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ABSTRACT

Objective: Cisplatin resistance is a huge problem encountered in ovarian cancer treatment.
Our study probed the roles and the underlying mechanisms of IncRNA MCF2L-AS1 in ovarian
cancer cisplatin-resistance.

Methods: SKOV3 and IGROV-1 cells were subjected to gradually increasing concentrations of
cisplatin to construct ovarian cancer cisplatin-resistance cells. Cell proliferation was evaluated
by cell counting kit-8 and colony formation assays. Cell apoptosis was assessed using Annexin
V and PI staining. The relationships between SP1, MCF2L-AS1 and insulin-like growth factor-2
mRNA binding protein 1 (IGF2BP1) were verified by RNA pull-down, RIP, ChIP and dual-
luciferase reporter gene assay, respectively. Tumor xenograft experiment was employed to
evaluate the effects of MCF2L-AS1 silencing on ovarian cancer cisplatin-resistance in vivo.
TUNEL staining and immunohistochemistry were performed in tumor tissue.

Results: MCF2L-AS1 and IGF2BP1 were upregulated in cisplatin-resistant cells. MCF2L-AS1
silencing suppressed cell proliferation of cisplatin-resistant cells, while promoted the apoptosis,
suggesting that MCF2L-AS1 knockdown suppressed ovarian cancer cells cisplatin-resistance.
Meanwhile, MCF2L-AS1 silencing enhanced cisplatin sensitivity in ovarian cancer parental cells and
IGF2BP1 overexpression impaired cisplatin sensitivity of parental cells. MCF2L-AS1 activated IGF2/
MEK/ERK pathway through interacting with IGF2BP1. Transcription factor SP1 activated MCF2L-
AS1 expression. MCF2L-AS1 knockdown inhibited ovarian cancer cisplatin-resistance in vivo.
Conclusion: SP1-induced MCF2L-AS1 promoted ovarian cancer cisplatin-resistance through
activation of IGF2/MEK/ERK pathway via interacting with IGF2BP1.

Keywords: Ovarian Cancer; Cisplatin; LncRNA MCF2L-AS1; SP1; IGF2BP1;
IGF2/MEK/ERK Signaling Pathway

Synopsis

LncRNA MCF2L-AS1 and insulin-like growth factor-2 mRNA binding protein 1
(IGF2BP1) were upregulated in cisplatin-resistant cells. LncRNA MCF2L-AS1 silencing
suppressed ovarian cancer cell cisplatin resistance. SPl-induced IncRNA MCF2L-AS1
activated the IGF2/MEK/ERK signaling pathway by targeting IGF2BP1.
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INTRODUCTION

Ovarian cancer is one of the lethal gynecological malignancies. Cisplatin is a well-known
antitumor agent [1]. However, most patients with ovarian cancer will eventually die of
recurrent and progressive disease because of resistance to cisplatin [2]. As reported, cisplatin
resistance in ovarian cancer is a multifactorial process, which may result from a series of
dysregulation of gene expression; however, the specific mechanism of cisplatin resistance in
ovarian cancer is still poorly understood.

Transcription factor SP is overexpressed in many cancers and is associated with poor
prognosis, which both activates and suppresses the expression of a number of essential
oncogenes and tumor suppressors [3]. As previously reported, SP1 was markedly upregulated
in ovarian cancer, and SP1 knockdown could suppress cell migration, cell invasion and
chemoresistance [4,5]. It is suggested that SP1 facilitates the malignant behavior of ovarian
cancer cells, while its role in regulating ovarian cancer cell cisplatin resistance is unknown,
which deserves further study.

LncRNA refers to a single stranded RNA (ssRNA) with the transcripts more than 200 nts and
function in many biological processes [6]. As widely reported, the development of ovarian
cancer is accompanied with changes in expression pattern of large set of IncRNAs [7,8]. For
instance, Xu et al. [9] demonstrated that IncRNA EBIC promoted ovarian cancer cisplatin-
resistance. In addition, IncRNA CHRF was markedly upregulated in cisplatin resistant
ovarian cancer cells and patients with resistant disease [10]. LncRNA MCEF.2 cell line derived
transforming sequence like-antisense RNA 1 (MCF2L-AS1) was confirmed as an oncogene in
colorectal cancer and lung cancer [11,12]. However, the expression and the role of IncRNA
MCF2L-AS1 in ovarian cancer were never reported before. Herein, through the investigation
of GEPIA database, it was found that IncRNA MCF2L-AS1 expression markedly increased

in ovarian cancer, which caught our attention. Recent studies have revealed that SP1 could
bind to the promoter of non-coding RNA to promote ovarian cancer progression [4,13]. In
the current study, SP1 was predicted to have a binding site to IncRNA MCF2L-AS1 promoter
by using JASPAR. However, whether SP1 could positively regulate IncRNA MCF2L-AS1
expression to promote ovarian cancer cisplatin-resistance needs further study.

Insulin-like growth factor-2 mRNA binding protein 1 (IGF2BP1) is a member of the conserved
RNA binding protein family [14]. Much evidence has confirmed that IGF2BP1 is involved in
tumor cell proliferation, invasion, and chemo-resistance in a series of malignant tumors,
including ovarian cancer [15,16]. IGF2BP1 binds to targets such as insulin-like growth factor
2 (IGF2) in the cytoplasm [17]. Elevated IGF2 expression is associated with increased risk

of developing various cancers, and IGF2 promotes the malignant behaviors of tumors by
activating downstream pathways, such as MEK/ERK signaling pathway [18,19]. As previously
reported, IGF2BP1 promoted the proliferation of tongue squamous cell carcinoma cells by
activating the IGF2/MEK/ERK signaling pathway [20]. RNA-protein interaction prediction
(RPISeq) showed high affinity of MCF2L-AS1 to IGF2BP1, suggesting that IncRNA MCF2L-
AS1 could interacted with IGF2BP1 to regulate IGF2/MEK/ERK signaling pathway. However,
the regulatory relationship between IncRNA MCF2L-AS1, IGF2BP1 and IGF2/MEK/ERK in
ovarian cancer and their roles in ovarian cancer remains unclear.

Herein, we found that SPl-induced MCF2L-AS1 promoted ovarian cancer cisplatin-resistance
through activation of the IGF2/MEK/ERK signaling pathway via interacting with IGF2BP1.
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Our findings provided new insights into the regulatory mechanisms of IncRNA MCF2L-AS1
in ovarian cancer cisplatin-resistance.

MATERIALS AND METHODS

1. Cell culture and induction of cisplatin resistance

Human ovarian cancer cells (SKOV3 and IGROVA cells) were purchased from ATCC (VA,
Manassas, USA). All cells were cultured in Dulbecco’s Modified Eagle Medium (Gibco,
Gaithersburg, MD, USA) containing 10% fetal bovine serum (Gibco) with 5% CO, at 37°C.
SKOV3/DDP and IGROV-1/DDP cells were constructed as previously described [21]. Cells were
treated with cisplatin for 2 days as a cycle. After completing 3 cycles of stimulation with the same
concentration of cisplatin, the dose was increased. The initial concentration of cisplatin was 5
UM, and the final concentration of cisplatin was 70 uM. Only when cells remained the resistance
to cisplatin after cultured in medium without cisplatin for at least 6 months, they were used for
subsequent experiment. In subsequent experiments, for cisplatin treatment, SKOV3/DDP cells
were subjected to 30 uM cisplatin, and IGROV-1/DDP cells were subjected to 36 M cisplatin.

2. Cell transfection

The overexpression plasmid of SP1 (Oe-SP1), the overexpression plasmid of IGF2BP1 (Oe-
IGF2BP1), the short hairpin RNA of IncRNA MCF2L-AS1 (sh-MCF2L-AS1) and their negative
controls were obtained from GenePharma (Shanghai, China). SKOV3, IGROV-1, SKOV3/DDP
and IGROV-1/DDP cells were transfected with above plasmids using Lipofectamine™ 3000
(Invitrogen, Carlsbad, CA, USA).

3. Cell counting kit-8 (CCK-8) assay

Cells were seeded in 96-well plates with 5x10° cells per well and then incubated with CCK-8
reagent (10 pL, Sangon) for 2 hours. Absorbance was examined at 450 nm with the microplate
spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA).

4. Colony formation assay

For colony formation analysis, 1x10°/well cells were seeded on the 6-well plates plate and
incubated for 1 week at 37°C. Then cells were stained with 0.1% crystal violet for 10 minutes
(Solarbio, Beijing, China), and the colonies formed were counted manually.

5. Cell apoptosis assay

Cells were collected and re-suspended in 500 pL of 1X Annexin-binding buffer (Beyotime,
Shanghai, China). Then cells were incubated with 10 uL Annexin V-FITC and 5 pL PI stain
(Beyotime) for 10 minutes. Samples were immediately analyzed using flow cytometry (BD
Biosciences, New York, NY, USA).

6. RNA pull-down assay

LncRNA MCF2L-AS1 or NC was labeled with biotin (Roche, Basel, Switzerland) and
transcribed with the Biotin RNA Labeling Mix (Roche) and T7 RNA polymerase (Roche).
About 2x107 cells were dissolved in the soft lysis buffer plus 80 U/mL RNasin (Promega,
Madison, WI, USA). Cell extract (2 ug) was incubated with biotinylated RNA (100 pmol) for
1 hour at 4°C. Washed streptavidin-coupled agarose beads (Invitrogen) were added to each
binding reaction and further incubated for 1 hour to isolate the RNA-protein complex. The
retrieved protein was assessed using western blot.
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7. RNA immunoprecipitation (RIP) assay

Cells were lysed with a complete RIP lysis buffer (Millipore, Burlington, MA, USA). Cell
extract was incubated with immunoglobulin G (IgG) (1:50, ab172730; Abcam, Waltham, MA,
USA) and IGF2BP1 (1:50, ab184305; Abcam) antibody at 4°C overnight. RNA samples were
purified by phenol chloroform extraction, followed by quantitative real-time polymerase
chain reaction (QRT-PCR) to determine MCF2L-AS1 transcripts enrichment.

8. Chromatin immunoprecipitation (ChIP) assay

ChIP assay was conducted by using ChIP kit (Beyotime). Briefly, cells were treated with 1%
formaldehyde solution for 10 minutes and quenched with 125 mM glycine for 5 minutes.
DNA was fragmented by sonication. Cell lysate was subsequently incubated with anti-SP1
(1:100, ab231778; Abcam) or anti-IgG (1:100, ab172730; Abcam) at 4°C overnight. Then,
dynabeads protein G (Invitrogen) was added for 2 hours for DNA enrichment. Finally,
immunoprecipitated DNAs were analyzed by qRT-PCR.

9. Dual-luciferase reporter gene assay

The SP1-binding site in the promoter of IncRNA MCF2L-AS1 was predicted using JASPAR
database (http://jaspar.genereg.net/). Site-directed mutagenesis of the SP1 binding site

in IncRNA MCF2L-AS1 promoter was performed using a site-directed mutagenesis kit
(Stratagene, La Jolla, CA, USA). Wild-type (wt) and mutant-type (mut) reporter plasmids of
IncRNA MCF2L-AS1 sequences were cloned into PGL3 vector (GenePharma). Then, cells were
co-transfected with IncRNA MCF2L-AS1-wt or IncRNA MCF2L-ASI-mut plasmids and oe-SP1
or oe-NC by Lipofectamine™ 3000 (Invitrogen). The luciferase activity was examined using a
dual-luciferase reporter assay system (Promega).

10. Tumor xenograft in vivo

A total of 24 BALB/c nude mice were assigned to 3 groups: SKOV3/DDP group (injected with
SKOV3/DDP cells), sh-NC group (injected with SKOV3/DDP cells with sh-NC transfection)
and sh-MCF2L-AS1 group (injected with sh-MCF2L-AS1 cells with sh-MCF2L-AS1
transfection) (8 mice/group). 0.2 mL of above cell suspension containing 2x10* cells was
injected into the back of each mouse. At 7 days after inoculation, all mice received 4 mg/

kg cisplatin treatment every 3 day. The tumor volumes were determined by measuring their
length (1) and width (w) and calculating the volume (V) as follows: V=Iw?/2. At 21 days, the
mice were euthanized and tumor tissues were weighted. The animal studies were approved by
Animal Ethics Committee of The Fourth Affiliated Hospital of Nantong University.

11. Immunohistochemistry (IHC)

The tumor tissues were fixed in 10% paraformaldehyde and tumor sections (4 pm in
thickness) were prepared. After deparaffinization and antigen retrieval (Dako, Santa Clara,
CA, USA), sections were then blocked with goat serum, avidin solution and biotin solution.
Then sections were incubated with antibody against Ki67 (1:200, ab15580; Abcam) overnight
followed by incubation with an appropriate secondary antibody (1:500, ab150077; Abcam)
for 1 h. The sections were stained with diaminobenzidine and then counterstained with
hematoxylin, dehydrated and mounted. Then, the sections were observed under an inverted
microscope (Nikon, Tokyo, Japan). The number of positive cells was counted using Image]
software version 1.8 (National Institute of Health, Bethesda, MD, USA).

12. TdT-mediated dUTP nick-end labeling (TUNEL) staining
The experimental operation was performed in accordance to the instructions of the TUNEL
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staining kit (Sigma-Aldrich, St. Louis, MO, USA). Sections were photographed using a
microscope (Olympus, Tokyo, Japan).

13. qRT-PCR
Total RNA was isolated with TRIzol reagent (Thermo Fisher Scientific). cDNA was
synthesized with HiFiScript cDNA synthesis kit (Life Technologies, Carlsbad, CA, USA).
Then, the cDNA was used for qRT-PCR assay using SYBR (Thermo Fisher Scientific).
The relative expressions of mRNAs were normalized by glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) and calculated by 2724°T method. The primers used in the study
were listed as follows (5'-3"):

SP1 (F): 5-GACAGGACCCCCTTGAGCTT-3,

SP1 (R): 5-GGCACCACCACCATTACCAT-3';

LncRNA MCF2L-AS1 (F): 5-GATCAACGTTCAATCCACCG-3/,

LncRNA MCF2L-AS1 (R): 5-CGTCAAGATAGCGCAGCTTCC-3';

IGF2BP1 (F): 5'-CCAAGGAGGAAGTGAAGCTG-3/,

IGF2BP1 (R): 5'-ATGTCTCGGATCTTCCGTTG-3;

GAPDH (F): 5-CCAGGTGGTCTCCTCTGA-3/,

GAPDH (R): 5-GCTGTAGCCAAATCGTTGT-3'.

14. Western blot

The proteins were isolated from cells by using RIPA buffer, and concentrations of protein
were determined by a BCA Kit (Beyotime), which further transferred to a PVDF membrane
(Millipore). Then, membranes incubated overnight with antibodies against Bax (1:1,000,
ab32503; Abcam), B-cell lymphoma-2 (Bcl-2) (1:1,000, ab182858; Abcam), Cleaved Caspase-3
(1:1,000, ab2302; Abcam), IGF2BP1 (1:1,000, ab100999; Abcam), IGF2 (1:1,000, ab177467;
Abcam), p-MEK (1:1,000, 2338; Cell Signaling Technology, Danvers, MA, USA), mitogen-
activated protein kinase (MEK) (1:1,000, 4694; Cell Signaling Technology), p-ERK (1:1,000,
43705 Cell Signaling Technology), extracellular regulated protein kinase (ERK) (1:1,000,
ab32537; Abcam) and GAPDH antibody (1:10,000, SAB2701826; Sigma-Aldrich). After
washed with PBS-T, membranes were then incubated with the corresponding secondary
antibody (1:10,000, ab7090; Abcam) for 60 minutes. The membranes were visualized and
imaged by GEL imaging system (Bio-Rad, Hercules, CA, USA). The quantification of proteins
was analyzed by the software Image J.

15. Data analysis

All data were obtained from at least 3 replicate experiments. Results were expressed as
meanz*standard deviation (SD). Statistical analysis was performed using SPSS 19.0 (IBM,
Armonk, NY, USA). The comparisons of 2 different group parameters and multi-group were
determined using Student’s t-test and one-way analysis of variance (ANOVA), respectively.
The p-values less than 0.05 were considered significant.

RESULTS

1. LncRNA MCF2L-AS1 knockdown suppressed cisplatin resistance in ovarian
cancer cells

Through GEPIA database, we found that MCF2L-AS1 was markedly upregulated in ovarian

cancer tumor tissues compared to non-tumor tissues, indicating that MCF2L-AS1 was

involved in ovarian cancer development. However, whether MCF2L-AS1 participates in
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ovarian cancer cisplatin-resistance remains unknown. To probe the roles of MCF2L-AS1

in regulating cisplatin resistance in ovarian cancer cells, cells were exposed to increasing
concentrations of cisplatin as previously described [21] to construct SKOV3/DDP and
IGROV-1/DDP cells. The results displayed that the half maximal inhibitory concentration
(IC50) of cisplatin-resistant cells was greater than that of the parental cells (Fig. 1A). As
revealed in Fig. 1B, MCF2L-AS1 expression was significantly elevated in resistant ones
compared to parental cells. To further probe the relationship between MCF2L-AS1 expression
and cisplatin resistance in ovarian cancer, we knocked down MCF2L-AS1 expression in
SKOV3/DDP and IGROV-1/DDP cells (Fig. 1B). The results from CCK-8 assay and colony
formation assay subsequently demonstrated that MCF2L-AS1 knockdown remarkably
inhibited proliferation and colony formation of cisplatin-resistant cells (Fig. 1C-D). In
addition, MCF2L-AS1 silencing promoted cell apoptosis of cisplatin-resistant cells (Fig. 1E).
Similarly, MCF2L-AS1 knockdown significantly upregulated Bax and Cleaved Caspase-3 levels,
while reduced Bcl-2 level (Fig. 1F). Moreover, we detected the effect of MCF2L-AS1 knockdown
on cisplatin sensitivity in parental cells (SKOV3 and IGROV-1 cells). The expression of MCF2L-
AS1 in SKOV3 and IGROV- cells was decreased after transfected with sh-MCF2L-AS1 (Fig. S1A).
As shown in Fig. $1B, the IC50 of SKOV3 and IGROV-1 cells was significantly reduced after
MCF2L-AS1 knockdown, suggesting that cisplatin sensitivity in parental cells was enhanced by
MCF2L-AS1 silencing. Moreover, MCF2L-AS1 knockdown remarkably inhibited parental cell
proliferation (Fig. S1C) and promoted cell apoptosis (Fig. S1D). Taken together, MCF2L-AS1
silencing remarkably inhibited cisplatin resistance in ovarian cancer cells.

2. LncRNA MCF2L-AS1 regulated the IGF2/MEK/ERK signaling pathway
through interacting with IGF2BP1
We sought to identify the target of MCF2L-AS1 to explore the molecular mechanisms
by which MCF2L-AS1 exerted its effects on ovarian cancer cisplatin-resistance. RPISeq
prediction was first employed to identify MCF2L-AS1 interaction proteins and revealed that
IGF2BP1 was a potential binding protein of MCF2L-AS1 (prediction using RF classifier:
0.7 score; prediction using SVM classifier: 0.77 score). RNA pull-down and RIP assay
subsequently displayed that MCF2L-AS1 directly interacted with IGF2BP1 (Fig. 2A and B). As
demonstrated in Fig. 2C and D, IGF2BP1 expression was significantly elevated in cisplatin-
resistant cells. We observed that sh-MCF2L-AS1 transfection did not have any impact on the
mRNA level of IGF2BP1 in cisplatin-resistant cells (Fig. 2E). However, the protein level of
IGF2BP1 was markedly reduced by MCF2L-AS1 silencing, as well as the protein levels of IGF2/
MEK/ERK signaling pathway-related proteins (IGF2, p-MEK and pERK) (Fig. 2F). All these
results suggested that IncRNA MCF2L-AS1 activated the IGF2/MEK/ERK signaling pathway
through interacting with IGF2BP1 protein.

3. IGF2BP1 overexpression reversed the effects of MCF2L-AS1 silencing on
cisplatin-resistance ovarian cancer
Next, we aimed to explore the effects of IGF2BP1 on MCF2L-ASl-mediated biological functions
in vitro. Thus, we overexpressed IGF2BP1 alone and co-transfected with sh-MCF2L-AS1 and
0e-IGF2BP1 in SKOV3/DDP and IGROV-1/DDP cells. First, IGF2BP1 expression was markedly
reduced following sh-MCF2L-AS1 transfection, while IGF2BP1 expression was significantly
elevated in sh-MCF2L-AS1 + Oe-IGF2BP1 group compared to sh-MCF2L-AS1 + Oe-NC group
(Fig. 3A). Overexpression IGF2BP1 remarkably promoted proliferation and colony formation
of cisplatin-resistant cells, which could abolish the inhibitory effects of MCF2L-AS1 silencing
on proliferation and colony formation of cisplatin-resistant cells (Fig. 3B and C). Besides,
cell apoptosis of cisplatin-resistant cells was inhibited after IGF2BP1 overexpression, which
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Fig. 2. LncRNA MCF2L-AST regulated the IGF2/MEK/ERK signaling pathway through interacting with IGF2BP1.

(A, B) RNA pull-down and RIP assay were employed to verify the binding relationship between IncRNA MCF2L-AS1 and IGF2BP1. (C, D) IGF2BP1 expression was
assessed by qRT-PCR and western blot. Cisplatin-resistant cells were transfected with sh-NC or sh-MCF2L-AS1. (E) The mRNA level of IGF2BP1 was determined
using qRT-PCR. (F) IGF2BP1, IGF2, p-MEK, MEK, p-ERK and ERK levels were evaluated using western blot. The data were expressed as mean + SD. All data were
obtained from at least 3 replicate experiments.

ERK, extracellular regulated protein kinase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IGF2, insulin-like growth factor 2; IGF2BP1, insulin-like growth
factor-2 mRNA binding protein 1; 1gG, immunoglobulin G; MEK, mitogen-activated protein kinase kinase; NC, normal control; gRT-PCR, quantitative real-time
polymerase chain reaction; RIP, RNA immunoprecipitation; SD, standard deviation; sh-, short hairpin RNA of.

"p<0.05, Tp<0.01, ¥p<0.001.

reversed the promotion effect of MCF2L-AS1 silencing on cell apoptosis of cisplatin-resistant
cells (Fig. 3D). Finally, IGF2BP1 overexpression significantly inhibited Bax and Cleaved
Caspase-3 expressions, while promoted Bcl-2 expression, and the effects of MCF2L-AS1
silencing on the levels of these apoptosis-related protein were eliminated (Fig. 3E). Moreover,
we detected the effect of IGF2BP1 overexpression on cisplatin sensitivity in parental cells
(SKOV3 and IGROV-1 cells). It was observed that the IC50 of SKOV3 and IGROV-1 cells was
significantly increased after IGF2BP1 overexpression (Fig. $2), suggesting that cisplatin
sensitivity in parental cells was weakened by IGF2BP1 overexpression. In summary, IGF2BP1
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Fig. 3. IGF2BP1 overexpression reversed the effects of MCF2L-AST silencing on ovarian cancer cisplatin-resistance.

Cisplatin-resistant cells were transfected with sh-NC + Oe-NC, sh-NC + Oe-IGF2BP1, sh-MCF2L-AS1 + Oe-NC and sh-MCF2L-AS1 + Oe-IGF2BP1. (A) Western blot
was performed to evaluate IGF2BP1 level. (B) Cell proliferation was evaluated using CCK-8 assay. (C) Colony formation assay was performed to detect colony
formation. (D) Cell apoptosis was evaluated by flow cytometry assay. (E) Bax, Bcl-2 and Cleaved Caspase-3 levels were assessed using western blot. The data
were expressed as mean + SD. All data were obtained from at least 3 replicate experiments.

CCK-8, cell counting kit-8; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IGF2BP1, insulin-like growth factor-2 mRNA binding protein 1; NC, normal
control; Oe-, overexpression plasmid of; SD, standard deviation; sh-, short hairpin RNA of.

"p<0.05, Tp<0.01, ¥p<0.001.
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overexpression could promoted cisplatin resistance, and reverse the effects of MCF2L-AS1
silencing on cisplatin resistance in ovarian cancer.

4. SP1 promoted IncRNA MCF2L-AS1 expression at the transcriptional level
Much evidence has suggested that several transcription factors contribute to IncRNAs
dysregulation in human malignancies [22]. The factors involved in MCF2L-AS1
dysregulation in ovarian cancer remained elusive. Through JASPAR database, we found that
a classic transcription factor SP1 had potential binding sites to MCF2L-AS1 promoter region
(Fig. 4A). ChIP assay subsequently revealed that SP1 could bind to P1 site of MCF2L-AS1
promoter (Fig. 4B). Subsequently, SP1 overexpression upregulated the luciferase activity of P1-
WT, while the luciferase activity of PI-MUT was not affected (Fig. 4C), further suggesting that
SP1 could bind to P1 site of MCF2L-AS1 promoter. Moreover, SP1 expression was significantly
elevated in cisplatin-resistant cells (Fig. 4D and E). Subsequently, MCF2L-AS1 expression

in cisplatin-resistant cells was markedly elevated after SP1 overexpression (Fig. 4F). In
conclusion, SP1 activated MCF2L-AS1 expression in cisplatin-resistant ovarian cancer cells.
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Fig. 4. SP1 promoted IncRNA MCF2L-AS1 expression at the transcriptional level.

(A) The predicted positions of puative SP1 binding motif in human MCF2L-AS1 promoter. (B, C) ChIP assay and dual luciferase reporter gene assay were performed
to verify the binding relationship between MCF2L-AST promoter and SP1. (D, E) SP1 expression was detected using qRT-PCR and western blot. (F) MCF2L-AS1
expression was determined using qRT-PCR. The data were expressed as mean = SD. All data were obtained from at least 3 replicate experiments.

ChIP, chromatin immunoprecipitation; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; NC, normal control; Oe-, overexpression plasmid of; qRT-PCR,
quantitative real-time polymerase chain reaction; SD, standard deviation.

*p<0.05, Tp<0.01, ¥p<0001.
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5. LncRNA MCF2L-AS1 knockdown mitigated the promotion effects of SP1
overexpression on cisplatin resistance of ovarian cancer
Next, we aimed to probe the effects of the SP1/lncRNA MCF2L-AS1 axis on cisplatin
resistance in ovarian cancer. Thus, we co-transfected with oe-SP1 and sh-MCF2L-AS1 in
cisplatin-resistant cells. First, SP1 and MCF2L-AS1 expressions significantly increased after
SP1 overexpression; MCF2L-AS1 expression in oe-SP1 + sh-MCF2L-AS1 group was markedly
reduced compared to oe-SP1 + sh-NC group, while SP1 expression was not significantly
different (Fig. 5A). SP1 overexpression remarkably promoted proliferation and colony
formation of SKOV3/DDP and IGROV-1/DDP cells, while this phenomenon was abolished
by MCF2L-AS1 knockdown (Fig. 5B and C). Cell apoptosis were markedly suppressed by
oe-SP1 transfection, while it was eliminated by sh-MCF2L-AS1 transfection in SKOV3/DDP
and IGROV-1/DDP cells (Fig. 5D). After SP1 overexpression, Bax and Cleaved Caspase-3 levels
in cisplatin-resistant cells were obviously reduced and Bcl-2 level was significantly elevated,
while MCF2L-AS1 silencing attenuated this effect (Fig. 5E). In total, MCF2L-AS1 knockdown
mitigated the promotion effects of SP1 overexpression on ovarian cancer cisplatin-resistance.

6. LncRNA MCF2L-AS1 knockdown inhibited ovarian cancer cisplatin-resistance
in vivo
To probe the effect of MCF2L-AS1 on cisplatin resistance in vivo, SKOV3/DDP stably
transfected with sh-NC or sh-MCF2L-AS1 were injected into the back of nude mice, and then
all mice were received cisplatin treatment. As displayed in Fig. 6A-C, after cisplatin treatment,
tumor injected with sh-MCF2L-AS1 grew slower than controls, suggesting that MCF2L-AS1
knockdown promoted the cell cytotoxicity induced by cisplatin treatment in vivo. In addition,
THC displayed that the protein level of Ki67 (proliferation marker) in tumor tissues was
obviously decreased following MCF2L-AS1 knockdown (Fig. 6D). TUNEL positive cell in tumor
tissues were increased by MCF2L-AS1 knockdown (Fig. 6E). As shown in Fig. 6F, MCF2L-AS1
expression in tumor tissues was significantly reduced after MCF2L-AS1 knockdown. Finally,
we observed that Bax and Cleaved Caspase-3 levels increased, while the protein levels of
IGF2/MEK/ERK signaling pathway-related proteins, IGF2BP1 and Bcl-2 in tumor tissues
were significantly reduced after MCF2L-AS1 knockdown (Fig. 6G). In summary, MCF2L-AS1
silencing suppressed ovarian cancer cisplatin-resistance in vivo.

DISCUSSION

For researchers, the mechanism of ovarian cancer cisplatin-resistance is still elusive.
Although many molecular medical studies have been performed to explain the mechanism of
drug resistance in ovarian cancer, it is difficult to distinguish effective targets for regulating
drug resistance. The epigenetic regulation of ovarian cancer may unravel this mystery.
Herein, we found that SPl-induced MCF2L-AS1 promoted cisplatin resistance in ovarian
cancer through targeting the IGF2BP1/IGF2/MEK/ERK signaling pathway.

The important function of IncRNAs in regulating ovarian cancer cisplatin-resistance is
obvious to all. For example, Miao et al. revealed that IncRNA ANRIL reduced the sensitivity of
ovarian cancer to cisplatin by targeting miR-let-7a [23]. LncRNA MCF2L-AS1 was previously
confirmed as an oncogene in several human malignancies, such as colorectal cancer [24]

and lung cancer [12]. However, the role of MCF2L-AS1 in regulating cisplatin resistance in
ovarian cancer remains unknown. Herein, our results revealed that MCF2L-AS1 was markedly
upregulated in cisplatin-resistant cells. Besides, we found that MCF2L-AS1 silencing
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Fig. 5. LncRNA MCF2L-AS1 knockdown mitigated the promotion effects of SP1 overexpression on ovarian cancer cisplatin-resistance.

Cisplatin-resistant cells were transfected with Oe-NC, Oe-SP1, Oe-SP1 + sh-NC and Oe-SP1 + sh-MCF2L-AS1. (A) SP1 and MCF2L-AS1 expressions were assessed
using qRT-pCR. (B) CCK-8 assay was employed to evaluate cell proliferation. (C) Colony formation assay was performed to detect colony formation. (D) Cell
apoptosis was evaluated by flow cytometry assay. (E) Western blot was employed to determine Bax, Bcl-2 and Cleaved Caspase-3 levels. The data were
expressed as mean = SD. All data were obtained from at least 3 replicate experiments.

CCK-8, cell counting kit-8; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; NC, normal control; Oe-, overexpression plasmid of; qRT-PCR, quantitative real-
time polymerase chain reaction; SD, standard deviation; sh-, short hairpin RNA of.

“p<0.05, Tp<0.01, ¥p<0.001.
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Fig. 6. LncRNA MCF2L-AS1 knockdown inhibited ovarian cancer cisplatin-resistance in vivo.

SKOV3/DDP cells transfected with sh-MCF2L-AS1 and sh-NC were inoculated into nude mice, and then all mice were received cisplatin treatment. (A-C) The
tumors were collected, and the size and weight of tumors were measured. (D) Ki67 level in tumor tissues was evaluated using IHC. (E) Tumor tissues apoptosis
was evaluated using TUNEL staining. (F) qRT-PCR was performed to detect MCF2L-AST expression in tumor tissues. (G) Western blot was employed to determine
Bax, Bcl-2, Cleaved Caspase-3, IGF2BP1, IGF2, p-MEK, MEK, p-ERK and ERK levels in tumor tissues. The data were expressed as mean = SD (n=8).

ERK, extracellular regulated protein kinase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IGF2BP1, insulin-like growth factor-2 mRNA binding protein 1;
IHC, immunohistochemistry; MEK, mitogen-activated protein kinase kinase; NC, normal control; qRT-PCR, quantitative real-time polymerase chain reaction; SD,
standard deviation; sh-, short hairpin RNA of; TUNEL, TdT-mediated dUTP nick-end labeling.
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remarkably inhibited cell growth and promoted cell apoptosis of ovarian cancer parental cells
and cisplatin-resistant cells at the first time. Additionally, our results firstly confirmed that
MCEF2L-AST1 silencing suppressed cisplatin resistance in ovarian cancer in vivo. It has been
widely described that IncRNAs also function in regulating cisplatin sensitivity of ovarian
cancer. For instance, Miao et al. revealed that IncRNA ANRIL silencing improved cisplatin-
sensitivity of ovarian cancer cells [23]. LncRNA LINC01125 enhanced cisplatin sensitivity of
ovarian cancer via acting on miR-1972 [25]. In the present study, our results revealed that the
IC50 of SKOV3 and IGROV-1 cells was significantly reduced after MCF2L-AS1 knockdown,
suggesting that cisplatin sensitivity in parental cells was enhanced by MCF2L-AS1 silencing.
Moreover, MCF2L-AS1 knockdown remarkably inhibited parental cell proliferation and
promoted cell apoptosis. Collectively, our results suggested that MCF2L-AS1 downregulation
contributed to cisplatin sensitivity of parental cells and impaired cisplatin resistance of
cisplatin-resistant cells. Platine-based chemotherapy agents are major drugs in oncology
and are currently used in most solid malignancies. Of these, cisplatin and carboplatin have
been the most widely used over past years. Many trials performed comparing the efficacy

of carboplatin and cisplatin in ovarian cancer, either as single agent first-line therapy or in
combination chemotherapy suggest equivalent results [26]. However, superior results in
terms of either progression-free survival or overall survival have been obtained with cisplatin
in 2 larger randomized studies of combination chemotherapy [26]. Our study aimed to
explore the drug resistance mechanism of ovarian cancer, which layed a foundation for
clinical research. Considering that the mechanism of action of these 2 drugs for ovarian
cancer is similar, and the efficacy of cisplatin is better than that of carboplatin, it is more
beneficial to explore the regulatory mechanism of cisplatin resistance in ovarian cancer. In
the future, we will also conduct research on carboplatin resistance in ovarian cancer.

Recent studies have suggested that SP1 is a key transcription factor regulating the abnormal
expressions of IncRNAs in cancers [27,28]. Meanwhile, it was widely reported that SP1is a
risk factor promoting cisplatin resistance in ovarian cancer [5,29]. Herein, SP1 was confirmed
to bind to MCF2L-AS1 promoter by using ChIP and luciferase reporter assays, which was
never reported before. In addition, as expected, MCF2L-AS1 knockdown could mitigate

the promotion effects of SP1 overexpression on ovarian cancer cisplatin-resistance. For the
first time, our study revealed that SP1 contributed to ovarian cancer cisplatin-resistance by
activating the transcriptional activity of MCF2L-AS1.

IGF2BP1 is a type of oncofetal RNA binding protein, which is upregulated in a variety of solid
tumors, including ovarian cancer [16]. Meanwhile, the high expression of IGF2BP1 in ovarian
cancer was also related to cisplatin resistance, specifically IGF2BP1 overexpression could
enhance cisplatin resistance in ovarian cancer [30]. In the present study, IGF2BP1 expression
was markedly elevated in SKOV3/DDP and IGROV-1/DDP cells. Moreover, this current report
was the first one to indicate that MCF2L-AS1 could interact with IGF2BP1 protein. Our results
revealed that MCF2L-AS1 knockdown significantly reduced IGF2BP1 protein level but not the
mRNA level in cisplatin-resistant cells. It was suggested that MCF2L-AS1 might be involved in
regulating the post-transcriptional level of IGF2BP1 through other regulatory mechanisms,
such as acetylation, ubiquitination and other modifications. As reported, IncRNA NEAT1
could regulate the DDX5 protein to enhance its stability in colorectal cancer cells [31]. In
addition, IncRNA HOTAIR regulated the ATXN1 protein but not the mRNA by ubiquitination
[32]. However, the specific regulatory mechanism of MCF2L-AS1 on the post-transcriptional
level of IGF2BP1 remains unknown and needs further study. By analyzing the functions in
depth, it was evident that IGF2BP1 overexpression promoted cisplatin resistance in cisplatin-
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resistant cells and reversed the effects of MCF2L-AS1 silencing on cisplatin resistance.
Moreover, our results revealed that IGF2BP1 overexpression resulted in increased IC50 of
SKOV3 and IGROV-L cells, suggesting that cisplatin sensitivity in parental cells was weakened
by IGF2BP1 overexpression. According to reports, IGF2BP1 usually achieves its biological
function in cancers by regulating the expression of target mRNA. IGF2, one of the targets of

The role of IncRNA MCF2L-AS1 in ovarian cancer

IGF2BP1, is associated with an acquired drug resistance in cancer [33]. Yang et al. [20] also
revealed that IGF2BP1 could promote cell proliferation ongue squamous cell carcinoma cells
through the activation of IGF2/MEK/ERK signaling pathway. Herein, we found that MCF2L-
AS1 silencing markedly inhibited IGF2 level, as well as MEK/ERK signaling pathway-related
proteins (p-MEK and pERK). Therefore, we speculated that IncRNA MCF2L-AS1 promoted
cisplatin resistance in ovarian cancer through regulating IGF2BP1/IGF2/MEK/ERK axis.

In summary, our study displayed that SP1-induced MCF2L-AS1 promoted ovarian cancer
cisplatin-resistance through activation of IGF2/MEK/ERK pathway via interacting with
IGF2BP1, which illustrated that MCF2L-AS1 had a potential therapeutic value for the
treatment of cisplatin resistance in ovarian cancer patients.

SUPPLEMENTARY MATERIALS

Fig. S1

SKOV3 and IGROV-1 cells were transfected with sh-NC or sh-MCF2L-AS1. (A) MCF2L-AS1
expression was determined using qRT-PCR. (B) IC50 was evaluated using CCK-8 assay. (C)
CCK-8 assay was employed to evaluate cell proliferation. (D) Cell apoptosis was evaluated by
flow cytometry assay. The data were expressed as mean + SD. All data were obtained from at
least 3 replicate experiments.

Click here to view

Fig. S2

SKOV3 and IGROV- cells were transfected with Oe-NC or Oe-IGF2BP1, and IC50 was
evaluated using CCK-8 assay. The data were expressed as mean + SD. All data were obtained
from at least 3 replicate experiments.

Click here to view
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