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Background

Ovarian cancer (OC) is the seventh most common malignancy in 
women [1] yet its mortality rate is the highest among all gyne-
cological cancers [2]. Although OC includes multiple histological 
types, such as epithelial ovarian cancer (EOC), sex cord-stromal 
tumor, and germ cell tumor, EOC is the deadliest gynecologic 
malignancy [3]. EOC is further divided into serous cystadeno-
carcinoma, mucinous cystadenocarcinoma, and endometrioid 
carcinoma, among which serous cystadenocarcinoma accounts 
for 75% of EOC. At present, the most widely accepted therapy 
of EOC is cytoreductive surgery supplemented with paclitaxel 
and platinum-based chemotherapy. Although patients initially 
respond well to the treatment, nearly all have multiple recur-
rences [4,5]. This is not only because the ovaries are located 
deep in the pelvic cavity, which lack of obvious clinical symp-
toms in the early stage, but also because there is no accurate 
and specific screening method for EOC [6,7]; the more important 
cause of recurrence is chemotherapy resistance. Accordingly, 
EOC still threatens women’s health, and its 5-year survival rate 
is less than 45% [8,9]. Therefore, it is urgent to elucidate the 
paclitaxel resistance mechanism, and it is crucial to improve 
the therapeutic effect and prognosis of OC patients.

Long noncoding RNA (lncRNA) is a kind of noncoding RNA. It is 
more than 200 nt in length and does not encode proteins [10]. 
Accumulating evidence reveals that numerous aberrantly ex-
pressed lncRNAs exist in chemoresistant tissues or cells in breast 
cancer, stomach cancer, lung cancer, and osteosarcoma [11–14]. 
Moreover, some of lncRNAs can modulate the sensitivity of tu-
mors to chemotherapy, such as lnc-ATB [11], HANR [15], and 
MEG3 [16]. It was also reported that lncRNAs are involved in 
the development of OC and its platinum resistance [17,18]. 
However, the role of lncRNAs in EOC paclitaxel resistance re-
mains uncertain, so it is essential to analyze the dysregulated 
expressed lncRNAs in paclitaxel resistance EOC and clarify its 
regulatory function in paclitaxel chemoresistance.

In this study we used microarray analysis to screen out a novel 
lncRNA-LINC01118, which is significantly overexpressed in che-
moresistant EOC cells. We clarified its expression and functions 
in EOC tissues and cells. Moreover, we found that LINC01118 
can affect paclitaxel resistance of EOC through regulating 
miR-134/ABCC1.

Material and Methods

Patients and tissues

Tissue samples were collected from patients in the Department 
of Gynecology of Shengjing Hospital of China Medical University 
from 2016 to 2017. Tissue samples were collected from 30 

patients: 5 with normal ovarian tissues, 7 with serous cystad-
enoma, 5 with borderline cystadenoma, and 13 with serous 
cystadenocarcinoma. EOC patient ages were 39–79 years old 
(mean age, 48.46 years). According to the 2009 International 
Federation of Gynecology and Obstetrics (FIGO) criteria, 6 cases 
were stage I–II and 7 cases were stage III–IV. EOC patients had 
not received chemotherapy before surgery and were diagnosed 
by pathological examination. All patients signed informed con-
sent and the study was approved by the Ethics Committee of 
Shengjing Hospital of China Medical University.

Cell culture

SKOV3-TR30 cells were provided by Women’s Hospital, School of 
Medicine, Zhejiang University, and other cells were obtained from 
the Tumor Cell Band Research Institute of the Chinese Academy of 
Medical Science. Human EOC cell lines SKOV3, A2780, and COC1 
were cultured in McCoy’s 5A, DMED, and RPMI-1640 medium, 
respectively. Paclitaxel-resistant cell lines SKOV3-TR30 and A2780 
were cultured in RPMI-1640 with Taxol 20 nM and 600 ng/ml sep-
arately. Platinum-resistant cell lines SKOV3-DDP and COC1/DDP 
were cultured in RPMI-1640 with cisplatin 1 μg/ml. 293T cells 
were cultured in DMEM. The entire medium contains 10% fetal 
bovine serum and 1% penicillin/streptomycin (100 U/ml). Cells 
cultured at 37°C, 5% CO2, and saturated humidity.

Real-time PCR

Total RNA was extracted from cells and tissues by RNAiso Plus 
(Takara Bio, China), and RNA reverse transcription for cDNA 
by PrimeScriptTMRT reagent kit with gDNA Eraser (Takara Bio, 
China). SYBR premix Ex TapTM II (Takara Bio, China) was used 
for quantitative PCR. Primers were synthesized by Sangon 
Biotech (Shanghai, China). All procedures were performed 
according to the manufacturer’s instructions. GAPDH and U6 
were the internal references for lncRNA and microRNA. The 
relative expression level was normalized by 2–DDCT method.

Cell transfection

LINC01118 siRNA was purchased from RiboBio (Guangzhou, 
China) and the overexpression plasmid Phb-H-h-LINC01118-
1-gfp was from HanBio (Shanghai, China). miR-134 mimic 
and negative control were designed and compounded by 
GenePharma (Shanghai, China). Lipofectamine 2000 (Invitrogen, 
USA) was used for cell transfection in accordance with the 
product instructions.

Cell viability assay

The cells were seeded in 96-well plates, and different concen-
trations of paclitaxel were added after transfection. MTS assay 
was performed 48 h after incubation. We added 20 μl of MTS 
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reagent (Promega, USA) to each 100 μl of medium, followed 
by incubation for 30 min at 37°C and 5% CO2, detected the 
absorbance at 490 nm, and calculated the cell paclitaxel in-
hibition rate.

Cell apoptosis assay

Adherent cells were digested with EDTA-free trypsin and washed 
twice with PBS. We resuspended the cells with binding buffer. 
The cells transfected with siRNA were double-stained with 
Annexin V FITC/PI (Key GEN BioTECH, Jiangsu, China). Flow cy-
tometry was used to analyze apoptosis.

Wound healing and Transwell assay

To detect the wound healing condition, we incubated cells in 
6-well plates at the appropriate density, and ensured that cells 
reached confluence overnight. We scratched the cell layers with 
a sterile pipette tip held as perpendicular as possible. We pho-
tographed the scratch healing condition and calculated the 
wound healing percentage.

To investigate the migration and invasion, the transfected cells 
were digested, resuspended in serum-free medium, added to 
the upper chamber of each insert (Corning, USA) of a Transwell 
device, and the complete medium containing 10% fetal bovine 

serum was added to the lower chamber. Migration experiments 
were performed in SKOV3 cells for 40 h and in SKOV3-TR30 
for 30 h. For invasion experiments, we added 60 μl matrigel 
(1: 8 dilution). Then, we cultured SKOV3 cells for 48 h and 
SKOV3-TR30 cells for 40 h. After that, we fixed the cells with 
paraformaldehyde, stained them with 0.1% crystal violet, then 
photographed and counted them.

Luciferase assay

The pmirGLO Dual-Luciferase miRNA target expression vector 
(Promega, USA) was used for plasmid construction. We adjusted 
the number of 293T cells to approximately 4×105/well in 
12-well plates; the cells were cultured until the confluence rate 
reached 60–80% and transfection began with addition of lipo-
fectamine 2000 (Invitrogen, USA). The Dual-Luciferase Reporter 
Assay System (Promega, USA) was applied for detecting lucif-
erase activity and the firefly luciferase level was normalized 
by Renilla luciferase activity.

Western blot

We preformed 10% SDS-PAGE gel electrophoresis with the same 
amount of total protein at 30 μg per well. The electrophoresis 
was performed at 80V, and then we transferred membranes 
by PVDF for 200 mA. Antibodies were incubated overnight at 
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Figure 1. �LINC01118 expression in EOC cells and tissues. (A) Microarray analysis of SKOV3, SKOV3-TR30, and SKOV3-DDP. 
(B–E) LINC01118 was overexpressed in chemoresistant EOC cells of SKOV3-TR30, SKOV3-DDP, A2780/TAXOL, and COC1-
DDP than in their parental cells. (F) Expression of LINC01118 in 5 cases of normal ovarian tissue (1–5), 7 cases of serous 
cystadenoma (6–12), 5 cases of borderline cystadenoma (13–17), and 13 cases of serous cystadenocarcinoma (18–30) by 
real-time PCR. (G) LINC01118 was overexpressed in ovarian cancer tissues compared to normal, benign, and borderline 
groups, ** P<0.01.
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4°C and secondary antibodies were incubated at room tem-
perature. Results were photographed.

Statistical analysis

Data statistical analysis by statistical software IBM SPSS 
Statistics 21, the experimental results in the form of mean 
±SD, 2 independent samples by t test; multiple data compar-
ison was conducted by ANOVA analysis; P<0.05 was consid-
ered as statistically significant.

Results

Expression of LINC01118 in EOC cells and tissues

To inspect the chemoresistant lncRNAs in EOC, we performed 
microarray analysis comparing paclitaxel-resistant SKOV3-
TR30, cisplatin-resistant SKOV3-DDP, and their parental cell 
line SKOV3. The outcome showed that there were 40830 ab-
errantly expressed lncRNAs between SKOV3-TR30 and SKOV3 
(fold change ³2 and P<0.05), among which LINC01118 was 
observed to be abnormally overexpressed in chemoresistant 

EOC cells (Figure 1A). To confirm this difference, we assessed 
the expression level of LINC01118 in 4 pairs of chemoresis-
tant cell lines (paclitaxel resistance: SKOV3 and SKOV3-TR30, 
A2780 and A2780/TAXOL; cisplatin-resistance: SKOV3 and 
SKOV3-DDP, COC1 and COC1-DDP) by use of real-time PCR. 
The results showed that LINC01118 expression in paclitaxel- 
and cisplatin-resistant cells were higher than in the parental 
cells, which was consistent with the result of the microarray 
analysis (Figure 1B–1E). We also observed the expression of 
LINC01118 in 5 cases of normal ovaries, 7 cases of ovarian 
serous cystadenomas, 5 cases of borderline cystadenoma, and 
13 cases of serous ovarian cancer tissues. The data demon-
strated in Figure 1F and 1G reveal that the level of LINC01118 
in ovarian cancer was significantly higher than that in other 
ovarian tissues, but the differences in expression levels among 
normal, benign, and borderline EOC tissues had no statistical 
significance. This suggests that LINC01118 is involved in reg-
ulation of paclitaxel resistance as well as the occurrence and 
development of EOC.
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Figure 2. �LINC01118 regulated paclitaxel sensitivity in EOC cells. (A) The expression level of LINC01118 in SKOV3-TR30 was 
significantly upregulated by plasmid. (B) LINC01118 was knocked down by specific siRNA. (C) Overexpression of LINC01118 
in SKOV3 decreased the paclitaxel inhibition rate. (D) Downregulation of LINC01118 in SKOV3-TR30 cells promoted the 
inhibitory effect of paclitaxel on cell proliferation. * P<0.05 and ** P<0.01.
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LINC01118 regulated paclitaxel sensitivity in EOC cells

We overexpressed the expression of LINC01118 in SKOV3 by 
plasmids and suppressed it with siRNA, and the regulatory ex-
pression levels were confirmed by real-time PCR (Figure 2A, 2B). 
To clarify the impact of LINC01118 on paclitaxel sensitivity in 
EOC, we upregulated LINC01118 in SKOV3 and downregulated 
LINC01118 in SKOV3-TR30, thereby showing the inhibition rates 
of different concentrations of paclitaxel. We found that in the 
same concentration, the inhibition rate of downregulated cells 
was higher than that in the control group, which means the 
sensitivity to paclitaxel was increased, while chemoresistance 
was reversed. On the contrary, the LINC01118-overexpressed 

cells showed a decrease in paclitaxel inhibition rate, meaning 
that sensitive ovarian cancer became paclitaxel resistant (Figure 
2C, 2D). The MTS assay showed that LINC01118 can affect pa-
clitaxel sensitivity in EOC cells and it can be a target of che-
moresistance reversion.

LINC01118 regulated EOC apoptosis, migration, and 
invasion

We confirmed the influence of LINC01118 on paclitaxel sensi-
tivity of EOC; however, as a novel lncRNA, the biological func-
tions were still unknown. Therefore, we concentrated on the 
apoptosis of EOC regulated by LINC01118 and analyzed the 
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Figure 3. �LINC01118 regulated apoptosis of EOC. (A) The apoptosis of SKOV3-TR30 cells without transfection. (B) Apoptosis of 
SKOV3-TR30 with si-LINC01118. (C) The negative control group of siRNA-LINC01118. (D) Inhibition of LINC01118 expression 
promoted ovarian cancer cell apoptosis, ** P<0.01.
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early apoptosis rate of the Q4 zone. Flow cytometry showed 
that downregulation of LINC01118 in SKOV3-TR30 cells facil-
itated apoptosis compared with its NC group (15.810±3.433 
vs. 2.996±1.123, P<0.01, Figure 3).

Wound healing and Transwell assays were carried out to esti-
mate the EOC cell abilities of migration and invasion. The re-
sults showed that overexpression of LINC01118 in SKOV3 not 
only accelerated wound healing, but also promoted more cells 
to migrate from upper chamber to the lower one. Inhibition of 
LINC01118 expression resulted in the exact opposite of overex-
pression. Results of invasion and migration experiments were 
consistent and are shown in Figure 4.

LINC01118 was a direct target for miR-134

The biological function study of LINC01118 revealed that it 
could regulate the sensitivity of EOC to paclitaxel, but the mech-
anism was unclear. So, we searched LncBase Predicted v.2 [19] 

for microRNAs that might interact with LINC01118, and found 
that miR-134 was a possible candidate (Figure 5A). The lucif-
erase reporter gene assay confirmed that miR-134 targeted 
LINC01118, which was in accordance with the prediction 
(Figure 5B). Subsequently, we affirmed that the expression 
pattern of miR-134 was contrary to LINC01118 in SKOV3 and 
SKOV3-TR30 cells (Figure 5C), and it was overexpressed in pa-
clitaxel sensitive SKOV3 cells (1.510±0.092 vs. 1.000±1.148, 
P<0.01). We found that LINC01118 can affect paclitaxel resis-
tance by targeting miR-134.

LINC01118 modulated miR-134 and ABCC1

It had been clarified that ABCC1 was directly regulated 
by miR-134, and our results illuminated the relationship 
between miR-134 and LINC01118. To elucidate the function 
of LINC01118 in EOC paclitaxel resistance, we assessed the 
expression of miR-134 and ABCC1 by Realtime PCR and western 
blot, respectively, under the condition of upregulation and 
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Figure 4. �LINC01118 enhanced invasion and migration in EOC cells. (A) Wound healing assay in SKOV3 cells with LINC01118 
overexpression plasmid compared with negative control group. (B) The wound healing percentage of plasmid group was 
significantly higher than in the control group. (C) Wound healing results in SKOV3-TR30 cells with siRNA-LINC01118 
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downregulation of LINC01118. Surprisingly, we found that 
when LINC01118 was up-regulated, miR-134 was restrained 
and ABCC1 expression increased (Figure 6A–6C), and when 
LINC01118 was knocked down, there was the opposite change 
in expression of miR-134 and ABCC1 (Figure 6D–6F).

Discussion

The mortality rate of EOC is the highest among gynecological 
malignant tumors, and acquiring chemotherapy resistance is 
considered to be the major cause of death [20]. Currently, the 
combination of platinum and paclitaxel usually has a good 
effect initially, but most patients will relapse, with a median 
progression-free survival of only 18 months [21], and this re-
currence is usually incurable [22]. Therefore, the study of EOC 
chemoresistance, especially the molecular mechanism of pa-
clitaxel resistance, is a key factor in improving the prognosis 
of ovarian cancer. In our research, we analyzed the molecular 
difference of lncRNAs in EOC chemoresistant cells by micro-
array assay. LINC01118, which was highly expressed in both 
cisplatin and paclitaxel resistant cells, attracted our attention.

Accumulating research shows that many lncRNAs are dysregu-
lated in OC and they might play important roles. HOXD-AS1, an 
OC-related lncRNA, was overexpressed in both OC tissues and 
cells and it predicted poor prognosis [23, 24]. However, there 
are no related reports on LINC01118 in OC or even in any can-
cers, while only Bouckenheimer et al. found that LINC01118 
cells were abundant in metaphase II oocytes [25]. As a novel 
lncRNA without reports on chemoresistance, we targeted it for 
further research. To verify LINC01118 results in microarray and 
to avoid being misled by false-positive results, we confirmed its 
expression in 4 pairs of paclitaxel- and cisplatin-resistant EOC 
cells, finding that LINC01118 was highly expressed in chemo-
resistant EOC cells. We also found that LINC01118 was highly 
overexpressed in OC clinical tissues. Consequently, LINC01118 
might be closely associated with chemoresistance and it has 
a regulatory effect in development of EOC.

Previous studies have shown that lncRNA often has a strong 
function and the regulatory mechanism is complex in OC. 
For example, Lnc-OC1 has the function of promoting OC pro-
gression, and this oncogenic function might depend on sup-
pressing miR-34a and miR-34c [26]; another lncRNA – RP11-
552M11.4 – was not only associated with poor prognosis, but 
also could promote EOC cell proliferation and migration and 
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Figure 6. �LINC01118 regulated ABCC1 via miR-134. (A) miR-134 was downregulated when LINC01118 was overexpressed. (B, C) ABCC1 
was upregulated by overexpression of LINC01118. (D) miR-134 was negatively controlled by LINC01118. (E, F) ABCC1 was 
less translated with the decrease of LINC01118. * P<0.05 and ** P<0.01.
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inhibit apoptosis by targeting BRCA2 [27]. As a novel lncRNA, it 
insufficient to just clarify the expression model of LINC01118. 
Thus, we examined its biological function and found that its 
upregulation could promote cell viability, invasion, and mi-
gration, while inhibiting apoptosis and vice versa. LINC01118 
might be an oncogene in EOC and its biological function might 
be the basis for regulating paclitaxel resistance.

The role of lncRNAs in modulating chemotherapy sensitivity 
had been confirmed in various cancers. For example, down-
regulation of the classical lncRNA NEAT1 improved the sensi-
tivity to cisplatin in osteosarcoma [28] and MALAT1 enhanced 
docetaxel resistance of prostate cancer [29]. Similarly, our 
data revealed that LINC01118 could facilitate paclitaxel resis-
tance, so we further explored the specific mechanism. Recent 
evidence suggests that the relationship between lncRNA and 
microRNA modulates lncRNAs. Cao et al. found that lncRNA ATB 
negatively regulated miR-494 and promoted proliferation and 
migration [30]. Another study reported that H19 can sponge 
miR-17 as a competing endogenous RNA and affect STAT3 ex-
pression, thereby promoting non-small-cell lung cancer devel-
opment [31]. Thus, we searched for a candidate for LINC01118 
and surprisingly found that miR-134 might have binding sites 
with it. In addition, miR-134 had been proved to be extremely 
relevant to paclitaxel resistance in OC [32] and the alteration 

of paclitaxel sensitivity in EOC was achieved by miR-134 mod-
ulating Pak2 [33]. Several transcription factors can also affect 
Taxol sensitivity by targeting miR-134 [34]. Fortunately, our 
luciferase reporter gene assay result was consistent with the 
prediction, and we found that miR-134 binds to the 3’UTR of 
LINC01118. Although the interaction was affirmed, it remained 
unclear how LINC01118 altered paclitaxel sensitivity through 
miR-134. Surprisingly, Wang et al. validated that lncRNA could 
regulate the classical resistance protein ABCB1 by targeting 
microRNA and made breast cancer cells paclitaxel-resistant [35]. 
Previous studies suggested that ATP Binding Cassette C1 
(ABCC1), which is also referred to as multidrug resistance-
associated protein 1 (MRP1), is a target gene of miR-134 [36]. 
Fortunately, Lu et al. not only confirmed that miR-134 could di-
rectly combine to ABCC1, but also found that it could negative-
ly control the expression of ABCC1 [37]. It is well known that 
ABCC1 can invalidate chemotherapy by prompting the efflux 
of intracellular chemotherapeutic agents, which directly led to 
the occurrence of chemoresistance [38]. We found that when 
LINC01118 was upregulated, miR-134 was downregulated and 
ABCC1 was overexpressed; moreover, when LINC01118 was 
knocked down, the chain reaction was in the opposite direc-
tion. The present study shows that LINC01118 modulates pa-
clitaxel resistance via miR-134/ABCC1.
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Conclusions

LINC01118 appears to act as an oncogene in EOC, especially 
in serous cystadenocarcinoma, and it can regulate paclitaxel 
resistance by regulating miR-134/ABCC1. LINC01118 might be 
a key target in the treatment of ovarian cancer.
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