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Abstract: Ovarian cancer is the fourth most ordinary cause of cancer-related deaths in women. In recent, combi-
nation chemotherapy with carboplatin and docetaxel was developed as first-line drug to treat ovarian carcinoma. 
However, the detailed molecular mechanism, which accounts for the cells to apoptosis induced by administration 
of carboplatin and docetaxel, was unrecognized. In present study, we provide the mechanistic link between mixture 
of carboplatin plus docetaxel and its anticancer activity. Primarily, a majority of 30 cancer-related long non-coding 
RNA (lncRNA) showed differential alteration in carboplatin-docetaxel-treated 3AO cells. Among six up-regulating 
lncRNAs, we screened out carboplatin-docetaxel-induced lncRNA PVT1 which may be a central downstream target 
of carboplatin plus docetaxel because expression of PVT1 positively correlates with anticancer action of carboplatin 
plus docetaxel. Besides, p53 and tissue inhibitor of matrix metalloproteinases-1 (TIMP1) were mediated by lncRNA 
PVT1, which may explain partially the anticancer activity of lncRNA PVT1. Collectively, we have identified a potential 
mechanism by which PVT1 regulated by carboplatin plus docetaxel contributes to the carboplatin-docetaxel-induced 
anticancer action in ovarian cancer. These discoveries also give proof of the potential of PVT1 as significant down-
stream targets for therapeutic intervention in ovarian cancer.
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Introduction

Ovarian cancer, an aggressive and deadly epi-
thelial cancer, is the fourth most common 
cause of cancer-related deaths in women [1]. 
On an annual basis, ovarian cancer occurred in 
200,000 women and led to 125,000 deaths 
worldwide [1]. Currently, four considerable his-
tological types including serous, endometrioid, 
clear cell, and mucinous in epithelial ovarian 
cancer represent the different clinical behavior 
and molecular characteristics [2]. Unfortunately, 
there is no accurate non-invasive diagnostic 
test for ovarian cancer at present, thereby 
resulting in that most patients are diagnosed at 
an advanced stage. So far, surgery and drug-
based chemotherapy is still the standard treat-
ment for women with advanced ovarian cancer 
[3]. Although overall survival can be extended 
due to the use of above therapy, the treatment 
of patients with ovarian cancer is still a thera-
peutic challenge because of its unresponsive-
ness to conventional chemotherapeutic and 

biological reagents, which has been attributed 
to development of resistance to apoptosis [4]. 
Therefore, a becoming possibility is that under-
standing and overcoming resistance mecha-
nisms of ovarian cancer to apoptosis would pro-
mote recognition of new medicinal targets and 
exploitation of new treatments.

As we known, carboplatin and docetaxel are 
two standard chemotherapeutics used to treat 
ovarian cancer [5]. Given that patients often 
show resistance to single agent therapy, combi-
nation chemotherapy with carboplatin and 
docetaxel was developed to overcome this re- 
sistance [6]. Generally, apoptosis induced by 
chemotherapeutic drugs are associated with 
the intrinsic mitochondrial pathway through 
releasing the apoptogenic proteins such as cy- 
tochrome c and second mitochondrial-derived 
activator of caspase/direct inhibitor of apopto-
sis-binding protein with low isoelectric point [7, 
8]. However, the detailed molecular mechanis- 
ms besides intrinsic mitochondrial pathway, 
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which bear responsibility for the cells to apop-
tosis induced by carboplatin and docetaxel, 
especially by combination chemotherapy with 
carboplatin and docetaxel, are poorly under- 
stood.

A line of evidences has revealed that mamma-
lian genomes contain thousands of long non-
coding RNA (lncRNA) genes [9, 10], which have 
been exhibited to be critical in diverse cell 
development [11, 12] and identified as media-
tors of disease [13]. Recent report of dysregu-
lated lncRNA expression across numerous can-
cer types suggests that aberrant lncRNA ex- 
pression may be a major contributor to tumori-
genesis [14]. Two lncRNAs termed HULC and 
MEG3 are positively and negatively correlated 
to hepatocellular carcinoma, respectively [15, 
16]. Other lncRNAs such as HOTAIR shows 
enhanced expression in primary breast tumors 
and metastases, and HOTAIR expression level 
in primary tumors is a powerful indicator for 
predicting the eventual metastasis and death 
[17]. However, to date, only one report introduc-
es the correlation between lncRNA and ovarian 
cancer [18]. The overall pathophysiological con-
tributions of lncRNAs to women ovarian cancer 
remain to be studied further. Moreover, the 
inter-relationship between lncRNA and carbopl-
atin-docetaxel-induced apoptosis in ovarian 
cancer has not yet been defined.

In the present study, we examined lncRNA-
inducing potential of combination with carbopl-
atin and docetaxel in cultured ovarian cancer 
cell line. The results indicate that carboplatin-
docetaxel-induced lncRNA facilitated the ovari-
an cancer cell apoptosis in vitro and inhibit the 
tumor growth in vivo, which may mediated by 
p53 and tissue inhibitor of matrix metallopro-
teinases-1 (TIMP1).

Materials and methods

Cell culture

Human 3AO ovarian cancer cell line was main-
tained and propagated in a humidified 5% CO2 
incubator at 37°C in RPMI 1640 (GIBCO, Grand 
Island, NY) supplemented with 10% (V/V) FBS 
(Hyclone), 100 U/ml penicillin G and 100 U/mL 
streptomycin. Cells grown in 60 mm cell culture 
dish were allowed approximately to reach 80% 
confluence. Then cells were rinsed and removed 
from the dishes by incubating them with a tryp-
sin-EDTA solution (Hyclone), and harvested in a 
15 mL centrifuge tube for subsequent study.

LncRNA profiling

To identify the involved lncRNAs, Human Dise- 
ase-related LncRNA Profiler (System Bioscien- 
ces) was utilized and in which 30 lncRNAs were 
selected from the RNA database (http://rese- 
arch.imb.uq.edu.au/rnadb/Default.aspx) or lnc- 
RNA database (www.lncRNAdb.org). Total RNA 
was extracted from 3AO cells pretreated with or 
without carboplatin plus docetaxel. Reverse 
transcription was carried out by using Revert- 
AidTM Reverse Transcriptase (Fermentas) and 
random primer mix (New England BioLabs). The 
values for the cells without treatment after nor-
malization by the internal controls served as a 
basal level of expression of indicated lncRNAs; 
delta-delta Ct values (no treatment versus car-
boplatin plus docetaxel treatment) were used 
to determine their relative expression as fold 
changes.

Cell proliferation assay

After digesting, 3AO cells were directly cultured 
at a density of 1×105 cells/well in six well plates. 
Prior to incubation, the cells were cultured over-
night. Cell proliferation was also analyzed by 
using CCK-8 assay kit (Dojindo) according to 
manufacturer indications. In particular, 3AO 
cells were respectively incubated in the medi-
um containing carboplatin and docetaxel in the 
absence or presence of siRNA against indicat-
ed LncRNAs in 96-well plates for indicated 
times. After that, 5 µl CCK-8 reagent was added 
to each well and incubated at 37°C for 1 h. The 
cell numbers were assessed by measurement 
of absorbance at 450 nm. All the experiments 
were performed in triplicate.

RNA interference

The sequences of small interference RNA 
(siRNA) corresponding to six lncRNAs consist-
ing of PVT1, TDRG1, PCA3, GAS5, HOTAIR and 
SRA1 were synthesized (Qiagen). 3AO cells 
were transfected with above siRNAs (100 nM) 
using Lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s specifications. Scr- 
ambled siRNA was used as negative control. 0, 
24, 48 and 72 h post-transfection later, cells 
were respectively collected for CCK-8 assay.

Over-expressed lncRNA PVT1

The plasmid construction of over-expressed lnc- 
RNA PVT1 was carried out as described previ-
ously [19]. Briefly, the DNA sequence of PVT1 
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obtained from Gene Bank (ID: 5820) was used 
to design the specific primer (forward primer, 
5’-TGCTCTAGAATCTGATGCACGTTCCACC-3’; 
reverse primer, 5’-CCGGAATTCCTTAATTCTCCAA- 
TCTCAAAATAC-3’) and then whole amplified 
product PVT1 was acquired. For construction of 
PVT1 expression vector, amplified product was 
cut by BamHI/XbaI restriction and ligated into 
pWPXL (Addgene), forming pWPXL-PVT1, which 
then transfected into 3AO cells. The control 
plasmid was constructed by ligating any oligo-
nucleotide into pWPXL. The transfer plasmid 
pWPXL-PVT1 and control plasmid were applied 
for packaging lentiviral vectors.

Quantitative RT-PCR assay

For quantitative RT-PCR assay, RNA was isolat-
ed from 3AO cells using the RNeasy RNA Iso- 
lation kit (Qiagen) according to the manufac-
turer’s instructions. First-strand cDNAs were 
generated from 3 µg of total RNA using com-
mercially available kits (Applied Biosystems). All 
subsequent PCR reactions were performed 
using the 7 Universal PCR Master Mix (Applied 
Biosystems).

Primers of p53 used for amplification were 
CCCCTCCTGGCCCCTGTCATCTTC (forward) and 
GCAGCGCCTCACAACCTCCGTCAT (reverse); Pri- 
mers of TIMP1 used for amplification were 
5’-TATCCGGTACGCCTACACCC-3’ (forward) and 
5’-TGGGCATATCCACAGAGGCT-3’ (reverse); Prim- 
ers of lncRNA PVT1 used for amplification were 
3’-CATCCGGCGCTCAGCT-5’ (forward) and 3’-TC- 
ATGATGGCTGTATGTGCCA-5’ (reverse).

Amplification and detection of mRNA were ana-
lyzed by 7500 real-time PCR System (Applied 
Biosystems). To normalize mRNA concentra-
tions, transcriptional levels of β-actin mRNA 
were identified in parallel for each sample, and 
relative transcriptional level of Notch1 was 
adjusted by standardization based on the 
β-actin mRNA levels. Samples for each experi-
mental condition were run in triplicate.

Inhibition of tumor growth in vivo

To create an experimental tumor model, 1×107 
of 3AO cells transfected with either scrambled 
short hairpin RNA (shRNA) or two PVT1 shRNAs 
were suspended in 100 µl of PBS and were sub-
cutaneously injected into the flank of female 
CD1 nude mice (9-12 weeks old). The tumor 
size was measured every six days using a stan-

dard calipers measuring tumor length and 
width in a blinded fashion and the tumor vol-
ume was calculated using the formula: length × 
width2 ×0.52. After 31 days, animals were killed 
for determination of tumor weights. All work 
was conducted in strict accordance with the 
recommendations in the Guide for the Care and 
Use of Laboratory Animals of the National 
Institutes of Health. The protocol was approved 
by the Institutional Animal Care.

Statistical analysis

All data were subjected to analysis of variance 
(ANOVA) to assess the treatment effects by 
using DPS 3.2 software. The Student T- test 
was used to determine the statistically signifi-
cant differences in numbers with two signifi-
cant levels (0.05 and 0.01). The results are 
shown as mean ± standard deviation (SD).

Results

Carboplatin-docetaxel induces differential ex-
pression of lncRNA

We firstly explored the influence of carboplatin 
plus docetaxel pretreatment on the expression 
of lncRNAs in human ovarian cancer cell line, 
3AO cell. Thirty vital tumor-related lncRNAs 
were selected to analysis and ultimately, as 
expected, a majority of these lncRNAs expres-
sion had been changed in 3AO cells in response 
to carboplatin plus docetaxel incubation (Figure 
1A). When using cutoff value of 1.8-fold up-
regulation or 3-fold down-regulation, ten lnc- 
RNAs showed significant differences in carbopl-
atin-docetaxel-treated cells in contrast to un- 
treated cells (Figure 1B). These ten lncRNAs 
termed PVT1, TDRG1, PCAT1, GAS5, HOTAIR, 
SRA1, BCYRN1, CASC2, HI9 and MEG3. Out of 
them, six were up-regulated in carboplatin-
docetaxel-treated cells while four were down-
regulated. Collectively, these data suggest that 
combination chemotherapy with carboplatin 
and docetaxel has an ability to alter the lncRNA 
expression in 3AO cell.

LncRNA PVT1 contributes to carboplatin-
docetaxel-induced inhibition of cell prolifera-
tion

In general, abundance of above cancer-related 
lncRNAs was differentially increased in the car-
boplatin-docetaxel-treated cells that may avail 
anti-cancer (or vice versa). Given that, we pri-
marily focus on the six lncRNAs, PVT1, TDRG1, 
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PCAT1, GAS5, HOTAIR, and SRA1, which were 
all boosted by carboplatin plus docetaxel treat-
ment. To examine whether these up-regulated 
lncRNAs contributes to anti-cancer effect of 
carboplatin plus docetaxel treatment, we kn- 
ocked down the expression level of these 
lncRNAs using RNAi technique. The siRNA cor-
responding to these six lncRNAs were trans-
fected and their function was analysis. En- 
dogenous lncRNAs mRNA level was analyzed by 
RT-PCR and detected to be lower in lncRNA 
siRNA-transfected cells as compared to cells 
transfected with scrambled siRNA control con-
structs, demonstrating the effectiveness of 
lncRNA siRNA (data not shown). Because 
administration of carboplatin and docetaxel 
enhances the expression of these six lncRNAs, 
the effect of lncRNAs inhibition on anticancer 
action of carboplatin and docetaxel was ana-
lyzed. Interestingly, the cell proliferation was 

represented a time-dependent manner (Figure 
3A), confirming the effectiveness of over-ex- 
pression of lncRNA PVT1. Besides, we also 
found that expression of p53 and TIMP1 was 
obviously promoted in lncRNA PVT1-transfected 
cells in contrast to control and this increasing 
effect also presented a time-dependent man-
ner (Figure 3A).

To further estimate the effect of lncRNA PVT1 
on expression of p53 and TIMP1, a direct 
knockdown of expression level of lncRNA PVT1 
was performed. In this experiment, the down-
regulated expression of p53 and TIMP1 was 
caused by the suppressing expression of 
lncRNA PVT1 (Figure 3B). Taken together, these 
findings reveal that lncRNA PVT1 is able to facil-
itate the expression of p53 and TIMP1 in ovari-
an cancer cell, showing the positive regulation 
of PVT1 on expression of p53 and TIMP1.

Figure 1. Carboplatin-
docetaxel-treated 3AO 
cells show altered ex-
pression of lncRNA. A. 
Expression of 30 lnc- 
RNAs was changed in 
3AO cell treated by car-
boplatin plus docetaxel. 
B. Using cutoff value of 
1.8-fold up-regulation or 
3-fold down-regulation, 
ten significantly differ-
ential lncRNAs were ob-
tained.

only obviously increased in 
carboplat in - docetaxel -
treated cells in treatment 
with PVT1 siRNA, except for 
treatment with other lnc- 
RNA siRNAs, when compar- 
ed with the carboplatin-doc- 
etaxel-treated cells in the 
presence of scrambled siR- 
NA (Figure 2). These obser-
vations indicate that a car-
boplatin-docetaxel-regulat-
ed lncRNA, PVT1, have an 
anticancer activity, which 
may be responsible for car-
boplatin-docetaxel-induced 
inhibition of cell prolifera- 
tion.

LncRNA PVT1 mediates 
the expression of p53 and 
TIMP1

Next, we investigate wheth-
er lncRNA PVT1 have a 
capability to regulate the 
expression of p53 and TI- 
MP1 in 3AO cells. To this 
end, we established lncRNA 
PVT1 recombinant plasmid 
and then transferred it into 
3AO cells. After that, the 
lncRNA PVT1 expression 
was markedly increased 
and this promoting effect 
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Knockdown of lncRNA PVT1 promotes the tu-
mor growth in vivo

Obviously, it would be more relevant to develop 
a therapeutic intervention if we could demon-
strate that knockdown of lncRNA PVT1 gene 
could result in tumor growth acceleration in 
vivo. To this end, we knocked down the expres-
sion of lncRNA PVT1 utilizing vector encoding 
PVT1 shRNA and then examined the growth of 
PVT1 shRNA-treated human ovarian cancer cell 
xenografts in nude animals. In this experiment, 
two PVT1 shRNAs were used to transfer into 
3AO cells, respectively. Result revealed that 
knockdown of lncRNA PVT1 cause a marked 
reduction in tumor size in a human ovarian can-
cer xenograft model (Figure 4). Among thirty 
days’ growth, the higher growth velocity was 
detected in nude mice subcutaneously injected 
with PVT1 shRNA-transfected 3AO cells in com-
parison with mice injected with scrambled shR-
NA-transfected 3AO cells (P < 0.01, Figure 4). 
Besides that, mean tumor volumes of PVT1 
shRNA-treated mice were induced by 50% at 
day 30 in contrast to the scrambled shRNA-
treated mice (Figure 4), exhibiting a potent anti-
tumor activity of lncRNA PVT1.

Discussion

Despite numerous attempts, the mortality rate 
for ovarian cancer is approximately 62.5 % 
annually [1]. In part, this is because therapy tar-

geting tumor cells have largely failed. Recently, 
combination chemotherapy with carboplatin 
and docetaxel was developed as first-line drug 
to treat ovarian carcinoma [5, 20]. Although the 
anticancer mechanism induced by single che-
motherapeutic drug such as carboplatin or 
docetaxel was exploited preliminarily [21, 22], 
the detailed molecular mechanism, which 
accounts for the cells to apoptosis induced by 
combination chemotherapy with carboplatin 
and docetaxel, was non-elucidated. In present 
study, we found that mixture of carboplatin and 
docetaxel is an inducer of lncRNA PVT1. 
LncRNA PVT1 contributes to anticancer activity 
of combination chemotherapy with carboplatin 

Figure 2. One up-regulated lncRNA, PVT1, contrib-
utes to anti-cancer effect of carboplatin and docetax-
el. After transfecting the indicated siRNA, we found 
that cell proliferation was obviously increased in 
carboplatin-docetaxel-treated cells in treatment with 
PVT1 siRNA, except for treatment with other lncRNA 
siRNAs.

Figure 3. The expression of p53 and TIMP1 may be 
mediated by lncRNA PVT1. A. Over-expression of ln-
cRNA PVT1 up-regulates the mRNA level of p53 and 
TIMP1. B. Knockdown of expression level of lncRNA 
PVT1 inhibits the transcriptional level of p53 and 
TIMP1.

Figure 4. Tumor growth in vivo was boosted by knock-
down of lncRNA PVT1.
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and docetaxel. Moreover, in subsequent experi-
ment, we provide the probably mechanistic link 
between lncRNA PVT1 and its anticancer activ-
ity, and then demonstrate the functional signifi-
cance of lncRNA PVT1 in vivo.

As a newly arisen class of non-coding genes, 
lncRNAs have been recently discovered to be 
universally transcribed in the mammalian 
genome. Alterations in the primary structure, 
secondary structure and expression levels of 
lncRNAs as well as their cognate RNA-binding 
proteins are often involved in human diseases, 
particularly in cancer [23]. However, very little 
was realized on expression patterns and bio-
logical meaning of lncRNAs in human ovarian 
cancer. Also, very little was reported on the 
relationship between chemotherapeutic drug 
and lncRNA. The first important discovery in our 
study is that administration of exogenous car-
boplatin plus docetaxel differentially alters the 
expression of lncRNAs, which is supposed to be 
a novel finding because previous studies did 
not reveal how any lncRNA might be responsi-
ble for carboplatin-docetaxel-induced antican-
cer activity. Currently, we reveal that carboplat-
in-docetaxel-induced anticancer activity may 
partly due to the up-regulating lncRNA PVT1 at 
least, demonstrating a plausible lncRNA-regu-
lated mechanism. Although the lncRNA involved 
in ovarian cancer and this cancer cured by com-
bination chemotherapy with carboplatin and 
docetaxel have been extensively documented 
in the literature [20-23], the ability of mixture of 
carboplatin plus docetaxel to promote lncRNA 
PVT1 signaling and against ovarian cancer was 
previously unknown.

Besides, the second core discovery in our study 
is the capability of lncRNA PVT1 to boost the 
expression of p53 and TIMP1. As a major regu-
lator for gene expression, p53 protein, also 
termed as tumor suppressor p53, is able to 
directly or indirectly regulate numerous protein-
coding genes and non-coding genes, thereby 
indicating the significance in multicellular 
organisms, where it regulates the cell cycle 
and, thus, functions as a tumor inhibitor, sup-
pressing cancer [24-27]. Another up-regulating 
protein, TIMP1 also has a role in blocking of 
tumor growth, invasion and metastasis based 
on previous studies on experimental models 
[28-30]. Thus, a suitable possibility is that anti-
cancer activity induced by lncRNA PVT1 is com-
pleted by activating the expression of p53 and 
TIMP1 which may mediate its biological role as 

a tumor suppressor, and certainly this infer-
ence needs to be further investigated in future.

In conclusion, our work provides strong evi-
dence that carboplatin-docetaxel-induced anti-
cancer activity seems to depend largely on 
induction of lncRNA PVT1, which boosts up-
regulation of p53 and TIMP1. These data high-
light the up- and down-stream connection 
between chemotherapeutic drugs (mixture of 
carboplatin and docetaxel) and lncRNA, and 
also highlight the significance and relevance of 
lncRNA PVT1 as potential downstream bio-
markers for therapeutic intervention in ovarian 
cancer.
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