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Objective: Cisplatin resistance is one of the main reasons for treatment failure in ovarian 
cancer (OC). Here, the effects of LINC00184 on cisplatin-resistant OC were studied.
Patients and Methods: LINC00184, miR-1305 and CNTN1 expression in tissues from 70 
OC patients was determined by qRT-PCR, in situ hybridization and Western blot. OC cell 
lines and OC cisplatin-resistant cell lines were cultured. Cells were transfected using 
Lipofectamine 2000 and treated with 100 nM cisplatin. Cell proliferation and apoptosis 
were researched by the CCK-8 assay and flow cytometry. A dual-luciferase reporter gene 
assay and RNA pull-down were performed to explore the relationship between two genes. 
LINC00184, miR-1305 and CNTN1 expression in cells was detected by qRT-PCR and 
Western blot. An in vivo experiment was conducted using nude mice. Ki67 and CNTN1 
expression and apoptosis of xenograft tumors were investigated using immunohistochemistry 
and a TUNEL assay.
Results: LINC00184 was up-regulated in OC clinical tissues and OC cells, especially in 
cisplatin-resistant OC patients and cells (p<0.01 or p<0.0001). LINC00184 overexpression 
significantly enhanced OC cell proliferation and cisplatin resistance, and inhibited OC cell 
apoptosis (p<0.05 or p<0.01). LINC00184 elevated CNTN1 expression via sponging miR- 
1305. LINC00184 overexpression markedly exacerbated the malignant phenotype of OC 
cells and cisplatin-resistant OC cells via the miR-1305/CNTN1 axis (p<0.01). Silencing of 
LINC00184 significantly suppressed OC cell growth and cisplatin resistance in vivo 
(p<0.01). LINC00184 silencing inhibited Ki67 and CNTN1 expression and promoted apop-
tosis of xenograft tumors. CNTN1 overexpression promoted proliferation and cisplatin 
resistance, and reduced apoptosis of OC cells (p<0.05 or p<0.01).
Conclusion: LINC00184 promoted OC cell proliferation and cisplatin resistance by elevat-
ing CNTN1 expression via sponging miR-1305.
Keywords: OC, cisplatin resistance, LINC00184, miR-1305, CNTN1

Introduction
Ovarian cancer (OC) poses a serious threat to women’s health and lives. It is one of 
the most common malignancies in gynecology.1 According to previous epidemio-
logical studies, there are about 200,000 new OC cases all over the world each year, 
with a mortality rate more than 60%.2 At present, surgical removal of lesion tissues 
and chemotherapy are the main treatment strategies for most human solid malig-
nancies, including OC. But unfortunately, more than 70% of OC patients show 
resistance to chemotherapy drugs, which leads to a serious adverse prognosis, such 
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as shortened survival or even loss of life.2,3 Cisplatin is 
a commonly used chemotherapy drug for clinical treat-
ment of OC. However, resistance to cisplatin is still 
a major issue in chemotherapy for OC.4 Currently, one of 
the reasons for treatment failure in OC is clinical cisplatin 
resistance.5 Hence, addressing cisplatin resistance is one of 
the keys to improving the prognosis of OC patients.

Long non-coding RNAs (lncRNAs) are emerging as 
new players in tumor drug resistance.6 LncRNAs are 
a type of non-coding RNA with a length of more than 
200 nucleotides. LncRNAs have been found to be 
involved in cisplatin resistance in OC. It has been reported 
that activated autophagy could result in cisplatin resistance 
in human cancers,7 and lncRNA HOTAIR decreased the 
cisplatin sensitivity in OC by suppressing cisplatin- 
induced autophagy.8 Miao et al9 demonstrated that the 
silencing of lncRNA ANRIL enhanced OC cell apoptosis 
and cisplatin sensitivity by targeting the let-7a/HMGA2 
axis. MALAT-1 knockdown promoted cisplatin sensitivity 
in OC cells by suppressing the Notch1 signaling 
pathway.10 Moreover, lncRNA CCAT1 has been discov-
ered to enhance OC cisplatin resistance by sponging miR- 
454/survivin.11 These findings suggest that lncRNAs could 
be used as targets for intervention in cisplatin- 
resistant OC.

LINC00184 is a novel lncRNA that has only recently 
been reported in 2019. It has been identified as 
a prognostic marker for breast cancer. High expression of 
LINC00184 is associated with a worse 10-year survival for 
patients with breast cancer.12 Furthermore, Li et al13 

observed that LINC00184 expression was up-regulated in 
esophageal cancer. After down-regulation of LINC00184 
expression, esophageal cancer cell proliferation and tumor 
growth in vivo were both suppressed. LINC00184 was 
therefore suggested as an intervention target for esopha-
geal cancer. However, the effects of and mechanism by 
which LINC00184 regulates OC development and cispla-
tin resistance remain uninvestigated. The discovery of 
more lncRNAs regulating OC cisplatin resistance will 
provide more options for OC treatment. Thus, 
LINC00184 was selected as the research objective of this 
article. The function of LINC00184 in OC progression and 
cisplatin resistance was then explored in this study. 
Importantly, online bioinformatics predicted that 
LINC00184 possessed binding sites for miR-1305, and 
miR-1305 had binding sites for CNTN1. Therefore, this 
study researched the mechanism of LINC00184 in regulat-
ing OC development and cisplatin resistance with miR- 

1305/CNTN1 as the axis. In our preliminary study, we 
detected LINC00184 expression in four OC cell lines, 
namely, A2780, SKOV3, OVCAR-3 and CoC1. We 
noticed that A2780 and SKOV3 cell lines had much higher 
LINC00184 expression than OVCAR-3 and CoC1 cell 
lines. Therefore, in this study, we selected A2780 and 
SKOV3 cell lines for investigation. The findings from 
this article will provide a novel molecular target and 
accurate molecular mechanism for the treatment of OC.

Methods
Clinical Tissues
Tumor tissues and adjacent normal tissues from 70 OC 
patients were collected during surgery. All patients were 
admitted to The Second Affiliated Hospital of Nantong 
University from July 2014 to November 2015. All speci-
mens were stored in liquid nitrogen. Among these patients, 
38 cases were resistant to cisplatin while 32 cases were 
sensitive to cisplatin. Sensitive and resistant patients were 
defined as follows: patients who developed progressive 
disease within 6 months after initial treatment were 
defined as cisplatin resistant; the other patients were 
defined as cisplatin sensitive.14 Adjacent normal tissues 
served as the N group (n=70). Tumor tissues obtained 
from cisplatin-resistant patients were used as the R group 
(n=38). Tumor tissues collected from cisplatin-sensitive 
patients were named the S group (n=32). The expression 
of LINC00184 in these tissues was determined by quanti-
tative real-time polymerase chain reaction (qRT-PCR).

This study was approved by The Second Affiliated 
Hospital of Nantong University ethics committee in accor-
dance with the guidelines of the Declaration of Helsinki. 
Written informed consent was obtained from all 
participants.

In Situ Hybridization (ISH)
The expression of LINC00184 in clinical specimens was 
detected by an ISH Kit (Boster, Wuhan, Hubei, China), in 
line with the manual. In brief, clinical tissues were dehydrated 
with ethanol, followed by being embedded in paraffin and cut 
into sections (5 μm). After being dewaxed and rehydrated, 
sections were treated with Triton X-100 to enhance probe 
penetration. Paraformaldehyde (4%) was used to fix the sec-
tions. Phosphate-buffered saline (PBS) was used to wash the 
sections. The sections were prehybridized for 4 h at 40°C. 
Thereafter, the sections were hybridized with hybridization 
solution containing digoxin-labeled-LINC00184-specific 
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probe (300  ng/mL) for 12 h at 42°C. PBS was used to wash 
the sections three times. Sections were treated with sheep 
serum blocking solution for 1 h at 37°C. Then, the sections 
were treated with anti-digoxigenin–alkaline phosphatase anti-
body (Roche, Berlin, Germany) for 12 h at 4°C. NBT/BCIP 
solution (Roche, Berlin, Germany) was used to stain the sec-
tions. The expression of LINC00184 was observed under 
a microscope (Olympus, Tokyo, Japan).13,15

Cell Lines
A human normal ovarian epithelial cell line (IOSE80), 
human OC cell lines (A2780, SKOV3) and OC cisplatin- 
resistant cell lines (A2780-DDP, SKOV3-DDP) were pro-
vided by the Shanghai Institute of Cell Biology (Shanghai, 
China). Cell lines were maintained in Dulbecco’s modified 
Eagle’s medium (DMEM) containing 10% fetal bovine 
serum (FBS) in a humidified incubator at 37°C, 5% CO2.

Plasmid and Transfection
A2780-DDP, SKOV3-DDP, A2780 and SKOV3 cells were 
plated in six-well plates with 1×105 cells per well. Serum-free 
DMEM (1 mL) was added to each well. The siRNA targeting 
LINC00184 (siLINC00184-1 and siLINC00184-2) and 
scrambled negative control siRNA (siNC) (GenePharma, 
Shanghai, China) were transfected into A2780-DDP and 
SKOV3-DDP cells using Lipofectamine 2000 (Thermo 
Fisher Scientific, Waltham, MA, USA). The full length of 
LINC00184 cDNA was synthesized and ligated into the 
pcDNA3.1 vector by GenePharma (Shanghai, China). 
Plasmid vectors, including pcDNA3.1-LINC00184 vector 
(oeLINC00184) and pcDNA3.1-empty vector (oeNC), were 
each transfected into A2780-DDP, SKOV3-DDP, A2780 and 
SKOV3 cells. miR-1305 mimic and negative control (miR- 
NC) (GenePharma, Shanghai, China) were applied to transfect 
A2780 and SKOV3 cells. In addition, miR-1305 inhibitor and 
its negative control (NC-inh) were purchased from 
GenePharma (Shanghai, China). A2780-DDP cells underwent 
cotransfection with siNC and NC-inh, or siLINC00184 and 
NC-inh, or siLINC00184 and miR-1305 inhibitor. Meanwhile, 
A2780 cells were cotransfected with oeNC and miR-NC, or 
oeLINC00184 and miR-NC, or oeLINC00184 and miR-1305 
mimic. Moreover, pcDNA3.1-CNTN1 vector (oeCNTN1) 
and pcDNA3.1-empty vector (oeCtrl) (GenePharma, 
Shanghai, China) were respectively transfected into A2780 
and SKOV3 cells. A2780-DDP and SKOV3-DDP cells were 
respectively transfected with CNTN1 siRNA (siCNTN1) and 
the corresponding negative control (siCtrl) (GenePharma, 
Shanghai, China). All transfections were performed using 

Lipofectamine 2000 (Thermo Fisher Scientific, Waltham, 
MA, USA). After 6 h incubation at 37°C, 5% CO2, cells 
were cultured for 48 h with DMEM containing 10% FBS.

Cell Treatment With Cisplatin
A2780-DDP and SKOV3-DDP cells that were transfected 
with siLINC00184, siNC, siCNTN1 and siCtrl were col-
lected. These cells were plated in six-well plates with 
1×105 cells per well. Meanwhile, A2780 and SKOV3 
cells that were transfected with oeLINC00184, oeNC, 
oeCNTN1 and oeCtrl were also plated in six-well plates 
(1×105 cells/well). DMEM containing 10% FBS and 100 
nM cisplatin (final concentration) was added to each well. 
Cells were incubated at 37°C, 5% CO2, for subsequent 
experiments.16 Previous research showed that 100 nM 
cisplatin could obviously reduce tumor growth in 
neuroblastoma.17 Based on this, we performed 
a preliminary study and found that 100 nM cisplatin has 
an obvious inhibitory effect on OC cells. Thus, in this 
study, 100 nM cisplatin was used to treat OC cells.

Cell Counting Kit-8 (CCK-8) Assay
Cells were collected after transfection or cisplatin treatment, 
followed by being seeded in 96-well plates (1×104 cells/ 
well). DMEM (10% FBS) with or without 100 nM cisplatin 
was added to each well. Cells were cultured for 24, 48 and 
72 h in the incubator at 37°C, 5% CO2. Thereafter, a total of 
20 μL CCK-8 solution was added to each well. The plates 
were placed at 37°C for 4 h. A microplate reader (Biotek, 
Winooski, VT, USA) was then used to measure the optical 
density (OD) value at 450 nm wavelength. Higher OD450 

values meant stronger cell proliferation ability.
In addition, the cisplatin dose that inhibited cell growth 

by 50% (IC50) of OC cells was researched using the CCK- 
8 assay, as described in the previous paragraph. Notably, 
OC cells were cultured with DMEM containing 10% FBS 
and a series of cisplatin concentration (0.09765625, 
0.1953125, 0.390625, 0.78125, 1.5625, 3.125, 6.25, 12.5, 
25, 50, 100, 200, 400, 800 and 1600 μM) for 48 h. The 
IC50 was calculated using the LOGIT method.

Flow Cytometry
Cells were harvested after 48 h of transfection or cisplatin 
treatment. PBS was used to wash cells three times. After 
centrifugation, cells were added to a tube and dispersed in 
1× binding buffer. FITC-annexin V (5 μL) and propidium 
iodide (PI) (10 μL) were then added to the tube. Cells in 
the tube were incubated for 5 min in darkness. Thereafter, 
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PBS (2 mL) was added to the flow tube. Apoptosis was 
assessed by a flow cytometer (FACScan; BD Biosciences, 
Mountain View, CA, USA) equipped with Cell Quest soft-
ware (BD Biosciences, Mountain View, CA, USA).

Dual-Luciferase Reporter Gene Assay
In this study, 293T cells (Shanghai Institute of Cell 
Biology, Shanghai, China) were used for the dual- 
luciferase reporter gene assay. In brief, 293T cells under-
went transfection with miR-1305 mimic or its negative 
control using Lipofectamine 2000 (Thermo Fisher 
Scientific, Waltham, MA, USA). Successfully transfected 
293T cells were collected and seeded in six-well plates 
(1×104 cells/well). DMEM without FBS was added to 
each well (1 mL/well). The wild-type (WT)-LINC00184 
-3ʹ-UTR segments, mutant-type (Mut)-LINC00184-3ʹ- 
UTR segments, WT-CNTN1-3ʹ-UTR segments and Mut- 
CNTN1-3ʹ-UTR segments were designed and synthesized 
by GenePharma (Shanghai, China). The four segments 
were cloned into the luciferase reporters (Promega, 
Madison, WI, USA) according to the instructions. 
Subsequently, 293T cells, which had been transfected 
with miR-1305 mimic or its negative control, were further 
cotransfected with the four kinds of luciferase reporters. 
After 6 h incubation at 37°C, 5% CO2, DMEM with 10% 
FBS was added to each well. Cells were cultured for 48 
h. The relative luciferase activity was measured by the 
Dual-Luciferase Reporter Assay System (Promega, 
Madison, WI, USA).

RNA Pull-Down
The binding relationship between LINC00184 and miR- 
1305 was explored by an RNA pull-down assay. In detail, 
LINC00184 RNA was synthesized using T7 RNA poly-
merase (Ambion Company, Austin, TX, USA). Then, 
LINC00184 RNA was purified with the RNeasy Mini kit 
(Qiagen Company, Hilden, Germany) and DNase 
I (Qiagen Company, Hilden, Germany). The 3ʹ-terminal 
of the purified RNA was labeled with biotin RNA-labeled 
mixture (Ambion, Austin, TX, USA). SKOV3 cells were 
collected at a confluence of 80% and were incubated with 
cell lysis buffer (Solarbio, Beijing, China) for 30 min at 4° 
C. After centrifugation at 4°C (12,000×g, 10 min), the 
supernatant was collected and added to an RNase-free 
centrifuge tube. RIP buffer with a volume of 500 μL was 
added to the biotinylated RNA. Then, the mixture was 
added to the supernatant. Streptavidin beads were added 
for 4 h incubation at 4°C. The beads were washed and 

incubated with Proteinase K for 30 min. RNA was 
extracted using phenol–chloroform extraction, and the 
eluted miR-1305 was quantified by qRT-PCR.

qRT-PCR
Total RNA in clinical specimens and OC cells were extracted 
using TRIzol reagent (Solarbio, Beijing, China). The concen-
tration of RNA samples was assessed using an ultraviolet 
spectrophotometer (NanoDrop Technologies, Wilmington, 
DE, USA) at 260 nm and 280 nm. Samples with A260/A280 
ratio from 1.8–2.0 were available for subsequent analysis. 
Then, 5 μg of each RNA sample was collected for reverse 
transcription using the PrimeScript RT Reagent Kit (Takara, 
Dalian, Liaoning, China). The PCR experiment was conducted 
using the iQ5 quantitative PCR system (Bio-Rad, Hercules, 
CA, USA) according to the following conditions: pre- 
denaturation (95°C, 10 min), and 40 cycles of denaturation 
(95°C, 10 s), annealing (60°C, 20 s) and extension (72°C, 
34 s). Primers were designed and synthesized by 
GenePharma (Shanghai, China), as follows: LINC00184, 
sense: 5ʹ-GGACCACCTATGGGGAAAGG-3ʹ, antisense: 5ʹ- 
GATGCCTTGCTTGACCCAAC-3ʹ; miR-1305, sense: 5ʹ-AC 
AGGCCGGGACAAGTGCAATA-3ʹ, antisense: 5ʹ-GC 
TGTCAACGATACGCTACGTAACG-3ʹ; U6, sense: 5ʹ-AA 
CGCTTCACGAATTTGCGT-3ʹ, antisense: 5ʹ-CTCGCTTCG 
GCAGCACA-3ʹ; CNTN1, sense: 5ʹ-CAACAAAACCATAT 
CCTGCTGA-3ʹ, antisense: 5ʹ-AGATCACTGCCTATGT 
CCACCT-3ʹ; β-actin, sense: 5ʹ-TCACCCACACTGTGC 
CCATCTACGA-3ʹ, antisense: 5ʹ-CAGCGGAACCGCT 
CATTGCCAATGG-3ʹ. U6 was used as an internal control 
for LINC00184 and miR-1305.18 β-Actin was set as an internal 
control for CNTN1. The relative expression of LINC00184, 
miR-1305 and CNTN1 was determined by the 2-ΔΔCt 
method.

In Vivo Experiment
All animal experiments in this study were approved by the 
animal ethics committee of The Second Affiliated Hospital 
of Nantong University. Animal welfare met the five stan-
dards of National Institutes of Health Guide for the Care 
and Use of Laboratory Animals: freedom from hunger and 
thirst; freedom from physical discomfort; freedom from 
pain, injury or disease; freedom from fear and uneasiness; 
and freedom to express all natural behavior. Animals were 
provided by Shanghai Experimental Animal Center of the 
Chinese Academy of Sciences (Shanghai, China).

Nude mice (n=24, 4–5 weeks old) were randomly divided 
into the shNC group, shLINC00184 group, shNC + cisplatin 
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group and shLINC00184 + cisplatin group. There were six 
mice in each group. The shRNA targeting LINC00184 (sh- 
LINC00184) and negative control (shNC) were purchased 
from GenePharma (Shanghai, China). A2780-DDP cells 
were transfected with sh-LINC00184 or shNC using 
Lipofectamine 2000. Cells were cultured to a confluence of 
80% at 37°C, 5% CO2. Then, cells were collected and dis-
persed in PBS (1×107 cells/mL). Cells (20 μL cell suspension, 
2×105 cells) transfected with shNC were subcutaneously 
inoculated into the center of the back of mice in the shNC 
group. At the same time, cells (20 μL cell suspension, 2×105 

cells) transfected with sh-LINC00184 were subcutaneously 
injected into mice in the shLINC00184 group at the same 
site. Mice in the shNC + cisplatin group and shLINC00184 + 
cisplatin group were subcutaneously inoculated with A2780- 
DDP cells (20 μL cell suspension, 2×105 cells) transfected with 
shNC and sh-LINC00184 respectively. Notably, cisplatin 
(5 mg/kg) was intraperitoneally injected into mice in the two 
groups every day. The maximum diameter (a) and minimum 
diameter (b) of xenograft tumors were measured every 7 days. 
Tumor volume was calculated by the formula (a × b2/2). After 
4 weeks, mice were euthanized, and xenograft tumors were 
stripped and weighed.

Immunohistochemistry
Xenograft tumors embedded in paraffin were prepared into 
sections (5 μm thickness). Xylene and gradient alcohol were 
used, respectively, for dewaxing and dehydrating sections. 
Citrate buffer (0.01 M) was added to sections for antigen 
retrieval in a repair kit. Sections were treated with H2O2 

(3%) for 15 min, followed by being blocked with 5% goat 
serum for 1 h. Mouse anti-human Ki67 monoclonal antibody 
(1:100; Santa Cruz, CA, USA) and rabbit anti-human CNTN1 
antibody (1:100; Shybio, Shanghai, China) was added to sec-
tions for 12 h incubation at 4°C. Thereafter, secondary anti-
body (1:200; Boster, Wuhan, Hubei, China) was used to 
incubate sections for 30 min at room temperature. The sections 
were washed three times with PBS. Then, sections were 
stained with diaminobenzidine (DAB) and counterstained 
with hematoxylin. Neutral resin was used to seal the sections. 
The Ki67-positive cells were observed under a microscope. 
Brownish yellow particles were considered as positive signals.

TUNEL Assay
Xenograft tumor sections were treated with xylene for dewax-
ing. Gradient alcohol was applied to rehydrate them. 
Paraformaldehyde (4%) was used to fix the sections for 30 
min. Sections were treated with proteinase K solution (20 μg/ 

mL) for 30 min at room temperature. TUNEL reaction buffer 
was used to treat the sections for 1 h at 37°C. After washing 
twice with PBS, sections were stained with DAB and hema-
toxylin for 2 min at room temperature. Dehydration of the 
sections was performed using gradient ethanol. After treatment 
with xylene, sections were sealed in neutral resin. TUNEL- 
positive cells (brownish yellow particles) were observed under 
a microscope. More TUNEL-positive cells meant more apop-
totic cells.

Western Blot
Cells were collected at 80% confluence and washed twice with 
PBS. Cell lysate (Boster, Wuhan, Hubei, China) was added to 
cells for 30 min incubation on ice. In addition, xenograft 
tumors were ground into powder in liquid nitrogen, followed 
by incubation with cell lysate for 30 min on ice. The mixture of 
each sample was centrifuged for 10 min at 4°C, 3000 rev/min. 
Total proteins in the supernatant were then collected. The 
concentration of total proteins was determined by a BCA kit 
(Beyotime, Jiangsu, China). Each total protein sample and 2× 
loading buffer were mixed in a ratio of 1:1. Then, the mixture 
was boiled in boiling water for 10 min. Total protein samples 
(30 μg) underwent 10% sodium dodecyl sulfate–polyacryla-
mide gel electrophoresis (SDS-PAGE). Proteins were trans-
ferred onto a polyvinylidene fluoride (PVDF) membrane. The 
membrane was placed in 5% skimmed milk powder for 1 
h blocking at room temperature. Thereafter, the membrane 
was maintained in rabbit anti-human CNTN1 (1:1000; 
Abcam, Cambridge, UK) and rabbit anti-mouse β-actin 
(1:1000; Santa Cruz Biotechnology, Santa Cruz, CA, USA) 
primary antibody for 12 h at 4°C. TBST was used to wash the 
membrane three times, for 5 min each time. The membrane 
was then kept in horseradish peroxidase-labeled rabbit anti- 
goat IgG secondary antibody (1:5000; Boster, Wuhan, Hubei, 
China) for 1 h at room temperature. Enhanced chemilumines-
cence reagent was added to the membrane. After being 
exposed in the gel imager, the blots were captured using a Bio- 
Rad image analysis system (Bio-Rad, Hercules, CA, USA). 
The relative expression of CNTN1 protein was evaluated using 
Quantity One software (Bio-Rad, Hercules, CA, USA). β- 
Actin was used as the internal control.

Statistical Analysis
All experiments in this article were repeated independently 
three times. SPSS 19.0 was used for statistical analysis. 
Data were presented in the form of mean ± standard 
deviation. The expression level relationship between 
LINC00184 and miR-1305 or between miR-1305 and 
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CNTN1 was researched with Pearson’s correlation analy-
sis. Student’s t-test and one-way analysis of variance were 
used for comparisons between two groups and among at 
least three groups separately. p<0.05 was set as the thresh-
old for statistical significance.

Results
LINC00184 Was Up-Regulated in OC, 
Especially in Cisplatin-Resistant OC 
Patients and Cell Lines
qRT-PCR was performed on 70 cases of OC tissues and 
adjacent normal tissues. The results showed that 
LINC00184 expression was significantly up-regulated in 
comparison with paired normal tissues (p<0.0001) 
(Figure 1A). Meanwhile, tumor tissues of the S group 
had significantly greater up-regulated LINC00184 expres-
sion than those of the N group (p=0.0001). Tumor tissues 
of the R group exhibited remarkably more up-regulated 
LINC00184 expression than those of the S group 
(p<0.0001) (Figure 1B). Similar results were also found 
in LINC00184 expression among the three groups accord-
ing to ISH (Figure 1C). Patients’ characteristics are shown 
in Table 1. High LINC00184 expression was related to 
advanced FIGO stage, high histological grade, positive 
lymph-node invasion and cisplatin resistance. In addition, 
LINC00184 expression in A2780, SKOV3, A2780-DDP 
and SKOV3-DDP cell lines was remarkably more up- 
regulated than that in the IOSE80 cell line (p<0.01). 
Notably, A2780-DDP and SKOV3-DDP cell lines exhib-
ited markedly more up-regulated LINC00184 expression 
than that in A2780 and SKOV3 cell lines (p<0.01) 
(Figure 1D). These results verified the high expression of 
LINC00184 in OC, especially in cisplatin-resistant OC 
patients and cell lines.

LINC00184 Facilitated Proliferation and 
Cisplatin Resistance, and Inhibited 
Apoptosis of OC Cells and 
Cisplatin-Resistant OC Cells
qRT-PCR was used to detect the transfection efficiency of 
OC cells. A2780-DDP and SKOV3-DDP cells of the 
siLINC00184-1 group and siLINC00184-2 group showed 
much lower LINC00184 expression than those of the siNC 
group (p<0.01). Meanwhile, A2780 and SKOV3 cells of 
the oeLINC00184 group exhibited much higher 
LINC00184 expression than those of the oeNC group 

(p<0.01) (Figure 2A). Thus, the expression of 
LINC00184 in OC cells was successfully regulated by 
transfection. It should be noted that A2780-DDP and 
SKOV3-DDP cells of the siLINC00184-2 group had 
lower LINC00184 expression than those of the 
siLINC00184-1 group. Therefore, A2780-DDP and 
SKOV3-DDP cells of the siLINC00184-2 group were 
used in subsequent experiments and renamed the 
siLINC00184 group. The IC50 of OC cells was investi-
gated. As shown in Figure 2B, SKOV3, SKOV3-DDP, 
A2780 and A2780-DDP cells were resistant to cisplatin 
in a dose-dependent manner. Notably, the IC50 values for 
SKOV3, SKOV3-DDP, A2780 and A2780-DDP cells were 
44.49, 192.5, 14.39 and 109.5 μM, respectively.

Cell proliferation was explored by the CCK-8 assay. For 
A2780-DDP and SKOV3-DDP cells, obviously decreased 
proliferation was found in the siLINC00184 group and siNC 
+ cisplatin group compared with the siNC group (p<0.01). The 
proliferation in the siLINC00184 + cisplatin group was much 
lower than that in the siNC + cisplatin group (p<0.01) (Figure 
2C). For A2780 and SKOV3 cells, relative to the oeNC group, 
the proliferation was greatly increased in the oeLINC00184 
group and significantly deceased in the oeNC + cisplatin group 
(p<0.01). In comparison with the oeNC + cisplatin group, the 
proliferation of the oeLINC00184 + cisplatin group was sig-
nificantly increased (p<0.01) (Figure 2D).

Thereafter, apoptosis of cells in each group was 
assessed by flow cytometry. For A2780-DDP and SKOV3- 
DDP cells, the siLINC00184 group and siNC + cisplatin 
group exhibited markedly higher apoptotic ratios than the 
siNC group (p<0.05 or p<0.01). Compared with the siNC 
+ cisplatin group, an obviously higher apoptotic ratio was 
observed in the siLINC00184 + cisplatin group (p<0.01) 
(Figure 2E). For A2780 and SKOV3 cells, compared to 
the oeNC group, the apoptotic ratio was remarkably 
decreased in the oeLINC00184 group and markedly 
increased in the oeNC + cisplatin group (p<0.01). 
Relative to the oeNC + cisplatin group, a much lower 
apoptotic ratio was found in the oeLINC00184 + cisplatin 
group (p<0.01) (Figure 2F).

miR-1305 Was Sponged by LINC00184
The binding site of LINC00184 and miR-1305 was pre-
dicted by miRDB (http://mirdb.org/cgi-bin/custom_predict/ 
customDetail.cgi). The LINC00184-WT and LINC00184- 
Mut fragments containing the binding site for miR-1305 
were designed and synthesized (Figure 3A). The accurate 
regulatory relationship between LINC00184 and miR-1305 
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was verified by the dual-luciferase reporter assay. The luci-
ferase activity of LINC00184-WT reporter was seriously 
reduced in the miR-1305 mimic group in comparison with 

the miR-NC group (p<0.01). No statistically significant 
differences were observed in the luciferase activity of 
LINC00184-Mut reporter between the miR-NC group and 

Figure 1 LINC00184 was up-regulated in OC, especially in cisplatin-resistant OC patients and cell lines. (A) qRT-PCR for LINC00184 expression in OC tissues and paired 
adjacent normal tissues of 70 cases. (B) qRT-PCR for LINC00184 expression in normal tissues (N group), and tumor tissues from cisplatin-resistant patients (R group) and 
cisplatin-sensitive patients (S group). (C) ISH for LINC00184 expression in the N group, R group and S group (magnification: 100× and 200×). **p<0.01 relative to N group. 
##p<0.01 relative to R group. (D) qRT-PCR for LINC00184 expression in human normal ovarian epithelial cell line (IOSE80), OC cell lines (A2780, SKOV3) and OC 
cisplatin-resistant cell lines (A2780-DDP, SKOV3-DDP). **p<0.01 relative to IOSE80 cell line. All experiments were performed in triplicate.
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miR-1305 mimic group (Figure 3B). An RNA pull-down 
experiment was performed and the enrichment of miR-1305 
was then measured by qRT-PCR. The results indicated that 
miR-1305 was significantly enriched by LINC00184 
(p<0.01) (Figure 3C). A2780-DDP and SKOV3-DDP cells 
of the siLINC00184 group showed significantly increased 
miR-1305 expression compared with those of the siNC 
group (p <0.01). The expression of miR-1305 in A2780 
and SKOV3 cells of the oeLINC00184 group was greatly 
decreased compared with those of the oeNC group (p<0.01) 
(Figure 3D). Detection in clinical specimens revealed sig-
nificantly down-regulated miR-1305 expression in tumor 
tissues compared with that in normal tissues (p<0.01) 
(Figure 3E). A significant negative correlation was found 
between miR-1305 and LINC00184 expression in tumor 
tissues (p<0.0001) (Figure 3F).

CNTN1 Was a Target Gene of miR-1305
The TargetScan online prediction (http://www.targetscan. 
org/vert_71/) results showed the binding sites for miR- 
1305 and CNTN1. Fragments of CNTN1-WT and 
CNTN1-Mut containing the binding site for miR-1305 
were designed accordingly (Figure 4A). The dual- 
luciferase reporter assay revealed that miR-1305 mimic 
significantly reduced the luciferase activity of CNTN1- 

WT reporter (p<0.01). However, there was no obvious 
difference in CNTN1-Mut reporter luciferase activity 
between the miR-1305 mimic group and miR-NC group 
(Figure 4B). For A2780 and SKOV3 cells of the miR-1305 
mimic group, CNTN1 protein expression was aberrantly 
down-regulated compared with that of the miR-NC group 
(p<0.01) (Figure 4C). In contrast, seriously up-regulated 
CNTN1 protein expression was observed in A2780-DDP 
and SKOV3-DDP cells of the oeLINC00184 group rela-
tive to the oeNC group (p<0.01) (Figure 4D). qRT-PCR for 
clinical tissues indicated significantly up-regulated 
CNTN1 mRNA expression in tumor tissues compared 
with that in normal tissues (p<0.0001) (Figure 4E). In 
clinical tumor specimens, CNTN1 mRNA expression was 
positively correlated with LINC00184 expression 
(p<0.0001). However, a negative correlation was found 
between CNTN1 mRNA and miR-1305 expression 
(p<0.0001) (Figure 4F and G). CNTN1 protein expression 
in vitro was explored by Western blot. A2780-DDP cells 
had dramatically higher CNTN1 protein expression than 
A2780 cells (p<0.01). Simultaneously, SKOV3-DDP cells 
showed much higher CNTN1 protein expression than 
SKOV3 cells (p<0.01) (Figure 4).

LINC00184 Exacerbated the Malignant 
Phenotype of OC Cells and 
Cisplatin-Resistant OC Cells by 
Regulating miR-1305/CNTN1 Axis
Rescue experiments were performed to verify the under-
lying molecular mechanism of LINC00184 affecting the 
malignant phenotype of OC cells. For A2780-DDP cells of 
the siLINC00184 + NC-inh group, the CNTN1 protein 
expression was markedly decreased compared with that 
of the siNC group, NC-inh group and siNC + NC-inh 
group (p<0.01). Relative to the siLINC00184 + NC-inh 
group, significantly increased CNTN1 protein expression 
was found in A2780-DDP cells of the siLINC00184 + 
miR-1305 inhibitor group (p<0.01) (Figure 5A). In con-
trast, A2780 cells of the oeLINC00184 + miR-NC group 
exhibited greatly increased CNTN1 protein expression 
compared with those of the oeNC group, miR-NC group 
and oeNC + miR-NC group (p<0.01). The CNTN1 protein 
expression was seriously reduced in the oeLINC00184 + 
miR-1305 mimic group relative to the oeLINC00184 + 
miR-NC group (p<0.01) (Figure 5B). Therefore, 
LINC00184 could elevate the expression of CNTN1 via 
sponging miR-1305.

Table 1 Association Between LINC00184 Expression and 
Clinical Characteristics of Ovarian Cancer Patients

Variables N LINC00184 
Expression

p Value

Low High

Age (years)

<50 27 15 12 >0.05
≥50 43 24 19

FIGO stage
I–II 48 28 20 <0.05
III–IV 22 5 17

Histological grade

Low 39 27 12 >0.05
High 31 13 18

Lymph-node invasion
Negative 42 29 13 <0.05
Positive 28 12 16

Chemotherapeutic 

response

Sensitive 32 22 10 <0.01
Resistant 38 17 21

http://doi.org/10.2147/OTT.S280490                                                                                                                                                                                                                                                                                  

DovePress                                                                                                                                                           

OncoTargets and Therapy 2021:14 2718

Han et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.targetscan.org/vert_71/
http://www.targetscan.org/vert_71/
http://www.dovepress.com
http://www.dovepress.com


The CCK-8 assay illustrated that, compared with the 
siNC + NC-inh group, the proliferation of A2780-DDP 
cells in the siLINC00184 + NC-inh group was signifi-
cantly reduced (p<0.01). However, there was significantly 
elevated proliferation of A2780-DDP cells in the 
siLINC00184 + miR-1305 inhibitor group in comparison 
with the siLINC00184 + NC-inh group (p<0.01) (Figure 
5C). On the other hand, for A2780 cells, the oeLINC00184 
+ miR-NC group showed obviously increased proliferation 
compared with the oeNC + miR-NC group (p<0.01). 

Meanwhile, the proliferation in the oeLINC00184 + 
miR-1305 mimic group was markedly reduced compared 
with that in the oeLINC00184 + miR-NC group (p<0.01) 
(Figure 5D).

According to results from flow cytometry, A2780-DDP 
cells of the siLINC00184 + NC-inh group had a much 
increased apoptotic ratio compared with the siNC + NC- 
inh group (p<0.01). An obviously reduced apoptotic ratio 
was presented in A2780-DDP cells of the siLINC00184 + 
miR-1305 inhibitor group relative to the siLINC00184 + 

Figure 2 LINC00184 facilitated proliferation and cisplatin resistance, and inhibited apoptosis of OC cells and cisplatin-resistant OC cells. (A) After transfection, qRT-PCR 
was used to detect the transfection efficiency of OC cells. **p<0.01 compared with the siNC group or oeNC group. (B) CCK-8 assay was used to detect cisplatin resistance 
in OC cells. The IC50 was calculated using the LOGIT method. (C) CCK-8 assay for A2780-DDP and SKOV3-DDP cell proliferation. **p<0.01 compared with the siNC 
group. ##p<0.01 compared with the siNC + cisplatin group. (D) CCK-8 assay for A2780 and SKOV3 cell proliferation. **p<0.01 compared with the oeNC group. ##p<0.01 
compared with the oeNC + cisplatin group. (E) Flow cytometry for A2780-DDP and SKOV3-DDP cell apoptosis. **p<0.01, #p<0.05 and ##p<0.01 compared with the siNC 
group. ^^p<0.01 compared with the siNC + cisplatin group. (F) Flow cytometry for A2780 and SKOV3 cell apoptosis. **p<0.01 and ##p<0.01 compared with the oeNC 
group. ^^p<0.01 compared with the oeNC + cisplatin group. All experiments were performed in triplicate.
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NC-inh group (p<0.05) (Figure 5E). Conversely, for 
A2780 cells, a significantly decreased apoptotic ratio was 
found in the oeLINC00184 + miR-NC group compared 
with the oeNC + miR-NC group (p<0.01). Relative to the 
apoptotic ratio of A2780 cells in the oeLINC00184 + miR- 
NC group, it was remarkably increased in the 
oeLINC00184 + miR-1305 mimic group (p<0.01) 
(Figure 5F).

LINC00184 Silencing Suppressed OC 
Cell Growth and Cisplatin Resistance In 
Vivo
An in vivo experiment was carried out using nude mice. 
The volume and weight of xenograft tumors in the 
shLINC00184 group and shNC + cisplatin group were 
both decreased relative to the shNC group (p<0.01). 
Meanwhile, in comparison with the shNC + cisplatin 

group, dramatically decreased volume and weight of xeno-
graft tumors were observed in the shLINC00184 + cispla-
tin group (p<0.01) (Figure 6A and B). CNTN1 protein 
expression in xenograft tumors was investigated by 
Western blot, and markedly lower CNTN1 protein expres-
sion was found in xenograft tumors of the shLINC00184 
group and shNC + cisplatin group relative to the shNC 
group (p<0.01). CNTN1 protein expression in xenograft 
tumors of the shNC + cisplatin group was much higher 
than in the shLINC00184 + cisplatin group (p<0.01) 
(Figure 6C). Immunohistochemistry and TUNEL experi-
ments illustrated that, compared with the shNC group, 
fewer Ki67 and CNTN1-positive cells (p<0.01) and more 
TUNEL-positive cells were observed in xenograft tumors 
of the shLINC00184 group and shNC + cisplatin group. 
Relative to the shNC + cisplatin group, xenograft tumors 
of the shLINC00184 + cisplatin group exhibited fewer 

Figure 3 miR-1305 was sponged by LINC00184. (A) The LINC00184-WT and LINC00184-Mut fragments containing the binding site for miR-1305. (B) Dual-luciferase 
reporter assay. **p<0.01. (C) An RNA pull-down experiment was performed and the enrichment of miR-1305 was measured by qRT-PCR. **p<0.01. (D) miR-1305 
expression detection in cells by qRT-PCR. (E) qRT-PCR for miR-1305 expression in clinical specimens. **p<0.01. (F) Pearson’s correlation analysis for LINC00184 and miR- 
1305 expression in tumor tissues. All experiments were performed in triplicate.
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Ki67 and CNTN1-positive cells (p<0.01) and more 
TUNEL-positive cells (Figure 6D).

CNTN1 Overexpression Promoted 
Cisplatin Resistance in OC Cells
This study further researched the effect of CNTN1 on 
cisplatin resistance in OC cells. As shown in Figure 7A 
and B, A2780 and SKOV3 cells of the oeCNTN1 group 
exhibited much higher CNTN1 protein expression than 
those of the oeCtrl group (p<0.01). Conversely, much 
lower CNTN1 protein expression was found in A2780- 
DDP and SKOV3-DDP cells of the siCNTN1 group 

relative to the siCtrl group (p<0.01). Thus, CNTN1 protein 
expression in these cells was successfully regulated by 
transfection.

The CCK-8 assay showed that, relative to the oeCtrl 
group, A2780 and SKOV3 cells of the oeCNTN1 group 
had markedly higher proliferation (p<0.05 or p<0.01). 
However, A2780 and SKOV3 cells of the oeCtrl + cisplatin 
group displayed obviously lower proliferation than those of 
the oeCtrl group (p<0.01). Compared with the oeCNTN1 
group, greatly decreased proliferation was observed in 
A2780 and SKOV3 cells of the oeCNTN1 + cisplatin 
group (p<0.01) (Figure 7C). In addition, the proliferation 

Figure 4 CNTN1 was a target gene of miR-1305. (A) Fragments of CNTN1-WT and CNTN1-Mut containing the binding site for miR-1305. (B) Dual-luciferase reporter 
assay. **p<0.01. (C) Western blot for CNTN1 protein expression in A2780 and SKOV3 cells after transfection. **p<0.01. (D) Western blot for CNTN1 protein expression 
in A2780-DDP and SKOV3-DDP cells after transfection. **p<0.01. (E) qRT-PCR for CNTN1 mRNA expression in clinical tissues. (F) Pearson’s correlation analysis for 
LINC00184 and CNTN1 mRNA expression in clinical tumor specimens. (G) Pearson’s correlation analysis for miR-1305 and CNTN1 mRNA expression in clinical tumor 
specimens. (H) Western blot was used to research CNTN1 protein expression in A2780, SKOV3, A2780-DDP and SKOV3-DDP cells. **p<0.01 relative to A2780-DDP 
cells. ##p<0.01 relative to SKOV3-DDP cells. All experiments were performed in triplicate.
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was remarkably decreased in A2780-DDP and SKOV3-DDP 
cells of the siCNTN1 group and siCtrl + cisplatin group 
relative to the siCtrl group (p<0.05 or p<0.01). In comparison 
with the siCNTN1 group, A2780-DDP and SKOV3-DDP 
cells of the siCNTN1 + cisplatin group presented much 
lower proliferation (p<0.01) (Figure 7D).

Apoptosis was explored by flow cytometry. For A2780 
and SKOV3 cells, significantly lower apoptosis in the 
oeCNTN1 group and higher apoptosis in the oeCtrl + 
cisplatin group occurred compared with the oeCtrl group 
(p<0.01). Relative to the oeCNTN1 group, greatly 
increased apoptosis was observed in A2780 and SKOV3 
cells of the oeCNTN1 + cisplatin group (p<0.01) 
(Figure 7E). For A2780-DDP and SKOV3-DDP cells, 
dramatically higher apoptosis was exhibited in the 
siCNTN1 group and siCtrl + cisplatin group compared 
with the siCtrl group (p<0.01). However, in comparison 
with the siCNTN1 group, apoptosis was distinctly 
increased in A2780-DDP and SKOV3-DDP cells of the 
siCNTN1 + cisplatin group (p<0.01) (Figure 7F).

Discussion
LncRNAs have emerged as novel biomarkers to distinguish 
between cisplatin-resistant and cisplatin-sensitive OC.19 

Some lncRNAs have been identified as being involved in 
the regulation of OC cisplatin resistance. LncRNA UCA1 
was found to be up-regulated in tumor tissues of OC cispla-
tin-resistant patients. In vitro research showed that lncRNA 
UCA1 enhanced OC cell proliferation and attenuated cispla-
tin-induced OC cell apoptosis.20 LncRNA EBIC was sug-
gested as a potential target for OC treatment. The researchers 
discovered that lncRNA EBIC enhanced the cisplatin resis-
tance of OC cells and predicted poor survival in OC 
patients.21 Conversely, Linc00312 expression was decreased 
in SKOV3/DDP cells. This may be a promising target for 
cisplatin-resistant OC, because overexpression of Linc00312 
could improve the cisplatin sensitivity of SKOV3/DDP 
cells.22 Moreover, LINC01125 expression in cisplatin- 
resistant OC tissues and cells was observed to be reduced. 
Increased expression of LINC01125 could enhance the 

Figure 5 LINC00184 exacerbated the malignant phenotype of OC cells and cisplatin-resistant OC cells by regulating the miR-1305/CNTN1 axis. (A) Western blot for 
CNTN1 protein expression in A2780-DDP cells. **p<0.01 relative to the siNC group, NC-inh group and siNC + NC-inh group. ##p<0.01 relative to the siLINC00184 + 
NC-inh group. (B) Western blot for CNTN1 protein expression in A2780 cells. **p<0.01 relative to the oeNC group, miR-NC group and oeLINC00184 + miR-NC group. 
(C) CCK-8 assay for proliferation of A2780-DDP cells. **p<0.01 compared with the siNC + NC-inh group or oeNC + miR-NC group. #p<0.05 and ##p<0.01 compared 
with the siLINC00184 + NC-inh group or oeLINC00184 + miR-NC group. (D) CCK-8 assay for proliferation of A2780 cells. **p<0.01 compared with the siNC + NC-inh 
group or oeNC + miR-NC group. #p<0.05 and ##p<0.01 compared with the siLINC00184 + NC-inh group or oeLINC00184 + miR-NC group. (E) Flow cytometry for 
apoptosis of A2780-DDP cells. **p<0.01 compared with the siNC + NC-inh group or oeNC + miR-NC group. #p<0.05 and ##p<0.01 compared with the siLINC00184 + 
NC-inh group or oeLINC00184 + miR-NC group. (F) Flow cytometry for apoptosis of A2780 cells. **p<0.01 compared with the siNC + NC-inh group or oeNC + miR-NC 
group. #p<0.05 and ##p<0.01 compared with the siLINC00184 + NC-inh group or oeLINC00184 + miR-NC group. All experiments were performed in triplicate.
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Figure 6 LINC00184 silencing suppressed OC cell growth and cisplatin resistance in vivo. (A) Volume ofxenograft tumors in nude mice. (B) Weight of xenograft tumors in 
nude mice. (C) Western blot was used to research CNTN1 protein expression in xenograft tumors. (D) Immunohistochemistry and TUNEL experiments for xenograft 
tumors in nude mice (magnification: 200×). **p<0.01 compared with the shNC group. ##p<0.01 compared with the shNC + cisplatin group. All experiments were 
performed in triplicate.

Figure 7 CNTN1 overexpression promoted cisplatin resistance in OC cells. (A and B) Western blot was used to research the transfection efficiency of OC cells. (C and 
D) CCK-8 assay was performed to research OC cell proliferation. (E and F) Flow cytometry was used for the detection of OC cell apoptosis. *p<0.05 relative to the oeCtrl 
group or siCtrl group. **p<0.01 relative to the oeCtrl group or siCtrl group. ##p<0.01 relative to the oeCNTN1 group or siCNTN1 group. All experiments were 
performed in triplicate.
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sensitivity of OC cells to cisplatin.23 This research indicated 
that LINC00184 expression was aberrantly up-regulated in 
OC patients. High LINC00184 expression was related to 
advanced FIGO stage, high histological grade, positive 
lymph-node invasion and cisplatin resistance. In vitro studies 
revealed that LINC00184 could promote OC cell prolifera-
tion and cisplatin resistance, and reduce apoptosis of OC 
cells. In terms of the mechanism, it may be that 
LINC00184 enhanced OC development by sponging the 
miR-1305/CNTN1 axis.

Previous studies have shown that lncRNAs exert their 
biological effects on human tumors mainly through med-
iating the specific miRNAs.24,25 In this paper, miR-1305 
was sponged by LINC00184. LINC00184 silencing inhib-
ited the malignant phenotype of A2780 and A2780-DDP 
cells, including reducing proliferation and enhancing 
apoptosis. However, the transfection with miR-1305 inhi-
bitor reversed these effects on A2780 and A2780-DDP 
cells. miR-1305 was previously reported to regulate the 
progression of human tumors. For instance, decreased 
miR-1305 expression occurred in non-small cell lung can-
cer tissues, which was seriously associated with poor 
patient prognosis. Data from in vitro studies suggested 
that miR-1305 up-regulation could suppress proliferation 
and promote apoptosis of non-small cell lung cancer 
cells.26 Similar results have been found in other human 
malignancies, such as liver cancers and bladder 
cancer.27,28 In gynecological malignancies, miR-1305 
expression was noticed to be reduced in cervical cancer. 
It acted as a tumor suppressor in cervical cancer by med-
iating the Wnt/β-catenin pathway.29 In addition, Andrade 
et al30 found that miR-1305 was an independent risk factor 
for the prognosis of triple-negative breast cancer. This 
study found that miR-1305 was down-regulated in OC. It 
is worth noting that miR-1305 inhibition reversed the 
inhibiting effect of LINC00184 knockdown on OC 
progression.

In this study, we noticed multiple targets of miR-1305 
through TargetScan online prediction. Of these, the func-
tion of CNTN1 in OC has not been reported previously. 
Thus, CNTN1 was selected as the subject in this research. 
Our data illustrated that CNTN1 expression was directly 
inhibited by miR-1305. CNTN1 is a member of the CNTN 
family of neural cell-recognition molecules.31,32 Generally, 
CNTN1 is considered as a cancer-promoting gene in 
human tumors. CNTN1 was a promoting factor in prostate 
cancer, which promoted xenograft tumors growth in vivo.33 

The aberrantly up-regulated CNTN1 mRNA and protein 

were discovered in hepatocellular carcinoma. High expres-
sion of CNTN1 was associated with poor overall survival 
and disease-free survival in hepatocellular carcinoma 
patients.31 CNTN1 was suggested as a potential biomarker 
and treatment target for thyroid cancer, because it could 
promote thyroid cancer cell proliferation.34 In breast can-
cer, CNTN1 facilitated the metastasis and growth of xeno-
graft tumors.35 CNTN1 expression in OC has rarely been 
reported. This research indicated that CNTN1 expression 
was remarkably increased in OC tissues and cells. CNTN1 
overexpression promoted OC cell proliferation and cispla-
tin resistance, and reduced apoptosis of OC cells. The 
opposite effect was observed in OC cells by knockdown 
of CNTN1. LINC00184 may promote OC cell prolifera-
tion and cisplatin resistance, and weaken apoptosis of OC 
cells by enhancing CNTN1 expression via sponging miR- 
1305. Previous studies found that CNTN1 could activate 
the PI3K/AKT signaling pathway, thereby enhancing cis-
platin resistance and proliferation, and reducing apoptosis 
of tumor cells.36,37 The PI3K/AKT signaling pathway is 
one of the important tumor regulation signaling pathways. 
Studies have discovered that inhibition of the activity of 
the PI3K/AKT signaling pathway was conducive for the 
induction of apoptosis and inhibition of proliferation of 
OC cells.38,39 Moreover, it has been found that the activa-
tion of the PI3K/AKT signaling pathway can lead to the 
sustained growth and chemoresistance of OC cells.40 In 
this study, it may be that LINC00184 enhanced CNTN1 
expression via sponging miR-1305. Thereafter, CNTN1 
facilitated the activity of the PI3K/AKT signaling pathway, 
thereby enhancing proliferation and cisplatin resistance, 
and reducing apoptosis of OC cells.

There was a limitation to this study. To better clarify 
that LINC00184 promoted OC development by targeting 
the miR-1305/CNTN1 axis, in vivo rescue experiments 
should be performed. However, due to the limitations of 
the laboratory, such experiments could not be carried out 
in this study. In future research, we will conduct these 
in vivo rescue experiments.

Conclusions
This article reported the effects of LINC00184 on OC 
progression and cisplatin resistance. The results revealed 
that LINC00184 was up-regulated in OC, especially in 
cisplatin-resistant OC patients and cell lines. LINC00184 
silencing could promote apoptosis and weaken prolifera-
tion and cisplatin resistance of OC cells both in vitro and 
in vivo. Regarding the mechanism, LINC00184 may 
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enhance CNTN1 expression via sponging miR-1305. 
Thus, LINC00184 was suggested as a potential target for 
the cisplatin-resistant treatment of OC.
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