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Background: Long non-coding RNAs (lncRNAs) are essential for tumorigenesis and 
progression of diverse cancers. This study aims to investigate the roles of lncRNAs on 
renal carcinoma.
Methods: The expression of lncRNA HIF1A-AS2 in clear cell renal cell carcinoma 
(ccRCC) and adjacent non-cancer tissues was identified by quantitative real-time PCR (qRT- 
PCR). Investigations were performed on biological function of lncRNA HIF1A-AS2 on cell 
proliferation, cell cycle, apoptosis and invasion of ccRCC by overexpression and knockdown 
experiments. Further, luciferase reporter assay and Western blot were constructed to explore 
molecular mechanisms underlying the function of lncRNA HIF1A-AS2.
Results: HIF1A-AS2 was highly expressed in kidney cancer tissues and ccRCC cells. 
Interference of HIF1A-AS2 in vivo hindered cell proliferation, invasion and migration 
while accelerated cell apoptosis. Overexpression of HIF1A-AS2 presented an opposite effect 
that repressed the expression of miR-130a-5p, and miR-130a-5p inhibited the expression of 
HIF1A-AS2. Additionally, rescue experiments exhibited that oncogenic function of HIF1A- 
AS2 was partially dependent on the suppression of miR-130a-5p.
Conclusion: Our results indicated a critical role for the HIF1A-AS2-miR-130a-5p axis in 
renal carcinoma progression, which may act as a promising diagnostic biomarker and 
a pivotal therapeutic target for renal carcinoma cures.
Keywords: lncRNA HIF1A-AS2, miR-130a-5p, renal carcinoma cell, cell proliferation, cell 
migration

Introduction
As one of high mortality cancers, renal carcinoma presents little clinical symptoms 
in early stages. Being diagnosed at an advanced stage plus poor prognosis, renal 
carcinoma patients suffer from a high failure rate of chemotherapy.1 Novel and high 
efficient options are in urgent need to improve the therapeutic efficacy of this 
disease. In general, tumorigenesis and progression are multi-step and multi-stage 
processes involved in extensive genomic alterations and gene mutations.2 

Mechanisms of tumorigenesis and progression have been figured out at 
a molecular level which provides addition of effective alternative for the treatment 
of renal malignancies.3

Recognized as a type of RNA transcripts exceeding 200 nt, lncRNAs regulate 
a broad array of processes both physiologically and pathologically in cancer, 
including cell cycles, chromatin modification, gene transcription and translation, 
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cellular differentiation and oncogenic or tumor suppressive 
signals.4–6 Growing evidence has indicated a crucial role 
for lncRNAs in the initiation and progression of multiple 
cancer types. However, little has known about the function 
and mechanism of lncRNAs in renal carcinoma, and 
further explorations remain necessary.

Increasing investigations have suggested both the small 
endogenous single-stranded non-coding RNAs and 
microRNAs (miRNAs) are crucial players in renal carci-
noma, while how miR-130a-5p regulates post- 
transcriptionally is still unclear. Growing evidence has 
indicated that lncRNA functions as a competitive endo-
genous RNA (ceRNA) by binding multiple miRNAs 
through competitions.7–9 Frequent interactions between 
lncRNAs and miRNAs fulfill respective biological func-
tions in a physiological and pathological manner. An 
example of HOTAIR depletion mediated by RNAi has 
been reported significantly reduced the proliferation and 
survival of renal carcinoma cells both in vitro and in vivo.-
10 SOX2-OT has been considered to be another common 
driver lncRNA in kidney carcinoma cells, which partici-
pates in the regulation of oncogene SOX2.11 Unluckily, no 
complete narration has been made on the association of 
miR-130a-5p with lncRNAs. As an important target for 
cancer therapy, ERBB2 enhances the expression in cancers 
and involves in essential signaling processes.12

Our study aims to investigate the differentially 
expressed HIF1A-AS2 in renal carcinoma tissues in con-
trast to normal tissues. The disabled HIF1A-AS2 weakens 
the proliferation, migration, and invasion of the renal 
carcinoma cells. Importantly, HIF1A-AS2 serves as 
a ceRNA sponging miR-130a-5p and facilitates the 
expression of ERBB2 and it has been confirmed that 
HIF1A-AS2 accelerates renal carcinoma tumorigenesis 
and metastasis by suppressing miR-130a-5p. 
Furthermore, our findings are expected to present a fresh 
biomarker as well as a robust therapeutic target for renal 
carcinoma.

Materials and Methods
Clinical Tissue Samples
A total of 42 cases of RCC renal cancer and 42 paired non- 
cancerous renal tissues as control were collected from 
patients who underwent partial or radical nephrectomy in 
The First Affiliated Hospital of Chongqing Medical 
University. The tissues were immediately frozen in liquid 
nitrogen and stored at −80°C. The postoperative 

specimens were diagnosed as ccRCC by two pathologists. 
Patients were aged from 34 to 76 years old (27 males, 15 
females). Clinical stages and T stages were determined 
according to the 2010 International Union against Cancer 
(UICC)/American Joint Committee on Cancer (AJCC) 
TNM classification guidelines.13 Five patients were in 
the TNM stage I/II and 33 patients were in the TNM 
stage III/IV. This study was approved by the Ethics 
Committee of The First Affiliated Hospital of Chongqing 
Medical University (approval number: 2019-S15) and 
informed consent was obtained from the patients.

Cell Culture
Renal carcinoma cell lines, namely, ACHN, OSRC-2, 786- 
O Caki-1, and human normal renal tubular epithelial cell 
line HK2 cells were obtained from the American Type 
Culture Collection (ATCC, USA). ACHN, OSRC-2, 786- 
O, and Caki-1 cells were cultured in DMEM (Gibco, 
USA) with 10% of fetal bovine serum (FBS) (Hyclone, 
USA) and 1% of penicillin/streptomycin (P/S) (Gibco, 
USA). HK-2 cells were cultured in keratinocyte medium 
(KM, ScienCell, USA) with 1% of keratinocyte growth 
supplement (KGS, ScienCell, USA) and 1% of penicillin/ 
streptomycin (ScienCell, USA). All cells were cultivated 
with 5% CO2 at 37°C.

Cell Transfection and Vector 
Construction
The miR-130a-5p mimics, inhibitor and related negative 
controls (NCs) were purchased from the Guangzhou 
Ribobio Co. Ltd. (China). Lentiviral HIF1A-AS2-OE 
was purchased from the Chongqing Biomedicine 
Biotechnology Co., Ltd. (China). Both siRNAs and 
miRNA were transfected in ACHN and OSRC-2 cells 
by using Lipofectamine RNAiMAX (Invitrogen, USA) 
following the manufacturer’s instructions of use. The 
miR-130a-5p inhibitor or HIF1A-AS2-OE was trans-
fected in ACHN and OSRC-2 cells. In brief, cells were 
cultured in a 6-well plate for fusion at 50–70% before 
transfection. Of 5 mL siRNA (20 mM) (or miRNA mimic 
(20 mM)) was diluted into 100 mL of Opti-MEM med-
ium (GIBCO, USA), and 6 mL of Lipofectamine 
RNAiMAX was added into the prepared 100 mL of Opti- 
MEM medium. After 5 minutes, diluted siRNA (or 
miRNA mimic) was mixed with the diluted 
Lipofectamine RNAiMAX for 15 min. Then the mixture 
was administrated to the cells in an 800 mL of fresh 
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medium, incubated for 6 hours before replacing of the 
medium. The transfected cells were incubated for 48 
hours for further analysis. The siRNA sequences for lnc- 
HIF1A-AS2 silencing were as follows: siRNA-1: 
GGTTGGATCTAACACTAACTGT; siRNA-2: TATA 
GTCACTTTGCCAGCTCAA; and siRNA-3: CAGTTAC 
TCATGGAATATATTC.

Cell Proliferation Assay
Renal carcinoma cells were planted in a 96-well plate and 
transfected with 100 nM HIF1A-AS2 siRNA or control 
siRNA. The proliferation rate was determined on days 0, 
2, 4, 6 and 8 by MTT assay (Beyotime, China) according 
to the manufacturer’s instructions of use.

RNA-fluorescence in situ Hybridization 
(RNA-FISH)
Subcellular distribution of HIF1A-AS2 was subjected to 
RNA-FISH in renal carcinoma cells. Cells were fixed in 
4% of polyformaldehyde at room temperature for 30 min-
utes, and dehydrated with ethanol at concentrations of 
70% (twice), 80%, 95% (twice), and 100%, respectively. 
Specimens were incubated and hybridized with digoxi-
genin-labeled RNA-FISH probes at 37°C overnight, and 
dyed with anti-digoxigenin-FITC conjugated secondary 
antibody (Roche, Switzerland) for 2 h. The antisense 
probe was utilized as a negative control. The fluorescence 
was measured with a confocal microscope (Carl Zeiss, 
USA). Sequence of RNA-FISH probe was as follows: 
CCATTGCATTGCAGTAGCATC.

Cell Cycle Analysis
After the collection and transfection, cells were fixed in 
cold ethanol at 70% 4°C overnight. The fixed samples 
were washed twice in fresh cold PBS and incubated with 
RNase A (50 mg/mL, Beyotime) and propidium iodide 
(PI) (100 mg/mL, Beyotime) at 37°C for 30 min. 
FACSCalibur (BD Biosciences, USA) was used to collect 
cells, and cell cycle distribution was analyzed by FlowJo 
software7.6.1 (Tree Star, USA).

Apoptosis Assay
Annexin V-FITC Apoptosis Detection Kit I (BD, USA) 
was utilized for apoptosis assays following the manufac-
turer’s instructions of use. Apoptotic cells were evaluated 
and analyzed by FACSCalibur and FlowJo software 7.6.1, 
respectively.

Transwell Invasion and Migration Assay
To perform an invasion assay, cells were suspended amid 
250 µL of culture medium with 1% of FBS and embedded 
into the upper chamber of a 24-well transwell insert (por-
esize:8 μm, BD356230, Corning, USA) which was pre- 
coated with 25 µL of growth factor declined matrigel 
(diluted to three volumes with serum-free culture med-
ium). As for the migration assay, cells were settled in the 
upper chamber of the 24-well insert directly without any 
process of pre-treatment. A 500 µL of fresh culture med-
ium with 10% FBS was added into the lower chamber for 
both assays. After 24 or 36 hours, staining with 0.1% 
crystal violet was carried out on the invaded cells and 
migrated cells, respectively. Ten pictures of each specimen 
were randomly photographed. The stained crystal violet 
was resolved in a 200 µL of 50% ethanol containing 0.05 
mM sodium citrate and 0.05 mM citric acid and measured 
at OD570 using an ELISA reader (Molecular Devices).

Wound Healing Assay
Wound healing assay was performed when ACHN and 
OSRC-2 cells were seeded in 6-well plates with fresh 
medium containing 10% FBS. When fused monolayer 
cells were formed, the membrane was scratched with 
a 200-µL sterile pipette. The cell culture medium was 
refreshed and wound photographs were taken at different 
time points (0 and 12 h after scratching). The coverage of 
the intermediate space was measured at three positions for 
each replicate, repeated twice.

Western Blot Analysis
Western blot analysis was performed as per the manufac-
turer’s instructions of use. Primary antibodies included 
E-Cadherin (ab219332; Abcam, US), SNAIL (ab53519; 
Abcam), and ERBB2 (A2071; Abclonal). The horseradish 
peroxidase (HRP)-conjugated secondary antibodies were 
purchased from the Zhongshan Golden Bridge 
Biotechnology Company (ZDR5306 or ZDR5307, China).

Plasmid Construction and Luciferase 
Reporter Assay
HIF1A-AS2 cDNA fragments were amplified by RT-PCR 
from the complementary DNA of renal carcinoma, which 
comprised a miR-130a-5p binding site, inserted between Sgf 
I and Pme I restriction sites in the reporter plasmid 
psiCHECK-2 (Promega, USA). For constructing HIF1A- 
AS2 reporter gene plasmids with a mutant miR-130a-5p 
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binding site, the Site-Directed Mutagenesis System 
(Beyotime, China) was utilized in terms of the manufac-
turer’s instructions of use. The luciferase reporter assay was 
conducted as per the manufacturer’s instructions of use.

Statistical Analysis
All statistical analyses were made on the SPSS 17.0 plat-
form (SPSS; USA). Differences between both groups were 
analyzed using Student’s t-test and differences among 
multiple groups were analyzed by adopting one-way 
ANOVA LSD t-test. P < 0.05 was considered as sign-
ificant differences. Correlations between two variables 
were analyzed by linear regression.

Results
HIF1A-AS2 Was Highly Expressed in 
ccRCC Tissues and RCC Cell Lines
HIF1A-AS2 was located at chromosome 14 (hg19, 62,213,-
757–62,215,807) (Figure 1A). The expression of HIF1A-AS2 

in these ccRCC tissues was notably increased compared to 
that in the paired non-cancer tissues (Figure 1B). Meanwhile, 
the qRT-PCR analysis demonstrated a remarkably elevated 
expression of HIF1A-AS2 in multiple human RCC cell lines 
than that in the human normal renal tubular epithelial cell line 
HK2 cells (Figure 1C). These findings exhibited a role of 
HIF1A-AS2 as an oncogene in renal carcinoma. By determin-
ing subcellular location of HIF1A-AS2, we noticed distribu-
tion of HIF1A-AS2 was allocated both in nucleus and in 
cytoplasm of ACHN cells by RNA-FISH (Figure 1D).

Influence of HIF1A-AS2 on RCC Cell 
Proliferation, Cell Cycle, and Apoptosis
For a further investigation on the exact biological roles of 
HIF1A-AS2, the ACHN and OSRC-2 cells were selected 
for subsequent experimental use. The expression of HIF1A- 
AS2 was determined by qRT-PCR and the interfered 
HIF1A-AS2-si1 exhibited the best results (Figure 2A). 
Findings of MTT assay revealed that the interfered HIF1A- 

Figure 1 HIF1A-AS2 is upregulated in renal cancer tissue and promotes renal carcinoma cell proliferation. (A) Schematic representation of the genomic location of HIF1A- 
AS2. (B) Relative expression of HIF1A-AS2 in ccRCC tissues and adjacent non-cancer tissues, n = 42. (C) HIF1A-AS2 expression in RCC cell lines ACHN, OSRC-2, 786-O, 
Caki-1 and human normal renal tubular epithelial cell line HK-2. (D) RNA-FISH results to detect the subcellular location of HIF1A-AS2 (Red) in ACHN cells. Data were 
shown as means ± SEM. ##Indicated P < 0.01, compared to control.
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Figure 2 HIF1A-AS2 promotes cell growth and proliferation in renal carcinoma cells. (A) qRT-PCR results to determine the expression levels of HIF1A-AS2 in ACHN and 
OSRC-2 cells transfected with HIF1A-AS2 siRNA-1 or siRNA-2 or siRNA-3. (B) The cell proliferation of renal carcinoma cells transfected with HIF1A-AS2 siRNA-1 and 
control siRNA was determined by MTT assay. (C) qRT-PCR assay for the HIF1A-AS2 mRNA level in ACHN and OSRC-2 cell lines transfected with HIF1A-AS2- 
overexpression (OE) vector. (D) The cell proliferation of ACHN and OSRC-2 cell cells transfected with HIF1A-AS2-OE was determined by MTT assay. (E) EdU assay 
for the cell proliferation after silence of HIF1A-AS2 in ACHN and OSRC-2 cells. (F) EdU assay for the cell proliferation after overexpression of HIF1A-AS2 in ACHN and 
OSRC-2 cells. Each group was performed in six biological replicates. Data were shown as means ± SEM. #P< 0.05; ##P< 0.01.
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AS2 expression retarded the growth of ACHN and OSRC-2 
cells (Figure 2B). Overexpression HIF1A-AS2 in ACHN 
and OSRC-2 cells (Figure 2C) with results of MTT assay 
indicating that overexpressed HIF1A-AS2 remarkably 
enhanced cell growth compared to the negative control 
cells (Figure 2D). Accordant with the MTT assay results, 
similarly inhibited proliferation was observed in EdU assay 
after transfection with HIF1A-AS2 siRNA and enhanced 
proliferation was noted in overexpressed-HIF1A-AS2 cells 
(Figure 2E and F).

To ascertain the association of HIF1A-AS2 with cycle 
of renal carcinoma cells, flow cytometry was performed to 
determine the percentage of cells in phase S, with results 
indicating that HIF1A-AS2 silence drastically decreased 
the cell percentage in phase S, while an increase exhibited 
in phase G2 (Figure 3A). Results of apoptosis assay 
revealed that ACHN and OSRC-2 cells transfected with 
HIF1A-AS2 siRNA presented a higher percentage of cell 
apoptosis in both early and late phases in contrast to the 
control group (Figure 3B). Notably, HIF1A-AS2 silence 
increased percentage of G2 phase in ACHN cells. It is 
implied that ACHN cells were arrest in the G2 phase. The 
opposite result was displayed in ACHN and OSRC-2 cells 
transfected with HIF1A-AS2-OE (Figure 3C and D). As 
previously described results, HIF1A-AS2 promoted cell 
proliferation of renal carcinoma by accelerating cell cycles 
and hindering cellular apoptosis.

HIF1A-AS2 Promoted the Invasion and 
Migration in RCC Cell Lines
For further exploring biological effects of HIF1A-AS2 in 
renal malignancy development, a transwell assay and 
a scratch wound were performed to identify how HIF1A- 
AS2 affects invasion and migration abilities of kidney 
cancer cells. Results exhibited that HIF1A-AS2 silencing 
dramatically alleviated cellular invasion and migration in 
ACHN and OSRC-2 cells (Figure 4A and B), whereas 
overexpressed HIF1A-AS2 was confirmed producing 
a role in promotion of the invasion and migration in 
ACHN and OSRC-2 cells (Figure 5A and B). In the 
wound healing assay, cell motility was observed linking 
to ability of migration. HIF1A-AS2 silencing disabled 
ACHN and OSRC-2 cell migration after being scratched 
(Figure 4A and B), and overexpressed HIF1A-AS2 dis-
played a diminished migratory capacity in ACHN and 
OSRC-2 cells (Figure 5A and B). Moreover, we also 
identified levels of epithelial marker E-cadherin and 

mesenchymal marker SNAIL in ACHN and OSRC-2 
cells. Interference of HIF1A-AS2 obviously boosted pro-
tein and mRNA levels of E-cadherin and minimized that 
of SNAIL (Figure 4C–F). Conversely, overexpression of 
HIF1A-AS2 drastically reduced levels of E-cadherin 
while increased levels of SNAIL (Figure 5C–F). Our 
study assumed HIF1A-AS2 might serve as a trigger for 
epithelial-mesenchymal transition in renal oncology.

HIF1A-AS2 Acted as a ceRNA by 
Sponging miR-130a-5p to Facilitate 
ERBB2
A further investigation was carried out to explore the 
mechanism of HIF1A-AS2 on cell growth of renal carci-
noma. miRNAs with complementary base pairing with 
HIF1A-AS2 were searched by taking advantage of NCBI 
BLAST algorithm (https://blast.ncbi.nlm.nih.gov/Blast.cgi). 
Importantly, miR-130a-5p was found possessing conserved 
complementary base pairings with HIF1A-AS2 (Figure 6A). 
Cloned HIF1A-AS2 Wild-type (WT) and mutation (MUT) 
structures containing miR-130a-5p binding sites were 
inserted into psiCHECK2 dual luciferase reporter plasmids, 
and transfected into 293T cells together with control miRNA 
mimics and miR-130a-5p mimics, respectively, through 
which the one regulated by HIF1A-AS2 was figured out. 
Results of overexpressed miR-130a-5p exhibited robust 
diminution of luciferase activity in wild-type HIF1A-AS2 
constructs (Figure 6C). Wild-type structures were mutated as 
depicted in Figure 6A and transfected into 293T cells with 
control miRNA mimics and miR-130a-5p mimics. These 
results of our assay demonstrated that mutation of binding 
sties muted the effects of miR-130a-5p on luciferase activity 
of HIF1A-AS2 (Figure 6C). Subsequently, qRT-PCR assay 
substantiated that expression of miR-130a-5p was lowered 
greatly in the RCC cell lines and ccRCC tissues than their 
control groups (Figure 6E and F). Meanwhile, there was 
a negative correlation between HIF1A-AS2 and miR-130a- 
5p in the mRNA level of the ccRCC tissues (Figure 6G). 
Additionally, ectopic expression of miR-130a-5p efficiently 
decreased the expression level of HIF1A-AS2 and HIF1A- 
AS2 interference showed an increase in miR-130a-5p 
expression in ACHN and OSRC-2 cells (Figure 6H and I). 
Conversely, the miR-130a-5p inhibitor largely promoted 
HIF1A-AS2 expression in ACHN and OSRC-2 cells com-
pared with the inhibitor control and the overexpression of 
HIF1A-AS2 attenuated the expression of miR-130a-5p 
(Figure 6K and L).
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To figure out whether HIF1A-AS2 served as a sponge for 
miR-130a-5p, we performed dual-luciferase reporter, qRT-PCR 
and Western blot assays to evaluate the expression of ERBB2 as 
a target of miR-130a-5p. Luciferase reporter assay showed that 
miR-130a-5p overexpression substantially repressed activity of the 
reporter with WT rather than MUT 3ʹUTR of ERBB2 (Figure 6B 
and D). Western blot and qRT-PCR confirmed that transfected 

ACHN cells and OSRC-2 with miR-130a-5p mimics or HIF1A- 
AS2 siRNA efficiently diminished the expression of ERBB2 
(Figure 5H–J). On the contrary, weakening miR-130a-5p or 
enhancing HIF1A-AS2 levels displayed an increase in ERBB2 
expression (Figure 6K–M). Based on these results, we argued that 
knockdown of HIF1A-AS2 released the repression to miR-130a- 
5p, thereby promoting the expression of ERRB2.

Figure 3 HIF1A-AS2 reduces apoptosis in renal carcinoma cells. (A) Representation and quantification of the cell cycle distribution of ACHN and OSRC-2 cells transfected 
with HIF1A-AS2-si1, which was determined by flow cytometry. (B) Annexin V-FITC/PI staining to evaluate the apoptotic rates of ACHN and OSRC-2 cells transfected with 
HIF1A-AS2-si1 compared with control siRNA. (C) Representation and quantification of the cell cycle distribution of ACHN and OSRC-2 cells transfected with HIF1A-AS2- 
OE, which was determined by flow cytometry. (D) Annexin V-FITC/PI staining to evaluate the apoptotic rates of ACHN and OSRC-2 cells transfected with HIF1A-AS2-OE 
compared with control. All the data were obtained from three independent experiments. Data were shown as means ± SEM. #P < 0.05; ##P < 0.01.
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HIF1A-AS2 Enhanced RCC Cell 
Proliferation and Aggressive Behavior 
Through Sponging miR-130a-5p
We detected the effects of miR-130a-5p on RCC cells and 
determined whether miR-130a-5p overexpression could inhi-
bit the proliferation and progression of renal cancer cells 
induced by HIF1A-AS2 overexpression. As illustrated in 
Figure 7A, miR-130a-5p and HIF1A-AS2 were successfully 
overexpressed in ACHN cells, respectively. However, when 
ACHN cells were treated with both miR-130a-5p mimics and 

HIF1A-AS2-OE, neither expressions of miR-130a-5p 
mimics and HIF1A-AS2-OE exhibited apparent difference 
compared to mock + NC mimics group. Observation results 
revealed that ACHN cells with high miR-130a-5p expression 
declined the SNAIL levels but increased the E-cadherin 
levels. Meanwhile, overexpression of miR-130a-5p could 
weaken the regulation of HIF1A-AS2 to SNAIL and 
E-cadherin (Figure 7B and C). The proliferation, migration 
and invasion of cells were repressed while apoptosis was 
promoted in ACHN cells by upregulating miR-130a-5p 

Figure 4 HIF1A-AS2 silence inhibits cellular invasion and migration in renal carcinoma cells. (A and B) Knockdown of HIF1A-AS2 inhibited cell invasion and migration in 
ACHN and OSRC-2 cells as demonstrated by Transwell and scratch wound assays. (C–F) Determination of E-cadherin and SNAIL expression by qPCR and Western blot in 
ACHN and OSRC-2 cells with HIF1A-AS2-si1. Relative protein expression was measured using Image J and normalized to β-actin. Each group was performed in triplicate. 
Data were shown as means ± SEM. #P< 0.05; ##P< 0.01.
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expression. Furthermore, the phenotypes caused by HIF1A- 
AS2-OE were also identified and partly rescued by miR- 
130a-5p mimics subjected to MTT, cell apoptosis, 
Transwell, and wound healing assays (Figure 7D–G).

Discussion
As a necessary class of non-protein-coding RNAs, lncRNAs 
are closely involved in the development and progression of 
cancer.14–16 When compared with studies on miRNAs, little 
description has been recorded about lncRNAs associated 

with renal carcinoma. Since the natural antisense transcript 
of HIF1A was characterized in 1999,17 it encodes proteins to 
stabilize protein p53 and has been recognized as 
a transcription factor for hypoxia inducible genes during 
hypoxia. HIF1A-AS2 is complementary to the 3ʹ untrans-
lated region of HIF1α messenger RNA and is strikingly 
overexpressed specifically in nonpapillary ccRCC.17–19 

Bertozzi et al (2011) demonstrate that HIF1A-AS2 is 
expressed in several renal cancers, suggesting that they 
may have a role in cancer development in patients.20 

Figure 5 HIF1A-AS2 overexpression boosts cellular invasion and migration in renal carcinoma cells. (A and B) Overexpression of HIF1A-AS2 promoted cell invasion and 
migration in ACHN and OSRC-2 cells as demonstrated by Transwell and scratch wound assays. (C–F) Determination of E-cadherin and SNAIL expression by qPCR and 
Western blot in ACHN and OSRC-2 cells with HIF1A-AS2-OE. Relative protein expression was measured using Image J and normalized to β-actin. Each group was 
performed in triplicate. Data were shown as means ± SEM. #P< 0.05; ##P< 0.01.

Dovepress                                                                                                                                                              Zhu et al

OncoTargets and Therapy 2020:13                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
9815

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Figure 6 HIF1A-AS2 acted as a competitive endogenous RNA by sponging miR-130a-5p to facilitate ERBB2. (A and B) Schematic view to present putative miR-130a-5p 
binding sites (wild type and mutant) in the mRNA sequence of HIF1A-AS2 and ERBB2. (C and D) Luciferase reporter assay to assess the effect of miR-130a-5p on HIF1A- 
AS2 and ERBB2. The Renilla luciferase activity was normalized to the firefly luciferase activity (Renilla/firefly). (E) Comparison of miR-130a-5p expression in renal cancer 
tissues and adjacent non-cancer tissues by qRT-PCR assay. (F) Detection of HIF1A-AS2 expression in RCC cell lines ACHN, OSRC-2, 786-O, Caki-1 and human normal renal 
tubular epithelial cell line HK-2. (G) HIF1A-AS2 expression was negatively correlated with miR-130a-5p expression in renal cancer tissues by using Pearson’s correlation 
coefficient analysis. (H–J) qRT-PCR and Western blot was performed to detect the expression of miR-130a-5p, HIF1A-AS2, ERBB2 in ACHN and OSRC-2 cells treated with 
miR-130a-5p mimics or HIF1A-AS2-si1. (K–M) qRT-PCR and Western blot were performed to detect the expression of miR-130a-5p, HIF1A-AS2, ERBB2 in ACHN and 
OSRC-2 cells treated with miR-130a-5p inhibitor or HIF1A-AS2-OE. Data were shown as means ± SEM. #P< 0.05; ##P< 0.01.

Zhu et al                                                                                                                                                              Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2020:13 9816

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Figure 7 HIF1A-AS2 regulates cell proliferation, apoptosis and invasion of renal carcinoma cells through the modulation of miR-130a-5p. (A) HIF1A-AS2 and miR-130a-5p 
mRNA levels in OSRC-2 cells with the HIF1A-AS2-OE and miR-130a-5p mimics were detected by qRT-PCR. (B) SNAIL and E-cadherin mRNA levels in OSRC-2 cells with the 
HIF1A-AS2-OE and miR-130a-5p mimics were detected by qRT-PCR. (C) Western blot analysis of SNAIL and E-cadherin in OSRC-2 cells transfected with mock/HIF1A-AS2- 
OE and mimics/miR-130a-5p mimics, β-actin was used as a loading control. (D) MTT assay of OSRC-2 cells transfected with mock/HIF1A-AS2-OE and mimics/miR-130a-5p 
mimics. (E) Annexin V-FITC/PI staining to evaluate the apoptotic rates of OSRC-2 cells transfected with mock/HIF1A-AS2-OE and mimics/miR-130a-5p mimics. (F and G) 
Cell invasion and migration in OSRC-2 cells transfected with mock/HIF1A-AS2-OE and mimics/miR-130a-5p mimics as demonstrated by Transwell (E) and wound healing 
assays (F). Data were shown as means ± SEM. #P< 0.05; ##P< 0.01.
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Analysis of GSE96574 (https://www.ncbi.nlm.nih.gov/geo/ 
query/acc.cgi?acc=GSE96574) showed that the expression 
of HIF1A-AS2 was dramatically higher in ccRCC tissues 
compared to paired noncancerous renal tissues, which was 
consistent with the result of TCGA KIRC DataSets analyzed 
by TANRIC (https://ibl.mdanderson.org/tanric/_design/ 
basic/query.html). Besides, HIF1A-AS2 was found to be 
dysregulated in several tumors, such as colorectal cancer, 
breast cancer, bladder cancer and gastric cancer.21–24 In 
previously described studies, much evidence has confirmed 
that HIF1A-AS2 promotes cell proliferation, migration, and 
invasion. Our study demonstrated that lncRNA HIF1A-AS2 
was overexpressed in ccRCC tissues and RCC cell lines. 
Additionally, HIF1A-AS2 could suppress renal carcinoma 
cellular proliferation, invasion, and migration and promote 
apoptosis. Overexpression of HIF1A-AS2 elevated levels of 
SNAIL and reduced levels of E-cadherin. SNAIL roles as 
a strong repressor of transcription of the E-cadherin gene, 
which inhibits cancer progression.25,26 Furthermore, 
HIF1A-AS2 forms a reciprocal repression feedback loop 
with miR-130a-5p and the phenotypes caused by HIF1A- 
AS2 overexpression can be partly rescued by miR-130a-5p 
overexpression. Our findings defined a functional role of 
HIF1A-AS2 in ccRCC and technically disclosed that 
HIF1A-AS2 might form a regulatory axis with miR-130a- 
5p/ERBB2.

OncomiR (http://www.oncomir.org/) is an online 
resource for exploring miRNA dysregulation in cancer, 
aligned and normalized miRNA-seq and RNA-seq data 
were obtained from TCGA DataSets.27 Analysis of 
OncomiR shows that miR-130a-5p upregulated in normal 
tissue compared to ccRCC tissues, which was consistent 
with our qRT-PCR results. Luciferase assays showed that 
miR-130a-5p could depress ERBB2 and HIF1A-AS2 
expression through direct binding to their promoter. 
ERBB2 is implicated and overexpressed in the development 
of various cancers.28 Inhibitors targeting the ERBB2 selec-
tive tyrosine kinase inhibit tumor growth including RCC.12 

Analysis of ERBB2 expression revealed that HIF1A-AS2 
competitively binds miR-130a-5p to enhance ERBB2 
expression, thereby promoting the progression of renal 
tumors. Previous studies have proved that some protein- 
coding genes work as direct targets of miR-130a-5p.29,30 

Our future studies are scheduled to perform a deeper screen-
ing of targets below the HIF1A-AS2-miR-130a-5p axis 
associated with renal cancer development and progression. 
Findings have proved that promoter hypermethylation elicits 
miR-130a-5p downregulation. In line with extensive reports 

on the relationship between miR-130a-5p expression and its 
promoter methylation of renal carcinomas, miR-130a-5p 
CpG methylation may be a promising diagnostic marker 
for colorectal cancer, pancreatic cancer, breast cancer, kid-
ney cancer, urothelial cancer, and soft tissue sarcoma. What 
we have discovered in this study provides novel evidence in 
post-transcriptional regulation of miR-130a-5p. As reported 
by several laboratories, members of the miR-130a-5p are 
direct targets of p5331,32 which produce certain roles in 
HIF1A-AS2 regulation.33–35 Consequently, we determined 
levels of HIF1A-AS2 and miR-130a-5p in wide-type renal 
carcinoma cells, with findings demonstrated that the deletion 
of p53 dramatically suppressed the expression of miR-130a- 
5p by elevating the level of HIF1A-AS2 indicating that p53 
functioned as a potential upstream regulator of the HIF1A- 
AS2-miR-130a-5p/c axis.

Massive evidence has revealed that miR-130a-5p roles as 
more than a regulator in the processes of cellular prolifera-
tion, apoptosis, invasion and migration of tumors, it functions 
as a modulator of cancer cellular stemness and chemoresis-
tance as well. Thence, the biological effects of HIF1A-AS2 
on renal carcinoma remain to be under exploration, including 
properties and resistance of cancer stem cells.

Conclusions
In short, our study has demonstrated that HIF1A-AS2 
plays an oncogenic role in renal carcinoma, whose func-
tion links to the regulation of miR-130a-5p/ERBB2 path-
way. HIF1A-AS2 may also work as a novel marker for 
kidney cancer diagnosis and a promising target of thera-
peutic intervention on renal carcinoma cures.
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