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Background: Esophageal squamous cell carcinoma (ESCC) is a common and fatal malig-
nancy, which has posed a great challenge to public health, especially in China. Dysregulation
of long non-coding RNAs is involved in the occurrence, development, invasion, and metas-
tasis of multiple cancers including ESCC. However, little is known about the function of
MIR205HG in ESCC.

Methods: We used qRT-PCR to detect the expression level of MIR205HG, miR-214, and
SOX4 in human ESCC tissues and cell lines. Loss-of-functional assays were performed to
test the impact of MIR205HG on cell proliferation, metastasis, and apoptosis process via
CCK-8, transwell, and flow cell cytometry assays. Additionally, the downstream molecular
mechanism of MIR205HG in ESCC was explored.

Results: Here, we found MIR205HG was substantially up-regulated in ESCC, and there was
a positive correlation between MIR205SHG expression and tumor size and lymphatic metas-
tasis of ESCC patients. Inhibition of MIR20SHG attenuated cell proliferation, migration, and
invasion. Silencing MIR205HG increased G1 phase cell counts and decreased S phase cell
counts, along with increased apoptotic cell populations. Notably, the rescue assays indicated
that miR-214 could partly reverse the influence of MIR205HG on ESCC cell migration. We
also found that SOX4 was a direct target mRNA of miR-214, and MIR205HG could act as
a molecular sponge to regulate SOX4 expression in ESCC.

Conclusion: Taken together, our findings demonstrate that MIR20SHG promotes ESCC
progression by regulating the miR-214/SOX4 axis. MIR205HG may be a novel candidate
target for ESCC diagnosis and therapy.

Keywords: MIR205HG, IncRNA, ESCC, miR-214, SOX4

Introduction
Esophageal cancer (EC) is one of the most aggressive tumors with high cancer-
related mortality worldwide, among which esophageal squamous cell carcinoma
(ESCC) is the most prevalent subtype of EC in China."* Despite intensive clinical
advances including chemotherapy, radio-chemotherapy and esophagectomy, the
overall 5-year survival rate of ESCC remains poor, due to the high recurrence
and metastasis rate.” Therefore, a deeper understanding of the mechanisms under-
lying ESCC progression is imperative to improve clinical outcomes for ESCC
patients.

Recently, global transcriptional analyses have identified that mammalian gen-
omes contain numerous long non-coding RNA (IncRNA), which is defined as
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a class of non-coding RNAs whose length is longer than
200 nt.** Existing researches revealed that IncRNA could
serve as the biomarker for prognosis and diagnosis in
multiple cancers.®” Notably, studies over the past years
have demonstrated that IncRNAs are frequently dysregu-
lated and play a pivotal role in tumor metastasis, including
ESCC. For instance, Chu et al found that IncRNA MNX1-
AS1 was up-regulated in ESCC tissues and MNX1-ASI
expression was positively associated with lymphatic
metastasis. Further analysis suggested MNX1-AS1 drove
ESCC growth by negatively regulating SIRT1 expression
via sponging miR-34a.® Yang et al found that FEZF1-AS1
was strongly expressed in ESCC and FEZF1-AS1 facili-
tated ESCC metastasis progression by regulating the Wnt/
B-catenin pathway.” These findings highlighted the far-
reaching impact of IncRNAs during the ESCC
carcinogenesis.

MIR205HG, also named as LINC00510, whose tran-
script length is 4173 bp. It has been reported that
MIR205HG functioned as an oncogenic regulator to pro-
mote certain types of cancer progression.'®!'" For example,
MIR205HG depletion suppressed cell proliferation, migra-
tion and clonogenic capacity through sponging miR-590-
3p in head and neck squamous cell carcinoma.'” Besides,
MIR205HG promoted proliferation malignant progression
of cervical cells by sponging miR-122 to upregulate
FOXP2 expression.'* However, the function and the con-
crete molecular mechanism of MIR205HG in ESCC
development and progression were still unknown at
present.

Herein, we found that MIR205HG was remarkably
increased in ESCC tissues and MIR205HG was positively
associated with tumor size and lymphatic metastasis of
ESCC patients. The receiver operating characteristic (ROC)
analysis showed MIR205HG possessed a great potential to
act as a diagnostic biomarker for ESCC. Functionally,
MIR205HG promoted ESCC cell growth, migration, and
invasion, and regulated cell cycle and apoptotic process.
Moreover, we also unveiled that MIR205HG was involved
in the ESCC progression by regulating the miR-214/SOX4
axis.

Materials and Methods

Tissue Samples

A total of 45 ESCC patients who did not receive che-
in The First Affiliated
Hospital of Zhengzhou University from July 2019 to

motherapy or radiotherapy

December 2019 were enrolled in the current study. Fresh
ESCC tissues and matched adjacent non-tumor tissues
were obtained after the surgery and stored at —80°C till
RNA extraction, and the clinical characteristics of ESCC
patients were collected. The protocol was approved by The
First Affiliated Hospital of Zhengzhou University and
informed consents from all patients were obtained before
implementation.

Cell Lines and Cell Culture

ESCC cell lines (KYSE30 and EC109) used in this study
were purchased from Shanghai institutes of life science
cell bank center (Shanghai, China) and were preserved in
DMEM medium (Hyclone, UT, USA) which contained
10% fetal bovine serum (FBS, Hyclone, UT, USA), and
1% penicillin-streptomycin. Cell lines were maintained at
37°C in a humidified atmosphere with 5% CO, and con-
firmed without mycoplasma contamination. ESCC cells
were routinely stored at the cell saving (New Cell&
Molecular Biotech, Suzhou, China) and cell culture dishes
were purchased from Hangzhou Xinyou Biotechnology
Co., Ltd.

RNA Extraction and qRT-PCR Analysis

TriZol reagent (Takara, Dalian, China) was used to extract
total RNA from frozen tissues and cells according to the
manufacturer’s instruction. Then, cDNA of IncRNA and
mRNA was reversed using the PrimeScript™RT reagent
Kit with gDNA Eraser (Takara, Dalian, China). While
cDNA of miRNA was synthesized with miRNA 1st
Strand ¢cDNA Synthesis Kit (Vazyme, Nanjing, China).
Then, gRT-PCR was performed with Hieff® gqPCR
SYBR® Green Master Mix (Yeasen, Shanghai, China) on
QuautStudio-5 manufacture. Relative expression levels of
IncRNA and mRNA or miRNA were normalized to the -
Actin or U6, respectively.

Cell Transfection

Small interfering RNA targeting MIR205HG (si-
MIR205HG), scramble siRNA of MIR205HG (si-NC),
miR-214 inhibitor, and miR-214 negative control (control)
sequences were designed by GenePharma (Shanghai, China).
ESCC cells were seeded in 6-well plates and incubated for
24 h, then cells were transfected with Lipofectamine 3000
(Invitrogen) according to manufacturer’s recommendation.
Following transfection 48h, we collected cells to perform
further experiments. The sequences of the 3 siRNAs were
listed as follows:
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Figure | MIR205HG was significantly elevated in ESCC tissues. (A) The volcano plot showed the differential expression IncRNAs in ESCC tissues. (B) Heatmap analysis
showed the top |10 up-regulated IncRNAs in ESCC tissues. (C and D) LINC01468 and LINCO01272 were not statistically up-regulated in 45 ESCC tissues. (E) MIR205HG
expression abundance was significantly increased in ESCC tissues. (F) The expression of MIR205HG in ESCC from the INnCAR database. ***P<0.0001.
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si-MIR205HG#1 Sense 5-UCUCCUUCAAUUCCAC
UUUTT-3', Anti-sense 5-"AAAGUGGAAUUGAAGGAG
ATT-3'; si-MIR205HG#2 Sense 5'-GCUGAACUGGGUG
CUUUAUTT-3', Anti-sense 5-AUAAAGCACCCAGU
UCAGCTT-3"; si-MIR20HG#3 Sense 5-GAGACAGCC
AGAGAGAAAUTT-3', Anti-sense 5'-
AUUUCUCUCUGGCUGUCUCTT-3".

Cell Proliferation Assay

ESCC cells’ growth rate was assessed by CCK-8 Kit
(Dojindo, Japan) as previously described.'* According to
manufacturer’s protocol, cells transfected with si-
MIR205HG and si-NC were seeded in 96-well plates
(2000 cells per well). After a continuous incubation for
24h, 48h, 72 h and 96 h, 10 pL. CCK-8 reagent was then
added into each well at 37°C. Finally, the absorbance of
the cell medium at 450 nm was detected using Molecular
Devices (SpectraMax M5, USA).

Transwell Assays

We performed Transwell migration and invasion assays to
explore the metastatic potential of ESCC cells as described
before.!>'® A number of 2x10° cells were placed in the
upper chamber covered or uncovered with a Matrigel in
200 pL serum-free DMEM accompanied with the 650 pL
medium containing 15% FBS at the lower chamber. After
incubation for 24h at 37°C, the cells remaining on the top
side of the membrane were scratched away. Then, we used
4% paraformaldehyde to fix cells and stained with 0.1%
crystal violet. Finally, cells were calculated and discerned
by the microscope.

Cell Cycle and Cell Apoptosis Assays

Cell cycle and apoptosis assays were performed according
to the Cell Cycle and Apoptosis Analysis Kit (Beyotime,
China) instructions. Cells cultured in the six-well plate
were transfected with siRNAs. After transfection for 48h,
cells were collected and cleaned with cooling PBS. For
cell cycle assay, cells were fixed with 70% cooling ethanol
at 4°C overnight. Afterwards, cells were stained with
propidium iodide (PI) solution containing RNase A after
washed with cold PBS for two times. After incubation for
30min at room temperature in the dark, cell cycle was
examined by flow cytometry (BD Accuri™ C6 Plus). For
apoptosis assay, cells were stained with annexin V/PI
double staining and the cell suspension was measured by
flow cytometry according to the manufacturer’s protocol.

ModFit 4.1 and FlowJo10.0 were used to analyze cell
cycle and apoptosis data, respectively.

Statistical Analysis

All statistical analysis was performed using GraphPad
Prism8. For comparisons, one-way analyses of variance,
Student’s t-tests, Fisher exact test, y* test were performed.
Pearson’s correlation analysis was used to analyze correla-
tions between two variances. Survival curves were plotted
with the Kaplan—-Meier method and were analyzed with
the Log rank test. P <0.05 were considered as statistically
significant.

Results
MIR205HG is Significantly Upregulated in
ESCC Tissues

The whole transcriptome analysis of three ESCC and adja-
cent normal tissues was performed with RNA-sequencing.
We found that a total of 31 upregulated and 55 downregu-
lated IncRNAs in our ESCC samples (Figure 1A). The top
10 upregulated IncRNAs in ESCC tissues are shown in
Figure 1B. Next, we chose three up-regulated statistically
IncRNAs (LINC01468, LINC01272, MIR205HG) to verify
their expression in 45 paired ESCC tissues by qRT-PCR.
The expression of LINC01468 and LINCO01272 in ESCC
tissues and adjacent non-tumor tissues had no statistical

Table | The Association of MIR205HG Expression and Clinical
Features of ESCC

Variables N MIR205HG P-value
Expression
High Low
(23) (22)
Gender Male 36 | 16 20 0.1346
Female 9 7 2
Age <65years | 25 | 9 16 0.0955
>65years | 20 | 14 6
Tumor size <3cm 14 | 3 1l 0.0106*
>3cm 31 | 20 Il
Differentiation Poor 9 5 4 1.0000
grade Moderate | 36 | 18 18
TNM stage 1+l 18 | 11 7 0.2732
H+1V 27 | 12 15
Lymphatic Negative | 23 | 8 15 0.0251*
metastasis Positive 22 | I5 7

Note: *P<0.05.
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significance (Figure 1C and D). However, MIR205HG was
robustly upregulated in ESCC tissues compared to adjacent
non-tumor tissues (Figure 1E). Bioinformatic data from
InNCAR'” further corroborated the high expression of
MIR205HG in ESCC (Figure 1F). Therefore, we focused
on MIR205HG for the following studies.

The Association Between MIR205HG
Expression and Clinical-Pathological

Factors in ESCC

We collected clinical-pathological data of ESCC patients
and dissected the association between MIR205HG expres-
sion and clinical features of ESCC patients. We observed
that MIR205HG expression was significantly related to
lymph node metastasis (P=0.0251, Table 1) and tumor size
(P=0.0106, Table 1), but there was no relationship between
MIR205HG expression level and differentiation grade,
TNM stage, age or gender (Table 1). Moreover, we per-
formed the ROC analysis to evaluate the diagnostic accuracy
of MIR205HG in ESCC. Our investigations demonstrated
that MIR205HG could be a diagnosis biomarker for ESCC
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(AUC = 0.8785; Youden index J=0.5694, P<0.0001, 95%
confidence interval, CI=0.8260-0.9310, Figure 2A). The
sensitivity and specificity were 87.5% and 69.44%, respec-
tively. Overall, these findings implied the oncogenic prop-
erty of MIR205HG in ESCC development.

The Influence of MIR205HG on ESCC

Cell Proliferation

To depict the biological function of MIR205HG in ESCC
cells, we designed three siRNAs targeting MIR205HG to
inhibit MIR205HG expression in KYSE30 and EC109
cells. We named them as si-MIR205HG#1-3. Our results
showed that si-MIR205HG#2 and si-MIR205HG#3 could
remarkably inhibit MIR205HG expression in ESCC cells,
as evidenced by qRT-PCR results (Figure 2B). Therefore,
we chose these two siRNAs for the following assays. We
conducted CCK-8 assays to detect ESCC cells (KYSE30
and EC109) growth rate at designed time intervals (24 h,
48 h, 72 h, 96 h). The results suggested that the cell
proliferation ability was significantly reduced after the
silencing of MIR205HG in ESCC cells (Figure 2C and D).
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Figure 2 The association between MIR205HG and clinical features of ESCC patients. (A) The results of the ROC analysis of MIR205HG in ESCC. (B) The si-MIR205HG#2
and si-MIR205HG #3 suppressed MIR205HG expression in KYSE30 and EC109 cells. (C) MIR205HG knockdown inhibited KYSE30 cell proliferation. (D) The cell growth
rate of the EC109 cell was reduced when silencing of MIR205HG. **P<0.01, ***P<0.001.
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MIR205HG Increases ESCC Caell

Migration and Invasion

To further investigate the role of MIR205HG in ESCC
metastasis, we performed transwell migration and invasion
experiments. Notably, our research identified that the down-
regulation of MIR205HG evidently inhibited ESCC cell
migration (Figure 3A—C). Meanwhile, MIR205SHG depletion
prominently attenuated ESCC cell invasion, as evidenced by
Matrigel-coated transwell experiments (Figure 3D—F). Taken
together, these findings suggested that MIR205SHG played
a key role in regulating the mobility of ESCC cells.

MIR205HG Regulates ESCC Cells

Apoptosis Progression

To further study the association between MIR205HG
expression and ESCC cells apoptosis, we detected apoptosis
percentages in ESCC cell transfected with si-MIR205HG#2
or si-MIR205SHG#3 through flow cytometry. We found that

Migration

the number of apoptotic cells in the MIR205HG silenced
group was increased compared with the negative group in
KYSE30 cells (Figure 4A-D). The cell apoptosis assays of
EC109 cell lines yielded the similar results (Figure 4E—H).
These findings confirmed that MIR20SHG could negatively
regulate the ESCC cell apoptosis process.

MIR205HG Expedites ESCC Cell Cycle

Distribution

To further elucidate the role of MIR205HG-mediated
ESCC cells growth, we detected cell cycle distribution
after inhibiting MIR205HG by flow cytometry assay.
The result showed that G1 phase cell percentages were
significantly increased in the MIR205HG silenced group
compared to the negative control group, while the pro-
portion of the S phase was reduced after knocking down
of MIR205HG (Figure 5A-D). Taken together, these
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Figure 3 MIR205HG increased ESCC cell metastasis. (A—C) The results of the transwell invasion assay in KYSE30 and EC109 cell. (D-F) The results of the transwell

migration assay in KYSE30 and EC109 cell. ***P<0.0001.
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Figure 4 MIR205HG inhibited ESCC cell apoptosis. (A—D) The number of apoptosis cells was remarkably elevated in the si-MIR205HG group for KYSE30 cells. (E-H) The
proportion of apoptosis cells increased in the si-MIR205HG group for EC109 cells. ***P<0.001, ****P<0.0001.

accelerate the cell cycle progression in ESCC to control
cell proliferation.

MIR205HG Promotes ESCC Cell
Migration via Targeting miR-214

Recently, accumulating evidence has testified that IncRNAs
could function as molecular sponge of miRNAs to regulate
the expression and biological function of mRNAs. Firstly, we
found that MIR205HG was located in the cytoplasm of cells
using IncLocator (http://www.csbio.sjtu.edu.cn) to confirm

the possibility of MIR205HG as a molecular sponge in
ESCC cells (Figure 6A). Moreover, we found that miR-214
was a direct target miRNA of MIR205HG by the Annolnc
database (http://annolnc.gao-lab.org/). We performed qRT-
PCR to test the regulations between MIR205HG and miR-
214. Our results demonstrated that miR-214 expression was
remarkably increased after inhibiting MIR205HG (Figure
6B). Meanwhile, we found that miR-214 expression was

significantly negatively correlated with MIR205HG expres-
sion in ESCC tissues (R?=0.69, P<0.05, Figure 6C). Previous
research identified miR-214 served as an important tumor
suppressor, which predominantly inhibited cell migration in

multiple cancers including ESCC.'® To further test the nega-
tive regulation of MIR205HG on miR-214, we conducted
rescue assays. Our results exhibited that miR-214 expression
was remarkably reduced after the cell was transfected with
miR-214 inhibitor (Figure 6D). Furthermore, knockdown
MIR205HG inhibited cell migration while inhibiting miR-
214 could partly abolish this suppression in EC109 cells
(Figure 6E and F). In addition, MIR205HG could bind with
miR-214 (Figure 6G). Collectively, MIR205SHG enhanced
ESCC cell migration via targeting miR-214.

MIR205HG Upregulates SOX4
Expression by miR-214

Previous study identified that SOX4 was a direct downstream
gene of miR-214 in ESCC cells.'” We found that SOX4 was
up-regulated in multiple cancers including ESCC in the GEDS
database (Figure 7A).*° Similarly, there was a remarkable
increase of SOX4 mRNA expression in ESCC tissues based
on the analysis of GEPIA database and Oncomine (https://
www.oncomine.org/) (Figure 7B and C). In addition, we iden-

tified high expression of SOX4 was closely linked to disease-
free survival for ESCC patients (Figure 7D) according to

OncoTargets and Therapy 2020:13

submit your manuscript

13103

Dove


http://www.csbio.sjtu.edu.cn
http://annolnc.gao-lab.org/
https://www.oncomine.org/
https://www.oncomine.org/
http://www.dovepress.com
http://www.dovepress.com

OncoTargets and Therapy downloaded from https://www.dovepress.com/ by 207.241.225.236 on 25-Dec-2020

For personal use only.

Li et al Dove
A = . B -
2] N pips S’,i N Dip s
. ] G1: 65.49%
2 5 0 i
o v S: 20.25%
o ] G2'. 17 éo/ g “ G2: 14.26%
&7 17.3% 1
y ] - si-MIR205HG#2
277 2%
o] = L B
0 0 20 40 60 80 100 120
BL2-A PE-A BL2-A PE-A
C B D
87_ D\pS
] — 80—
g G1: 70.19% § oy R si-NC
. . c x
] LN S, si-MIR205HGH#?2
g+ G2: 9.76% 5 & .
] o] si-MIR205HG#3
25 si-MIR205HG#3 &£
277 L 40
. ©
§—_ <@
J 3] *kk kkk
8- c>,~A 20 T
z 3 .
° 0 T T T
0 20 40 60 80 100 120 140
BL2-APE-A G1 S G2

Figure 5 MIR205HG accelerated ESCC cell cycle progression. (A-D) The counts of G| phase cell was significantly increased in the MIR205HG silence group along with
reduced counts of S phase cell according to flow cytometry results. ***P<0.001, ***P<0.0001.

GEPIA. ROC analysis indicated the high accuracy of SOX4 in
ESCC diagnosis (AUC=0.9181, 95% CI=0.8574 to 0.9789,
Figure 7E). Moreover, we found that SOX4 was significantly
downregulated at mRNA level after silencing of MIR20SHG
(Figure 7F). On the contrary, inhibiting miR-214 could elevate
SOX4 level in ESCC cells (Figure 7G). There was a decrease
of SOX4 protein in MIR20SHG depletion in EC109 cells
(Figure 7H). Taken together, these data demonstrated that
MIR205HG drives ESCC progression via regulating the
miR-214/SOX4 axis (Figure 8).

Discussion

It was reported that MIR205HG could serve as an onco-
genic modulator to contribute to cell growth, epithelial-to
-mesenchymal transition (EMT), and inhibit cell apopto-
sis in lung cancer.'” In melanoma, the abnormal

expression of MIR205HG caused the dysregulation of

immune response, ultimately accelerating cancer
development.?' Herein, we carried out the first study to
investigate the expression profile and biological functions
of MIR205HG in ESCC. We observed that MIR205HG
was robustly increased in ESCC tissues through RNA-
seq and qRT-PCR assays. Besides, we discovered that
MIR205HG expression was tightly related to the tumor
size and lymphatic metastasis of ESCC samples. ROC
analysis showed the availability of MIR205HG as
a potential biomarker in ESCC diagnosis. Therefore, we
postulated that MIR205HG could serve as a critical target
in ESCC progression. More importantly, we confirmed
that deficiency of MIR205HG reduced cell proliferation,
migration, and invasion capacities in ESCC. Notably,

knocking down MIR205HG significantly decreased the
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Figure 8 Mechanistic model of oncogenic function of MIR205HG in ESCC. LncRNA MIR205HG promoted ESCC progression by regulating the miR-214/SOX4 axis.

cell numbers in the S phase and increased G1 phase cell
numbers, along with elevated the numbers of apoptosis
cells. All these findings confirmed our hypothesis that
MIR205HG is a pivotal driving factor during the ESCC
development.

A great part of literature has pinpointed that IncRNA
exerts various biological functions through binding with
miRNA.>**> LncRNA PVTI1 promoted cell growth and
migration through competitively binding to miR-143 to
modulates HK2 expression in gallbladder cancer.** In the

current study, we identified that miR-214 is a target of
MIR205HG from the Annolnc database. The previous
study demonstrated that miR-214 suppressed cell prolifera-
tion, migration, and invasion in ESCC."®% From our
results, we noticed that miR-214 expression was raising
sharply after the suppression of MIR205HG in ESCC
cells. MIR205HG expression was negatively related to
miR-214 expression in ESCC tissues. Dual-luciferase
assay indicated that MIR205HG could bind with miR-214.
Functionally, inhibiting miR-214 partially rescued the
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suppression of cell migration induced by MIR205HG
depletion. Taken together, our data suggested that miR-
214 is a pivotal downstream effector of MIR205HG in
regulating ESCC progression.

To gain a deeper understanding of the molecular mechan-
ism of MIR205HG in ESCC, we analyzed the target mRNA of
miR-214. Interestingly, SOX4 was reported to be a direct
target gene of miR-214 and SOX4 served as an important
oncogene to promote ESCC development.'”*® Here, we
found SOX4 was elevated in ESCC tissues and patients with
high SOX4 expression had shorter overall survival rates.
These findings were consistent with previous reports. More
importantly, we noted that MIR205HG silencing decreased
SOX4 expression at mMRNA and protein levels while inhibiting
miR-214 induced SOX4 expression. Altogether, these results
indicated that MIR205HG promotes ESCC progression by
regulating the miR-214/SOX4 axis. However, more experi-
ments will be needed to elucidate this regulation.

Conclusion

In summary, our study demonstrated that the oncogenic phe-
notypes of MIR205HG in ESCC for the first time. Moreover,
we identified that MIR205SHG promoted ESCC progression
by regulating the miR-214/SOX4 axis. These investigations
implied that MIR205HG could serve as a potential efficient
diagnosis biomarker and therapeutic target for ESCC.
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