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Abstract: Background: Hypoxia is common in solid tumor masses that has functional consequences for tumor pro-
gression. Previous studies demonstrated that nearly 80% renal cell carcinoma (RCC) are under hypoxia. However, 
effect and its mechanism of hypoxia on RCC cell invasion remains to be defined. Methods: The shRNA expression 
vectors, which were constructed to express a short hairpin RNA against lncRNA and overexpression of lncRNA, were 
transfected into the RCC cell lines (SW839 and OSRC-2). Levels of lncRNA-ENST00000574654.1, VEGF-A and VEGF-
C mRNA and protein were examined by real-time quantitative-fluorescent PCR and Western blot analysis, respective-
ly. The effects of lncRNA silencing and overexpression on cell invasion of SW839 and OSRC-2 cells were evaluated 
with cell migration assay. Results: Hypoxia significantly stimulated cell invasion in both RCC cell lines (SW839: 2.38 
± 0.19 of normoxia vs 7.83 ± 0.38 of hypoxia, P < 0.05; and OSRC-2: 1.00 ± 0.08 of normoxia vs 5.88 ± 0.32 of 
hypoxia, P < 0.05). LncRNA microarray analysis found that lncRNA-ENST00000574654.1 was down-regulated under 
hypoxia. Consistently, over-expression of lncRNA-ENST00000574654.1 resulted in significant blockade of hypoxia-
induced RCC migration. Furthermore, expression of lncRNA-ENST00000574654.1 was regulated by HIF-1α and 
VEGA-A through interacting with hnRNP, which in turn regulated the RCC cell invasion. Conclusions: These findings 
suggested that hypoxia promoted RCC cell invasion through HIF-1α/lncRNA (ENST00000574654.1)/hnRNP/VEGF-A 
pathway. Targeting this pathway could potentially improve therapeutic outcomes of renal cell carcinoma.
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Introduction

Renal cell carcinoma (RCC) is the ninth most 
common malignant tumor representing approx-
imately 2-3% of all adult malignancies [1]. In the 
U.S., renal cell carcinoma (RCC) is the 6th lead-
ing cause of cancer deaths in men and the 8th 
leading cause in women, and the incidence of 
RCC continues to rise [2]. Until recently, there 
was a worldwide annual increase in the inci-
dence of nearly 2%. Approximately 84,400 new 
RCC cases were diagnosed resulting in more 
than 34,700 kidney cancer-related deaths with-
in the European Union in 2012 [3]. Presently, 
surgery is still the standard treatment for pri-
mary RCC, while seven targeted therapies have 
been FDA-approved for metastatic RCC [4]. 
Although these therapies have extended sur-

vival of patients with advanced RCC, the 
response rate is low and the 5-year survival 
rate of patients with metastatic RCC remains 
less than 10%. Therefore, more efficacious 
approaches are needed for treatment of meta-
static disease as well as for neoadjuvant and 
adjuvant therapy of localized RCC.

In order for tumors to metastasize and grow, 
neoplastic and endothelial cells must invade 
and migrate into surrounding tissues [5]. 
Hypoxia is a frequent occurrence in solid tumor 
masses, which has functional consequences 
for cells to invade and migrate [6]. In addition, 
previous study demonstrated that nearly 80% 
RCC are under hypoxia [7]. Furthermore, the 
expression levels of a number of lncRNAs are 
associated with hypoxia including NEAT1, H19, 
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HOTAIR, MALAT1, and UCA1 [8]. The current 
study was, therefore, designed to examine the 
role of lncRNAs under hypoxia during RCC pro-
gression. This is particularly relevant since a 
majority of RCC carry a mutation in Von Hippel-
Lindau (VHL), an E3 ubiquitin ligase that targets 
hypoxia inducible factor (HIF), thus implicating 
oxygen sensing as a critical factor for RCC 
development and progression [9]. 

Cancer metastasis is a complex process, which 
involves several signal-transduction pathways 
that allow cancer cells to proliferate, remodel 
their surrounding environment, and invade to 
new tissues. In this process, cell invasion is the 
key steps, which plays an important role in can-
cer metastasis. Cellular invasion is governed at 
both the extracellular and intracellular levels by 
several factors, and depends on the cell’s care-
fully balanced dynamic interaction with the 
extracellular matrix (ECM). Increasing evidence 
suggests that hypoxia play an important role in 
cell invasion [10].

In this study, using lncRNA microarray analysis, 
we first searched the lncRNA, which were regu-
lated by hypoxia, and further demonstrated 
that hypoxia could promote RCC cell invasion 
through decreasing the lncRNA-ENST00000- 
574654.1. A novel pathway of hypoxia modula-
tion on cell invasion as well as development 
and progression of RCC was also investigated.

Methods

Cell culture

Human RCC cell lines, SW839 and OSRC-2, 
were obtained from Chinese Academy of 
Science (Chinese Academy of Science, China). 
Cells were maintained in Dulbecco’s modified 
Eagle’s medium (DMEM) supplemented with 
10% fetal bovine serum (FBS). Cells were cul-
tured in RPMI 1640 medium supplemented 
with 10% fetal bovine serum at 37°C in a 
humidified 5% CO2 incubator (normoxia) or 1% 
oxygen (1% O2, 5% CO2, 94% N2: hypoxia) and 
were routinely passaged at 3- or 4-day 
intervals.

Plasmids containing shRNA targeting lncRNA-
ENST00000574654.1 and its transfection

Short hairpin RNAs (shRNAs) were designed 
and their expression vectors were constructed 

by Sangon Biotech company (Sangon Biotech, 
China). Interference plasmid and the negative 
control plasmid (empty plasmid, pLV-THM) were 
transfected to RCC cells with Lipofectamine 
2000 transfection reagent (Invitrogen). After 
48 h transfection, total RNA and protein were 
extracted from the cells, and the expression 
levels of lncRNA, VEGF-A and VEGF-C mRNA as 
well as protein were examined by RT-PCR and 
immunoblotting, respectively.

RNA isolation and real time PCR

Total RNA of SW839 and OSRC-2 cells was 
extracted by Trizol reagent (Life Technologies) 
following the manufacturer’s instructions. 
Concentration and quality of the extracted total 
RNA were determined by measuring OD260 
and the OD260/OD280 ratio. Total RNA was 
treated with DNAse before reverse transcrip-
tion. The reverse transcription of 1 µg RNA into 
cDNA was carried out using Superscript II 
reverse transcriptase (TakaRa, Japan) and 
stored at -80°C until use.

Primers for human lncRNA, VEGF-A, VEGF-C 
and GAPDH were designed with Primer Express 
2.0 software (Applied Biosystems) and synthe-
sized by Sangon. The basic information on 
primers, including gene name, forward primer, 
reverse primer and temperature was presented 
in Table 1. Real-time PCR was done in triplicat-
ed wells for each sample in a 20 µL reaction 
mixture, which consisted of template DNA (2 
μL), primers (1 μL), SYRB premix (10 μL), ddH2O 
(7 μL) (ExScript real-time PCR Kit, TaKaRa). PCR 
was done with a 7900HT Fast real-time PCR 
instrument using the following thermal cycles: 
The cycling variables were 95°C (30 s), 40 
cycles of 95°C (5 s), 60°C (30 s). According to 
the method tested by Pfaffl, the relative expres-
sion ratio of a targeted gene was calculated 
based on efficiency and the Ct compared with a 
reference gene (GAPDH).

Immunoblotting analysis

Cells were lysed with RIPA buffer and proteins 
(30 µg) were separated by 8-10% SDS/PAGE 
gel and then transferred onto PVDF membranes 
(Millipore, Billerica, MA). After blocking, the 
membranes were incubated with 1:200 dilu-
tions of specific primary antibodies, mouse 
anti-human VEGF-A and anti-human VEGF-C 
(Abcam China, Shanghai, China). GAPDH was 
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used as loading control. The blots were then 
incubated with HRP-conjugated secondary anti-
bodies and visualized using ECL system.

Cell invasion assay

The invasion capability of RCC cells was deter-
mined by the transwell assay. The upper tran-
swell chambers (Corning Inc., Corning, NY, USA) 
were pre-coated with diluted growth factor-
reduced matrigel (1:5 serum free RPMI) and 
put into the incubator for 5 h. RCC cells were 
harvested and seeded at 1 × 105 cells/well 
with serum-free DMEM into the upper chamber 
and the lower chamber contained DMEM with 
10% FBS. After 24 h incubation at 37°C, the 
invaded cells attached to the lower surface of 
the membrane were fixed with paraformalde-
hyde and stained with crystal violet. Cell num-
bers were counted in five randomly chosen 
microscopic fields.

RNA immunoprecipitation (RIP) 

The 293T cells were lysed in RIPA lysis buffer 
(20 mM Tris-HCl pH 7.5, 150 mM NaCl, 1 mM 
Na2 EDTA, 1 mM EGTA, 1% NP-40, 1% sodium 
deoxycholate, 2.5 mM sodium pyrophosphate, 
1 mM beta-glycerophosphate, 1 mM Na3VO4, 1 
µg/ml leupeptin) supplemented with anti-
RNase, protease inhibitor cocktail. RNase-free 
DNase (NEB) (400 U) was then added to the 
lysates and incubated on-ice for 30 min. The 
cell lysates were diluted in the RIPA buffer and 
50 µl of the supernatant was saved as input  
for PCR analysis. Five-hundreds microliter of 
the supernatant was incubated with 4 µg of 
anti-heterogeneous nuclear ribonucleoproteins 
(anti-hnRNP C1/C2, Santa Cruz, cat#: sc-515- 
938) or IgG antibody. Protein A/G beads were 
pre-blocked by 15 mg/ml BSA in PBS. Then 
pre-blocked beads were added to the antibody-

lysate mixture and incubated for another 2 
hours. The RNA/antibody complex was washed 
four times by RIPA buffer supplemented with 
anti-RNase, protease inhibitor cocktail. The 
RNA was extracted using Trizol (Invitrogen) fol-
lowing the manufacturer’s protocol and sub-
jected to real time RT-PCR analysis. For UV 
cross-linking and RIP, cells were first subjected 
to UV cross-linking (200 mJ/cm2) and then con-
ducted as native RIP protocol.

Statistical analysis

All statistical analyses were carried out with 
SPSS 19.0 (SPSS Inc, Chicago, IL). The data val-
ues were presented as the mean ± SD. Di- 
fferences in mean values between two groups 
were analyzed by two-tailed Student’s t test 
and the mean values of more than two groups 
were compared with one-way ANOVA followed 
by Bonferroni post-correction. P ≤ 0.05 was 
considered as statistically significant.

Results

LncRNA-ENST00000574654.1 was significant-
ly down regulated in RCC under hypoxia

The effect of hypoxia on RCC cell migration was 
first examined and found that hypoxia could 
promote cell migration in both RCC OSRC-2 
(1.00 ± 0.08 of normoxia vs 5.88 ± 0.32 of 
hypoxia, P < 0.05) and SW839 cells (2.38 ± 
0.19 of normoxia vs 7.83 ± 0.38 of hypoxia, P < 
0.05, Figure 1A). Using lncRNA microarray anal-
ysis [11], expression of lncRNAs in SW839 cell 
line in response to hypoxia (1% oxygen level for 
24 h) was assessed by a comparative analysis 
on the expression of 40,000 lncRNAs, and it 
was found that nearly 7,000 lncRNAs were 
increased while nearly 13,000 lncRNAs were 
decreased in response to hypoxia. Total of 20 

Table 1. Nucleotide sequence of primers used in real time PCR
Gene Primers Nucleotide sequence 5’-3’ Temperature (°C)
VEGF-A Forward CTACCTCCACCATGCCAAGT 60

Reverse CCATGAACTTCACCACTTCGT
VEGF-C Forward TGCCAGCAACACTACCACAG 57

Reverse GTGATTATTCCACATGTAATTGGTG
lncRNA (ENST00000574654.1) Forward GAAGCTGCACACCTTTGACA 60

Reverse CGGTTTCTGGAAAGATCCAA
GAPDH Forward AGAAGGCTGGGGCTCATTTG 60

Reverse AGGGGCCATCCACAGTCTTC
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lncRNAs with significant down-regulation were 
further investigated (Figure 1B). Specifically,  
to link those 20 lncRNAs to the cell invasion 
under hypoxia condition, the GEO database 
(GSE96574) were analyzed and found that ex- 
pression of lncRNA-ENST00000574654.1 was 
significantly reduced in the RCC tumor tissue 
(Figure 1C). 

LncRNA-ENST00000574654.1 modulated RCC 
cell migration in response to hypoxia

To examine biological function of lncRNA-
ENST00000574654.1, two shRNAs that spe-
cifically suppressing lncRNA-ENST00000574- 
654.1 was synthesized and a plasmid that 
overexpressing lncRNA-ENST00000574654.1 
was constructed. As shown in Figure 2A, 

lncRNA-ENST00000574654.1 was significant-
ly inhibited by shRNAs, especially by shRNA1.  
In contrast, expression of lncRNA-ENST000- 
00574654.1 was significantly increased in  
the cells transfected with the overexpressing 
plasmid. 

After transfection of the plasmids containing 
shRNA or sequence of overexpressing lncRNA-
ENST00000574654.1, cell migration under 
normoxia or hypoxia condition was assessed. It 
was fund that, under normoxia or hypoxia con-
dition, suppression of lncRNA-ENST0000057- 
4654.1 by shRNA resulted in increased RCC 
cell invasion, while overexpression of lncRNA 
(ENST00000574654.1) resulted in significant 
reduction in cell invasion in both SW839 and 
OSRC-2 cell lines (Figure 2B). 

Figure 1. LncRNAs were regulated by hypoxia. A: Image and comparison of cell invasion assay in the SW839 and 
OSRC-2 cell lines. Cell invasion assay was performed as described in the methods. Cell number was counted and 
expressed as “Relative fold change over normoxia”. **P < 0.01 compared to normoxia. B: Selection of the 20 down-
regulated lncRNAs in response to hypoxia. C: Expression value (relative amount) of lncRNA-ENST00000574654.1 in 
normal (N) and tumor tissues (T), which was derived data from GEO database (GSE96574). 
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LncRNA-ENST00000574654.1 expression was 
regulated by HIF-1α

To explore the mechanism of hypoxia regulation 
on the expression of lncRNA-ENST0000057- 
4654.1, hypoxia-inducible factor (HIF), a tran-
scriptional complex that plays a central role in 
the regulation of gene expression by oxygen, 
was investigated in the SW839 and OSRC-2 

cell lines by RNA interfering HIF-1α and HIF-2α. 
To accomplish this, cells were transfected with 
plasmid containing shRNA specifically targeting 
HIF-1α or HIF-2α as we have previously pub-
lished [12].

It was found that suppression of HIF-1α by 
shRNA significantly blocked the reduction of 
lncRNA-ENST00000574654.1 expression in- 

Figure 2. Role of lncRNA-ENST00000574654.1 in regulating RCC cell invasion in response to hypoxia. A: Efficiency 
of sh-lncRNA (left) and overexpressing lncRNA plasmid (right) in OSRC-2 cells. Control: cells transfected with control-
shRNA; shRNA1: cells transfected with shRNA1 targeting lncRNA-ENST00000574654.1; shRNA2: cells transfected 
with shRNA2 targeting lncRNA-ENST00000574654.1; Overexpression: cells transfected with over-expressing ln-
cRNA-ENST00000574654.1 plasmid. B: Image and comparison of cell invasion assay in the SW839 cells trans-
fected with shRNA or over-expressing plasmid. pLV-THM: control; sh-lncRNA: cells transfected with shRNA1 tar-
geting lncRNA-ENST00000574654.1; pWPI: control; Overexpression-lncRNA: cells transfected with over-expressing 
lncRNA-ENST00000574654.1 plasmid. **P < 0.01 and #P < 0.05 compared to the cells transfected with pLV-THM. 
C: Image and comparison of cell invasion assay in the OSRC-2 cells transfected with shRNA or over-expressing plas-
mid. pLV-THM: control; sh-lncRNA: cells transfected with shRNA1 targeting lncRNA-ENST00000574654.1; pWPI: 
control; Overexpression-lncRNA: cells transfected with over-expressing lncRNA-ENST00000574654.1 plasmid. **P 
< 0.01 and #P < 0.05 compared to the cells transfected with pLV-THM.
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duced by hypoxia in both SW839 cell line (2.11 
± 0.12 of control shRNA vs 1.13 ± 0.06 of 
shRNA-HIF-1α, P < 0.05) and OSRC-2 cell line 
(2.26 ± 0.08 of control shRNA vs 1.15 ± 0.07 of 
shRNA-HIF-1α, P < 0.05), and it was nearly 
same level as it was under normoxia condition 
(Figure 3A). Suppression of HIF-2α by shRNA, 
however, did not alter the expression of lncRNA-
ENST00000574654.1 under either hypoxia or 
normoxia in either cell lines (Figure 3A). Con- 
sistently, a HIF inhibitor (FG-4592 [ASP1517]) 
could also significantly blocked the down-regu-
lation of lncRNA-ENST00000574654.1 expres-
sion in response to hypoxia in both in SW839 
(2.23 ± 0.13 of control vs 1.08 ± 0.07 of 
FG-4592, P < 0.05) and OSRC-2 cells (2.21 ± 
0.03 of control vs 1.11 ± 0.08 of FG-4592, P < 
0.05, Figure 3B).

in the cells over-expressing the lncRNA (Figure 
4B). Interestingly, however, VEGF-C mRNA and 
protein were not significantly altered in the cells 
regardless of suppressing or over-expressing 
the lncRNA (Figure 4A). 

To explore which motif of lncRNA-ENST00- 
000574654.1 has a function of regulating 
renal cell carcinoma cell invasion, a bioinfor-
matic analysis of likely protein-RNA interactions 
(RBP map) was analyzed and it was found that 
ENST00000574654.1 might be able to interact 
with hnRNP, a protein reported to be a regulator 
of VEGF [14, 15] and a transcriptional factor 
critical for promoting cell invasion. Results from 
RIP assays revealed that lncRNA-ENST0000- 
0574654.1 indeed interacted with hnRNP com-
pared to IgG (Figure 4C).

Figure 3. LncRNA-ENST00000574654.1 regulation by HIF. A: Expres-
sion of lncRNA-ENST00000574654.1 in the cells following suppression 
HIF-1α and HIF-2α in SW839 (left) and OSRC-2 cell (right). The cells were 
transfected with shRNAs targeting HIF-1α or HIF-2α. Expression of lncRNA-
ENST00000574654.1 was quantified by real time RT-PCR. Vertical axes: 
mRNA expression relative to the pLKO at normoxia; horizontal axes: cells 
transfected with control pLKO, sh-HIF-1α, or sh-HIF-2α. pLKO: cells trans-
fected with scramble shRNA; sh-HIF-1α: cells transfected with shRNA target-
ing HIF1α; sh-HIF-2α: cells transfected with shRNA targeting HIF-2α. **P < 
0.01. B: Expression of lncRNA-ENST00000574654.1 by the SW839 (left) and 
OSRC-2 cell (right) in the presence or absence of HIF inhibitor. The cells were 
treated with HIF inhibitor FG-4592 (ASP1517) followed by exposing to nor-
moxia or hypoxia. Expression of lncRNA-ENST00000574654.1 in the cells 
were quantified by real time RT-PCR. Vertical axes: mRNA expression relative 
to the DMSO treated at normoxia; horizontal axes: cell treatment. **P < 0.01. 
Data presented were an average of three separate experiments.

Mechanism of lncRNA-
ENST00000574654.1 regu-
lation on RCC cell invasion in 
response to hypoxia

Previous studies suggested 
that VEGF-A and VEGF-C were 
associated with cancer me- 
tastasis [13]. Gene expres-
sion as well as protein levels 
of the VEGF-A and VEGF-C in 
the RCC cell lines were, there-
fore, assessed by real time 
PCR and immunoblotting an- 
alyses, respectively. As sh- 
own in Figure 4A, VEGF-A 
mRNA expression was signifi-
cantly up regulated in both 
SW839 and OSRC-2 cells 
lacking lncRNA-ENST00000- 
574654.1 (3.05 ± 0.12 of 
control shRNA vs 1.08 ± 0.16 
of sh-lncRNA, P < 0.05), while 
it was not significantly alter- 
ed in the cells over-express-
ing lncRNA-ENST00000574- 
654.1. Consistently, VEGF-A 
protein was significantly in- 
creased in the cells transfect-
ed with shRNA-lncRNA com-
pared to the cells transfect- 
ed with scramble shRNA 
(3.53 ± 0.09 of control shRNA 
vs 1.02 ± 0.07 of shRNA-
lncRNA, P < 0.05), while it 
was not significantly altered 
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Discussion 

Although detection of small renal masses has 
been improved through recently advanced 
diagnosis techniques, approximately one-third 
of patients still miss the early diagnosis and 
develop metastatic lesions during the course of 
the renal cell cancer development [16]. In addi-
tion, up to 40% of patients with loco regional 
renal cell carcinoma have a relapse with metas-
tasis after nephrectomy given nephrectomy 
(radial or partial) is still the major treatment  
for localized RCC [17]. Recently, strategies tar-
geting critical biological pathways, including 
vascular endothelial growth factor (VEGF) and 
mammalian target of rapamycin (mTOR), have 
produced robust clinical effects and revolution-
ized the treatment of metastatic RCC [18]. 

However, some patients are inherently resis-
tant to these approaches and most, if not all, 
patients acquire resistance over time [19]. 
Therefore, there is still a challenge to urologist 
to treat RCC. The current study found that 
hypoxia-induced RCC migration was significant-
ly suppressed by over expression of lnRNA-
ENST00000574654.1, suggesting ENST0000- 
0574654.1 might be a tumor suppressor in 
RCC. 

The von Hippel-Lindau tumor suppressor, pVHL, 
is a key player in one of the best characterized 
hypoxia signaling pathways, the VHL-hypoxia-
inducible factor (VHL-HIF) pathway. In RCC, 
60-80% of clear cell RCC cases display lo- 
ss-of-function coding mutations in the VHL 
gene, chromosomal aberrations on chromo-

Figure 4. Role of lncRNA-ENST00000574654.1 in regulating VEGF-A and VEGF-C. A: Expression of VEGF-A (left) 
and VEGF-C (right) mRNA in the cells. Following transfection of sh-lncRNA or over-expressing lncRNA, the cells were 
exposed to normoxia or hypoxia. Expression of VEGF-A (left) and VEGF-C (right) mRNA was quantified by real time 
RT-PCR. Vertical axes: mRNA expression relative to the control at normoxia; horizontal axes: cell lines. **P < 0.01. 
Data presented were an average of three separate experiments. B: Expression of VEGF-A (left) and VEGF-C (right) 
proteins in the cells. Following transfection of sh-lncRNA or over-expressing lncRNA, the cells were exposed to nor-
moxia or hypoxia. Expression of VEGF-A (left) and VEGF-C (right) proteins were assessed by immunoblotting. C: RNA 
immunoprecipitation (RIP) assy. The 293T cells were co-transfected with oe-hnRNP and oe-lncRNA, RIP detected the 
interaction between hnRNP and lncRNA. 
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some 3p25 that affect the VHL locus, or hyper-
methylation of the VHL promoter [9]. In addi-
tion, previous study demonstrated that nearly 
80% RCC are under hypoxia [7], and that hypox-
ia also play a role in chemotherapy resistant 
and cancer stem cell accumulation in RCC [19, 
20]. Consistently, the current study demon-
strated that hypoxia promoted RCC cell migra-
tion and invasion. 

Recently, whole transcriptome sequencing has 
revealed a large number of putative lncRNAs 
that seem to be involved in a variety of biologi-
cal processes, including cell-cycle regulation 
[21], embryonic stem cell (ESC) pluripotency 
[22, 23], and cancer progression [24]. Studies 
have revealed that lncRNAs play important 
roles in RCC pathogenesis. In this regard, Hong 
et al reported that lncRNA (HOTAIR) played as 
an oncogene, while miR-217 played as a sup-
presser in the growth of RCC [25]. They found 
miR-217 was remarkably down regulated in 
RCC tissues and cells, and that miR-217 expres-
sion was negatively correlated with HOTAIR 
level in RCC tissues [25]. Here, ENST0000- 
0574654.1 was identified as a first example of 
a lncRNA that was critical for the hypoxia-regu-
lated RCC cell invasion. Mechanistic studies 
indicated that lncRNA-ENST00000574654.1 
was regulated by HIF-1α. Furthermore, we 
found that effect of hypoxia on RCC migration 

they found that PTBP1 silencing resulted in 
down regulation of HIF-1α and VEGF, and over-
expression of HIF-1α could rescue decreased 
VEGF expression following PTBP1 suppression 
by siRNA [29]. Consistently, the current study 
found that VEGF-A was up regulated in the cells 
lacking lncRNA-ENST00000574654.1, but dra-
matically suppressed in the cells over-expr- 
essing lncRNA-ENST00000574654.1. Further- 
more, the current study found that VEGF-A was 
down regulated in the cells over-expressing 
lncRNA-ENST00000574654.1 under normox-
ia, but it was up regulated in the cells lack  
of lncRNA-ENST00000574654.1 by shRNA-
lncRNA. However, while we found that lncRNA-
ENST00000574654.1 might interact with 
hnRNP, motif of lncRNA-ENST00000574654.1 
that was responsible for regulating VEGF 
through interacting with hnRNP remains to be 
identified in the future study. These findings 
established the foundation to enhance sup-
pression of RCC invasion through regulating 
lncRNA expression and targeting VEGF pathway 
in RCC treatment. 

Transcription factor HIF is a heterodimer con-
sisted of one of three alpha (α) subunits and a 
beta (ß) subunit. While HIF-ß is constitutively 
expressed, HIF-α is induced by hypoxia. HIF-α 
family includes HIF-1α, -2α, and -3α [30-33]. 
While HIF-1α is the most well-established and 

Figure 5. Schematic illustration on the role of HIF1α and lncRNA-ENST00- 
000574654.1 in regulating VEGF-A and cell migration in RCC cells. 

was more significant than  
that of silencing lncRNA-EN- 
ST00000574654.1, suggest-
ing lncRNA-ENST00000574- 
654.1 be partially responsible 
for the hypoxia-induced cell 
migration and other mecha-
nisms might also be involved 
in mediating hypoxia-induce 
cell migration (Figure 5).

Increasing evidence has sug-
gested that VEGF-A is up re- 
gulated in numerous cancer 
cell types, including RCC [26]. 
VEGF-A has been revealed to 
be involved in angiogenesis, 
cell proliferation, migration, 
invasion and tumor angiogen-
esis [27, 28]. Shan et al re- 
ported that polypyrimidine 
tract-binding protein 1 (PT- 
BP1) regulated HIF-1α and 
VEGF expression. Specifically, 
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extensively investigated in variety kinds of cell 
types, recently, HIF-2α has also been an attrac-
tive therapeutic target in renal cell cancer [34], 
and several reports described the antitumor 
effects of a small-molecule HIF-2α antagonist 
that binds to a hydrophobic binding pocket dis-
covered in HIF-2α PAS-B domain [35-37] as 
well as siRNA targeting HIF-2α in the renal cell 
cancer [38]. In the current study, however, nei-
ther shRNA-HIF-2α nor the HIF inhibitor (FG-
4592) could significantly alter expression of 
lncRNA-ENST00000574654.1 in RCC cells, 
suggesting HIF-2α may not be involved in regu-
lating lncRNA-ENST00000574654.1 in RCC 
cells.

Conclusions

Ф-1α was up regulated under hypoxia in RCC 
cells, which mediated up regulation of VEGF 
and promoted RCC cell migration through 
down-regulation of lnRNA-ENST000005746- 
54.1. Findings of the current study suggested 
that hypoxia-induced RCC cell invasion may  
be modulated by HIF-1α/lncRNA (ENST000- 
00574654.1)/hnRNP/VEGF-A pathway. Target- 
ing this pathway could potentially improve RCC 
therapeutic outcomes.
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