it is necessary to find new
strategies for the patients with late-stage EC.

MicroRNAs (miRNAs) are a novel class of 21-24 nucleotides, noncoding
small ribonucleic acids, which regulate gene expression by suppression of
mRNA translation or degradation of mRNA.®’ Therefore, miRNAs have been
considered as important biological regulators for multiple diseases. Previous
reports have indicated the importance of miRNAs in modulating cancer-related
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signaling pathways.® Additionally, miRNAs may be
related to types of malignant tumors and serve as key
factors for tumorigenesis of many cancers.' However,
the function of miRNAs during the progression of EC
remains to be understood. In this research, we used
a systemic bioinformatics analysis to identify differen-
tially expressed miRNAs that are essential for the tumor-
igenesis of EC. Meanwhile, Kruppel-like factor 4 (KLF4)
is a key mediator in cancer cell growth.'' On the other
hand, Mitogen-activated protein kinase (MAPK) signal-
ing is known to be participated in the progression of
Additionally, KLF4 is known to mediate
MAPK signaling during the tumorigenesis.'®> However,
the correlation between KLF4 and MAPK signaling in
EC remains unclear.

cancer. 12

In the current study, we aimed to detect the differential
expressed miRNAs, which is closely associated with the
tumorigenesis of EC. We hope our research can supply
a new idea for the development of novel therapeutic stra-
tegies against EC.

Materials and Methods
Cell Culture

Eca-109 and TE-9 cell lines were obtained from Chinese
Academy of Sciences (Shanghai, China) and cultured in
DMEM (Thermo Fisher Scientific, Waltham, MA, USA)
with 10% FBS (Thermo Fischer Scientific), 1% penicillin
and streptomycin (Thermo Fisher Scientific) at 37°C, 5% CO,,

Reagents
APTO-253 (KLF4 promoter, 5 uM) was obtained from
Sigma-Aldrich (St. Louis, MO, USA).

Tissue Collection

In total, 10 pairs of EC tissues and adjacent normal tissues
were collected from Yancheng Third People’s Hospital
between September 2017 and August 2018. The clinical
and pathological data of these patients were collected with
their written informed consents. Each tissue sample was
stored at —80°C until RNA extraction. The present study
was approved by the Ethics Committee of Yancheng Third
People’s Hospital.

Bioinformatics Analysis
The gene expression data EC and adjacent normal tissue
(controls) were obtained from the dataset (GSE114110)

and the Cancer Genome Atlas (TCGA). The survival
curve was calculated based on the data from TCGA.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was extracted from EC cell lines or tissues
using TRIzol reagent (TaKaRa, Tokyo, Japan). cDNA
was synthesized using the reverse transcription kit
(TaKaRa, Ver.3.0). Real-Time qPCRs were performed
in triplicate under the following protocol: 2 mins at 94°
C, followed by 35 cycles (30 s at 94°C and 45 s at 55°
C). The primer for miR-7-5p, B-actin and U6 were
obtained from GenePharma (Shanghai, China). MiR-
7-5p: forward, 5'- TGCGCTCAGCAAACATTTATTG-3'
and reverse 5- CCAGTGCAGGGTCCGAGGTATT-3".
B-actin: forward, 5'-AGCGAGCATCCCCCAAAGTT-3'
and reverse 5’-GGGCACGAAGGCTCATCATT-3'. U6:
forward, 5'-CGCTTCGGCAGCACATATAC-3' and
reverse 5- AAATATGGAACGCTTCACGA-3'. 2744
method was used to quantify the results. U6 or B-actin
was used for normalization.

Cell Transfection

Eca-109 or TE-9 cells were transfected with miR-7-5p
agonist, miR-7-5p antagonist or NC by Lipofectamine
2000 according to the previous reference.'* MiRNA ago-
nist, antagonist and NC were purchased from GenePharma
(Shanghai, China).

CCK-8 Assay

EC cells were seeded in 96-well plates (5x10° per well)
overnight. Briefly, cells were treated with negative control
(NC), miR-7-5p agonist or miR-7-5p antagonist for 0, 24, 48
and 72 h, respectively. Then, cells were treated with 10 pL
CCK-8 reagents (Beyotime, Shanghai, China) and further
incubated for 2 h at 37°C. Finally, the absorbance of EC
cells was measured at 450 nm using a microplate reader.

Cell Apoptosis Analysis

EC cells were seeded in a 6-well plate (1x10%well). The
residue was resuspended with 100 pL binding buffer after
centrifuged at 1000 rpm/min for 5 min. Then, 5 uL
Annexin V-FITC and propidium (PI) were added in the
system for 15 min. The cell apoptotic rate was measured
by flow cytometer (BD, Franklin Lake, NJ, USA) and the
results were analyzed using the Fluorescence-activated
Cell Sorting (FACS, BD, Franklin Lake, NJ, USA).
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Immunofluorescence

EC cells were treated with NC, miR-7-5p agonist or miR-
7-5p antagonist for 72 h. Next, cells were blocked at room
temperature and then incubated with anti-Ki67 antibody
(Abcam; 1:1000) at 4°C overnight. Then, cells were incu-
bated with secondary antibody (IgG, Abcam; 1:5000) at
37°C for 1 h. The nuclei were stained with DAPI
(Beyotime, Shanghai, China) for 5 min. Finally, cells
were observed under a fluorescence microscope.

Transwell Assay

Transwell plates (24-well, Corning, New York, NY, USA)
were used for cell invasion and migration detection. For
the cell migration assay, 2x10° EC cells were seeded into
the upper chambers of the 24-well plates in 200 pL of
serum-free RPMI 1640 medium supplemented with 0.2%
bovine serum albumin. The lower chambers contained
RPMI 1640 medium supplemented with 1% FBS. After
24 h of incubation at 37°C, the non-migrating cells were
gently removed from the upper side of each chamber with
a cotton swab, while the cells that had migrated were fixed
with 95% alcohol for 10 min and stained with 1% crystal
violet (Sigma, Grand Island, NY, USA) for 5 min. Finally,
cells were counted under an inverted light microscope
(Olympus) at 400x magnification.

For the invasion assay, the upper chambers of the
24-well plates were pretreated with 50 pL of Matrigel
(12.5 mg/l, BD Biosciences, Franklin Lake, NJ, USA).
Then, EC cells (1x10° cells/mL) in FBS-free medium
were seeded into the upper chambers. The lower chambers
contained RPMI 1640 medium supplemented with 1%
FBS. The cells were incubated at 37°C for 24 h, and
cells that had attached to the underside of the membrane
were fixed and stained with 1% crystal violet solution.
Finally, the number of invading cells was counted under
a microscope at 400 x magnifications.

MiR-7-5p Target Genes Prediction

Potential target genes of miR-7-5p were predicted by using
targetscan (http://www.targetscan.org/vert 71/) and
miRDB (http://www.mirdb.org/). The data were selected
for further analysis.

Luciferase Reporter Assay

Both wild-type and mutant constructs of KLF4 were cloned
into the pmirGLO Dual-Luciferase miRNA Target
Expression Vector (Promega, Fitchburg, WI, USA). EC

cells were seeded in a 24-well plate and co-transfected with
wild type or mutate type KLF4 3'UTR, NC or miR-7-5p
agonist by Lipofectamine 2000. After 48 h of transfection,
luciferase activity was measured using dual-luciferase repor-
ter assay system (Promega).

Western Blot Detection

Total protein was isolated from cell lysates or tissues by
using RIPA buffer and then quantified by BCA protein
assay kit (Beyotime, Shanghai, China). Proteins were
resolved on 10% SDS-PAGE and transferred onto PVDF
membranes. After blocking, the membranes were incu-
bated with primary antibodies at 4°C overnight. Then,
the membranes were incubated with secondary anti-rabbit
antibody (Abcam; 1:5000) at room temperature for 1
h. The primary antibodies were as follows: anti-p38
(Abcam, Cambridge, MA, USA; 1:1000), anti-ERK
(Abcam; 1:1000), anti-JNK (Abcam; 1:1000), anti-KLF4
(Abcam; 1:1000) and anti-B-actin (Abcam; 1:1000). The
density of the bands was measured using Imagel software.
Signals were detected with enhanced chemiluminescence
using B-actin as the internal standard (Kodak).

In vivo Study

BALB/c nude mice (6—8 weeks old) were purchased from
Vital River (Beijing, China). All in vivo experiments were
performed in accordance with the National Institutes of
Health guide for the care and use of laboratory animals,
following a protocol approved by the Ethics Committees
of Yancheng Third People’s Hospital.

The left flank of mice was administered with 1x10’
Eca-109 cells by subcutaneous injection according to the
previous reference.'> Mice were randomly stratified into
three groups: Blank, antagonist control (NC) group and
miR-7-5p antagonist group. Antagonist we used has been
chemically modified, and it has been confirmed to be
stably expressed in mice as previously described.'® The
mice were intra-tumor treated with 50 nM miR-7-5p
antagonist twice a week for 4 weeks when the tumor
reached 150 mm®'” The tumor volume was measured
weekly as described.'® At the end of the experiments,
body weight of each mouse was examined. Mice were
sacrificed for the collection of tumor tissues. Then, tumor
tissues were weighed.

Statistical Analysis
Each group was performed at least three independent
experiments and all data were expressed as the mean =+
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Figure | Differentially expressed miRNAs in EC. (A-D) The differentially expressed miRNAs in EC were presented in GSEI 14110 and TCGA using Volcano Plot. Red
indicated a high expression level while blue indicated a low expression level. (E) Among these differentially expressed miRNAs in GSEI 14110 DS, |3 were downregulated,
whereas 35 were upregulated.
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Figure 2 MiR-7-5p was selected for further investigation in the following experiments. (A) Among the overlap of differentially expressed miRNAs, five most significant
differentially expressed miRNAs were presented. The fold changes (cancer tissues/adjacent normal tissues) were acquired from GSE and TCGA, respectively. The mean
value of fold changes from these two datasets was calculated. (B) TCGA was performed to confirm the correlation between miR-7-5p and survive rate of EC. (C) The
expression of miR-7-5p in tumor or in adjacent normal tissues was detected by qRT-PCR. **P < 0.0] compared to normal tissues.

standard deviation (SD). Differences were analyzed using
a one-way analysis of variance (ANOVA) followed by
Tukey’s test (more than 2 groups, Graphpad Prism?7).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Differentially Expressed miRNAs in EC
To analyze the differentially expressed miRNAs in EC,
bioinformatics analysis was used. As indicated in Figure
1A-D, differentially expressed miRNAs in GSE114110
data set (DS) and TCGA were presented using Volcano
Plot. In addition, Volcano Plot of differentially expressed
miRNAs depicting up- and downregulated miRNAs in EC,
compared with the matched normal tissues. Among these
differentially expressed miRNAs in GSE114110 DS and
TCGA, 13 were commonly downregulated, whereas 35
were commonly upregulated (Figure 1E).

Moreover, among the overlap of the differentially
expressed miRNAs, five most differentially expressed
miRNAs were presented (Figure 2A). Among these five
miRNAs, high expression of miR-7-5p was negatively
correlated with survival rate of patients with EC (Figure
2B). Besides, the expression of miR-7-5p was significantly
upregulated in EC tissues, compared with that in normal
tissues (Figure 2C). These data suggested that miR-7-5p
might play an important role during the tumorgenesis of
EC. Thus, miR-7-5p was selected for investigation in the

following experiments.

MiR-7-5p Antagonist Greatly Suppressed

the Growth of EC Cells

To verify the efficiency of cell transfection, gqRT-PCR was
performed. As demonstrated in Figure 3A, the expression of
miR-7-5p in EC cells was notably upregulated by miR-7-5p
agonist, while it was downregulated in the presence of
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Figure 3 Downregulation of miR-7-5p significantly inhibited the cell proliferation of EC. (A) Eca-109 or TE-9 cells were transfected with NC, miR-7-5p antagonist or miR-
7-5p agonist for 24 h. Then, cell transfection efficiency was verified by qRT-PCR. After incubation of 0, 24, 48 or 72 h, OD value of (B) Eca-109 or (C) TE-9 cells was

detected by CCK-8 assay. **P < 0.0l compared to control.
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Figure 4 MiR-7-5p inhibition notably induced the apoptosis of EC cells. (A, B) The rate of apoptotic Eca-109 cells was detected by FACS after double staining with Annexin
V and PI. X-axis: the level of Annexin-V FITC fluorescence; Y-axis: the Pl fluorescence. (C, D) The rate of apoptotic TE-9 cells was detected by FACS after double staining
with Annexin V and PIl. X-axis: the level of Annexin-V FITC fluorescence; Y-axis: the Pl fluorescence. **P < 0.01 compared to control.

miR-7-5p antagonist. The result demonstrated that miR-7-5p
was stably transfected into EC cells. Moreover, OD value of
EC cells (Eca-109 and TE-9) was notably inhibited by miR-
7-5p antagonist but increased by miR-7-5p agonist (Figure 3B
and C). In summary, downregulation of miR-7-5p significantly
inhibited the proliferation of EC cells.

MiR-7-5p Antagonist Notably Induced the

Apoptosis of EC Cells

For the purpose of detecting the effect of miR-7-5p on
apoptosis of EC cells, flow cytometry was used. As
demonstrated in Figure 4A and B, miR-7-5p antagonist
obviously induced the apoptosis of Eca-109 cells.

Consistently, the apoptosis rate of TE-9 cells was notably

increased by the downregulation of miR-7-5p (Figure 4C
and D). Since Eca-109 cells were more sensitive to miR-
7-5p antagonist compared with TE-9 cells, Eca-109 cells
were used in the following experiments. Altogether, miR-
7-5p antagonist notably induced the apoptosis of EC cells.

MiR-7-5p Antagonist Significantly
Suppressed the Migration and Invasion of
EC Cells

Transwell assay was performed to test the migration and
invasion of EC cells. As indicated in Figure SA-D, migra-
tion and invasion of EC cells were notably inhibited in the
presence of miR-7-5p antagonist but promoted by miR-
7-5p agonist. In addition, miR-7-5p agonist notably
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Figure 5 Downregulation of miR-7-5p significantly inhibited the migration and invasion of EC cells. (A, B) The migration of Eca-109 cells was tested using transwell
migration assay; X400 magnification. (C, D) The invasion of Eca-109 cells was tested using transwell invasion assay; X400 magnification. (E) The proliferation of Eca-109 cells
was detected by Ki67 staining. Then, (F) Ki67 positive cell rate was calculated. **P < 0.0 compared to control.

promoted the proliferation of EC cells (Figure SE and F).
In contrast, miR-7-5p antagonist exhibited an inhibitory
effect on EC cell proliferation (Figure SE and F). Taken
together, miR-7-5p antagonist notably inhibited the migra-
tion and invasion of EC cells.

KLF4 Was the Direct Target of miR-7-5p
in EC Cells

To investigate the target gene of miR-7-5p, targetscan,
miRDB and dual-luciferase report assay were used. As
demonstrated in Figure 6A and B, KLF4 was found to be
the direct target of miR-7-5p. In addition, the data of dual-
luciferase indicated that the co-transfection of the wild-type
KLF4 vector (WT-KLF4) with miR-7-5p agonist signifi-
cantly reduced luciferase activities compared with mutant
KLF4 vector (MT-KLF4) (Figure 6C). To sum up, KLF4
was the direct target of miR-7-5p in EC cells.

MiR-7-5p Agonist Promoted the

Tumorigenesis of EC via Activation of
MAPK Signaling

To explore the mechanism by which miR-7-5p mediated
the tumorigenesis of EC, Western blot was performed. As

demonstrated in Figure 7A and B, the expression of KLF4
in EC cells was significantly upregulated by miR-7-5p
antagonist or APTO-253 (KLF4 promoter). However,
overexpression of miR-7-5p notably decreased the level
of KLF4 in EC cells. Besides, APTO-253 partially rescued
the inhibitory effect of miR-7-5p agonist on KLF4 expres-
sion. In contrast, miR-7-5p agonist-induced activation of
p-p38 and p-ERK in EC cells were reversed by APTO-253
(Figure 7A, 7 and D). Meanwhile, miR-7-5p antagonist or
APTO-253 alone significantly inhibited the expression of
these two proteins (Figure 7A, C and D). However, miR-
7-5p agonist, antagonist or KLF4 had very limited effect
on the expression of p-JNK in EC cells (Figure 7E).
Besides, miR-7-5p agonist increased the cell proliferation
of EC, which was significantly reversed by APTO-253
(Figure 7F). Altogether, miR-7-5p promoted the progres-
sion of EC via the mediation of KLF4/MAPK axis.

miR-7-5p Antagonist Significantly
Attenuated the Tumor Growth of EC

in vivo

Finally, to explore the effect of miR-7-5p on EC in vivo,
xenograft mice model was established. As indicated in
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Figure 8A and B, the tumor size in mice was obviously
decreased by the downregulation of miR-7-5p. Similarly,
miR-7-5p antagonist notably reduced the tumor weight
of mice (Figure 8C). Moreover, miR-7-5p antagonist
obviously suppressed the expression of p-p38 and
p-ERK and increased the expression of KLF4 in tumor
tissues of mice (Figure 8D-G). Altogether, the down-
regulation of miR-7-5p significantly attenuated the
tumor growth of EC in vivo.

Discussion

MiRNAs have been confirmed to play important roles in
the occurrence of EC.'"”?! In this research, we found
that the downregulation of miR-7-5p could notably sup-
press the growth of EC cells. Our study firstly explored

the role of miR-7-5p in EC. Tong et al indicated that
miR-7-5p could enhance the cell growth and metastasis
in gastric cancer.”? Based on our finding and this pre-
vious report, miR-7-5p could as a key biomarker during
the tumorigenesis. However, Zhong et al demonstrated
that miR-7-5p was downregulated in nasopharyngeal
carcinoma cells, and miR-7-5p directly targeted E2F
transcription factor 3 (E2F3).”> E2F3 has been con-
firmed to promote cancer cell growth,** while KLF4
has been verified to be downregulated in EC.?* Thus,
this discrepancy might result from the different func-
tions between E2F3 and KLF4.

Kruppel-like factor 4 (KLF4) is an important factor
that mediates genes participated in cell growth, differentia-

tion, and metastasis.>®?’ Additionally, overexpression of
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Figure 7 MiR-7-5p promoted the progression of EC via activation of MAPK signaling. (A) The protein expression of KLF4, p38, p-ERK, ERK, JNK, p-JNK and p-p38 in Eca-
109 cells was detected by Western blot. (B) The relative expression of KLF4 was quantified via normalizing to B-actin. (C) The relative expression of p-ERK was quantified
via normalizing to B-actin. (D) The relative expression of p-p38 was quantified via normalizing to B-actin. (E) The relative expression of p-JNK was quantified via normalizing
to B-actin. Eca-109 cells were treated with NC, miR-7-5p agonist or miR-7-5p agonist+ APTO-253. (F) After 72 h of incubation, the OD value of Eca-109 cells was tested by
CCK-8 assay. *P < 0.05, **P < 0.0] compared to control. P < 0.01 compared to miR-7-5p agonist.

KLF4 has been studied in multiple malignant tumors and
has been found to regulate various biological functions,
including cell proliferation, survival and metastasis.''~***
We have indicated that KLF4 was a downstream target of
miR-7-5p. It has been previously confirmed that miR-9
increased the cell apoptosis in ovarian cancer by directly
targeting KLF4.> Our finding was consistent with this
previous research. However, KLF4 has been reported that
it could induce the metastasis of colorectal cancer,31 while
we found KLF4 was negatively correlated with the tumor-
igenesis of EC. Since our findings were similar to the
previous data that KLF4 was downregulated in EC, differ-
ent functions of KLF4 in different tumor type might result
in this discrepancy.

P38 can mediate many biological processes.*” It has
been regarded that p38 can activate MAPK to promote the
cancer development and progression.>> > In addition, pre-
vious studies have confirmed the association between
KLF4 and MAPK/p38 signaling.’*>’ Our study further
verified the relation between KLF4 and MAPK/p38, sug-
gesting that KLF4 could at as a key modulator on MAPK/
p38 signaling. Frankly speaking, this research only
focused on MAPK/p38 signaling so far. Since it has been
reported that PI3K/Akt signaling could play a key role
during the development of EC,*® we will verify the func-
tion of miR-7-5p on this pathway.

In conclusion, miR-7-5p antagonist could inhibit the
tumorigenesis of EC via the mediation of KLF4/MAPK
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Figure 8 Downregulation of miR-7-5p significantly attenuated the tumor growth of EC in vivo. Eca-109 cells were transplanted subcutaneously in each mouse. Then, mice
were treated with NC or miR-7-5p antagonist twice a week. (A) Tumor volumes of mice were measured weekly. (B) At the end of the study, tumor tissues of mice were
collected and pictured. (C) Tumor weights in each group of mice were calculated. (D) The protein expressions of p38, p-p38, ERK, p-ERK and KLF4 in tumor tissues of mice
were detected by Western blot. (E) The relative protein expression of KLF4 was quantified via normalizing to B-actin. (F) The relative protein expression of p-ERK was
quantified via normalizing to B-actin. (G) The relative protein expression of p-p38 was quantified via normalizing to B-actin. **P < 0.01 compared to control.

signaling pathway. Therefore, miR-7-5p could serve as

a potential target for the treatment of EC.
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