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Background: Ovarian cancer has one of the highest mortality rates among all gynaecolo-
gical malignancies, and increasing evidence suggests that lncRNAs are widely involved in 
the development of ovarian tumours. This study aimed to investigate the mechanism of the 
LNC00115/miR-7/ERK axis in the cisplatin resistance of ovarian cancer cells.
Methods: The expression of miR-7 and LNC00115 in ovarian cancer cell lines and tissues 
was detected by qRT-PCR. The ovarian cancer cell lines were constructed by overexpressing 
or knocking down the expression of LNC00115 or miR-7. CCK-8, transwell invasion, 
Western blot, immunohistochemistry, and luciferase reporter assays were carried out to 
identify the targets of LNC00115 and explore its roles and mechanisms in ovarian cancer. 
A nude mouse model was established, and the expression of LNC00115, miR-7 and ERK 
was detected. The changes in the tumours and body weights of the nude mice were 
measured.
Results: LNC00115 was upregulated in ovarian cancer tissues and cisplatin-resistant ovarian 
cancer cells. Moreover, LNC00115 promoted the cisplatin resistance, invasion and migration 
of ovarian cancer cells. LNC00115 was shown to directly target miR-7, and miR-7 was 
downregulated in ovarian cancer tissues and cisplatin-resistant ovarian cancer cells. miR-7 
inhibited the cisplatin resistance, invasion and migration of ovarian cancer cells and directly 
targeted ERK. ERK was overexpressed in cisplatin-resistant ovarian cancer cells and ovarian 
cancer tissues. In animal experiments, overexpression of LNC00115 enhanced the cisplatin 
resistance of ovarian cancer cells, while miR-7 had the opposite effect. Mechanistically, 
LNC00115 sponged miR-7 to increase the expression of ERK, which in turn enhanced the 
cisplatin resistance of ovarian cancer.
Conclusion: Our data clarify the mechanism by which the LNC00115/miR-7/ERK axis 
promotes cisplatin resistance and provide a new clinical strategy for combating cisplatin 
resistance in ovarian cancer.
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Introduction
Ovarian cancer is one of the most common gynaecological malignancies and has 
the highest mortality rate among these tumours.1 The first-line therapies for ovarian 
cancer include surgery and cisplatin-based chemotherapy. However, cisplatin resis-
tance has become one of the most important obstacles to the successful treatment of 
patients with ovarian cancer.2 Little is known about the early diagnosis of ovarian 
cancer or the mechanism of drug resistance.
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Long noncoding RNAs (lncRNAs) have transcripts that 
are longer than 200 nt and were originally considered to be 
“noise” in genomic transcription.3 lncRNAs can interact 
directly or indirectly with micro RNAs (miRNAs), result-
ing in the loss of regulatory function.4 Increased under-
standing of lncRNAs has revealed important regulatory 
roles in processes related to gene expression, including 
tumourigenesis,5 development,6 metastasis7 and drug 
resistance.8 More importantly, lncRNAs are considered to 
be key regulators of tumour drug resistance and may be 
important targets for predicting prognosis and evaluating 
therapeutic effects.9

miRNAs are widely involved in physiological and 
pathological processes, play an important role in gene 
regulatory networks10 and are regulated by the overall 
biological regulatory network. miR-7 is related to the 
occurrence and development of a variety of cancers and 
mainly functions as a tumour suppressor.11 An increasing 
number of studies have shown that miR-7 can reverse 
chemotherapy resistance.12,13 For example, miR-7 can 
reverse paclitaxel/carboplatin resistance in breast cancer 
by inhibiting MRP1 and BCL2.

In this study, we analysed the effects of LNC00115 and 
miR-7 on cisplatin resistance in ovarian cancer and con-
firmed that LNC00115 plays a carcinogenic role in migra-
tion and invasion. The purpose of this study was to explore 
the diagnostic and therapeutic value of LNC00115/miR-7/ 
ERK as well as the molecular mechanism in the context of 
cisplatin resistance in ovarian cancer.

Materials and Methods
Patient Specimens and Cell Lines
The use of human tissue was approved by the ethics commit-
tee of Harbin Medical University First Affiliated Hospital. 
Tissue specimens were collected at the First Affiliated 
Hospital of Harbin Medical University. A total of 6 pairs of 
ovarian cancer tissues and adjacent tissues were obtained. 
The hospital’s ethics committee and all patients provided 
informed consent, and the study was performed in accor-
dance with the Helsinki Declaration. The human ovarian 
cancer cell lines SKOV3 and SKOV3-DDP were obtained 
from the First Affiliated Hospital of Harbin Medical 
University and were approved for use by the hospital ethics 
committee. SKOV3 cells were maintained in RPMI 1640 
medium (HyClone, USA) supplemented with 10% foetal 
bovine serum (FBS; Ausbian, Austria) and 1% penicillin- 
streptomycin at 37°C and 5% CO2 in an incubator. The 

cisplatin-resistant cell line SKOV3-DDP was maintained in 
IMDM (HyClone, USA) supplemented with 10% FBS and 
1% penicillin-streptomycin at 37°C and 5% CO2 in an 
incubator.

Luciferase Reporter Assay
Luciferase reporter assays were performed using the 
Luciferase Reporter Assay System (Promega 
Corporation, Fitchburg, WI, USA). Briefly, 293T cells 
were inoculated in a 12-well plate and cotransfected with 
the pmirGLO-ERK-WT, pmirGLO-ERK-MUT, pmirGLO- 
LNC00115-WT or pmirGLO-LNC00115-MUT vector and 
the miR-7 mimics or miR-NC (GenePharma, Shanghai, 
China). After 48 hours, the firefly luciferase activity was 
measured and normalized to that of Renilla.

miRNA Transfection
The miR-7 mimics and inhibitors were synthesized by 
GenePharma (Shanghai, People’s Republic of China). 
SKOV3 and SKOV3-DDP cells were seeded in six-well 
plates at 5×105 cells/well and then transfected with 2 μg of 
the miR-7 mimics or miR-7 inhibitor using 
Lipofectamine® 2000 reagent (Thermo Fisher Scientific, 
USA). At 48 hours after transfection, the cells were 
selected with G418 (4 μg/mL; Gibco, USA) for one 
month, and GFP and Neo served as the selection markers 
for cells transfected with the miR-7 mimics and inhibitors. 
SKOV3 cells transfected with the miR-7 inhibitor are 
referred to as SKOV3-M cells, and SKOV3-DDP cells 
transfected with the miR-7 mimics are referred to as 
SKOV3-DDP-M cells.

LncRNA Transfection
The 1317-nucleotide LNC00115 sequence was cloned into 
the pCDNA3.1 (+) vector to construct an LNC00115 over-
expression vector (GenePharma Shanghai, People’s 
Republic of China). For LNC00115 knockout, two RNAs 
directed at the LNC00115 promoter region were cloned 
into the pGPU6 vector (Gene Pharma Shanghai, People’s 
Republic of China). Lipofectamine 2000 was used to 
transfect SKOV3 and SKOV3-DDP cells according to 
the manufacturer’s instructions. At 48 hours after transfec-
tion, the cells were selected with puromycin (2 μg/mL) for 
one month, and stable cell lines with LNC00115 silencing 
or overexpression were thereby constructed. SKOV3 cells 
transfected with the LNC00115 overexpression vector are 
referred to as SKOV3-L cells, and SKOV3-DDP cells 
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transfected with the LNC00115 silencing vector are 
referred to as SKOV3-DDP-L cells.

Western Blot Analysis
The cells were washed twice with PBS, lysed and incubated 
on ice for 1 hour. The cell lysate was centrifuged at 
14,000 rpm for 5 minutes, and the cell supernatant was 
collected. Aliquots of total protein (20 μg) were separated 
by 12% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and transferred to a polyvinylidene fluoride mem-
brane (EMD Millipore, Billerica, MA, USA). The 
membrane was blocked with 5% BSA for 2 hours and then 
sequentially incubated overnight with a polyclonal rabbit 
anti-human p-ERK1/2 antibody (9101, Cell Signaling 
Technology, USA 1:200) and ERK1/2 antibody (Abclonal 
Technology, China 1:200) at 4°C and a secondary antibody 
(EMD Millipore, Burlington, MA, USA 1:1000) before 
detection of the proteins using a chemiluminescence detec-
tion system (Applygen, China). Images were obtained with 
a 5200 automatic ECL imaging system (Tanon, China).

Cell Counting Kit-8 Assay
Chemosensitivity was determined using a Cell Counting 
Kit-8 (CCK-8) assay (Dojindo Laboratories, Kumamoto, 
Japan). Briefly, 5×103 cells in 200 μL of medium were 
plated into each well of a 96-well plate. When the cells 
reached confluence, 4 μg/mL cisplatin was added to the 
wells, and the cells were incubated for 48 hours. Then, 10 
μL of CCK-8 reagent was added to each well, and the 
plates were incubated for 2–4 hours. Finally, the absor-
bance of each well at 450 nm was detected.

Transwell Invasion Assay
The invasion abilities of the cells were measured with 
invasion chambers containing filters with a pore diameter 
of 0.8 μm. The upper chamber was coated evenly with 
Matrigel 4 hours prior to cell seeding. Single-cell suspen-
sions of SKOV3, SKOV3-M, SKOV3-L, SKOV3-DDP, 
SKOV3-DDP-M and SKOV3-DDP-L cells (1×105 cells) 
were placed in the upper chamber, and 600 μL of medium 
containing 15% FBS was added to the lower chamber as 
a chemoattractant. After incubation at 37°C for 48 hours, 
the cells that adhered to the lower surface of the membrane 
were fixed, stained with crystal violet and counted.

Immunohistochemistry (IHC)
IHC was used to assess the differential expression of ERK 
in tissues, including 6 pairs of ovarian cancer tissues, 

normal tissues and tumour tissues from nude mice. All 
tissues were fixed with 4% paraformaldehyde, dehydrated, 
embedded in paraffin, and sectioned. The glass slides were 
incubated overnight with ERK (9101, Cell Signaling 
Technology, USA; diluted 1:200), washed three times 
with PBS, and then incubated with anti-rabbit secondary 
antibodies (EMD Millipore, Burlington, MA, USA) at 37° 
C for 40 minutes. Finally, the tissue sections were treated 
with 3ʹ,3ʹ-diaminobenzidine until a brown colour devel-
oped and counterstained with Harris’s modified haematox-
ylin.The selected proteins were quantified by Image-Pro 
Plus 6.0 (Media Cybernetics).

Wound Healing Assay
The migration of treated and untreated ovarian cancer cells 
was detected by an in vitro wound healing assay. When the 
cells reached 90–95% confluence in the 6-well plate, the 
cell surface was scratched with a 200 μL pipette tip, and 
wound healing was observed under an inverted fluores-
cence microscope at 0 and 24 hours. The ovarian cancer 
cells were imaged to ascertain the migration of each group.

Real-Time PCR
qRT-PCR was used to determine the relative expression 
levels of LNC00115 and miR-7. miRNA quantification: 
Bulge-loopTM miRNA qRT-PCR Primer Sets (one RT 
primer and a pair of qPCR primers for each set) specific 
for miR-7 is designed by RiboBio (Guangzhou, China). 
The sequences of the primers are shown as follow: 5‘- 
TGGCTTGTCTTCCATCGTCC-3ʹ (forward) and 5ʹ- 
GCACGAGGGTTGTTACAGGA-3ʹ (reverse) for 
LINC00115, 5ʹ -ACCACAGTCCATGCCATCAC-3‘ (for-
ward) and 5‘ - TCCACCCTGTTGCTGTA-3‘ (reverse) for 
GAPDH. Total RNA was extracted from tissues and cells 
with TRIzol reagent (Invitrogen, USA), and the SYBR® 

Green real-time PCR kit (Invitrogen, Carlsbad, CA, USA) 
was used to detect the expression levels of LNC00115 and 
miR-7. GAPDH and U6 expression was also quantified 
and used to determine the relative expression of 
LNC00115 and miR-7. The relative expression values 
were normalized and calculated as the fold change in 
gene expression using the 2−ΔΔCT method.

Nude Mouse Tumour Model
Thirty-six female 4-week-old BALB/c nude mice were 
housed under specific pathogen-free conditions (Charles 
River Laboratories, China). A total of 1×107 ovarian cancer 
cells were injected into the abdominal cavities of the nude 
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mice (6 mice per group), and cisplatin was injected intrave-
nously every 3 days at a concentration of 0.4 mg/mL and an 
injection volume of 0.1 mL/10 g. The cells injected into mice 
include SKOV3, SKOV3-M, SKOV3-L, SKOV3-DDP, 
SKOV3-DDP-M and SKOV3-DDP-L.After 2 weeks of 
treatment, the mice were sacrificed by cervical dislocation, 
and tumour tissues were prepared for histological examina-
tion. The xenograft tumours were removed, and the tumour 
volumes (tumour volume (mm3)=0. 5×width2×length) and 
weights were calculated. All animal work was performed 
according to the Guide for the Care and Use of Laboratory 
Animals, and the related protocols were approved by the 
Institutional Animal Care and Use Committee of Harbin 
Medical University First Affiliated Hospital.

Statistical Analysis
SPSS 22.0 and GraphPad Prism 7.4 were utilized for statis-
tical analyses. All data are presented as the mean ± standard 
deviation. Student’s t test or one-way analysis of variance 
was performed to compare two or more groups. Differences 
were considered statistically significant when P< 0.05.

Results
LNC00115 Regulates Cisplatin Resistance 
in Ovarian Cancer
We analysed lncRNA expression in ovarian cancer and 
noncancerous control tissues using the published dataset 
GSE14407, revealing that LNC00115 was highly 
expressed in patients with ovarian cancer (Figure 1A and 
B). The LNC00115 expression levels in 6 pairs of ovarian 
cancer and paracancerous tissues were verified by qRT- 
PCR, which showed that LNC00115 was significantly 
upregulated in OC tissues compared with that in paracan-
cerous tissues. (Figure 1C). Then, we analysed the expres-
sion of LNC00115 in SKOV3 and SKOV3-DDP cells by 
qRT-PCR and found that LNC00115 expression was 
higher in SKOV3-DDP cells than in SKOV3 cells 
(Figure 1D).

Based on the above results, we hope to further explore 
the biological role of LNC00115 in cisplatin resistance in 
ovarian cancer. We successfully constructed ovarian can-
cer cell lines in which LNC00115 was knocked out or 
overexpressed; LNC00115 was overexpressed in SKOV3 

Figure 1 LNC00115 regulates cisplatin resistance in ovarian cancer. (A) Hierarchical clustering heat map of differential LNC00115 expression in ovarian tissues and 
corresponding normal tissues generated from the GEO database (GSE14407). The red colour on the heat map denotes upregulation, while green denotes downregulation. 
(B) The expression of LNC00115 in an ovarian cancer cohort and normal tissue cohort obtained from the GEO database (GSE14407). (C) qRT-PCR analysis of LNC00115 
expression in ovarian cancer and paracancerous tissues, P =0.0002. (D) qRT-PCR analysis of LNC00115 expression in SKOV3 and SKOV3-DDP cells. (E) qRT-PCR analysis of 
LNC00115 expression in SKOV3, SKOV3-DDP, SKOV3-L and SKOV3-DDP-L cells. (F) CCK-8 assays were performed to analyse cell growth after the knockdown or 
overexpression of LNC00115. (G and H) Cell invasion of ovarian cancer cells treated with different regimens as determined by transwell assays. (I) Representative images of 
the wound healing abilities of SKOV3, SKOV3-DDP, SKOV3-L, and SKOV3-DDP-L cells. (J) The migration of ovarian cancer cells treated with different regimens as 
determined by the wound healing assay. Data represent the means ± SD. *P<0.05, **P<0.01,***P<0.001 and ****P<0.0001.
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cells and knocked out LNC00115 in SKOV3-DDP cells, 
and its expression was verified by qRT-PCR (Figure 1E). 
A CCK-8 assay was used to assess the effect of LNC00115 
on the cisplatin sensitivity of ovarian cancer cells. Upon 
treatment with 4 μg/mL cisplatin, the SKOV3-L cells 
proliferated better than SKOV3 cells (Figure 1F), and the 
proliferative ability of SKOV3-DDP-L cells was lower 
than that of SKOV3-DDP cells. Thus, overexpression of 
LNC00115 enhanced the cisplatin resistance of ovarian 
cancer cells. Transwell and wound healing assays were 
used to verify the effect of LNC00115 on the invasion 
and migration of ovarian cancer cells (Figure 1G and I). 
The results showed Overexpression of LNC00115 
enhanced the invasion and migration ability of ovarian 
cancer cells, while knocking down LNC00115 inhibited 
their invasion and migration abilities (Figure 1H and J). In 
general, LNC00115 was shown to regulate the develop-
ment of ovarian cancer cells, and overexpression of 
LNC00115 enhanced the resistance of ovarian cancer 
cells to cisplatin.

LNC00115 Sponges miR-7 in Ovarian 
Cancer
Next, we explored the molecular mechanism of 
LNC00115 in ovarian cancer. It has been indicated that 
lncRNAs can be used as competing endogenous RNAs 
(ceRNAs) to regulate the expression of mRNAs by spong-
ing miRNAs. As predicted by TargetScan and miRanda, 
miR-7 and LNC00115 were found to have complementary 
sequences. To verify the interaction between these two 
components, a dual-luciferase assay was performed. 
Compared with miR-NC, the miR-7 mimics significantly 
decreased the LNC00115-WT reporter activity but had no 
effect on that of LNC00115-mut (Figure 2A and B), indi-
cating that LNC00115 can directly target miR-7.

To explore the role of miRNAs in ovarian cancer, we 
first analysed miRNA expression in ovarian cancer and 
control tissues using the published dataset GSE53829, 
revealing that miR-7 expression was significantly lower in 
the ovarian cancer tissues (Figure 2C and D). Then, the miR- 
7 expression in cisplatin-sensitive and cisplatin-resistant 

Figure 2 LNC00115 sponges miR-7 in ovarian cancer cells. (A and B) Dual-luciferase assays were performed to confirm the binding of LNC00115 to miR-7. (C) 
Hierarchical clustering heat map of differential miR-7 expression in ovarian tissues and corresponding normal tissues generated from the GEO database (GSE53829). (D) 
The expression of miR-7 in an ovarian cancer cohort and normal tissue cohort obtained from the GEO database (GSE53829). (E) Hierarchical clustering heat map of 
differential miR-7 expression in A2780-DDP and A2780 ovarian cells from the GEO database (GSE84201). (F) qRT-PCR analysis of miR-7 expression in ovarian cancer 
tissues and normal tissues, P =0.0007.(G) qRT-PCR analysis of miR-7 expression in SKOV3-DDP and SKOV3 cells, P =0.0025. (H) qRT-PCR analysis of miR-7 expression in 
SKOV3, SKOV3-DDP, SKOV3-L, and SKOV3-DDP-L cells. Data represent the means ± SD. *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001.
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ovarian cancer cell lines was analysed using the published 
dataset GSE84201, and miR-7 expression was lower in 
A2780-DDP cells than in A2780 cells (Figure 2E). These 
data strongly suggest that LNC00115 plays an important role 
in cisplatin resistance in ovarian cancer by regulating miR-7.

Similarly, we used qRT-PCR to measure the expression 
of miR-7 in 6 pairs of ovarian cancer and paracancerous 
tissues, and the results showed that miR-7 was expressed 
at significantly lower levels in ovarian cancer tissues than 
in paracancerous tissues (Figure 2F). To further assess 
whether miR-7 is associated with cisplatin resistance in 
ovarian cancer, we detected the miR-7 expression in 
SKOV3 and SKOV3-DDP cells by qRT-PCR, which 
revealed significantly lower expression in SKOV3-DDP 
cells than in SKOV3 cells (Figure 2G).

To further verify the regulatory effect of LNC00115 on 
miR-7, we overexpressed LNC00115 in SKOV3 cells and 
knocked down LNC00115 in SKOV3-DDP cells. The 
expression of miR-7 in SKOV3, SKOV3-L, SKOV3-DDP 
and SKOV3-DDP-L cells was detected by qRT-PCR. The 
expression of miR-7 was significantly lower in SKOV3-L 
cells than in SKOV3 cells, while the level in SKOV3-DDP 
-L cells was significantly higher than that in SKOV3-DDP 
cells (Figure 2H). These results suggest that miR-7 can 
inhibit the development of ovarian cancer and that its 
expression is regulated by LNC00115.

Inhibitory Effect of miR-7 on Cisplatin 
Resistance in Ovarian Cancer
As mentioned above, miR-7 functions as a suppressor 
in ovarian cancer. To further verify this role and 
explore the relationship between miR-7 and cisplatin 
resistance in ovarian cancer, we overexpressed and 
knocked out miR-7 in ovarian cancer cell lines, and 
the expression of miR-7 was verified by qRT-PCR 
(Figure 3F). We knocked out miR-7 in SKOV3 cells, 
which showed stronger migration and invasion abilities 
than SKOV3 cells (Figure 3A and C). We overex-
pressed miR-7 in SKOV3-DDP cells, which exhibited 
significantly worse migration and invasion abilities 
than the SKOV3-DDP cells (Figure 3B and D). To 
further determine whether miR-7 affects the cisplatin 
sensitivity of ovarian cancer, we detected the prolifera-
tive ability of SKOV3 and SKOV3-M cells treated with 
4 μg/mL cisplatin by the CCK-8 assay, The prolifera-
tive ability of SKOV3-M cells was stronger than that 
of SKOV3 cells (Figure 3E), while the proliferative 
ability of SKOV3-DDP-M cells was lower than that 
of SKOV3-DDP cells. Thus, overexpression of miR-7 
reduces cisplatin resistance in ovarian cancer cells, 
while knocking down miR-7 enhances cisplatin resis-
tance in ovarian cancer cells.

Figure 3 Low miR-7 expression increases the cisplatin resistance, invasion and migration of ovarian cancer cells. (A and B) The invasion of ovarian cancer cells treated with 
different regimens as determined by transwell assays. (C) Representative images of the wound healing abilities of SKOV3, SKOV3-DDP, SKOV3-M, and SKOV3-DDP-M cells. 
(D) The migration of ovarian cancer cells treated with different regimens as determined by the wound healing assay. (E) CCK-8 assays were performed to analyse cell 
growth after the knockdown or overexpression of miR-7. (F) The expression of miR-7 in ovarian cells. Data represent the means ± SD. *P<0.05, **P<0.01, ***P<0.001 and 
****P<0.0001.
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LNC00115 Regulates ERK by Sponging 
miR-7
To elucidate the molecular mechanism and target genes of 
miR-7, we used bioinformatics tools (MiRanda, miRcode) to 
predict the targets of miR-7, and ERK was identified as 
a candidate. To further determine the relationship between 
ERK and miR-7, we confirmed the presence of a functional 
miR-7 binding site on ERK by a dual-luciferase assay, indi-
cating that ERK is indeed a target gene of miR-7 (Figure 4A 
and B). Analysis of the published dataset GSE63885 
revealed that ERK expression is correlated with the survival 
of patients with ovarian cancer (Figure 4C, P < 0. 05). Six 
pairs of ovarian cancer and paracancerous tissues were 
detected by IHC, and the level of ERK was higher in ovarian 
cancer tissues than in paracancerous tissues (Figure 4E).

To further clarify the mechanisms of ERK and miR-7, 
we measured ERK protein expression in 6 cell lines by 
WB and immunofluorescence (Figure 4D, G and H). The 
expression of ERK in SKOV3-DDP cells was higher than 
that in SKOV3, SKOV3-DDP-M and SKOV3-DDP-L 
cells, and the ERK expression in SKOV3 cells was lower 
than that in SKOV3-M and SKOV3-L cells. Thus, miR-7 
and LNC00115 can regulate ERK.

Our results show that LNC00115 affects the cellular 
ERK expression by regulating the expression of miR-7.

Nude Mouse Tumour Model
To determine the effect of miR-7 and LNC00115 on the 
cisplatin resistance of ovarian cancer cells in vivo and the 
underlying mechanism, 1×107 ovarian cancer cells were 
injected into the abdominal cavities of female nude mice, and 
tumour growth was monitored throughout 14 days of cisplatin 
treatment. The tumour weights of the SKOV3-M and SKOV3- 
L groups were higher than those of the SKOV3 group, while 
the tumour weights of the SKOV3-DDP group were higher 
than those of the SKOV3-DDP-M and SKOV3-DDP-L 
groups. We proved that overexpression of miR-7 or knock-
down of LNC00115 can increase the sensitivity of ovarian 
cancer to cisplatin and inhibit the development of ovarian 
cancer in vivo (Figure 4F and I). IHC revealed significant 
differences in ERK expression among the groups of nude 
mice (Figure 4J). The expression of ERK in SKOV3- 
M-bearing mice was higher than that in SKOV3-bearing 
mice, and its expression in mice bearing SKOV3-DPP tumours 
was higher than that in mice bearing SKOV3-DDP-M 
tumours, which confirmed that miR-7 can regulate the expres-
sion of ERK in vivo. The expression of ERK in the SKOV3-L 
group was higher than that in the SKOV3 group, and its 
expression in the SKOV3-DDP group was higher than that in 
the SKOV3-DDP-L group, which confirmed that LNC001155 
can regulate the expression of ERK via miR-7 in vivo.

Figure 4 LNC00115 regulates ERK by sponging miR-7. (A and B) Dual-luciferase assays were performed to confirm the binding of ERK to miR-7. (C) The expression of 
ERK was correlated with the survival of patients with ovarian cancer. (D) p-ERK1/2 and total ERK expression in ovarian cancer cells as determined by WB. (E) ERK1/2 
expression in human ovarian tumour tissues and normal tissues as determined by IHC. (F) Nude mouse tumours. (G and H). Immunofluorescence staining of phospho- 
ERK1/2 in ovarian cancer lines. (I) Tumour weights of the nude mice. (J) Detection of ERK1/2 in nude mouse ovarian tumours by IHC. Data represent the means ± SD. 
***P<0.001 and ****P<0.0001.
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There is increasing evidence that LNC00115 affects the 
ERK/MAPK pathway by regulating miR-7, thereby mod-
ulating the cisplatin resistance of ovarian cancer cells.

Discussion
Noncoding RNAs, including lncRNAs, circRNAs, and 
miRNAs, do not encode proteins but still play important 
roles in the regulation of gene expression14,15 and are 
related to the occurrence and development of a variety 
of human diseases. Because of their length and abundant 
miRNA binding sites, lncRNAs show great potential as 
markers and therapeutic targets in cancer. Generally, 
lncRNAs act as oncogenes and have been shown to 
promote lung cancer,16 pancreatic cancer17 and epithelial 
ovarian cancer;18 however, they can also act as tumour 
suppressors (eg, colon cancer).19 A recent study reported 
that LNC00115 expression was markedly elevated in 
colorectal cancer, and LNC00115 was shown to increase 
the expression of mTOR by inhibiting miR-489-3p 
expression to promote cell proliferation and migration.20 

However, its role in ovarian cancer is still unknown. In 
this study, we confirmed for the first time that LNC00115 
is closely related to ovarian cancer. Compared with nor-
mal tissues, ovarian cancer tissues exhibited abnormally 
high LNC00115 expression, suggesting that LNC00115 
may be an independent biomarker for the diagnosis of 
ovarian cancer. Overexpression of LNC00115 signifi-
cantly promoted the growth, migration and invasion of 
ovarian cancer cells, and LNC00115 is a potential ther-
apeutic target for the prevention of ovarian cancer 
metastasis.

Cisplatin chemotherapy is one of the most commonly 
used methods in the treatment of ovarian cancer. However, 
approximately 70% of ovarian cancer patients relapse after 
receiving cisplatin chemotherapy,21 and the mechanism of 
cisplatin resistance in ovarian cancer is not clear.22 In this 
study, we determined for the first time that LNC00115 is 
involved in the regulation of cisplatin resistance in ovarian 
cancer. Compared with that in the ovarian cancer cell line 
SKOV3, LNC00115 was more highly expressed in the 
ovarian cancer cisplatin-resistant cell line SKOV3-DDP. 
Functional analysis in vitro showed that overexpression of 
LNC00115 significantly increased the cisplatin resistance 
of SKOV3 cells, while LNC00115 knockdown signifi-
cantly decreased the cisplatin resistance of SKOV3-DDP 
cells. The administration of LNC00115 to mice on the 
standard cisplatin treatment regimen showed a significant 
promotional effect on ovarian cancer cisplatin resistance 

in vivo. A series of experiments proved that LNC00115 is 
a potential target for predicting cisplatin resistance in 
ovarian cancer.

In addition to elucidating the role of LNC00115 in the 
diagnosis, prediction and treatment of cisplatin resistance 
in ovarian cancer, assessing its related molecular 
mechanism is also very important. Because lncRNAs 
can be used as miRNA sponges to perform a series of 
functions, we studied the miRNAs downstream of 
LNC00115, thereby identifying the candidate gene miR- 
7, and determined the binding site of LNC00115 on miR- 
7 by a dual-luciferase assay. Some studies have shown 
that miR-7 is related to the occurrence and development 
of tumours.23 For example, miR-7 was shown to inhibit 
the proliferation and invasion of the human hepatocellu-
lar carcinoma cell line SMMC-7721,24 and other recent 
study showed that miR-7 could inhibit the development 
of ovarian cancer. For example, overexpressed miR-7 can 
target and inhibit the expression of TGFβ2, thus inhibit-
ing the growth and metastasis of ovarian cancer cells.25 

We confirmed the abnormally low expression of miR-7 in 
ovarian cancer cells. A series of in vitro experiments 
confirmed that overexpression of miR-7 inhibited the 
migration and invasion of ovarian cancer cells. miR-7 is 
not only involved in the diagnosis of ovarian cancer but 
also related to cisplatin resistance in ovarian cancer. 
Knocking down miR-7 in SKOV3 cells significantly 
increased their cisplatin resistance, while overexpression 
of miR-7 in SKOV3-DDP cells significantly decreased 
their cisplatin resistance in vitro. In vivo, overexpression 
of miR-7 was shown to significantly inhibit the cisplatin 
resistance of ovarian cancer cells. Our results show that 
miR-7 expression is downregulated in ovarian cancer 
cells and regulated by LNC00115. In contrast, other 
study reported higher expression of miR-7 in the serum 
of patients with ovarian cancer,26 and the differential 
results may be explained by the expression of miR-7 in 
circulating serum being different from that in ovarian 
cancer tissues. To address this speculation, we plan to 
assess the miR-7 expression in circulating sera and ovar-
ian cancer tissues from a large number of patients in the 
future and to conduct further functional analysis. More 
importantly, we herein identified that miR-7 is associated 
with cisplatin resistance in ovarian cancer and may there-
fore be used as a therapeutic target to combat cisplatin 
resistance in this gynaecological malignancy in the 
future.
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The effects of miRNAs are mainly dependent on their 
downstream targets, and miRNAs can promote or inhibit 
cancer development and progression by targeting onco-
genic or antitumour genes.27 We predicted the targets of 
miR-7 using bioinformatics technology and determined the 
binding site of miR-7 on ERK by a dual-luciferase assay. 
The ERK/MAPK pathway regulates many important phy-
siological and pathological processes in cells, such as cell 
growth, differentiation,28 adaptation to environmental 
stress, and inflammation.29 Because the ERK/MAPK path-
way plays an important biological role and is highly acti-
vated in tumours, inhibition of this pathway is one of the 
most promising strategies for tumour targeted therapies. 
An increasing number of studies have shown that abnor-
mal activation of the ERK/MAPK signalling pathway can 
promote tumour drug resistance.30,31 Numerous experi-
ments have proven that ERK is associated with cisplatin 
resistance in ovarian cancer; for example, MEK/ERK sig-
nalling was shown to induce the cisplatin resistance of 
lung cancer stem cells (CSCs) through the transcriptional 
activation of GSTP1 expression.32 We also found 
a positive correlation between ERK and LNC00115 
expression, and this relationship was shown to be regu-
lated by miR-7. Our study showed that overexpression of 
miR-7 and knockdown of LNC00115 enhanced the sensi-
tivity of ovarian cancer cells to cisplatin and reduced the 
proliferation, invasion and migration of ovarian cancer 
cells. This result may be attributed to deactivation of the 
ERK/MAPK pathway by miR-7 silencing, thereby enhan-
cing cisplatin-induced cell cycle arrest and apoptosis by 
activation of the p53/p21 axis. Moreover, miR-7 knock-
down was shown to suppress the ERK/MAPK-regulated 
expression of MMP-2 and MMP-9, the enzymes respon-
sible for degrading the extracellular matrix, and thus 
decreased the invasion and migration capabilities of the 
cells.32 This conjecture will be verified in future 
experiments.

Our experiments have shown that LNC00115 can reg-
ulate the expression of ERK by sponging miR-7, thereby 
enhancing the resistance of ovarian cancer cells to cispla-
tin, and that LNC00115 plays an oncogenic role in the 
occurrence and development of ovarian cancer. In sum-
mary, our findings provide evidence that the LNC00115/ 
miR-7/ERK axis plays an important role in the cisplatin 
resistance of ovarian cancer cells, suggesting that altera-
tion of LNC00115 expression is a promising strategy to 
overcome the chemotherapeutic resistance of ovarian can-
cer cells to cisplatin.

Conclusions
Overall, we are the first to confirm that LNC00115 regu-
lates the cisplatin resistance, migration and invasion of 
ovarian cancer cells via the LNC00115/miR-7/ERK axis.
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