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Background: As the fourth most common cancer among women worldwide, cervical cancer
lead to 311,000 deaths in 2018. Although the treatments have been developed, the survival
rate of cervical cancer remains unsatisfactory. In this study, we aimed to identify differen-
tially expressed IncRNAs (DEIncRNAs) between cervical cancer and adjacent normal tissues
using bioinformatics analysis, and further to investigate the biological function of the
DEIncRNAs in vitro and in vivo.

Methods: The expression profiles from two microarray datasets (GSE6791 and
GSE63514) were downloaded from GEO for analysis of DEIncRNAs between cervical
cancer and adjacent normal cervical tissues. Among all DEIncRNAs, MIR155HG
upregulation was identified and selected for further investigation. The effect of
MIR155HG knockdown on proliferation, apoptosis and invasion in SiHa and Hela
cells were evaluated. In addition, Western blot, RNA immunoprecipitation (RIP) and
cell cycle assays were performed to determine the binding target of MIRI55HG.
Furthermore, the effect of MIR1I5S5HG knockdown on tumor growth in vivo was
investigated.

Results: The level of MIR155HG was found to be significantly upregulated in cervical
cancer tissue compared with adjacent cervical tissue. Knockdown of MIR155HG notably
inhibited the proliferation of SiHa and Hela cells by inducing apoptosis. In addition,
MIR155HG knockdown decreased cell invasion. Moreover, tumor growth in xenograft was
significantly inhibited by MIR155HG knockdown in vivo. Additionally, SRSF1 was identi-
fied as the binding protein of MIR155HG.

Conclusion: Our findings demonstrated that MIR155HG knockdown inhibited the progres-
sion of cervical cancer by binding SRSF1, inspiring the usage of MIR155HG as a potential
novel therapy target for the treatment of cervical cancer.
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Introduction

Cervical cancer is the fourth most common cancer among women worldwide,
affecting 570,000 patients and leading to 311,000 deaths in 2018." The major
treatments for cervical cancer include surgery, radiotherapy, chemotherapy and
target therapy.” Among these treatment strategies, surgery and radiotherapy are
usually considered for patients with localized cancer.” Concurrent radiochemother-
apy is recommended for patients with advanced cervical cancer, and target therapy
emerged in recent years are primarily targeting EGFR and COX-2.? Despite the
treatments have been advanced for cervical cancer, the survival rate of cervical

cancer is still unsatisfactory.”* Therefore, further researches are imperative on
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understanding the biological mechanisms of cervical can-
cer progression with the aim of developing novel thera-
peutic methods.

Long non-coding RNAs (IncRNAs) are important
members of the non-coding RNA family with a length of
more than 200 nucleotides having no apparent protein
coding functions.” LncRNAs implicate in numerous levels
of gene regulation, such as transcriptional, post-
transcriptional and epigenetic regulation.’® Thanks to the
gene regulation ability of IncRNAs, the associations
between dysregulation of IncRNAs and multiple human
diseases have been demonstrated, including cancers.® In
addition, the involvement of IncRNAs in multiple cancer
processes have been proved such as apoptosis, prolifera-
tion, metastasis, and drug resistance.” The dysregulated
expression of IncRNAs was found in a variety of malig-
nancies, such as hepatocellular carcinoma, bladder cancer,
breast cancer, gastric cancer, glioma, osteosarcoma, color-
ectal cancer, and lung cancer.®

Upregulation of IncRNA MIRI155 host gene
(MIR155HG) was associated with better overall survival
(OS) or disease-free survival (DFS) in types of cancers
including lung adenocarcinoma, cholangiocarcinoma and
skin cutaneous melanoma.” In contrast, the high expres-
sion of MIR155HG was closely related to poorer OS in
kidney renal clear cell carcinoma, glioblastoma multi-
forme, uveal melanoma and brain lower grade glioma.’
However, the role of MIR155HG in cervical cancer
remains unclear. In addition, serine/arginine-rich splicing
factor 1 (SRSF1) is an RNA binding protein which is
directly involved in DNA repair through interaction with
non-coding RNA, nascent transcripts, or DNA repair
genes.'” It was already reported that SRSF1 played an
oncogenic role in cervical cancer.'"'? In this study, we
aimed to investigate the role of MIR155HG in cervical
cancer both in vitro and in vivo.

Materials and Methods

Bioinformatics Analysis

The expression profiles of GSE6791 and GSE63514 were
acquired from Gene Expression Omnibus data base (GEO,
https://www.ncbi.nlm.nih.gov/geo/). Gene expression of

cervical cancer tissue and site-matched normal tissue was
analyzed using R language. LncRNAs with a fold change
>2 and adjusted p-value <0.05 were considered as differ-
entially expressed IncRNAs (DEIncRNAs). The levels of
MIR155HG in cervical cancer tissue and in adjacent

cervical tissue were downloaded from TCGA dataset
(http://tcga-data.nci.nih.gov/tcga).

Cell Culture

SiHa and HeLa cells were obtained from American Type
Culture Collection (ATCC, Rockville, MD, USA). All the
cells were maintained in Dulbecco’s modified Eagle’s
medium (DMEM, Gibco, Carlsbad, CA, USA) supplemen-
ted with 10% fetal bovine serum (FBS; Gibco) and 1%
penicillin/streptomycin (Gibco) in a humidified atmo-
sphere of 5% CO, at 37°C. Non-cancerous ectocervical
epithelial cell line (Ectl/E6E7) were acquired from ATCC
and maintained in Keratinocyte-Serum Free medium
(GIBCO, Grand Island, USA)
0.05 mg/mL bovine pituitary extract, 0.1 ng/mL human

supplemented with

recombinant EGF and 0.4 mM calcium chloride in
a humidified incubator with 5% CO, at 37°C.

Cell Transfection and Lentiviral Infection

Short-hairpin RNAs (shRNAs) against MIR-155HG were
constructed in pcDNA3.1 by GenePharma Co., Ltd.
(Shanghai, China). The cells were seeded into 6-well plate
and cultured overnight before transfection. Next day, the
cells were transfected with shRNAs or blank pcDNA3.1
China)  with
Lipofectamine 2000 transfection reagent (Thermo Fisher
Scientific, Waltham, MA, USA) according to the manufac-
turer’s protocols. For lentiviral infection, the cells were

(vector-ctrl, GenScript,  Nanjing,

seeded into 6-well plate and cultured overnight before infec-
tion. SRSF1-overexpressing and control lentivirus were con-
structed by GenScript (Nanjing, China). After 72 h of
infection, the stable infected cells were selected with 5 pg/
mL puromycin (Sigma, Saint Louis, MO, USA).

Cell Viability

Cell counting kit-8 (CCK-8) assay (Beyotime, Shanghai,
China) was used to determine the cell viability in accor-
dance with the manufacturer’s protocol. The cells (2x10°
cells/well) were seeded into 96-well plates and cultured
overnight for adherence. After treatments, the cells were
cultured with 10 pL CCK-8 solution for 2 h, and the
optical density (OD) values at the absorbance of 450 nm
was measured using a microplate reader (BioTek, North
Brunswick, NJ, USA).

Colony Formation Assay
The cells were seeded into 6 well plates (500 cell/well)
and cultured for 2 weeks. After treatments, the cells were
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fixed in 4% paraformaldehyde for 60 min and stained with
0.005% crystal violet for 15 min. Colonies containing
more than 50 cells/colony were counted.

Apoptosis Assay

The annexin V-FITC/propidium iodide (PI) double-
staining method was used to quantify apoptosis using
Annexin V-FITC Apoptosis Detection Kit (Thermo
Fisher Scientific, Waltham, MA, USA). Briefly, the cells
were collected and gently washed three times with PBS.
After that, the cells of 4 x 10° were resuspended in 200 pL
binding buffer followed by incubation with 5 puL of
annexin V-FITC and 10 pL of PI following the manufac-
turer’s instructions. The apoptosis was analyzed by flow
cytometry (Dickinson Franklin Lake, NJ, USA).

Transwell Invasion Assay

The 24-well transwell chambers with 8 um pores were
obtained from Corning (NY, USA). Matrigel (BD
Biosciences, Franklin Lakes, NJ, USA) was diluted with
DMEM F-12 medium and added to the upper chamber
(100 uL/well). After that, 1x10° cells resuspended in 100
pL of DMEM F-12 medium were seeded into the upper
chamber. The medium (600 pL/well) supplemented with
10% FBS was added to the lower chamber. After incuba-
tion for 48 h, the cells that passed through the filter were
fixed with 4% paraformaldehyde and stained with 4%
crystal violet for 20 min. The invaded cells were observed
under a light microscope.

Real-Time qRT-PCR (RT-qPCR)

Total RNAs from the cells were extracted using TRIzol
reagent (Invitrogen, Thermo Fisher), followed by tran-
scribed into cDNA using M-MLV reverse transcriptase
(Invitrogen, Carlsbad, CA, USA). Realtime PCR quantifi-
cation was performed using EXPRESS One-Step SYBR™
GreenER™ Kit (Thermo Fisher) on a ABI Prism 7500
Sequence Detection System (Perkin Elmer Inc., Waltham,
MA, USA). The thermocycling conditions applied were
listed as follows: 98°C for 3 min; followed by 40 cycles at
98°C for 30 s, 60°C for 30 s and 72°C for 30 s. The
relative expressions of genes were calculated using the
comparative 2 **“* method. ACTIN was used as the
inner control. The primers used are described in Table 1.

Western Blotting
Total proteins of the cells were extracted using protein
extraction kit (Beyotime). Concentrations of proteins

Table | Sequences of Primers

Primer Name Sequence (5'-3")

MIRI55HG Forward: TGGAGATGGCTCTAATGGTGG
Reverse: TCAGTTGGAGGCAAAAACCC

SRSFI Forward: GCGACGGCTATGATTACGATG
Reverse: ACATACATCACCTGCTTCACGC

PTBPI Forward: ACCCTGTGACCCTGGATGT
Reverse: TGTACTTGACGTTGAGGCTGGT

IGF2BP2 Forward: CAGACAATGGCGATGACCACT
Reverse: AGTGACCTTCTCCCGGAACAC

ACTIN: Forward: GTCCACCGCAAATGCTTCTA
Reverse: TGCTGTCACCTTCACCGTTC

were determined using BCA kit (Beyotime). Then, the
proteins were subjected to sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE), followed
by transferred onto PVDF membranes (Thermo Fisher).
Primary antibodies against SRSF1 (1:2000, Abcam,
Cambridge, MA, USA), CDK2 (1:1000, Abcam),
CyclinEl (1:1000, Abcam), B-actin (1:1000, Abcam)
were incubated with the membranes at 4°C for 12
h. After washing with TBST for three times, the mem-
branes were then incubated with corresponding HRP-
conjugated secondary antibodies (1:5000, Abcam) at
room temperature for 2 h. The protein samples were
visualized using an ECL detection kit (Merck
Millipore, Billerica, MA, USA). The integrated density
of each band was normalized to the corresponding [-
actin band.

RNA Immunoprecipitation (RIP)

The potential binding relationship between MIR155HG
and SRSF1 was explored using Magna RIP™ RNA-
Binding Protein Immunoprecipitation Kit (Millipore)
according to the manufacturer’s instructions. Then
immunoprecipitated RNAs were subjected to RT-
gPCR assays to quantify the enrichment of the tar-

get RNA.

Cell Cycle Assay

After collected and washed twice in PBS, the cells of 2 x
10° were resuspended in 200 uL PBS. Then, the cell
suspensions were fixed in 75% ethanol (1 mL) at 4°C for
overnight. After washing two times with PBS, PI/RNase
Staining Buffer solution (500 pL, BD Biosciences,
Franklin Lakes, NJ, USA) was added to the cell
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suspensions and incubated for 30 minutes at room tem-
perature. Cell cycle was analyzed using flow cytometry
(Dickinson Franklin Lake, NJ, USA).

Xenograft Tumor Model

BALB/c-nu mice (6 weeks of age) were obtained from Vital
River (Beijing, China). All animal experiments were per-
formed in accordance with the principles of the NIH Guide
for the Care and Use of Laboratory Animals. All protocols
were approved by the Ethics Committee for Laboratory
Animal Care and Use of the First Affiliated Hospital of
Shantou University Medical College. The mice were ran-
domly separated into three groups (n=5): Control,
MIR155HG shRNA2 and MIR155HG shRNA2 + SRSF1
OE. After indicated treatment, SiHa cells from each group (3
x 10° cells/mouse) were subcutaneously injected into the right
flanks of the mice. The tumor size was measured using
a caliper weekly accordingly to the format: length x width?/
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2. The mice were sacrificed in 4 weeks and the tumors were
harvested and weighed.

Statistical Analysis

All experiments of this study were repeated at least three
times independently. Statistical analysis was performed with
one-way analysis of variance (ANOVA) and Tukey’s test
using GraphPad prism version 6.0 (Graphpad Software, La
Jolla, CA). Data were presented as mean=+ standard devia-
tion of mean (SD). P < 0.05 was considered significant.

Results
MIRI55HG Was Upregulated in Cervical

Cancer Tissues

GSE6791 and GSE63514 were firstly downloaded from
online dataset of GEO, and the DEIncRNAs were identi-
fied and analyzed using R language. As indicated in
Figure 1A-D, DEIncRNAs between cervical cancer and
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Figure | Upregulation of MIRI55HG was identified in cervical cancer. (A) Volcano plot of DEIncRNAs in GSE6791. (B) Scatter plot of DEIncRNAs in GSE6791. (C) Volcano
plot of DEIncRNAs in GSE63514. (D) Scatter plot of DEIncRNAs in GSE63514. Blue dots represented upregulated DEIncRNAs. Red dots represented downregulated
DEIncRNAs. P-value <0.05 (-logl0 p-value > 1.3) and |log2 Fold Change| > 2 were set as the threshold. (E) DEcircRNAs from GSE6791 and GSE63514 were intersected
using Venn diagram; 85 commonly upregulated DEIncRNAs and 7 commonly downregulated DEIncRNAs were identified. (F) The expression of MIRI55HG between cervical

cancer tissue and adjacent cervical tissue were compared using RT-qPCR.
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normal tissue were presented by Volcano Plot. In addition,
commonly upregulated or downregulated DEIncRNAs in
GSE6791 and GSE63514 were illustrated using a Venn
diagram. As illustrated in Figure 1E, total 386
DEIncRNAs (270 upregulated and 116 downregulated)
were identified in GSE63514 (Figure 1E). Meanwhile,
total 241 DEIncRNAs (46 downregulated and 195 upre-
gulated) were identified in GSE6791. Moreover, there
were 92 DEIncRNAs were commonly dysregulated in
these two datasets (85 upregulated and 7 downregulated).
Among these commonly dysregulated DEIncRNAs,
MIRI55HG captured our attention due to its influence
on OS or DFS in types of cancers.” Thereby,
MIR155HG was selected for further investigation. In
addition, the result of TCGA indicated that the median
value of MIR155HG in cervical cancer tissue was higher
than that in adjacent cervical tissue (Figure 1F). However,
no significant difference was observed on overall survival
rate between the patients with high and low levels of
MIR155HG (Supplementary Figure 1A). Based on these
results of bioinformatics analysis and TCGA data,
MIR155HG was identified to be unregulated in cervical

cancer.

MIRI55HG Knockdown Inhibited the

Viability of Cervical Cancer Cells

Next, the levels of MIR155HG in cervical cancer cells and
in normal cervical epithelial cells were examined by RT-
gPCR. The data indicated the level of MIR155HG was
upregulated in SiHa and Hela cells compared with that in
normal cervical epithelial Ectl/E6E7 cells (Figure 2A). In
order to investigate the effect of MIR155HG downregula-
tion in cervical cancer in vitro, SiHa and Hela cells were
transfected with MIRI55HG shRNAI1, MIRI55HG
shRNA2 or vector control, respectively. The efficiency of
shRNA interference was evaluated by RT-qPCR (Figure
2B). Since MIR155HG shRNA2 exhibited best silencing
effect, shRNA2 was used in the following experiments.
Moreover, CCK-8 assay was used to determine the cell
viability at 0, 24, 48, 72 h post-transfection. The results of
CCK-8 indicated that MIR155HG knockdown significantly
inhibited the viability of SiHa and Hela cells in a time-
dependently manner (Figure 2C). Consistently, the result of
colony formation assay illustrated that the proliferation of
SiHa and Hela cells were repressed by MIR155HG shRNA2
(Figure 2D). Altogether, MIRI55HG knockdown signifi-
cantly inhibited the viability of cervical cancer cells.

MIRI55HG Knockdown Increased the
Apoptosis and Decreased the Invasion of

Cervical Cancer Cells

Other than cell viability, the effect of MIR155HG knock-
down on cell apoptosis was also detected. As shown in
Figure 3A and B, the apoptosis of SiHa and Hela cells
were remarkably induced by MIR155HG shRNA2. In
addition, the invasion of SiHa and Hela cells were nota-
bly repressed by MIRI55HG shRNA2 (Figure 3C).
Since SiHa cells were more sensitive to MIR155HG
shRNA2 compared with Hela, SiHa cells were used for
the following experiments. Additionally, to avoid the off-
target effect of shRNA knockdown, the inhibitory effect
of MIR155HG shRNAT1 on viability, apoptosis and inva-
sion were evaluated in SiHa cells (Supplementary Figure
1B-D). The data indicated MIR155HG shRNA1 inhib-
ited cell proliferation and invasion and induced apoptosis
as well. All these results indicated that MIR155HG
knockdown increased the apoptosis and decreased the

invasion of cervical cancer cells.

Serine/Arginine-Rich Splicing Factor |
(SRSF1) Was the Binding Protein of
MIRI55HG

In order to explore the molecular mechanism underlying the
anti-tumor effect of MIR155HG knockdown, starBase
online database (http://starbase.sysu.edu.cn/) was used to
predict the potential binding protein of MIR155HG. There
were around 10 RBPs were predicted in starBase online
database. Among these RBPs, PTBP1, IGF2BP2 and
SRSF1 were predicted to be more likely to interact with
MIR155HG base on their binding sites. Next, RT-qPCR was
used to verify the binding relationship. The results of RT-
gPCR illustrated that the level of SRSF1 was significantly
decreased by MIR155HG knockdown, indicating SRSF1
might have a close relationship with MIR155HG (Figure
4A). In consistent with the result of RT-qPCR, the data of
Western blot demonstrated that the expression of SRSF1
was downregulated by MIR155HG shRNA2 (Figure 4B).
Meanwhile, the protein level of p-Akt was also downregu-
lated by MIR155HG shRNA2, indicating that MIR155HG
played its role in cervical cancer cells via affecting PI3K/

AKT signaling pathway (Figure 4B). In addition, the poten-
tial binding relationship between MIR155HG and SRSF1
was verified by RIP assay (Figure 4C). Thus, SRSF1 was
identified as the binding protein of MIR155HG.
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Figure 2 MIRI55HG knockdown inhibited the viability of cervical cancer cells. (A) The level of MIRI55HG in SiHa and Hela cells was detected by RT-qPCR. Ect|/E6E6 cells
were used as control. (B) SiHa and Hela cells were transfected with vector control (vector-ctrl), MIRI55HG shRNAI or MIRI55HG shRNA2. The relative expression of
MIRI55HG from each group was detected by RT-qPCR respectively. (C) The cell viability was evaluated by CCK-8 in MIRI55HG shRNA2 group and vector-ctrl group at 0,
24, 48, 72 h post-transfection. (D) Colony formation experiment was also performed to determine cell viability. Colonies containing more than 50 cells were counted and

compared. *P < 0.05, **P < 0.01, compared with the blank group.

MIRI55HG Knockdown-Induced Cell
Growth Inhibition Was Reversed by
SRSFI Overexpression

For the purpose of investigating the association between
SRSF1 and MIR155HG, SRSF1 overexpressing lentiviruses

(SRSF1-OE) was used. Western blot was used to verify the
expression of SRSF1 at 72 h after infection. As shown in
Figure 5A, the expression of SRSF1 was significantly
increased by the infection of SRSFI-OE. Then, the effect
of SRSFI1-OE on cell viability was detected. The results
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Figure 3 MIRI55HG knockdown promoted apoptosis and inhibited invasion of cervical cancer cells. Annexin V/PI staining was performed to determine the cell apoptosis of
vector-ctrl group and MIRI55HG shRNA2 group in (A) SiHa and (B) Hela cells. (C) Cell invasion assay was used to evaluate the invasion ability of vector-ctrl group and
MIRI55HG shRNA2 group in SiHa and Hela cells. Invaded cells were counted. **P < 0.01, compared with the blank group.

demonstrated that the cell viability decrease caused by
MIR155HG knockdown was rescued by SRSF1 overexpres-
sion (Figure 5B). Moreover, since SRSF1 is a splicing factor
which regulates apoptosis in cancers.'? The apoptosis assay
was performed. The results of apoptosis assay demonstrated
that MIR155HG knockdown induced cell apoptosis was

attenuated by SRSF1 overexpression (Figure 5C).
Consistently, MIR155HG knockdown resulted in the decline
of migration in SiHa cells, which was reversed by SRSF1-
OE (Figure 5D). All these data illustrated that overexpression
of SRSF1 could rescue the effect of MIR155HG knockdown
in SiHa cells.
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Figure 4 SRSF| was identified as the binding protein of MIRI55HG. (A) RT-qPCR was used to measure the relative expression level of PTBPI, IGF2BP2 and SRSFI. (B)
Western blot was used to detect the expression of SRSFI protein. (C) RIP assay was performed in SiHa cells using SRSFI-probe. RT-qPCR was used to detect the
enrichment of MIRI55HG in immunoprecipitated complexes. **P < 0.01, compared with the control group.

MIRI55HG Knockdown-Induced G,
Arrest Was Abrogated by SRSFI

Overexpression

Since SRSF1 acted as a key cell cycle regulator,'® cell
cycle analysis was conducted to determine the role of
MIR155HG and SRSFI1 in cervical cancer. As illustrated
in Figure 6A, the percentage of Gl was significantly
increased in the group of MIR155HG knockdown com-
pared with the control group. This phenomenon was atte-
nuated in the presence of SRSF1-OE. In addition, the
expressions of CDK2 and cyclin El were notably
decreased by MIR155HG knockdown (Figure 6B). In con-
trast, MIR155HG knockdown-induced decline in CDK2
and cyclin E1 expression were ameliorated by SRSF1-
OE (Figure 6B). Taken together, MIR155HG knockdown
exerted anti-tumor action by inducing cell cycle arrest.

MIRI55HG Knockdown Inhibited the

Growth of Cervical Cancer in vivo

Next, the effect of MIR155HG knockdown on the growth of
cervical cancer was investigated in vivo. SiHa cells transfected
with MIR155HG shRNA2 or control were injected into the

right flanks of nude mice for 4 weeks. As demonstrated in
Figure 7A and B, the growth rate of tumor volume markedly
decreased in MIR155HG knockdown group. Meanwhile, the
average tumor weight of MIR155HG knockdown group was
remarkably less than that in control group (Figure 7C).
Moreover, the levels of MIR155HG and SRSF1 in the tumor
tissue were detected by RT-qPCR and Western blot, respec-
tively. The results indicated that MIR155HG was knocked
down by shRNA2 in tumor tissue (Figure 7D). Furthermore,
MIRI155HG knockdown inhibited the protein expression of
SRSF1 (Figure 7E). In addition, the interaction of MIR155HG
and SRSF1 in cervical cancer was confirmed in vivo. As
shown in Supplementary Figure 2, overexpression of SRSF1
partially reversed the anti-tumor effect of MIR155HG
shRNA2 in the xenograft model. Taken together, MIR155HG
knockdown notably suppressed the growth of cervical cancer
in vivo through inhibiting SRSF1.

Discussion

LncRNAs have emerged as a group of key players in the
development of numerous cancers.'> In the present study, we
utilized bioinformatics analysis together with cervical cancer
tissue sequencing to identify novel valuable IncRNAs for the
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Figure 5 MIRI55HG knockdown-induced cell growth inhibition was reversed by SRSFI overexpression. (A) Western blot was used to evaluate the efficiency of SRSFI
overexpression (SRSFI OE). (B) CCK-8 was used to measure the cell viability in vector-ctrl group, MIRI55HG shRNA?2 group and MIRI55HG shRNA2 + SRSFI OE group.
(C) Annexin V/PI staining followed by flowcytometry was used to determine the cell apoptosis. (D) Cell invasion assay was used to examine the invasion ability of vector-ctrl
group, MIRI55HG shRNA2 group and MIRI55HG shRNA2 + SRSFI group in SiHa cells. **P < 0.01, compared with blank group. *P < 0.01, compared with MIRI55HG

shRNA2 group.

treatment of cervical cancer. Specifically, MIR155HG was
identified and found to be upregulated in cervical cancer tissue.
To explore the effect of MIR155HG downregulation on the
progression of cervical cancer, MIR155HG was knockdown
by shRNA. MIR155HG knockdown inhibited the prolifera-
tion, repressed the invasion ability, and increased the apoptosis

in cervical cancer cells through its binding protein SRSF1.
Moreover, the tumor growth in vivo was also repressed by
MIR155HG knockdown. These results suggested that
MIR155HG plays a critical role in the progression of cervical
cancer. MIR155HG could possibly be used as a potential ther-
apeutic target for the treatment of cervical cancer.
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Figure 6 MIRI55HG knockdown-induced cell cycle arrest was abrogated by SRSF| overexpression. (A) Cell cycle analysis was performed with flowcytometry. Cell cycle
distribution of vector-ctrl group, MIRI55HG shRNA2 group and MIRI55HG shRNA2 + SRSFI OE group was indicated. (B) The expression of CDK2 and cyclin El in each
group was evaluated by Western blot. B-actin was used as inner control. The expression of CDK2 and cyclin El were quantified. **P < 0.01, compared with blank group.

#P < 0.05, *P < 0.01, compared with MIRI55HG shRNA2 group.

The potentials of MIR155HG as a reliable prognostic and
predictive tool for numerous cancers have been proved. In
clear cell renal cell carcinoma, MIR155HG together with other
3 IncRNAs (TCL6, PVT1, and HAR1B) were found differen-
tially expressed and correlated significantly with OS of the
patients.'® Moreover, in acute myeloid leukemia, the expres-
sions of seven genes, including MIR155HG were associated
with OS of the patients.'” Furthermore, MIR155HG overex-
pression was also found in pancreatic cancer tumor tissue and
positively associated with the poor prognosis of the patients.
Although MIR155HG has been found involved in these dif-
ferent human cancers, our findings, for the first time, demon-
strated the function of MIR155HG in cervical cancer.

MIR155HG mediates it cancer-regulating activity
through different molecular mechanisms in types of can-
cers. According to a study of Colvin et al, MIR155HG
played a role in immune response of ovarian cancer by
regulating the immune microenvironment.'® Specifically,
MIR155HG was upregulated in ovarian cancer-associated
fibroblasts (CAFs) and was associated with poor OS of the
patients with ovarian cancer. High MIRI155HG expression

resulted in higher infiltrates of immune cell subsets and
enhanced the pro-metastatic role of CAFs.'"® However,
when MIR155HG played important roles in tumorigenesis
and prognosis of kidney renal clear cell carcinoma
(KIRC), the underlying mechanism varied. MIR155HG
and it’s target gene Cytotoxic T lymphocyte antigen 4
(CTLA-4) were both upregulated in KIRC and associated
with OS in patients with KIRC.'"” In another previous
study, MIR155HG was found overexpressed in non-small
cell lung cancer (NSCLC) tumor tissues and was asso-
ciated with advanced tumor stage and poor prognosis of
NSCLC.?° MIR155HG effected NSCLC cells through its
two derivatives: miR-155-5p and miR-155-3p. MiR-155-
S5p and miR-155-3p mediated the anti-NSCLC effect of
MIR155HG downregulation in NSCLC cells by negatively
regulating the tumor suppressor TP53INP1.2° Moreover, it
was recently reported that human MIR155HG was highly
expressed in inflamed antigen-presenting cells.?’ The
highly expressed MIR155HG encoded a 17-amino acid
micropeptide which acted as a regulator of antigen pre-

sentation and inhibitor of inflammatory diseases.”’
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Figure 7 MIRI55HG knockdown inhibited the growth of cervical cancer in vivo. (A) Images of cervical tumor in control group and MIRI55HG shRNAZ2 group at week 4.
(B) Tumor volumes were manually measured at week 0, I, 2, 3, 4. Graph represents tumor volume change in control group and MIRI55HG shRNA2 group. (C) Tumor
tissues in each mouse were isolated and weighted (week 4). (D) The level MIRI55HG in tumor tissue was detected by RT-qPCR. (E) The expression of SRSFI in tumor

tissue was determined by Western blot. **P < 0.01, compared with control group.

Different from these molecular mechanisms, we found that
MIRI155HG affected the proliferation of cervical cancer cells
through the positive correlation with SRSF1. SRSF1 is one of
the best studied splicing factors which control splice site
recognition in the process of alternative splicing where multi-
ple mRNAs can be generated from the same pre-mRNA.*
Alternative splicing is the major mechanism regulates gene
expression in different tissues and disease states through the
generation of multiple mRNAs.>> The overexpression of
SRSF1 was reported in various type of cancers including
lung cancer, kidney cancer, pancreas cancer, breast cancer
and so on.”> In cancer cells, SRSF1 can regulate genes
involved in cell signaling pathways of cell cycle progression
and cell apoptosis.®® In line with previous studies, we demon-
strated that SRSF1 overexpression reversed MIRI155HG
knockdown induced cell cycle arrest through upregulation of
CKD2 and cyclin E1. Collectively, the mechanisms underlying
cancer-regulation action of MIR155HG were complex. Our

findings improved the comprehensive molecular mechanisms

of cancer-regulating function of MIR155HG. However, the
detailed interaction between MIR155HG, SRSF1 and PI3K/
Akt in this study remains to be investigated.

Conclusion

The findings of this study demonstrated that MIR155HG
knockdown inhibited the progression of cervical cancer
both in vitro and in vivo. The anti-cervical cancer effect of
MIR155HG knockdown was realized through it binding pro-
tein SRSF1. Therefore, the downregulation of MIR155HG
may act as a potential novel therapy against cervical cancer.
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