OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

IncRNA GSEC Promotes the Progression of Triple
Negative Breast Cancer (TNBC) by Targeting the
miR-202-5p/AXL Axis

Jianhua Zhang

Chuang Du

Linfeng Zhang

Yan Wang

Yingying Zhang

Jingruo Li

Department of Breast Surgery, The First
Affiliated Hospital of Zhengzhou
University, Zhengzhou City, Henan

Province, 450000, People’s Republic of
China

Correspondence: Jingruo Li

Department of Breast Surgery, The First
Affiliated Hospital of Zhengzhou
University, No. | Jianshe East Road, Erqi
District, Zhengzhou City, Henan
Province, 450000, People’s Republic of
China

Email jingruolihenan@ 163.com

Background: This study aimed to explore the biological functions of G-quadruplex-forming
sequence containing IncRNA (GSEC) in triple negative breast cancer (TNBC).

Methods: The expression of GSEC in TNBC tissues was evaluated by qRT-PCR. Cell
viability was evaluated by Cell Counting Kit-8 assay. Cell proliferation was evaluated by
5-ethynyl-20-deoxyuridine (EdU) staining assay. Cell invasion and migration were evaluated
by Transwell assay. Gain- and loss-function assays were performed to assess the biological
functions of GSEC in TNBC. The interactions between GSEC, miR-202-5p and AXL were
determined by luciferase report assay and RNA immunoprecipitation (RIP) assay. In addi-
tion, a nude mouse xenograft model was used to confirm the oncogenic role of GSEC in
TNBC.

Results: GSEC was significantly upregulated in TNBC tissues and cancer cell lines, and
high level of GSEC was associated with advanced tumor stage, positive lymph-node
metastasis and the poor prognosis of TNBC patients. Knockdown of GSEC effectively
inhibited TNBC cell proliferation, invasion and migration in vitro. GSEC regulated the
expression of AXL by directly sponging miR-202-5p. Downregulation of miR-202-5p
attenuated GSEC knockdown-induced inhibition on TNBC cell proliferation, invasion and
migration in vitro. Meanwhile, overexpression of AXL obviously reversed the inhibitory
effects of miR-202-5p mimics in TNBC progression in vitro.

Conclusion: GSEC functioned as a potential oncogene and promoted AXL-mediated TNBC
progression by sponging miR-202-5p, which might be a novel diagnostic and therapeutic
target for TNBC.
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Introduction

Triple negative breast cancer (TNBC) is an aggressive subtype of breast cancer and
accounts for approximately 15-20% of breast cancer cases worldwide.'*> TNBC has
a higher incidence of local recurrence and metastasis, which brings a huge burden
to human health.” In the last decades, the main treatments for TNBC are mainly the
combination of surgery, conventional chemotherapy and radiotherapy.® Recent
studies suggest that immunotherapy agents in combination with traditional systemic
chemotherapy is a promising selection for TNBC treatment.* However, the prog-
nosis of TNBC patients is still poor mainly due to its recurrence and metastasis.’
Therefore, better understanding of the underlying mechanisms involved in TNBC
progression would contribute to the development of effective therapeutic strategies.
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Long non-coding RNAs (IncRNAs) are a group of non-
coding RNA molecules with more than 200 nucleotides in
length and lack the protein encoding function.® It has been
demonstrated that IncRNAs play crucial roles in various
biological processes involved in cancer development such
as cell proliferation, differentiation, and apoptosis.” For
example, high expression levels of TUC338 were corre-
lated with the poor prognosis of patients with lung cancer,
and overexpression of TUC338 enhances cell activity and
invasion ability in lung cancer cells.® PVTI is highly
expressed in prostate cancer, and knockdown of PVTI1
significantly suppresses prostate cancer development both
in vivo and in vitro.” Abnormal expression of IncRNAs is
frequently observed in breast cancer including TNBC.
LINCO02273 is significantly upregulated in metastatic
lymph nodes of breast cancer, and overexpression of
LINCO02273 promotes the metastasis of breast cancer by
upregulating AGR2 transcription.'® Low expression levels
of GASS lead to a lower percentage of apoptosis in TNBC
cells, and overexpression of GASS promotes cell apoptosis
in TNBC through targeting the miR-378a-5p/SUFU sig-
naling axis.'' In addition, various IncRNAs have been
reported to be dysregulated in TNBC including
DANCR,"> MIR100HG,"* NRON,'* and AWPPH."> An
upregulation of G-quadruplex-forming sequence contain-
ing IncRNA GSEC has
osteosarcoma'® and colon cancer.'” However, the function

only been observed in

and underlying mechanism of GSEC in TNBC remain
unclear.

In this study, we investigated the role of GSEC in
TNBC and found that GSEC was significantly upregulated
in TNBC tissues and cell lines. High expression levels of
GSEC were correlated to advanced tumor stage, positive
lymph-node metastasis and poor survival time of TNBC
patients. Knockdown of GSEC effectively inhibited cell
viability and proliferation of TNBC cells in vitro, and also
suppressed tumor growth in vivo. Our results demon-
strated that knockdown of GSEC prevented against
TNBC progression partially through regulating the miR-
202-5p/AXL axis, suggesting that GSEC/miR-202-5p/
AXL might be potential diagnostic and therapeutic targets
for TNBC.

Materials and Methods

Tissue Specimens
A total of 45 pairs of cancer tissues and matched adjacent
normal tissues were obtained by surgical excision from

TNBC patients admitted at the First Affiliated Hospital of
Zhengzhou University from 2017 to 2019. All patients
signed the written informed consent. This study was
approved by the Ethics Committee of the First Affiliated
Hospital of Zhengzhou University in accordance with the
Declaration of Helsinki. The clinicopathological features
of 45 TNBC patients are shown in Supplementary Table 1.

Cell Culture

Five TNBC cell lines (MDA-MB-231, BT-549, MDA-MB
-468, HCCI1937, BT-549 and SK-BR-3) and human breast
epithelial cell line MCF-10A were purchased from
American Tissue Culture Collection (ATCC). All cells
were cultured in DMEM/F12 medium supplementing
with 10% FBS (FBS, Hyclone, Life Technologies, CA)
at 37°C with 5% COs,.

Cell Transfection

Short hairpin RNA targeting GSEC (sh-GSEC) and
scrambled control sh-NC  were constructed by
GenePharma (Shanghai, China). MiR-202-5p mimics,
miR-202-5p inhibitor and corresponding negative controls
(miR-NC and inhibitor NC) were synthesized by RiboBio
(Guangzhou, China). To overexpress GSEC and AXL, the
full length of GSEC and AXL were synthesized by
RiboBio (Guangzhou, China) and cloned into pcDNA3.1
expression vector. Empty vector pcDNA3.1 was used as
the negative control. The sh-RNAs, overexpression vectors
or miR-202-5p mimic/inhibitor were transfected into BT-
549 and MDA-MB-468 cells using Lipofectamine 2000
reagent (Invitrogen). Cells were harvested at 48 h after
transfection to detect the transfection efficiency and used
for the following experiments. The sequence of sh-GSEC
was as follows: 5'-ATTGGGAGCTGTGGTCAATTA-3'.

RNA lIsolation and qRT-PCR

Total RNAs of tissue samples and cultured cells were
extracted using Ribozol RNA Extraction Reagent (Thomas
Scientific). Reverse transcription (RT) assay was performed
using High-Capacity ¢cDNA Reverse Transcription Kit
(Applied Biosystems, U.S.A.). Subsequently, qRT-PCR reac-
tions were performed on the 7500 real-time PCR machine
using SYBR Green PCR Master Mix (Applied Biosystems).
The relative expression levels were calculated based on the
27AACt method. The expression levels of GSEC and AXL
were normalized to GADPH, and the expression levels of
miR-202-5p were normalized to U6. The primers used in this
follows: GSEC forward: 5'-

study were listed as
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TTCCAATTAACCTGGCCGGAG-3', reverse: 5-GTCA
GCCAACCCATTGCAAC-3'; AXL forward: 5-TGCCA
GAGGACCATTCTCCC-3',  reverse:  5-GGTGCATT
TGTACGGCCCTT-3"; GAPDH forward: 5-GGAAGG
ACTCATGACCACAGTCC-3', reverse: 5'-TCGCTGTTGA
AGTCAGAGGAGACC-3'; miR-202-5p forward: 5'-
TTCTCCCAAGGAAAGCACTTTCTG-3', reverse: 5'-
TGGTGTTGTTGAGTTG-3'; U6 forward: 5-CGCTTC
ACGAATTTGCGTGTCAT-3', reverse: 5'-GCTTCGGCAG
CACATATACTAAAAT-3'.

Western Blot

Total proteins were extracted from tissue samples and
cultured cells using a RIPA lysis buffer kit (Santa Cruz
Biotechnology, Inc., USA). Approximately equal amounts
of protein samples were separated by SDS-PAGE and
transferred onto PVDF membranes. The membranes were
incubated with specific primary antibodies including anti-
AXL (1:500, Abcam, USA), anti-N-cadherin (1:500,
Abcam, USA), anti-E-cadherin (1:500, Abcam, USA),
anti-Vimentin (1:500, Abcam, USA) and anti-GAPDH
(1:500, Abcam, Cambridge, Britain) at 4°C overnight.
On the following day, the membranes were incubated
with HRP-linked
(1:10,000, Sigma) at room temperature for 2 h. The protein

appropriate secondary antibodies
bands were visualized by enhanced chemiluminescence
(ECL) kit (Takara), and the intensity of targets were ana-

lyzed using the Quantity One software.

CCK-8 Assay

Cell viability was evaluated using a Cell Counting Kit-8
(CCKS, Dojindo, Japan). In brief, approximately 5x10°
transfected BT-549 and MDA-MB-231 cells were seeded
into 96-well plates. To detect cell proliferation, 10 uL
CCK-8 solution was added into each well every 24
h until 96 h and incubated for another 3 h. Finally, the
absorbance at 450 nm was evaluated using a microplate
reader.

5-Ethynyl-20-deoxyuridine (EdU) Staining
Assay

EdU staining assay was performed using EdU Staining
Proliferation Kit (Abcam) as previously described.'® Briefly,
approximately 5 x 10* transfected BT-549 and MDA-MB
-231 cells were seeded into 96-well plates, followed by EdU
reaction mix (provided by the kit) for 30 min. Then, DAPI dye
was added and incubated for 15 min to counterstain the cell

nucleus. The cells were then observed under a fluorescence
microscope (200x magnification) and the number of EdU
positive cells was counted in five random selected fields.

Transwell Assay

Cell invasion and migration abilities were assessed using
Transwell assay as previously described.'® In brief, 200 pL
serum-free DMEM/F12 medium containing 2 x 10* trans-
fected BT-549 and MDA-MB-231 cell were seeded into
the upper Transwell chambers (Corning, NY, USA) con-
taining 8 um pores for invasion. Migration assay was
performed without pores. The low chamber was filled
with normal medium containing 10% FBS. After incuba-
tion at 37°C for 48 h, cells on the lower surface were
stained with 0.1% crystal violet for 15 min. Invasive and
migrated cells were photographed and counted using
a light microscopy (Nikon, Tokyo, Japan) (magnification:
% 200) in 10 random selected fields.

Luciferase Reporter Assay

Starbase was used to predict the putative binding site
between GSEC and miR-202-5p, and between miR-202-
5p and AXL. The wild-type (WT) or mutant (MUT) GSEC
and AXL containing the putative miR-202-5p binding site
were synthesized by GenePharma (Shanghai, China) and
cloned into pGL3 Basic vector (Promega). These lucifer-
ase reporter vectors (10 pg) were co-transfected with miR-
202-5p mimics or miR-NC into BT-549 and MDA-MB
-231 cells. After transfection for 48 h, cells were lysed
and relative luciferase activity was measured using the
Dual-Luciferase Reporter Assay System (Promega).

RNA Immunoprecipitation (RIP) Assay
RIP assay was performed using the Magna RIP™ RNA-
Binding Protein Immunoprecipitation Kit (Millipore,
Bedford, MA). In brief, total cell lysates of BT-549 and MDA -
MB-231 cells were incubated with magnetic beads containing
human anti-Ago2 antibody (Millipore) and the negative con-
trol anti-IgG antibody (Millipore) at 4°C overnight. Then the
enriched RNA was purified by using Trizol reagent and the
Input group is the RNA of total cell lysate. The relative
enrichment of GSEC and miR-202-5p was detected using
gRT-PCR.

Xenograft Model

BALB/c nude mice (female, five-weeks-old) were kept
under standard conditions. All animal procedures were
approved by the animal Ethics Committee of the First
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Affiliated Hospital of Zhengzhou University and per-
formed following the guidelines of National Institutes of
Health (USA). For construction of the xenograft tumor
model, approximately 5x10° BT-549 cells transfected
with sh-GSEC, sh-NC, miR-202-5p inhibitor, or co-
transfected with sh-GSEC and miR-202-5p inhibitor were
subcutaneously inoculated into the dorsal of the nude mice
(Six mice in each group). Tumor volume was evaluated
every 7 d for 5 weeks based on the formula of (length x
width?)/2. At the 35™ day, mice were sacrificed by cervical
dislocation, and tumors were excised, weighted and photo-
graphed. Then, tumors were used for immunohistochem-
istry analysis.

Immunohistochemistry (IHC) Analysis

The tumors excised from mice of different groups were
fixed in 4% paraformaldehyde, dehydrated, embedded in
paraffin and cut into 4-um sections using a microtome.
The sections were incubated with the anti-ki-67 antibody
(1:500, Abcam) to detect the proliferation index in vivo.
The sections were observed using an ordinary fluorescence
microscope (Leica, Germany) at 200% magnification.

Statistical Analysis

All experiments were repeated in triplicate and data were
presented as means = standard deviation (SD) using the
SPSS v.19.0 software (IBM Corp., Armonk, NY).
Difference between two groups was tested by Student’s
t test. The difference among multiple groups was tested by
one-way ANOVA. The overall survival of TNBC patients
was evaluated using Kaplan-Meier survival curve.
Pearson’s correlation analysis was used to evaluate the
correlation between the expression levels of GSEC, miR-
202-5p and AXL in TNBC tissues. P < 0.05 was consid-

ered as the significant threshold.

Results

GSEC Was Highly Expressed in TNBC

To explore the role of GSEC in TNBC, the expression
levels of GSEC in TNBC tissues were measured by qRT-
PCR and it showed that GSEC was significantly upregu-
lated in TNBC tissues compared with that in adjacent
45, p < 0.01, 1A).
Meanwhile, the expression levels of GSEC were also

normal tissues (n = Figure
obviously elevated in all TNBC tissues than that in
matched adjacent normal tissues (n = 45, p < 0.01,
Figure 1B). In addition, high expression levels of GSEC

were positively associated with advanced tumor stage (p <
0.01, Figure 1C) and lymph-node metastasis (p < 0.01,
Figure 1D) in TNBC patients. qRT-PCR results showed
that GSEC was significantly upregulated in five TNBC cell
lines including MDA-MB-231 (p < 0.001), BT-549 (p <
0.01), MDA-MB-468 (p < 0.01), HCC1937 (p < 0.01), BT-
549 and SK-BR-3 (p < 0.01) compared with that in human
breast epithelial cell line MCF-10A (Figure 1E). Kaplan-
Meier curve analysis showed that high level of GSEC
predicted a poor prognosis of TNBC patients (p < 0.01,
Figure 1F). These results indicated that GSEC might play
an oncogenic role in TNBC progression.

Downregulation of GSEC Inhibited the

Proliferation, Invasion and Migration of

TNBC Cells in vitro

To determine the oncogenic role of GSEC in TNBC, BT-
549 and MDA-MB-231 cells were transfected with sh-
GSEC or sh-NC, and the transfection efficiency was con-
firmed by qRT-PCR (p < 0.01, Figure 2A). The results of
CCK-8 assay and EdU staining assay both showed that sh-
GSEC significantly inhibited cell proliferation compared
with sh-NC in two cell lines (p < 0.01, Figure 2B and C).
Transwell assay showed that sh-GSEC effectively inhib-
ited cell invasion and migration ability compared with sh-
NC in two cell lines (p < 0.01, Figure 2D and E). The
effects of GSEC on epithelial-mesenchymal transition
(EMT) related genes were also explored, and it showed
that knockdown of GSEC markedly upregulated the
expression of E-cadherin, while downregulated the expres-
sion of N-cadherin and Vimentin in both BT-549 and
MDA-MB-231 cells (p < 0.01, Figure 2F). These results
demonstrated that knockdown of GSEC could effectively
inhibit cell proliferation, invasion and migration while
promoted EMT process in TNBC.

GSEC Served as a Sponge of miR-202-5p
To explore the potential mechanism of GSEC in TNBC, BT-
549 and MDA-MB-231 cells were transfected with miR-
202-5p mimics/inhibitor and negative controls (miR-NC
and inhibitor NC), and the transfection efficiency was con-
firmed by qRT-PCR (p < 0.01, Figure 3A). Then, Starbase
v2.0 was used to predict the potential targets of GSEC and
the results showed that GSEC might serve as a sponge of
miR-202-5p (Figure 3B). To verify the interaction, luciferase
reporter assay was performed, and the results showed that
miR-202-5p mimics significantly reduced the relative
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Figure | GSEC was highly expressed in TNBC. (A) The expression of GSEC in TNBC tissues and adjacent normal tissues was evaluated by qRT-PCR (n = 45). (B) The
expression of GSEC in TNBC tissues and matched adjacent normal tissues was evaluated by qRT-PCR (n = 45). (C) The expression of GSEC in TNBC tissues of patients at
Stage | (n = I ), Stage Il (n = 9), Stage lll (n = 12) and Stage IV (n = |13) was evaluated by qRT-PCR. (D) The expression of GSEC in TNBC tissues of patients with lymph-node
metastasis (n = 15) and non-metastasis (n = 30) was evaluated by qRT-PCR. (E) The expression of GSEC in five TNBC cell lines was evaluated by qRT-PCR. (F) The overall
survival of TNBC patients with high or low expression level of GSEC was evaluated by Kaplan-Meier survival curve. *p < 0.01 and **p < 0.001.

luciferase activity of Luc-GSEC-WT compared with miR-
NC in two cell lines (p < 0.01), and it exhibited no obvious
change on luciferase activity of Luc-GSEC-MUT (Figure
3C). Meanwhile, RIP assay revealed that both GSEC and
miR-202-5p were significantly enriched in miRNPs contain-
ing anti-Ago2 compared with that in anti-IgG group in two
cell lines (p < 0.01, Figure 3D). In both BT-549 and MDA-
MB-231 cells, sh-GSEC significantly increased the expres-
sion levels of miR-202-5p compared with sh-NC (p < 0.01),
and overexpression of GSEC obviously reduced the expres-
sion levels of miR-202-5p compared with pc-NC (p < 0.01,
Figure 3E). Next, we found that the expression of miR-202-
5p was significantly downregulated in TNBC tissues com-
pared with that in adjacent normal tissues (n = 45, p < 0.01,
Figure 3F). Meanwhile, low expression levels of miR-202-5p
was related to advanced tumor stage (p < 0.01, Figure 3G)
and positive lymph-node metastasis (p < 0.01, Figure 3H) in
TNBC patients. In addition, Pearson’s correlation analysis
showed that the expression levels of GSEC were negatively
correlated to the expression levels of miR-202-5p in TNBC
tissues (n=45, p <0.01, r =—0.681, Figure 3I). These results
suggested that miR-202-5p was a target of GSEC in TNBC.

Downregulation of miR-202-5p Effectively
Reversed Knockdown of GSEC Induced

Inhibition on TNBC Progression in vitro

Next, whether GSEC regulated TNBC development
through miR-202-5p was explored. BT-549 and MDA-
MB-231 cells were transfected with sh-NC, sh-GSEC,
miR-202-5p inhibitor, or co-transfected with sh-GSEC
and miR-202-5p inhibitor. The results of CCK-8 assay
and EdU staining assay showed that compared with sh-
NC group, sh-GSEC significantly inhibited cell prolifera-
tion (p < 0.05), and miR-202-5p inhibitor markedly
enhanced cell proliferation (p < 0.05), while co-
transfection of sh-GSEC with miR-202-5p inhibitor
obviously eliminated the inhibitory effect of sh-GSEC on
cell proliferation (p < 0.05, Figure 4A and B). Transwell
assay showed that sh-GSEC significantly inhibited cell
invasion and migration ability compared with sh-NC
group (p < 0.05), and miR-202-5p inhibitor significantly
enhanced cell invasion and migration ability compared
with sh-NC group (p < 0.05), while co-transfection of sh-
GSEC with miR-202-5p inhibitor obviously eliminated the
inhibitory effect of sh-GSEC on cell invasion and
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Figure 2 Downregulation of GSEC inhibited the proliferation of TNBC cells in vitro. BT-549 and MDA-MB-231 cells were transfected with sh-GSEC and sh-NC. (A) The
transfection efficiency was evaluated by qRT-PCR. (B and C) Cell proliferation was evaluated by CCK-8 assay (B) and EdU staining assay (C). Scale bar = 30 pm. (D and E) Cell
invasion (D) and migration (E) were evaluated by Transwell assay. Scale bar = 30 um. (F) The expression of EMT-related proteins was evaluated by Western blot. ** p < 0.01.

migration (p < 0.05, Figure 4C and D). In addition, com-
pared with sh-NC group, sh-GSEC significantly upregu-
lated E-cadherin, while downregulated N-cadherin and
and miR-202-5p
E-cadherin, while upregulated N-cadherin and Vimentin;

Vimentin; inhibitor downregulated
meanwhile, the effects of sh-GSEC on the expression of
these EMT-related proteins were obviously reversed by co-
transfection of sh-GSEC with miR-202-5p inhibitor
(p < 0.01, Figure 4E). These results demonstrated that
inhibition of miR-202-5p could effectively attenuate
knockdown of GSEC induced inhibition of TNBC pro-

gression in Vvitro.

AXL Was a Target of miR-202-5p

Then, Starbase v2.0 was also used to predict the poten-
tial targets of miR-202-5p and it showed that there was
a putative binding site between miR-202-5p and AXL
(Figure 5A). Luciferase reporter assay results showed
that miR-202-5p mimics significantly reduced the rela-
tive luciferase activity of Luc-AXL-WT compared with

miR-NC in two cell lines (p < 0.01), and it exhibited no
obvious change in luciferase activity of Luc-AXL-MUT
(Figure 5B). Meanwhile, miR-202-5p mimics signifi-
cantly reduced the expression levels of AXL compared
with miR-NC in two cell lines (p < 0.01), and down-
regulation of miR-202-5p significantly elevated the
expression levels of AXL compared with inhibitor NC
in two cell lines (p < 0.01, Figure 5C). In addition,
overexpression of GSEC significantly increased the
expression levels of AXL compared with the negative
control (pc-NC) in two cell lines (p < 0.01), and sh-
GSEC significantly decreased the expression levels of
AXL compared with sh-NC in two cells (p < 0.01,
Figure 5D). Moreover, the expression levels of AXL in
TNBC tissues were markedly increased compared with
that in adjacent normal tissues (n = 45, p < 0.01, Figure
5E). Pearson’s correlation analysis showed that the
expression levels of miR-202-5p was negatively corre-
lated to the expression levels AXL in TNBC tissues (n =
45, p < 0.01, r = —0.741, Figure 5F). These results
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Figure 3 GSEC served as a sponge of miR-202-5p. (A) BT-549 and MDA-MB-231 cells were transfected with miR-202-5p mimics/inhibitor or corresponding negative
controls (miR-NC and inhibitor NC). The transfection efficiency was evaluated by qRT-PCR. (B) The putative targeting site between GSEC and miR-202-5p was predicted by
Starbase v.2.0. (C) The luciferase reporter activity of Luc-GSEC-WT/MUT was detected by dual luciferase reporter assay. (D) The enrichment of GSEC and miR-202-5p was
determined by RIP assay. (E) BT-549 and MDA-MB-231 cells were transfected with sh-GSEC, pc-GSEC (GSEC overexpression), or negative controls (sh-NC and pc-NC).
The expression of miR-202-5p was evaluated by qRT-PCR. (F) The expression of miR-202-5p in TNBC tissues and adjacent normal tissues was evaluated by qRT-PCR (n =
45). (G) The expression of miR-202-5p in TNBC tissues of patients at Stage | (n = | I), Stage Il (n = 9), Stage lll (n = 12) and Stage IV (n = 13) was evaluated by qRT-PCR. (H)
The expression of miR-202-5p in TNBC tissues of patients with lymph-node metastasis (n = 15) and non-metastasis (n = 30) was evaluated by qRT-PCR. (I) The correlation

between GSEC and miR-202-5p in TNBC tissues was evaluated by Pearson’s correlation analysis (n = 45). ** p < 0.01.

indicated that AXL was a target of miR-202-5p in
TNBC.

Overexpression of AXL Effectively
Reversed miR-202-5p Mimics-Induced

Inhibition on TNBC Progression in vitro

To determine whether miR-202-5p was mediated by AXL in
TNBC, BT-549 and MDA-MB-231 cells were transfected with
miR-NC, miR-202-5p mimics, or co-transfected with miR-
202-5p mimics and pc-AXL. CCK-8 assay and EdU staining
assay showed that miR-202-5p mimics significantly inhibited
the proliferation of two cell lines compared with miR-NC (p <
0.01), while co-transfection of miR-202-5p mimics and pc-
AXL effectively attenuated the inhibition of miR-202-5p
mimics on cell proliferation (p < 0.05, Figure 6A and B).
Transwell assay revealed that miR-202-5p mimics signifi-
cantly inhibited the invasion and migration ability of two cell
lines compared with miR-NC (p < 0.01), while co-transfection
of miR-202-5p mimics and pc-AXL effectively reversed the

inhibitory effect of miR-202-5p mimics on cell invasion and
migration (p < 0.05, Figure 6C and D). Meanwhile, similar to
knockdown of GSEC, overexpression of miR-202-5p signifi-
cantly upregulated E-cadherin, while downregulated
N-cadherin and Vimentin compared with miR-NC in two cell
lines (p < 0.01), while co-transfection of miR-202-5p mimics
and pc-AXL effectively reversed the effects of miR-202-5p
mimics on the expression of EMT-related proteins (p < 0.05,
Figure 6E). These data demonstrated that overexpression of
AXL could effectively attenuate miR-202-5p mimics-induced

inhibition on TNBC progression in vitro.

Knockdown of GSEC Inhibited Tumor
Growth by Regulating the miR-202-5p/
AXL Axis in vivo

To further confirm the oncogenic role of GSEC in TNBC,
a xenograft tumor model was used. The representative
images of tumors showed that the sizes of the xenograft
tumors in sh-GSEC group were obviously smaller than
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Figure 4 Downregulation of miR-202-5p effectively reversed GSEC knockdown-induced inhibition on TNBC progression in vitro. BT-549 and MDA-MB-231 cells were
transfected with sh-NC, sh-GSEC, miR-202-5p inhibitor, or co-transfected with sh-GSEC and miR-202-5p inhibitor. (A and B) Cell proliferation was evaluated by CCK-8
assay (A) and EdU staining assay (B). Scale bar = 30 pm. (C and D) Cell invasion (C) and migration (D) were evaluated by Transwell assay. Scale bar = 30 um. (E) The
expression of EMT-related proteins was evaluated by Western blot. *p < 0.05 and **p < 0.01.

that in sh-NC group, the tumor sizes in miR-202-5p inhi-
bitor group were bigger than that in sh-NC group, while
the tumor sizes in sh-GSEC + miR-202-5p inhibitor group
were between sh-GSEC and miR-202-5p inhibitor group
(Figure 7A). Meanwhile, compared with sh-NC group, sh-
GSEC significantly reduced tumor volume and weight (p <
0.01), and miR-202-5p inhibitor increased tumor volume
and weight (p < 0.05), while co-transfection of sh-GSEC
with miR-202-5p inhibitor obviously reversed the inhibi-
tory effect of sh-GSEC on tumor growth (p < 0.05, Figure
7B and C). Moreover, Ki-67 IHC staining in tumor tissues
showed that sh-GSEC reduced cell proliferation, miR-202-
S5p inhibitor exacerbated cell proliferation, while co-
transfection of sh-GSEC with miR-202-5p inhibitor effec-
tively reversed the inhibitory effect of sh-GSEC on cell
proliferation in vivo (Figure 7D). Western blot results
showed that the expression levels of AXL were signifi-
cantly decreased in sh-GSEC group (p < 0.01), increased
in miR-202-5p inhibitor group (p < 0.05), while co-
transfection of sh-GSEC with miR-202-5p inhibitor sig-
nificantly attenuated the inhibitory effect of sh-GSEC on
the expression of AXL (p < 0.05, Figure 7E). These results

indicated that GSEC played its oncogenic role in TNBC
through regulating the miR-202-5p/AXL axis.

Discussion
As an aggressive subtype of breast cancer, TNBC results
in a significant morbidity and mortality worldwide.?
Recent studies have identified several InRNAs, including
HOTAIR, SPRY4-IT1, GAS5 and PANDAR to play essen-
tial roles in tumor progression in breast cancer, and might
be considered as potential molecular therapeutic targets.”’
However, the roles and underlying molecular mechanisms
of most IncRNAs in TNBC have not been well elucidated.
In the present study, we explored the role and specific
mechanism of GSEC in TNBC and demonstrated that
GSEC was highly upregulated in TNBC. GSEC promoted
TNBC development through miR-202-5p
mediated upregulation of AXL. Our results suggested
that GSEC might be a novel biomarker for the treatment
of TNBC.

GSEC is a newly identified IncRNA and its function
has only been investigated in a few human cancers. For
the expression of GSEC
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upregulated in osteosarcoma cell lines, and overexpression
of GSEC enhances the proliferating and migratory ability,
while reduces the apoptotic rate of osteosarcoma cells
in vitro.'® GSEC is also upregulated in colorectal cancer,
and knockdown of GSEC reduces the motility of colon
cancer cells by targeting DEAH box polypeptide 36
(DHX36) RNA helicase.'” In addition, differential expres-
sion analysis between lung squamous cell carcinoma and
lung adenocarcinoma showed that GSEC had more co-
repressed relationships with differentially expressed
genes, indicating that GSEC might participate in the devel-
opment of lung cancer.?” The role of GSEC in most human
cancers including TNBC remains unclear. Here, we found
that GSEC was upregulated in TNBC and high expression

levels of GSEC were associated with advanced tumor
stage, positive lymph-node metastasis and the poor survi-
val time of TNBC patients. Moreover, knockdown of
GSEC effectively inhibited cell proliferation, invasion
and migration of TNBC cell lines. In addition, knockdown
of GSEC downregulated N-cadherin and Vimentin, and
upregulated E-cadherin involved in EMT process in
TNBC cell lines. These results demonstrated that GSEC
might exert as an oncogenic role in TNBC development.
Increasing studies have reported that IncRNAs exert
their roles by sponging endogenous miRNAs in cancer
including TNBC.? For example, HCP5 promotes TNBC
progression as a competing endogenous RNA (ceRNA)
to upregulate BIRC3 by directly sponging miR-219a-
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Figure 6 Overexpression of AXL effectively reversed miR-202-5p mimics-induced inhibition on TNBC progression in vitro. BT-549 and MDA-MB-231 cells were transfected
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proteins was evaluated by Western blot. *p < 0.05 and **p < 0.01.

5p.* Overexpression of HEIH enhances cell prolifera-
tion and inhibits apoptosis of TNBC cells through tar-
geting the miR-4458/SOCS1 axis.”®> To explore the
mechanism of GSEC in TNBC, we predicted the poten-
tial targets of GSEC using Starbase v2.0 and miR-202-
S5p was identified as a putative target of GSEC. MiR-
202-5p is often downregulated and has been identified to
act as a tumor suppressor in different types of human
cancer such as osteosarcoma,’® colorectal carcinoma,’’
thyroid carcinoma®® and ovarian cancer.”’ Recent stu-
dies revealed that low expression levels of miR-202-5p
reduces doxorubicin resistance and proliferation, while
induces the apoptosis of TNBC cells in vitro.>* In this
study, luciferase reporter assay and RIP assay confirmed
the interaction between GSEC and miR-202-5p.
Meanwhile, we found that miR-202-5p was downregu-
lated in TNBC tissues and cell lines. Overexpression of
miR-202-5p exhibited a similar inhibitory effect as

knockdown of GSEC on TNBC progression in vitro,
of miR-202-5p
enhanced the aggressive phenotypes including prolifera-

while downregulation obviously
tion, invasion, migration and EMT process. Moreover,
downregulation of miR-202-5p attenuated the protective
effects of GSEC knockdown on TNBC development
both in vitro and in vivo. Our study revealed a tumor
suppressive role of miR-202-5p and mediated the func-
tion of miR-202-5p in TNBC development. In one pre-
vious study, miR-388 was identified as a target of GSEC
and played a crucial role in osteosarcoma.'® However,
whether miR-388 mediated the role of GSCE in TNBC
needs to be explored in the future.

Previous studies have revealed that miRNAs play
essential roles through directly binding to the 3'-
untranslated regions (3'-UTR) of target mRNAs.>' In
TNBC, more miRNAs play oncogenic or tumor suppres-
sive roles through directly targeting and downregulating
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the transcription of target mRNAs. For example, miR-
211-5p inhibits tumor cell proliferation, invasion, migra-
tion and metastasis in TNBC by directly targeting
SETBP1.*? MiR-25-3p promotes cell proliferation of
TNBC cells through directly targeting BTG2.*® In this
study, we identified AXL receptor tyrosine kinase as the
target of miR-202-5p. AXL has been studied in different
types of human cancer including lung cancer,** pancrea-
tic cancer,35 colorectal cancer,36 and ovarian cancer.’’ In
TNBC, AXL was found to be highly expressed in
TNBC, and it could contribute to the migration of
TNBC cells.*® One study performed a microarray and
pattern miner analysis and found that AXL was upregu-
lated in the TNBC cell line MDA-MB-231.%° Moreover,
AXL inhibitor and small molecules targeting AXL have
been identified to be a promising therapeutic agent for
human cancer including TNBC.***! Here, we observed
that AXL was significantly upregulated in TNBC tis-
sues, which is consistent with previous reports.***
Moreover, overexpression of AXL effectively reversed
the inhibitory effect of miR-202-5p mimics on TNBC
cell proliferation, invasion and migration. These results

demonstrated that GSEC/miR-202-5p participate in

TNBC development by modulating AXL.

Conclusion

Our study revealed that GSEC was highly upregulated in
TNBC and regulated the expression of AXL by directly
sponging miR-202-5p. Meanwhile, we revealed the speci-
fic mechanism of GSEC/miR-202-5p/AXL in TNBC pro-
gression, suggesting that this axis may be a potential
therapeutic target for TNBC.
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GSEC, G-quadruplex-forming sequence containing
IncRNA; gRT-PCR, quantitative Real-time PCR; RIP,
RNA immunoprecipitation; EdU, Ethynyl-20-
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