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Abstract. Long stress-induced noncoding transcript 
5 (LSINCT5) is a member of the LSINCT family, members of 
which are expressed during stress-induced cell formation and 
have also been reported to promote cancer progression. In the 
present study, the association between LSINCT5 expression 
and clinical significance was investigated and the biological 
function of LSINCT5 in epithelial ovarian cancer (EOC) was 
explored. LSINCT5 expression was examined in EOC tissues 
by reverse transcription-quantitative polymerase chain reac-
tion and its association with clinicopathological factors was 
analysed. Cell proliferation, migration and invasion tests were 
performed to observe the role of LSINCT5 in human ovarian 
cancer cell lines in vitro. The negative control (NC) and 
siLSINCT5 SKOV3 cells were treated with chemokine ligand 
12 (CXCL12) and their proliferation, migration and inva-
sion activities were examined. LSINCT5 was overexpressed 
in EOC compared with normal ovarian tissue. LSINCT5 

expression was significantly associated with the International 
Federation of Gynecologists and Obstetricians cancer stage 
and the presence of lymphatic metastases. Silencing LSINCT5 
significantly reduced the expression of chemokine receptor 
4 (CXCR4) and inhibited SKOV3 cell proliferation, migration 
and invasion, however the CXCL12 expression level had no 
significant change. When NC and siLSINCT5‑SKOV3 cells 
were treated with CXCL12, the proliferation and invasion 
ability were significantly enhanced. The migration ability of 
the siLSINCT5‑SKOV3 cells was also significantly enhanced. 
The present study indicated that LSINCT5 serves an impor-
tant role in ovarian cancer metastasis by regulating the 
CXCL12/CXCR4 signalling axis, suggesting that this pathway 
may be a potential target for the treatment of patients with 
EOC.

Introduction

Epithelial ovarian cancer (EOC) is characterized by frequent 
implantation and metastases in the abdominopelvic cavity. 
Approximately 70% of EOC patients who have already distant 
metastasis are finally diagnosed with advanced ovarian cancer. 
Despite advances in treatments for ovarian cancer, including 
surgery, chemotherapy and targeted therapy, the 5-year survival 
rate of advanced ovarian cancer is only approximately 30%. 
EOC has the highest mortality rate among all gynaecological 
malignancies (1,2). Metastasis and invasion in ovarian cancer 
are the main causes of poor prognosis, but the mechanisms 
driving these processes remain unclear. Therefore, success-
fully treating this disease requires further understanding of 
the mechanisms promoting metastasis and invasion in EOC.

Long non-coding RNAs (lncRNAs) are a new class of 
non-coding RNAs and are emerging as novel regulators 
of many aspects of gene expression regulation including 
epigenetic regulation, transcriptional regulation, and 
post-transcriptional regulation (3). It has previously been 
demonstrated that lncRNAs are involved in the regulation of 
tumour metastasis and invasion (4-6). For example, HOTAIR 
has been shown to promote metastasis in breast and colorectal 
cancer, as well as in other malignant tumours (7,8). The low 
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expression of lncRNA-HEIH has been shown to inhibit liver 
cancer cell proliferation (9). In contrast, high expression of 
the lncRNA-maternally expressed gene 3 (MEG3) promotes 
gastric cancer cell apoptosis and inhibits proliferation (10). 
Emerging evidence indicates that dysregulated LSINCT5 regu-
lates ovarian and breast cancer cell proliferation (11). However, 
the relationship between overexpression of LSINCT5 and 
ovarian cancer malignancy and metastasis remains unknown.

In this study, we measured the expression of LSINCT5 in 
ovarian cancer tissue samples and observed the correlation 
between LSINCT5 expression and clinical pathologic param-
eters. Moreover, we studied the effect of LSINCT5 on cancer 
cell metastasis and invasion in vitro. These results will help 
delineate the role of LSINCT5 in EOC metastatic progression.

Materials and methods

EOC and normal ovary tissue samples. Forty EOC tissue 
specimens and thirty normal ovary specimens were obtained 
from the Department of Gynecologic Oncology at Chongqing 
Cancer Hospital between January 2014 and September 2015. 
The tissue specimens were immediately flash‑frozen in liquid 
nitrogen after being isolated. The forty EOC specimens were 
histopathologically confirmed by Cytoreductive surgery for 
ovarian cancer. All patients underwent lymphadenectomy and 
had not any preoperative therapy. According to the International 
Federation of Gynecologists and Obstetricians (FIGO) staging 
standard. Patients with other malignant tumours or borderline 
malignant tumours were excluded from the study. Thirty 
specimens of normal ovary were obtained from uterine fibroid 
patients undergoing hysterectomy, which were verified by 
pathology. Patients with ovarian cysts, polycystic ovaries or 
other disorders were excluded. Patient data were obtained from 
medical records and are summarized in Table I.

Ethical approval. The present study were approved by the 
Ethics Committee of Chongqing Cancer Hospital, and all 
patients gave informed consent.

Cell lines and transfection. Human ovarian cancer cell 
lines (SKOV3, OVCAR-3 and 3AO) were obtained from 
the Chongqing Key Laboratory of Oncology and were 
cultured in RPMI-1640 media (Wuhan Boster Biological 
Technology, Ltd., Wuhan, China) containing 10% foetal bovine 
serum (FBS) (Wuhan Boster Biological Technology, Ltd.), 
penicillin and streptomycin at 37˚C in a 5% CO2 incubator. The 
LSINCT5‑specific small interfering RNAs (siRNAs) and nega-
tive control (NC) siRNAs (GenePharma, Shanghai, China) were 
transfected to SKOV3 cells by following the manufacturers 
manual. The target sequences for the LSINCT5 siRNAs were 
5'-CCA GCU ACA AAC CUC UGA ATT-3' and 5'-UUC AGA 
GGU UUG UAG CUG GTT-3' (LSINCT5-siRNA-1); 5'-GAA 
CUG GAU UAG UGU UAA ATT-3' and 5'-UUU AAC ACU AAU 
CCA GUU CTT-3' (LSINCT5-siRNA-2); 5'-CCU CCA AAC 
ACA UGG AUA ATT-3' and 5'-UUA UCC AUG UGU UUG GAG 
GTT-3' (LSINCT5-siRNA-3).

Scratch assay. SKOV3 cells were first transfected with 
LSINCT5‑siRNAs or siRNA‑NC and then plated as a confluent 
monolayer in 6‑well plates. When cells confluence reached to 

about 80%, ‘wounds’ were created using a pipette tip in the 
confluent cells. The cells were rinsed 3 times with PBS to 
remove the floating cells displaced by the pipette tip, then media 
with or without Chemokine ligand 12 (CXCL12) (40 ng/ml) 
(PeproTech, Inc., Rocky Hill, NJ, USA) was added to the cells. 
Cells were placed in a 37˚C, 5% CO2 incubator for the duration 
of the assay. Wound healing were observed along the scrape 
line. Migration area were imaged using a 10x objective on an 
Olympus microscope and the area ratio was measured by ImageJ 
Software (National Institutes of Health, Bethesda, MD, USA) at 
0 and 48 h. Each experiment was performed in triplicate.

Transwell invasion assay. SKOV3 cells were transfected with 
LSINCT5-siRNAs or siRNA-NC for 48 h, and then, media 
with or without CXCL12 (40 ng/ml) was added to the cells. 
Cells were then placed in a 37˚C, 5% CO2 incubator for 48 h. 
The transfected cells (1.0x105) were harvested and then seeded 
into the top chamber of inserts containing 8 µm pore poly-
carbonate filters (Corning Incorporated, Corning, NY, USA), 
which was coated with Matrigel membrane (BD Biosciences, 
Franklin Lakes, NJ, USA). Experiments were performed in 
triplicate. The inserts were placed inside 24-well plates. After 
48 h, the cells that failed to migrate through the pores were 
discarded and the invaded cells were stained with crystal 
violet (Beyotime Institute of Biotechnology, Beijing, China) 
and counted under a microscope (magnification, x200).

Cell proliferation. Cell proliferation was measured using 
the CCK8 kit (Biyuntian, Shanghai, China) according to the 
manufacturer's instructions. SKOV3 cells were seeded into 
96-well plates at a density of 5x103 cells/well and incubated 
for 24 h. At 48 h post transfection with LSINCT5-siRNAs or 
siRNA-NC, media with or without CXCL12 (40 ng/ml) was 
added in a 37˚C, 5% CO2 incubator for 48 h. CCK-8 solu-
tion was then added to the cells, and the optical density was 
measured by a microplate reader at an absorbance of 450 nm. 
Three independent experiments were performed.

RNA isolation and qPCR. Total cellular RNA was extracted 
from EOC tissues and human ovarian cancer cell lines using 
Trizol reagent (Takara Bio, Inc., Otsu, Japan) and purified 
using an RNA Purification kit (Takara Bio, Inc.). Reverse tran-
scription was performed using PrimeScript RT master Mix 
(Takara Bio, Inc.). qPCR was performed using a SYBR‑Green 
MIX kit (Bio‑Rad Laboratories, Inc., Hercules, CA, USA). The 
primer sequences used for human LSINCT5 are as follows: 
Forward, 5'-CCA GCU ACA AAC CUC UGA ATT-3', and 
reverse, 5'-UUC AGA GGU UUG UAG CUG GTT-3'. GAPDH 
(sequences: Forward, 5'-AGG GCT GCT TTT AAC TCT GGT-3', 
and reverse, 5'-CCC CAC TTG ATT TTG GAG GGA-3') was 
used as an internal standard, the relative expression of each 
gene was normalized to GAPDH. PCR cycling conditions 
were as follows: 95˚C for 5 min, followed by 40 cycles of 
95˚C for 30 sec, 60˚C for 20 sec and 72˚C for 20 sec. Relative 
quantification of mRNA was performed using comparative 
threshold cycle (CT) method. This value was used to plot the 
gene expression employing the formula 2-ΔΔCq (12).

Western blot analysis. SKOV3 cells were transfected with 
LSINCT5-siRNAs or LSINCT5-NC, and total protein 
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was isolated from the cells 48 h post transfection with cell 
lysis buffer (Beyotime Institute of Biotechnology). Protein 
concentrations were determined by BCA (Beyotime Institute 
of Biotechnology). Protein samples (40 µg) were run on an 
SDS-PAGE gel and then transferred to a PVDF membrane 
(EMD Millipore, Billerica, MA, USA). The membranes were 
blocked with 5% skimmed milk for 2 h and then incubated 
with anti-chemokine C-X-C Motif receptor 4 (CXCR4) anti-
body (1:600; ab124824, Abcam, Cambridge, MA, USA) and 
Anti‑SDF1 antibody (1:1,000; ab9797, Abcam) at 4˚C over-
night. GAPDH (1:1,000, D110016; Sangon Biotech Co., Ltd., 
Shanghai, China) was used as the loading control. All the anti-
bodies were diluted by specific dilution designed for western 
blot antibody (Boster Biological Technology, Pleasanton, CA, 
USA). The membrane was then incubated with secondary 
antibody for 2 h and visualized with Enhanced chemilumines-
cence (ECL) (Beyotime Institute of Biotechnology).

Statistical analyses. SPSS19 statistic software was used for all 
data analyses. Student's t-test or analysis of variance followed 
by Turkey's post hoc test was performed to analyse continuous 
data, a Chi-Square test was performed to analyse categorical 

data between groups. Fisher's exact test was performed when 
the expected frequency was less than five. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

LSINCT5 sequence comparison. The sequence of LSINCT5 
was compared on three databases (lncrnadb, noncode and 
ensembl). The LSINCT5 sequence is completely consistent 
with the published sequence. We used Genome Bioinformatics 
tools (UCSC Table Browser) to check the conservation. Input 
lncRNA chr5:2,712,705-2,715,351 position information. The 
results show conservation information on multiple vertebrates. 
In the present study, EOC tissues and SKOV3 cells are derived 
from humans, so the sequence of LSINCT5 are highly conser-
vative between species and cell type.

LSINCT5 is overexpressed in EOC tissues. The expression 
levels of LSINCT5 in 40 EOC and 30 normal ovarian tissue 
samples were evaluated using qRT-PCR. LSINCT5 expres-
sion was largely elevated in EOC tissues compared to control 
normal tissues (P<0.01; Fig. 1A).

The relationship between LSINCT5 expression and clinical 
pathological factors. The median value of LSINCT5 expres-
sion in the EOC tissues was determined. EOC samples with 
LSINCT5 expression less than or equal to the median were 
considered low expression samples (n=20 EOC samples), 
while EOC samples with LSINCT5 expression levels above 
the median were considered high expression samples. High 
LSINCT5 expression was associated with the presence of 
lymphatic metastases and advanced FIGO stage, but was not 
associated with patient age, histological subtype, histological 
grade or residual tumour diameter (Pearson's Chi-squared test 
or Fisher's exact tes; Table I).

LSINCT5 expression levels in human ovarian cancer cell 
lines. Because we found that LSINCT5 expression was asso-
ciated with the presence of lymphatic metastases and FIGO 
stage in EOC, we hypothesized that LSINCT5 is involved in 
EOC invasion and metastasis. Therefore, we determined the 
LSINCT5 expression levels in EOC cell lines with different 
invasive abilities (SKOV3, OVCAR-3 and 3AO). Although all 
three cell lines expressed LSINCT5, SKOV3, a highly invasive 
EOC cell line, had the highest LSINCT5 expression (Fig. 1B). 
Therefore, we chose to perform in vitro experiments with 
SKOV3 cells. We tested three different si‑LSINCT5 sequences 
to use for our experiments and found LSINCT5-siRNA-1 was 
the best choice (Fig. 1C) and was therefore used in all the 
following experiments.

LSINCT5 silencing reduces ovarian cancer cell proliferation, 
migration and invasion. Upon LSINCT5 silencing, we found 
a significant decrease in cancer cell proliferation (Fig. 2A). 
LSINCT5-silencing also led to decreased migration (Fig. 2B) 
and invasion (Fig. 2C) of SKOV3 cells during a wound healing 
assay and a transwell invasion assay, respectively.

LSINCT5 knockdown suppresses the CXCL12/CXCR4 
signalling axis. It has previously been reported that CXCR4 

Table I. The correlation between LSINCT5 expression and 
clinical pathologic parameters in 40 patients with EOC.

 LSINCT5 expression
 -----------------------------------------------------------------------------------
 Low no. n=20 High no. n=20
Variables n (%) n (%) P-value

Age (years)   0.749
  <50 8 (47.1) 9 (52.9) 
  ≥50 12 (52.2) 11 (47.8) 
FIGO stage   0.004
  I-II 13 (76.5) 4 (23.5) 
  III-IV 7 (30.4) 16 (69.6) 
Grade   0.736
  G1-G2 7 (53.8) 6 (46.2) 
  G3 13 (48.1) 14 (51.9) 
Residual tumor   0.490
diameter (cm)   
  <1 15 (53.6) 13 (46.4) 
  ≥1 5 (41.7) 7 (58.3) 
Lymph node   0.004
metastasis
  Absent 14 (87.5)  5 (12.5) 
  Present 6 (25.0) 15 (75.0) 
Histological   0.695a

subtype
  Serous 15 (46.9) 17 (53.1) 
  Other 5 (62.5) 3 (37.5) 

aFisher's exact test. LSINCT5, long stress-induced noncoding 
transcript5; FIGO, International Federation of Gynecology and 
Obstetrics.
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expression is decreased by more than two-fold upon 
LSINCT5 knockdown, and CXCR4 has been shown to play 
an important role in ovarian cancer metastasis by binding 
to its receptor CXCL12. This prompted us to investigate 
if LSINCT5 promotes ovarian cancer cell metastasis by 
regulating the CXCL12/CXCR4 signalling axis. LSINCT5 
silencing suppressed CXCR4 mRNA (*P<0.05, Fig. 3A) 
and protein expression (P<0.05, Fig. 3B), but the CXCL12 
mRNA (P>0.05, Fig. 3C) and protein expression level 
(P>0.05, Fig. 3D) had no significant change. When the NC 
and siLSINCT5 SKOV3 cells were exposed to CXCL12 
(40 ng/ml), the NC cell proliferation ability was stronger than 
that of the control group (NC cells without CXCL12 expo-
sure) by CCK-8 assay (*P<0.01, Fig. 4A), the si-LSINCT5 
SKOV3 cells proliferation ability was also stronger than 
that of the control group (si-LSINCT5 SKOV3 cells without 
CXCL12 exposure) (**P<0.05, Fig. 4A). CXCL12 treatment 
significantly increased migration in a scratch assay for 
si-LSINCT5 SKOV3 cells than that of the control group 

(si-LSINCT5 SKOV3 cells without CXCL12 exposure) 
(*P<0.05, Fig. 4B), however, the migration of NC cell did not 
change significantly than that of the control group (NC cells 
without CXCL12 exposure) (P>0.05, Fig. 4B). CXCL12 treat-
ment significantly increased invasion in a transwell invasion 
assay for both NC (*P<0.05, Fig. 4C) and si-LSINCT5 SKOV3 
cells (**P<0.05, Fig. 4C).

Discussion

LSINCT5 is a newly discovered member of the stress and 
cancer-associated lncRNA family, the members of which are 
expressed by normal human bronchial epithelial (NHBE) 
cells treated with the tobacco carcino-gennitrosamine 
4-(methyl-nitrosamino)-1- (3-pyridyl)-1-buta-none (NNK) (11). 
Previous studies have reported LSINCT5 gene sequences, 
furthermore, high LSINCT5 expression has been associated 
with tumour cell metastasis in multiple cancers, including 
breast cancer and gastric cancer (11,13). Although the study 

Figure 2. The effect of suppression of LSINCT5 expression on cell growth, migration, and invasion. (A) CCK-8 assay. Suppression of LSINCT5 expression 
inhibits SKOV3 cell growth from day 2. (B) Scratch assay. Suppression of LSINCT5 expression inhibits SKOV3 cell migration. (C) Transwell invasion assay. 
Suppression of LSINCT5 expression inhibits SKOV3 cell invasion. Magnification, x200. *P<0.05 vs. the NC.

Figure 1. LSINCT5 expression in EOC tissues and cell lines. (A) Relative LSINCT5 expression levels in EOC tissues and normal ovarian tissues (P<0.01, 
Student's t‑test). (B) The highest expression level was detected in SKOV3 cells. *P<0.05 vs. the SKOV3 (C) LSINCT5 interference efficiency in SKOV3 cells. 
*P<0.05 vs. the siRNA-NC.
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has suggested that LSINCT5 expression is markedly high in 
EOC tissue, but the relationships among LSINCT5 expression, 
LSINCT5 biological function and EOC clinicopathological 
characteristics remain unclear.

Here, we observed that LSINCT5 is overexpressed in EOC 
tissues and a human EOC line with high metastatic potential 
(SKOV3). LSINCT5 overexpression was associated with 
advanced FIGO stage and the occurrence of lymphatic metas-
tasis. These results suggest that aberrantly high expression of 

LSINCT5 is correlated with EOC metastasis. In this study, 
EOC tissues and SKOV3 cells are derived from humans, so 
the sequence of LSINCT5 are highly conservative between 
species and cell type.

Recent evidence has suggested that lncRNAs are vital 
regulators of many cellular stressors and that stress-responsive 
lncRNAs may be linked to cancer metastasis and develop-
ment (14,15). The upregulation of lincRNA-ROR has been 
shown to be important for human breast cancer invasion (16). 

Figure 4. The effect of the si-LSINCT5 and si-NC SKOV3 cells were exposed to CXCL12 on cell growth, migration, and invasion. (A) CCK-8 assay. Exposing 
to CXCL12 resulted in significantly enhanced cell growth from day 3 and 5. *P<0.01 vs. NC; **P<0.05 vs. siLSINCT5+CXCL12. (B) Scratch assay. Exposing 
to CXCL12 resulted in no significantly enhanced cell migration for NC cells, but resulted in significantly enhanced cell migration for si‑LSINCT5 SKOV3 
cells. *P<0.05 vs. the siLSINCT5+CXCL12. (C) Transwell invasion assay. Exposing to CXCL12 resulted in significantly enhanced cell invasion for both NC 
and si‑LSINCT5 SKOV3 cells. Magnification, x200. *P<0.05 vs. the NC. **P<0.05 vs. the siLSINCT5+CXCL12.

Figure 3. The effect of silencing LSINCT5 on the expression of CXCR4 and CXCL12. (A) the expression level of CXCR4 RNA. (B) The expression level of 
CXCR4 protein. (C) The expression level of CXCL12 RNA. (D) The expression level of CXCL12 protein. *P<0.05 vs. NC.
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lincRNA‑ROR also played a significant role in upregulating 
HIF-1α protein under stressful conditions in hepatocellular 
cancer (HCC) cells (17,18) lncRNA C17orf91 has been impli-
cated in the regulation of ovarian cancer cell migration and 
invasion (19). Pint lincRNA is lowly expressed in primary 
colonic cancer, and its high expression has been shown to 
reduce the proliferation of colon cancer cells, indicating that 
Pint is a potential tumour suppressor (20). In the present study, 
because LSINCT5 expression was closely associated with 
advanced EOC stage and the occurrence of lymphatic metas-
tasis, we assessed whether LSINCT5 promotes the invasion 
and migration of ovarian cancer cells. We found that silencing 
LSINCT5 expression in vitro suppressed SKOV3 cellular 
proliferation and invasion, suggesting that LSINCT5 may play 
an important role in EOC metastasis.

The mechanism by which lncRNAs promote tumour cell 
metastasis and invasion remains unclear. Recent studies have 
postulated that lncRNAs contribute to cancer progression by 
regulating protein coding gene expression at the epigenetic, 
transcriptional, posttranscriptional, and other levels (21-23). For 
example, HOTAIR silencing in an HCC cell line reduced the 
expression of vascular endothelial growth factor (VEGF) and 
matrix metalloproteinase-9 (MMP-9) and consequently inhib-
ited cell motility and metastatic ability (24). HOTAIR has also 
been shown to inhibit RNA binding motif 38 (RBM38) protein 
expression and initiate HCC cell invasion and migration (25). 
The MALAT1 target gene PRKA kinase anchor protein 9 
(AKAP-9) has been shown to be overexpressed in both colon 
and colorectal cancer cells with metastatic potential (26). Due 
to its highly invasive and metastatic nature, EOC is considered 
the most lethal of all gynaecological cancers, but the mecha-
nisms driving these processes are still unclear (27). Our results 
prompted us to investigate whether the roles of LSINCT5 in 
cellular invasion and metastasis are due to its regulation of 
the expression of metastasis‑promoting proteins. We found 
that knockdown of LSINCT5 suppressed the expression of 
the CXCR4 in SKOV3 cells. CXCR4 is a stromal cell-derived 
factor‑1 receptor that is significantly overexpressed in many 
cancer cell types, such as ovarian cancer, breast cancer and 
leukaemia (28,29). Recent studies have demonstrated that 
CXCR4 and its ligand chemokine ligand (CXCL)-12, also 
known as SDF-1, contribute to cancer cell proliferation, migra-
tion and invasion in multiple solid tumours, including ovarian 
cancer (30,31). The present study showed that LSINCT5 
knockdown significantly downregulated CXCR4 gene and 
protein expression in SKOV3 cells. CXCR4 expression was 
decreased by silencing of LSINCT5 for 48 h, but cell prolifera-
tion ability had no significant difference until the fifth day. We 
speculate there may be no synchronization between gene or 
protein changes and biological behavior. LSINCT5 silencing 
inhibited the expression of CXCR4, followed by a change in 
biological behavior. Other studies also showed cell invasion 
and metastasis ability varied within 48 h, but proliferation 
ability significant differences only fifth days later (19,32).

Furthermore, CXCL12 signaling in conjunction with 
CXCR4 signaling has been implicated in the progression of 
ovarian cancer. The present study shows that CXCL12 expres-
sion is not suppressed by knockdown of LSINCT5. But when 
the NC and si-LSINCT5 SKOV3 cells were treated with exog-
enous CXCL12, the cell proliferation and invasion ability were 

increased compared to control group. These results suggest 
that LSINCT5 promotes SKOV3 cell invasion and metastasis 
by activating the CXCR4/CXCL12 axis.

In summary, the LSINCT5/CXCR4/SDF-1 axis plays a 
key role in EOC cellular proliferation, migration and invasion. 
These results suggest that LSINCT5-based therapeutic strate-
gies may show promise for EOC patients.
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