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 Background: The functionality of LINK-A lncRNA as an oncogenic lncRNA has only been characterized in triple-negative breast 
cancer. The present study investigated the possible involvement of LINK-A in ovarian carcinoma.

 Material/Methods: We enrolled 76 patients with ovarian carcinoma. Quantitative real-time PCR (qRT-PCR) was performed to an-
alyze LINK-A expression in ovarian biopsies. Effects of LINK-A overexpression on HIF1a and cancer cell migra-
tion and invasion were assessed.

 Results: We found that LINK-A was significantly higher in ovarian carcinoma patients than in healthy controls in ovar-
ian biopsies and in serum. LINK-A expression effectively distinguished patients with metastatic ovarian carci-
noma from healthy controls. LINK-A overexpression promoted cancer cell migration and invasion, and also up-
regulated the expression of HIF1a.

 Conclusions: LINK-A lncRNA may be involved in the metastasis of ovarian carcinoma by upregulating HIF1a.
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Background

Ovarian carcinoma, one of the most common types of female 
malignancies, causes more than 140 000 deaths in women 
worldwide every year [1]. Patients with ovarian carcinoma 
usually suffer from distant tumor metastasis, which is a main 
cause of deaths among those patients [2]. Specific molecular 
biomarkers to predict the metastasis of ovarian carcinoma re-
main lacking. In addition, currently available treatment strat-
egies including olaparib maintenance therapy, chemotherapy, 
and radiation therapy were also proved to be ineffective in the 
treatment of metastatic ovarian carcinoma [3]. Therefore, the 
identification of specific biomarkers for metastasis in ovarian 
carcinoma may improve the treatment of this disease.

More and more studies have shown that changes in the mi-
croenvironment, including oxygen availability, which is critical 
in cancer metabolism regulation and hypoxia, is a key player 
in the transactivation of oncogenes [4]. Hypoxia-inducible fac-
tor 1 (HIF1a) is a central player in hypoxia and also has piv-
otal functions in the metastasis of different types of human 
malignancies, including ovarian carcinoma [5,6]. It has been 
reported that HIF1a under certain conditions participates in 
disease development through interactions with long non-coding 
RNAs (lncRNA) [7,8], which is a subgroup of non-coding RNAs 
composed of more than 200 nucleotides and plays critical roles 
in cancer biology [9]. LINK-A, a newly identified oncogenic 
lncRNA, has characterized functionality only in triple-nega-
tive breast cancer [10,11]. The involvement of LINK-A lncRNA 
in other types of malignancies, as well as the interaction be-
tween LINK-A lncRNA and HIF1a, has not been reported. Our 
study observed that LINK-A lncRNA may be involved in the me-
tastasis of ovarian carcinoma by upregulating HIF1a.

Material and Methods

Patients

Our study included 76 patients with ovarian carcinoma. Those 
patients were diagnosed and treated at Wuhan Central Hospital, 
Tongji Medical College, Huazhong University of Science and 
Technology from March 2016 to March 2018. Inclusion criteria 
were: 1) patients diagnosed through pathological examinations as 
having ovarian carcinoma; 2) diagnosis and treatment were per-
formed for the first time; 3) complete clinical data; and 4) patients 
willing to participate. Exclusion criteria were: 1) patients suffering 
from other malignancies or ovarian diseases; and 2) patients diag-
nosed and treated before admission. At the same time, 56 healthy 
females were also included as a control group. There were no sig-
nificant differences in age between the 2 groups. Table 1 shows 
basic information on patients and controls. This study was ap-
proved by the Ethics Committee of Wuhan Central Hospital.

Specimen collection

Ovarian biopsies (100–200 mg) and whole blood (5 ml) were 
obtained from each participant. Healthy controls in this study 
received ovarian biopsies to detect suspended ovarian le-
sions, while ovarian lesions were eventually excluded. Blood 
was kept at room temperature for 2 h, followed by centrifu-
gation at 1200 g for 15 min to collect serum. Ovarian biopsies 
and serum samples were stored in liquid nitrogen before use.

Real-time quantitative PCR (qRT-PCR)

Trizol reagent (Invitrogen, USA) was used to extract total 
RNA in strict accordance with the manufacturers’ instruc-
tions. A NanoDrop™ 2000 Spectrophotometer (Thermo Fisher 
Scientific, USA) was used to assess the concentration of each 
RNA sample, and 100 ng total RNA was subjected to reverse 
transcription to synthesize cDNA. PCR reactions were pre-
pared using SYBR Green PCR Master Mix (Thermo Fisher 
Scientific). Primers used were: 5’-TTCCCCCATTTTTCCTTTTC-3’ 
(upstream) and 5’-CTCTGGTTGGGTGACTGGTT-3’ (downstream) 
for human LINK-A; 5’-GACCTCTATGCCAACACAGT3’ (forward) and 
5’-AGTACTTGCGCTCAGGAGGA3’ (reverse) for b-actin. An ABI 
PRISM 7500 qRT-PCR machine (Applied Biosystems, Rockford, IL) 
was used to carry out all PCR reactions following those con-
ditions: 1 min at 95°C, followed by 40 cycles of 18 s at 95°C 
and 32 s at 55°C. Data processing was performed using 2–DDCT 
method. LINK-A expression was normalized to b-actin endog-
enous control. All PCR products were subjected to agarose gel 
electrophoresis and some products were sequenced to make 
sure the correct PCR products were obtained.

Cell line, cell culture and transfection

Human ovarian carcinoma UWB1.289 (ATCC® CRL-2945™) 
was purchased from ATCC. Cells were cultured in 50% MEGM 
medium and 50% ATCC-formulated RPMI-1640 Medium 
containing 3% fetal bovine serum at 37°C with 5% CO2. 

Patients Controls

Cases 76 56

Median age (years) 49.1±6.1 48.2±5.97

Non-distant metastasis 34 NA

Distant metastasis 42 NA

Bone metastasis 14 NA

Celiac metastasis 20 NA

Lung metastasis 8 NA

Table 1. Basic information of patients and controls.

NA – not applicable.
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Full-length LINK-A cDNA was amplified through PCR using prim-
ers containing EcoRI cutting site at 5’ end. LINK-A cDNA was 
inserted into EcoRI linearized pIRSE2-EGFP vector (Clontech, 
Palo Alto, CA) and this vector was transfected into 5×106 cells 
at a concentration of 10 nM using Lipofectamine 2000 reagent 
(cat. no. 11668-019; Invitrogen, Thermo Fisher Scientific, Inc.). 
Transfection with empty pIRSE2-EGFP vector was performed to 
serve as a negative control. Overexpression of LINK-A was con-
firmed by qRT-CPR. Subsequent experiments were performed 
if the LINK-A overexpression rate was above 200% compared 
with control cells.

In vitro cell migration and invasion assay

After transfection, Transwell cell migration and invasion assays 
were performed to evaluate cell migration and invasion ability. 
Briefly, cell suspension was prepared using serum-free medium 
with a cell density of 3×104 cells/ml, and 0.1 ml cell suspension 
was added into the upper chamber. The lower chamber was 
filled with RPMI-1640 medium (Thermo Fisher Scientific, USA) 
containing 20% FBS (Sigma-Aldrich, USA). Cell migration was 
allowed for 24 h, and membranes were stained with 0.5% crys-
tal violet (Sigma-Aldrich, USA) for 30 min at room tempera-
ture. Before the invasion assay, the upper chamber was pre-
coated with Matrigel (356234, Millipore, USA) and all other 
steps were essentially the same as for the migration assay.

Western-blot

RIPA solution (Thermo Fisher Scientific) was used to extract total 
protein from cells cultured in vitro. BSA assay was performed to 
measure protein concentration. SDS-PAGE gel (10%) electropho-
resis was then performed with 35 µg protein per lane, followed 
by gel transfer to PVDF membranes (Bio-Rad, USA). Blocking 
was then performed by incubating membranes with skimmed 
milk (5%) for 2 h at room temperature. Membranes were 
then incubated with primary antibodies, including rabbit anti-
human HIF1a (ab2185, 1: 1200; Abcam) and GAPDH (ab9485, 
1: 1400, Abcam) primary antibodies overnight at 4°C. On the 
next day, IgG-HRP secondary antibody (1: 1000, MBS435036, 
MyBioSource) was incubated with the membranes for 3 h at 
room temperature. Finally, signal development was performed 
using ECL (Sigma-Aldrich, USA), and HIF1a expression was nor-
malized to GAPDH using Image J software.

Statistical analysis

GraphPad Prism 6 software was used for all statistical analyses. 
Cell migration and invasion data and gene expression data 
were compared among multiple groups using one-way anal-
ysis of variance and between 2 groups using the unpaired 
t test. p<0.05 indicates a difference with statistical significance.

Results

LINK-A expression in ovarian biopsies was higher in 
metastatic ovarian carcinoma patients than in non-
metastatic ovarian carcinoma patients and healthy 
controls

Differential expression in lesions and normal tissues is a marker 
of involvement of a certain gene in diseases. In this study, we 
found expression of LINK-A in ovarian tissues of 42 patients 
with metastatic ovarian carcinoma, 34 patients with non-met-
astatic ovarian carcinoma, and 56 healthy controls. As shown 
in Figure 1, compared with the control group, LINK-A was sig-
nificantly higher in patients with the 3 types of metastatic 
ovarian carcinoma (p<0.05), while no significant difference in 
LINK-A expression was found between non-metastatic ovarian 
carcinoma and healthy controls (p>0.05). These data suggest 
that upregulation of LINK-A in ovarian tissues participates in 
the distant metastasis of ovarian carcinoma.

Serum levels of LINK-A were higher in metastatic ovarian 
carcinoma patients than in non-metastatic ovarian 
carcinoma patients and healthy controls

Changes in circulating substances may reflect the pathological 
changes in the human body. In this study, LINK-A was detected 
in serum of all participants. Comparison analysis in Figure 2 
showed that, compared with the control group, serum levels 
of LINK-A were significantly increased in metastatic ovarian 
carcinoma patients (p<0.05), but not in non-metastatic ovar-
ian carcinoma patients (p>0.05).
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Figure 1.  LINK-A expression in ovarian biopsies is higher in 
metastatic ovarian carcinoma patients than in non-
metastatic ovarian carcinoma patients and healthy 
controls. * p<0.05; NM – non-metastatic ovarian 
carcinoma; BM – bone metastasis; CM – celiac 
metastasis; LM – lung metastasis.
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Diagnostic values of LINK-A for metastatic ovarian 
carcinoma patients and non-metastatic ovarian carcinoma

ROC curve analysis was performed to evaluate the diagnostic 
value of LINK-A expression in ovarian tissues and serum for 
metastatic ovarian carcinoma patients and non-metastatic ovar-
ian carcinoma. For non-metastatic ovarian carcinoma, the area 
under the curve (AUC) of LINK-A expression in ovarian tissues 
was 0.6033, with a standard error of 0.06212 and 95% confi-
dence interval of 0.4815 to 0.7250 (p>0.05, Figure 3A). The AUC 
of LINK-A expression in serum was 0.5283, with standard error 
of 0.06670 and 95% confidence interval of 0.3976 to 0.6591 
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Figure 2.  Serum levels of LINK-A were higher in metastatic 
ovarian carcinoma patients than in non-metastatic 
ovarian carcinoma patients and healthy controls. 
* p<0.05; NM – non-metastatic ovarian carcinoma; 
BM – bone metastasis; CM – celiac metastasis; 
LM – lung metastasis.
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Figure 3.  Diagnostic values of LINK-A for metastatic ovarian carcinoma patients and non-metastatic ovarian carcinoma. The ROC curve 
of the use of LINK-A expression in ovarian tissues (A) and serum (B) for non-metastatic ovarian carcinoma and the use of 
LINK-A expression in ovarian tissues (C) and serum (D) for metastatic ovarian carcinoma.
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Figure 4.  Effects of LINK-A overexpression on HIF1a and cancer cell migration and invasion. HIF1a expression (A), and cancer cell 
migration (B) and invasion (C) after LINK-A overexpression. * p<0.05.
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(p>0.05, Figure 3B). For metastatic ovarian carcinoma, the AUC 
of LINK-A expression in serum was 0.8898 with standard error 
of 0.03558 and 95% confidence interval of 0.8201 to 0.9596 
(p<0.0001, Figure 3C), and the AUC of LINK-A expression in 
serum was 0.8696, with standard error of 0.04142 and 95% 
confidence interval of 0.7864 to 0.9488 (p<0.0001, Figure 3D).

Effects of LINK-A overexpression on HIF1a and cancer cell 
migration and invasion

The above data suggest that LINK-A is involved in the metas-
tasis of ovarian carcinoma. HIF1a plays pivotal roles in the me-
tastasis of different types of malignancies, including ovarian 
carcinoma [6]. Therefore, LINK-A expression vector was trans-
fected into human ovarian carcinoma cells and the effects on 
HIF1a expression were observed. Our results showed that 
LINK-A overexpression significantly upregulated the level of 
HIF1a in ovarian carcinoma cells (p<0.05, Figure 4A). In addition, 
LINK-A overexpression also significantly promoted migration 
(p<0.05, Figure 4B) and invasion (p<0.05, Figure 4C) of cancer 
cells. In addition, treatment with KC7F2 (HIF1a transcription 
inhibitor, 10 nM, Catalog No. S7946, Selleck Chemicals) sig-
nificantly reduced the expression of LINK-A (data not shown) 
and reduced the effects of LINK-A overexpression on cell mi-
gration (p<0.05, Figure 4B) and invasion (p<0.05, Figure 4C). 
Therefore, LINK-A appears to promote ovarian cancer metasta-
sis by enhancing HIF1a expression or stabilizing HIF1a protein.

Discussion

Our study shows that LINK-A, a newly identified oncogenic 
lncRNA in breast cancer [10,11], may also be an oncogene in 
ovarian carcinoma. LINK-A is likely involved in the metastasis 
of ovarian carcinoma and this function is probably achieved 
through the upregulation of HIF1a. Genetic factors play piv-
otal roles in the development of ovarian carcinoma [12,13], 
and several of those factors, such as BET bromodomain pro-
tein BRD4, have been proved to be promising therapeutic tar-
gets for these diseases [12]. A recent study has shown that the 
progression of ovarian cancer is also accompanied by changes 
in expression pattern of a large set of lncRNAs, and the differ-
ential expression of those lncRNAs determines nonequivalent 
outcomes [14]. In another study, Liu et al. showed that differ-
entially expressed lncRNAs may have different metastatic po-
tentials [15]. However, to the best of our knowledge, there has 
been no report on metastasis-specific lncRNA in ovarian carci-
noma. In our study, no significant differences in expression level 
of LINK-A were found between patients with non-metastatic 
ovarian carcinoma and healthy controls, while significantly 

higher expression of LINK-A was observed in patients with 
metastatic ovarian carcinoma. Therefore, LINK-A may only par-
ticipate in the metastasis of this disease.

Metastasis is one of the leading causes of death in patients 
with cancer [16], and accurate prediction and observation of 
the existing of metastasis will improve the survival of patients. 
Pathological changes in the human body induce changes in 
substances in blood, and detecting these changes may pro-
vide references for diagnosis of disease [17]. Several circulating 
lncRNAs have been proved to have potential utility in the diag-
nosis of ovarian carcinoma [18], and almost all of these lncRNAs 
showed altered expression in the whole process of cancer de-
velopment and lack the potential for the specific diagnosis of 
cancer metastasis. In our study, serum LINK-A was detected 
in all participants, but upregulation was only observed in pa-
tients with metastatic ovarian carcinoma. ROC curve analy-
sis also showed that LINK-A only has diagnostic potential for 
metastatic ovarian carcinoma. Therefore, LINK-A may serve as 
a potential metastatic marker for ovarian carcinoma.

It has been reported that LINK-A participates in triple-nega-
tive breast cancer by activating normoxic HIF1a signaling [10]. 
In our study we also observed overexpression of HIF1a in 
ovarian carcinoma cells after LINK-A overexpression under nor-
mal O2 condition. LINK-A overexpression also promoted the 
migration and invasion of ovarian carcinoma cells, but treat-
ment with HIF1a inhibitor significantly reduced the enhancing 
effect of LINK-A overexpression on cancer cell migration and 
invasion. Therefore, LINK-A may promote the metastasis of 
ovarian carcinoma by upregulating HIF1a signaling. Our study 
also indicates that triple-negative breast cancer and ovarian 
carcinoma, which are the 2 most common malignancies, may 
share similar pathological pathways. However, our study only 
proved a LINK-A–HIF1a sequential signaling in ovarian carci-
noma. Our future studies will try to identify the mediators be-
tween LINK-A and HIF1a in ovarian carcinoma.

Conclusions

LINK-A is specifically upregulated in metastatic ovarian carci-
noma but not in non-metastatic ovarian carcinoma. However, 
the sample size of our study was relatively small and not all 
types of metastasis were included. Our future studies will try to 
solve those shortcomings and further confirm our conclusions.
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