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Abstract. Cisplatin-resistant ovarian cancer occurs in patients 
with ovarian cancer treated with cisplatin-based chemotherapy, 
which results in tumor progression during treatment, or recur-
rence of the tumor within 6 months of the treatment. It is vital 
that a novel biomarker for diagnosis, or an efficient thera-
peutic target of cisplatin‑resistant ovarian is identified. Long 
non-coding (lnc)RNAs were determined to serve critical func-
tions in a variety of distinct types of cancer, including ovarian 
cancer; however, there is limited knowledge regarding the 
differential expression levels of lncRNAs in cisplatin-resistant 
and cisplatin-sensitive ovarian cancer. Therefore, in the present 
study, the expression levels were determined for these cancer 
types. The lncRNA expression profile in cisplatin‑resistant 
ovarian cancer was analyzed and compared with the results 
for cisplatin-sensitive ovarian cancer; gene ontology and 
pathway analysis demonstrated that the dysregulated lncRNAs 
participated in important biological processes. Subsequently, 
it was identified that these dysregulated lncRNAs were 
present in other ovarian cancer tissues and in SKOV3 
ovarian cancer cells, as well as its cisplatin-resistant clone, 
SKOV3/CDDP. In addition, it was revealed that 8 lncRNAs 
(Enst0000435726, Enst00000585612, Enst00000566734, 
Enst00000453783, NR_023915, RP11_697E22.2, uc010jub.1 
and tcons_00008505) were associated with cisplatin-resistant 
ovarian cancer. The present study may assist in improving 
understanding of the initiation and developmental mecha-
nisms underlying cisplatin-resistant ovarian cancer, which 
could aid future studies in discovering potential biomarkers 

for diagnosis or therapeutic targets that may be used in clinical 
treatment.

Introduction

Ovarian cancer is one of the most common female genital 
tumors, with incidence of ovarian cancer lower than that of 
cervical and uterine cancer (1). Due to ovarian cancer being 
highly malignant, having a poor prognosis and the highest 
mortality rate of all female genital tumors, the five-year 
survival rate of ovarian cancer is between 20 and 30% in 
2013 (2). In addition to these factors, ovarian cancer is difficult 
to diagnose and treat, as well as there being a rising concern 
with regard to drug resistance (3). Currently, ovarian cancer is 
treated with tumor cytoreductive surgery combined with adju-
vant platinum-based chemotherapy, including cisplatin (4). 
The majority of patients with ovarian cancer are sensitive to 
cisplatin-based chemotherapy initially and have a high rate of 
remission in the short term; however, abdominal or pelvic recur-
rence is frequent and drug resistance develops (5,6). Patients 
with tumors that progress during or recur within 6 months of 
treatment are considered to be cisplatin-resistant (7).

With progress in the field of life sciences, understanding 
of the underlying mechanisms of tumor development 
has grown from the functional gene level to non-coding 
RNA. Long non-coding RNA (lncRNA), which has 
>200 nucleotide transcripts, has gained attention in the field 
of medicine, particularly in oncology, as a result of their 
abundance, function and mechanism. Various lncRNAs 
have been demonstrated to be involved in the regulation of 
tumorigenesis, invasion, metastasis and resistance to cancer 
treatments (8,9). Although the study of lncRNA is still in 
the initial stages, important observations have been made; 
these include the identification of regulator of reprogram-
ming (10) and urothelial cancer-associated 1 (11), which have 
the ability to regulate the chemosensitivity of hepatocellular 
carcinoma. In view of the current resistance to lncRNAs 
previously identified to be dysregulated and associated with 
chemoresistant ovarian cancer, further exploration of ovarian 
cancer drug resistance may reveal the mechanisms under-
lying ovarian cancer resistance, and result in novel methods 
for the diagnosis and treatment of ovarian cancer.

lncRNAs are novel biomarkers for differentiating between 
cisplatin‑resistant and cisplatin‑sensitive ovarian cancer

QING LI1*,  JUAN ZHANG2*,  JUAN ZHOU1,  BINGLIE YANG3,   
PINGPING LIU3,  LEI CAO1,  LEI JING1  and  HUA LIU1

1Department of Pathology, Shanghai Pudong New Area People's Hospital, Shanghai 201299; 2Department of Pathology, 
Affiliated Nanjing Maternal and Child Health Hospital, Nanjing Medical University, Nanjing, Jiangsu 210004;  

3Department of Gynecology and Obstetrics, Shanghai Pudong New Area People's Hospital, Shanghai 201299, P.R. China

Received March 1, 2017;  Accepted December 5, 2017

DOI:  10.3892/ol.2018.8433

Correspondence to: Mrs. Qing Li, Department of Pathology, 
Shanghai Pudong New Area People's Hospital, 490 South 
Chuanhuan Road, Shanghai 201299, P.R. China
E-mail: green_liqing10@sina.com

*Contributed equally

Key words: ovarian cancer, long non-coding RNA, cisplatin 
resistance, therapy target



LI et al:  lncRNAs IN CISPLATIN-RESISTANT OVARIAN CANCER8364

The aim of the present study was to further investigate 
dysregulated lncRNAs in cisplatin-resistant ovarian cancer, 
compared with in cisplatin-sensitive ovarian cancer. This 
was conducted to assist understanding of the initiation and 
development mechanisms of ovarian cancer, which could be 
helpful for discovering potential biomarkers for diagnosis, or 
novel therapy targets that could be used in clinical treatment.

Materials and methods

Cell lines and reagents. The cisplatin-sensitive SKOV3 
ovarian cancer cell line and their cisplatin-resistant clones, 
SKOV3/CDDP, were obtained from the Chinese Academy of 
Medical Sciences and Peking Union Medical College (Beijing, 
China). Cells were cultured at 37˚C in a humidified atmosphere 
containing 5% CO2 in RPMI‑1640 medium with 10% (v/v) fetal 
bovine serum, 100 U/ml penicillin and 100 U/ml streptomycin 
(all from Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). All reagents were purchased from Sigma‑Aldrich 
(Merck KGaA, Darmstadt, Germany), unless stated otherwise.

Female primary ovarian cancer tissue samples were 
obtained from the Gynecology Department of Nanjing 
Maternal and Child Health Hospital (Nanjing, China) from 
January 2015 to January 2016. In total, there were 6 primary 
cisplatin-resistant ovarian cancer cases included in the present 
study, along with 7 age-matched primary cisplatin-sensitive 
ovarian cancer cases (46 patients with ovarian cancer, 
13 patients were treated with cisplatin; 33 patients were treated 
with paclitaxel combined with doxorubicin). All samples 
were from epithelial ovarian carcinomas, including 8 serous 
ovarian carcinomas and 5 mucous type ovarian carcinomas 
(3 stage I, 4 stage II, 4 stage III, 2 stage IV) (12). Once the 
tissues were collected, they were washed with 3X RNAlater® 
(Thermo Fisher Scientific, Inc.) and put into a freezing tube 
containing 5X RNAlater® solution along with liquid nitrogen, 
which quick‑froze the samples at ‑70˚C. Histopathological 
diagnoses were all confirmed as ovarian cancer. Informed 
consent for the use of these samples was obtained from each 
patient. Ethical approval was obtained from the Nanjing 
Maternal and Child Health Hospital Ethics Committee.

Total RNA extraction. Tissue samples and cells were lysed 
in TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) and total RNAs extraction was conducted according 
to the manufacturer's protocol. Quantification and a quality 
check were performed using Nano-Drop™ and an Agilent 
2100 Bio-Analyzer (Agilent Technologies, Inc., Santa Clara, 
CA, USA), respectively.

lncRNA expression profiling. For lncRNA expression 
profiling, 3 cisplatin-resistant ovarian cancer samples and 
3 cisplatin-sensitive ovarian cancer samples were profiled 
using an Arraystar lncRNA Microarray v3.0 (Arraystar, 
Inc., Rockville, MD, USA), as described previously (13). 
The RNA was purified from 1 mg total RNA following the 
removal of ribosomal RNA (rRNA) using an mRNA-ONLY™ 
Eukaryotic mRNA Isolation kit (Epicentre; Illumina, Inc., 
San Diego, CA, USA). Following this, the full-length of each 
sample was amplified and transcribed into fluorescent RNA 
by mRNA-ONLY Eukaryotic mRNA Isolation Kit, Epicentre 

(Epicentre; Illumina, Inc.) using a random priming method (14) 
to prevent bias. The labeled RNAs were hybridized onto 
the Human lncRNA Array v3.0 (Agilent SureHyb; Agilent 
Technologies, Inc.). Following washing, the arrays were 
scanned using the Agilent lncRNA Microarray Scanner 
(Agilent Technologies, Inc.), and the Agilent Feature Extraction 
software version 11.0.1.1 (Agilent Technologies, Inc.) was used 
for microarray probe signal data collection. Finally, Agilent 
GeneSpring GX v12.1 software (Agilent Technologies, Inc.) 
was employed to normalize the values. lncRNAs and mRNAs 
for which at least 1 out of 2 groups were flagged in ‘present’ or 
‘marginal’ were selected for further data analysis.

lncRNA classification pipeline. In order to elucidate the 
lncRNA expression pattern in the probe name-centric 
cisplatin-resistant ovarian cancer gene expression data, 
clarification of the lncRNAs represented on the Affymetrix 
microarray (Affymetrix; Thermo Fisher Scientific, Inc.) was 
conducted via a common lncRNA classification pipeline, using 
the following strategies: First, the annotations of the micro-
array data involved the probe name, seqname, gene symbol, 
gene title, source, chromosome location, sequence and other 
informative items for the specific probe set; secondly, the 
seqname was assigned with a GENCODE ID, RefSeq data-
base ID and/or Ensembl gene ID. Seqnames with GENCODE 
IDs were labeled as ‘Enst.’ Seqnames with Refseq IDs were 
labeled as ‘NR_’ (non‑coding RNA). Seqnames with Ensembl 
gene IDs were labeled as 'uc' (www.genome.ucsc.edu). Thirdly, 
the seqnames obtained in step 2 were separated by filtering 
out pseudogenes, rRNAs, microRNAs and other short RNAs; 
including transfer RNAs, small nuclear RNAs and small 
nucleolar RNAs (15).

Gene ontology (GO) and pathway analysis. Identification 
of differentially expressed lncRNAs was conducted via 
multiple hypothesis testing [false discovery rate (FDR<0.05)], 
fold-change filtering (absolute fold-change >2.0) and the 
standard Student's t‑test (P<0.05). Identification of signifi-
cantly enriched biological terms and pathways was completed 
using GO and pathway analysis of differentially expressed 
lncRNAs, including antisense lncRNA, intronic lncRNA, 
enhancer lncRNA, long intergenic noncoding RNAs and 
other lncRNAs. GO terms and pathway enrichment analysis 
were based on the Database for Annotation, Visualization and 
Integrated Discover (DAVID) bioinformatics resource (david.
abcc.ncifcrf.gov; version 6.7) and the result of pathway enrich-
ment analysis was confirmed by the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) online database (www.kegg.jp). 
Identification of the potential functions of the lncRNAs that 
were differentially expressed was conducted using functional 
annotation clustering, using DAVID version 6.7 (david.abcc.
ncifcrf.gov) and KEGG (www.kegg.jp), and ranked by enrich-
ment scores.

Validation of differentially expressed lncRNA by reverse‑tran‑
scription‑quantitative polymerase chain reaction (RT‑qPCR). 
Total RNA of sample tissues and cells was extracted and 
reverse transcribed into cDNA with random primers by 
using a PrimeScript™ Reverse Transcription kit (Takara Bio, 
Inc., Otsu, Japan), according to the manufacturer's protocol. 
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A standard qPCR was performed to confirm the expression 
levels of differentially expressed lncRNAs using the Applied 
Biosystems ViiA 7 Sequence Detection System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.), following the 
manufacturer's guidelines. Briefly, the sample mixtures 
(Table I) were incubated at 95˚C for 10 min for an initial dena-
turation, followed by 40 PCR cycles of incubation at 95˚C for 
15 sec, 60˚C for 30 sec and then 72˚C for 30 sec. Each sample 
was performed in triplicate. The expression levels of lncRNAs 
were normalized to the internal control, GAPDH, and then 
quantified using the 2-∆∆Cq method (16). The target genes of 
the dysregulated lncRNAs were predicted based on the prin-
ciples of chromosome location of nearby coding genes and of 
base-pairing (17). The aim of this study was to further explore 
the dys-regulated lncRNAs in cisplatin resistant ovarian 
cancer compared to cisplatin sensitive ovarian cancer, which 
may help the understanding of the initiation and development 
mechanism of ovarian cancer comprehensively, and probably 
afford the potential biomarkers for diagnosis or therapy targets 
for clinical treatment. There were 13 patients who treated with 
cisplatin in the present study.

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation from at least three independent experiments. 
The differences in lncRNA expression levels were determined 
by analysis of variance and multiple hypothesis testing 
followed by the false discovery rate method as a post-hoc 
test. The sensitivity and specificity were analyzed according 
to the standard formulas (14). All P-values were two-sided 
and a value of P<0.05 was considered to indicate a statisti-
cally significant difference. Computer‑based calculations were 

conducted using SPSS version 20.0 (IBM Corp., Armonk, NY, 
USA).

Results

Dif ferent ial lncRNA expression prof iles between 
cisplatin‑resistant ovarian cancer and cisplatin‑sensitive 
ovarian cancer. In the present study, the expression levels 
of lncRNAs in 3 cisplatin-resistant ovarian cancer and 
3 age-matched cisplatin-sensitive ovarian cancer samples 
(enough to screen out the dysregulated lncRNAs) were detected 
via a high-throughput microarray technique. The patients with 
tumors that progressed during or recurred within 6 months of 
the treatment were considered cisplatin-resistant. The results 
of the microarray revealed that there were 823 upregulated 
and 765 downregulated lncRNAs in cisplatin-resistant 
ovarian cancer, compared with cisplatin-sensitive ovarian 
cancer (Fig. 1A and B) with fold‑change filtering (absolute 
fold-change >2.0), significant difference identified using 
a Student's t-test (P<0.05) and multiple hypothesis testing 
(FDR<0.05). According to the nearby coding genes, these 
differentially expressed lncRNAs included 312 natural 
antisense, 216 intronic antisense, 114 intron sense-overlapping, 
673 intergenic, 201 exon sense-overlapping and 72 bidirectional 
lncRNAs (Fig. 1C).

Go and pathway analysis of differentially expressed lncRNAs. 
To explore the potential functions of the dysregulated lncRNAs 
in cisplatin-resistant ovarian cancer, the target genes of the 
lncRNAs were predicted based on the principles of chromo-
some location of nearby coding genes and of base-pairing (14). 
Following this, GO analysis was conducted for the lncRNAs and 
target genes. The GO project (www.geneontology.org) primarily 
covers 3 areas, including the biological process, molecular 
function and cellular component, and provides controlled 
annotations to describe the gene and gene products attributed to 
any organism (11). The GO-analyzed results indicated that these 
gene products were primarily located within membrane-bound 
organelles, extracellular regions, intracellular membrane-bound 
organelles, cytoplasm, intracellular regions and intracellular, 
among other locations (Fig. 2A). The genes were predicted to 
be enriched in the biological processes associated with the cell 
cycle, namely, regulation of the mitotic cell cycle, cell division, 
M phase of the mitotic cycle, regulation of the cell cycle process 
and regulation of the cell cycle, among other processes (Fig. 2B). 
The molecular functions of these genes included organic cyclic 
compound binding, protein binding (interaction, selectively and 
non-covalently, with any protein or protein complex), binding 
(selective, non-covalent, often stoichiometric, interaction of a 
molecule with one or more specific sites on another molecule) 
and ion binding (Fig. 2C). Furthermore, the pathway analysis 
demonstrated that these gene products participated in several 
signaling pathways in humans, including mitogen-activated 
protein kinase (MAPK) signaling, protein process in the endo-
plasmic reticulum, Parkinson's disease, endocytosis, ubiquitin 
mediated proteolysis, p53 signaling pathway, spliceosome, cell 
cycle, oocyte meiosis and proteasome (Fig. 2D).

Discovery of cisplatin‑resistant ovarian cancer‑associated 
lncRNAs. In the present study, the expression levels of 

Table I. Primers for qRT-PCR of LncRNAs.

Seqname Primers (5'-3')

Enst00000435726 F: GGAGGTCACTCTCAACACCC
 R: CAGAGGAGATGAAAGCCATAGA
Enst00000585612 F: GGAAAGCCTTTAGCCATCGT
 R: TTCAGGTAGTTGCTTCACATCC
Enst00000566734 F: AGGACGGTCAGTCATCCTTT
 R: ATCTTCAGGCACAAAAACCCA
Enst00000453783 F: GCAGTGCTTGGAGATTGGGA
 R: TTCATGAGCCCCACACACAA
NR_023915 F: GCCTACCTGTGGTCTCTTGG
 R: ACCTCTTTGTGGCCATCACC
RP11_697E22.2 F: GAAAGAGGGTTTCCGTGCCA
 R: CGCCACCCTTGGGGTATTT
uc010jub F: CCAGCAGCCCTCTGGGAA
 R: AGAAAGGCTGGGCTGAAGTG
tcons_00008505 F: CTGGGCAACAAGTCCACAGA
 R: TTAGACCGTCATGGCGGAAG
GAPDH F: GGTGAAGGTCGGAGTCAACG
 R: CAAAGTTGTCATGGATGHACC

F, forward; R, reverse.
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those dysregulated lncRNAs were validated not only in a 
sample pool of 13 patients (46 patients with ovarian cancer; 
13 patients were treated with cisplatin; 33 patients were 
treated with paclitaxel combined with doxorubicin), but also 
in cisplatin-resistant ovarian cancer cells, SKOV3/CDDP, 
and cisplatin-sensitive ovarian cancer cells, SKOV3. The 
differentially expressed lncRNAs were selected by fold-change 
filtering (absolute fold‑change >2.0), Student's t‑test (P<0.05) 
and multiple hypothesis testing (FDR<0.05), and at least 1 out 
of 2 groups were flagged as ‘present’ or ‘marginal’ following 
lncRNA expression profiling. Finally, it was identified that 
62 lncRNAs exhibited significant differential expression 
levels in cisplatin-resistant ovarian cancer, compared with 
in cisplatin-sensitive ovarian cancer controls. Of these 
62 dysregulated lncRNAs, 38 lncRNAs were demonstrated 
to be upregulated and 24 lncRNAs were downregulated. 
The RT-qPCR results demonstrated that, compared with 
cisplatin-sensitive ovarian cancer tissues, Enst0000435726, 
Enst00000585612, Enst00000566734, Enst00000453783, 
NR_023915 and RP11_697E22.2 were markedly upregulated in 
cisplatin-resistant ovarian cancer tissues; however, uc010jub.1 
and tcons_00008505 were notably downregulated (Fig. 3A). 
The expression patterns of these eight dysregulated lncRNAs 
in cisplatin-resistant ovarian cancer cells, compared with the 
cisplatin-sensitive ovarian cancer cells, appeared concordant 
with the results from the tissue samples (Fig. 3B).

Discussion

Mortality rates associated with ovarian cancer are the highest 
out of the female reproductive system tumors, demonstrating 
a serious threat to physical and mental health in females (4-6). 

Currently, the primary clinical treatment for ovarian cancer 
is a combination of platinum-based chemotherapy and 
cytoreductive surgery; however, nearly 70% of patients with 
ovarian cancer relapse and become multidrug resistant within 
6 months (3,4). Improving the survival rate of patients with 
ovarian cancer is a global concern (18). The mechanism of 
ovarian cancer resistance involves a variety of genes and 
a number of different signaling pathways, including the 
following aspects: Affecting the effective concentration of 
intracellular changes, including the multidrug resistance gene; 
expression of the multidrug resistance protein; expression of 
the lung resistance associated protein (19,20) and affecting 
drug targets, including β-tubulin expression changes, the 
cytoskeleton protein gene and the abnormal expression of 
compartment of uncoupling receptor and ligand (21); DNA 
damage repair abnormalities, including DNA mismatch 
repair gene, topoisomerase gene and other changes in the 
levels of expression or interaction abnormalities (22,23); 
apoptosis-associated genes, including TP53, survivin, caspase, 
B cell lymphoma 2, and other gene regulation abnormalities 
associated with resistance to ovarian cancer (24,25). Although, 
targeted drugs have been developed in response to a number of 
the aforementioned mechanisms (26,27), they do not induce a 
fundamental change in the resistance to ovarian cancer.

Since the human-genome project, lncRNAs have gained 
attention due to their regulation of histone acetylation, gene 
methylation, post-transcription translation and other biological 
processes (28-30). Recently, numerous lncRNAs have been 
demonstrated to serve critical functions in regulating the 
physiological behavior of malignant cancer types, including 
breast, ovarian, gastric and lung cancer, among others. 
Additionally, lncRNAs have been demonstrated to regulate 

Figure 1. Differential lncRNA expression profiles between tissues of cisplatin‑resistant and cisplatin‑sensitive ovarian cancer. The lncRNA microarray 
demonstrated the differences between lncRNA expression in cisplatin-resistant and cisplatin-sensitive ovarian cancer through (A) hot-spot and (B) cluster 
map analysis. (C) Based on the association of the nearby coding genes, the differentially expressed lncRNAs were classified into certain types, including 
312 natural antisense, 216 intronic antisense, 114 intron sense-overlapping, 673 intergenic, 201 exon sense-overlapping and 72 bidirectional lncRNA. lncRNA, 
long non-coding RNA. 
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cancer cell viability, apoptosis, invasion and metastasis (31-37). 
Although dysregulated lncRNAs between cisplatin-resistant 
and cisplatin-sensitive ovarian cancer tissues have been identi-
fied (38,39), there remains limited knowledge regarding the 
differentially expressed lncRNAs. The aim of the present 
study was to improve the understanding of lncRNA expression 
levels in cisplatin-resistant ovarian cancer.

The results of the microarray assay in the present study 
revealed dysregulated lncRNAs between cisplatin-resistant 

and cisplatin-sensitive ovarian cancer tissues, including 312 
natural antisense and 673 intergenic (40,41). The data indicate 
that the resistance behavior of cisplatin-resistant ovarian cancer 
is potentially associated with these differentially expressed 
lncRNAs. In order to predict the potential function of these 
dysregulated lncRNAs, GO analysis was conducted. It was 
determined that lncRNA regulates several biological processes, 
including regulation of the mitotic cell cycle, cell division and 
M phase of the mitotic cycle, which are closely associated with 
the drug resistance (42) of cancer. The potential functions were 
classified into 10 categories through analysis of the target gene 
pool, namely those involving protein binding, binding, hetero-
cyclic compound binding, cation binding, catalytic activity, ion 
binding, small molecule binding, nucleic acid binding, metal 
ion binding and organic cyclic compound binding. Notably, it 
was demonstrated that the dysregulated lncRNAs exhibited 
binding activity; therefore, these dysregulated lncRNAs may 
serve important functions in biological processes through 
regulating the cell cytoskeleton. Furthermore, pathway analysis 
indicated that these dysregulated lncRNAs mainly participated 
in signaling pathways in humans, including MAPK signaling, 
protein process in endoplasmic reticulum, Parkinson's disease, 
endocytosis, ubiquitin mediated proteolysis, p53 signaling 
pathway, spliceosome, cell cycle, oocyte meiosis, protea-
some and ubiquitin-mediated proteolysis, which have been 
well studied in the initiation and development of ovarian 
cancer (32,34,42). The association between oocyte develop-
ment and cisplatin-resistant ovarian cancer occurrence were 
investigated. These differentially expressed lncRNAs partially 
indicated that the function in cisplatin-resistant ovarian cancer 
corresponded with cisplatin-sensitive ovarian cancer tissues, 
and that these lncRNAs may be potential biomarkers for 
diagnosis, or therapeutic targets for cisplatin-resistant ovarian 
cancer therapy.

The expression levels of these dysregulated lncRNAs were 
confirmed in a 13‑sample pool, in order to avoid heterogeneity 
of cisplatin-resistant ovarian cancer and individual differences. 
The differentially expressed lncRNAs were selected as 
aforementioned. were identified. The expression levels of all 
8 dysregulated lncRNAs were confirmed separately in SKOV3 
and SKOV3/CDDP cells, and the results were consistent with 
the results from the tissue samples.

RP11-697E22.2 is an lncRNA that targets the gene hepa-
tocyte nuclear factor 1β. As with all of the 6 lncRNAs, which 
were observed to be upregulated in the present study, it is an 
intergenic lncRNA (43). Recently, intergenic and antisense 
lncRNAs have been demonstrated to regulate cell behavior in 
a variety of different types of cancer (44-46). The complex 
mechanisms underlying the function and large quantity of 
lncRNAs available have resulted in lncRNAs being a popular 
area of study. These dysregulated lncRNAs identified in the 
present study are associated with cisplatin-resistant ovarian 
cancer and may be potential novel biomarkers for diagnosis, 
or affordable potential targets for the individual therapy of 
patients with cisplatin-resistant ovarian cancer in the future.

Although the differential ly expressed lncRNAs 
between cisplatin-resistant ovarian cancer and age-matched 
cisplatin-sensitive ovarian cancer tissues were explored, 
these lncRNAs may not be associated with ovarian cancer 
resistance. The data demonstrated the differences in the 

Figure 2. In order to explore the potential functions of dysregulated 
lncRNAs in cisplatin-resistant ovarian cancer, GO and pathway analysis 
were performed. (A) The GO analysis data demonstrated that gene products 
were primarily located on the membrane-bound organelles, extracellular 
regions, intracellular membrane-bound organelles, cytoplasm, intracel-
lular and intracellular region. (B) Genes were predicted to be enriched in 
the following biological processes: Regulation of the mitotic cell cycle, cell 
division, M phase of the mitotic cycle, regulation of the cell cycle process 
and regulation of the cell cycle. (C) The molecular functions of these genes, 
including organic cyclic compound binding, protein binding, binding and 
ion binding. (D) Pathway analysis demonstrated that gene products were 
involved in several signaling pathways in humans. GO, gene ontology; DE, 
differently expressed; MF, molecular function; MAPK, mitogen‑activated 
protein kinase; lncRNA, long non-coding RNA.



LI et al:  lncRNAs IN CISPLATIN-RESISTANT OVARIAN CANCER8368

lncRNA expression profile between cisplatin‑resistant and 
paired cisplatin-sensitive ovarian cancer, and the eight 
aforementioned lncRNAs may be potential targets for 
individual therapy. The dysregulated lncRNAs in ovarian 
cell lines were validated and the results were in accordance 
with the results from the tissues. The aim of the present 
study was to identify the differentially expressed lncRNAs 
between cisplatin-resistant and cisplatin-sensitive ovarian 
cancer. Investigations into lncRNA target genes are poten-
tial avenues of further study. Additionally, validation was 
performed only in SKOV3 cells, and was a limitation of 
the present study. Considering the multiple mechanisms 
underlying drug resistance in ovarian cancer chemotherapy, 
tissues collected from the other 33 patients may assist in 
validating the dysregulated lncRNAs in an increased 
number of ovarian cancer tissues and cells, including pacli-
taxel-resistant tissues and cells, in the future. It is necessary 

to validate these results in larger cohorts and additional 
cell lines, and further studies should aim to investigate the 
underlying mechanism.
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