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The hypoxia microenvironment induces
 the expression of HIF1 and EPAS1 in GCA. During tumor development, the EPAS1 suppresses the expression of
HIF1, resulting in the dominant form of HIFs switching from HIF1 to EPAS1. LncRNA ZFAS1 binds to EPAS1, facilitating the HIF1 suppression, EPAS1
up-regulation, and the switching from HIF1 to EPAS1.
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LncRNA (Long non-coding RNA) ZFAS1 (zinc finger antisense 1) functions as the oncogene in multiple
cancers, including gastric cancer. However, its function and underlying mechanism in the GCA (gastric
cardia adenocarcinoma), the most aggressive type of gastric cancer, remain unknown. We demonstrated
here that the LncRNA ZFAS1 was up-regulated in GCA tissues. Furthermore, the elevated level of ZFAS1
was significantly associated with the GCA metastasis and cancer recurrence. It was also demonstrated
to be an independent prognostic indicator of disease-free survival and overall survival for GCA patients.
RNA sequencing showed that the up-regulated ZFAS1 was tightly associated with the down-regulated
hypoxia inducible factor 1 (HIF1) and up-regulated EPAS1 (Endothelial PAS domain protein 1, also known
as HIF2). In vitro studies showed that the ZFAS1 could bind to EPAS1, enhance its abilities to
survival;
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epigenetically silence the HIF1, and promote its own expression in GCA cell lines. In the animal model, co-
delivering the EPAS1 and the ZFAS1 antisense oligos could significantly boost up their therapeutic effects
on tumor growth. Thus, targeting ZFAS1 and EPAS1 might be an alternative therapeutic option in GCA.
� 2020 The Authors. Published by Elsevier B.V. on behalf of Cairo University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction protocols. The RT-qPCR was performed with the SYBR Green PCR
Gastric cardia adenocarcinoma (GCA) is the most predominant
and aggressive type of gastric cancer, which is one of the most
prevalent cancers in the world [1,2]. Differing from the noncardia
adenocarcinoma, whose incidence and mortality have significantly
declined during the past decades, the incidence of GCA has ele-
vated in both developing and developed countries [1–6]. Surgery
is the only available effective treatment for GCA patients [7].
Unfortunately, the rate of post-surgery recurrence and metastasis
is around 50%, which causes the poor prognosis and low survival
rate [4,8–10]. Thus, there is an urgent need to uncover the under-
lying mechanisms and identify novel therapeutic targets for GCA.

LncRNA (Long non-coding RNA) ZFAS1 (zinc finger antisense 1)
functions as the oncogene in multiple cancers, including gastric
cancer [11,12]. It has been demonstrated that the LncRNA ZFAS1
promotes gastric cancer malignancy through targeting the
microRNA-200b-3p/Wnt1 pathway and epigenetically repressing
KLF2 and NKD2 [13,14]. Furthermore, many other targets in differ-
ent cancers have also been identified, such as the miR-432-5p in
glioma [15], miR-135a in nasopharyngeal carcinoma [16],
miR-7-5p, miR-484, and miR-150-5p/VEGFA in colorectal cancer
[17–19], miR-646/NOB1 pathway and miR-486 in osteosarcoma
[20,21], miR-150-5p/RAB9A in melanoma [22], miR-150-5p in
head and neck squamous cell carcinomas [23], miR-10a/SKA1
pathway in clear cell renal cell carcinoma [24], miR-329 in bladder
cancer [25], and miR-940 in prostate cancer [26].

However, the expression profile and underlying mechanisms of
the LncRNA ZFAS1 in GCA remain unknown. Thus, we demonstrated
here that the up-regulated LncRNA ZFAS1 might be an independent
prognostic marker in GCA. The ZFAS1 could assist the epigenetic
silencingof theHIF1byEPAS1 in theGCAcells, resulting in enhanced
cancer cell proliferation and metastasis. Thus, targeting ZFAS1 and
EPAS1 might be an alternative therapeutic option in GCA.

Methods and materials

Patients

A total of 762 patients were recruited from 2001 to 2009 at the
First Affiliated Hospital of Zhengzhou University. All the patients
were histologically characterized as GCA [27,28]. The study was
approved by the local ethics committee of the First Affiliated
Hospital of Zhengzhou University, and written informed consent
was obtained from each patient. None of the GCA patients received
any preoperative anticancer therapy before the sample collection.
The patients who had the second primary tumor or the primary
tumor not GCA were excluded. Within one hour after the surgery,
all samples were collected. The adjacent normal tissues were col-
lected more than 5 cm away from the GCA tissues. Half of the spec-
imens were immediately frozen and stored in liquid nitrogen until
the RNA and protein extraction. And the other half was fixed with
formalin for histological analysis.

RNA isolation and RT-qPCR

Total RNA were isolated by using the TRIzol reagent (Thermo
Fisher Scientific) and the cDNA was prepared with the iScriptTM

cDNA Synthesis kit (Bio-Rad, USA) according to the manufacturer’s
kit (Bio-rad, USA) on the 7500 fast Real-Time PCR system (Applied
Biosystems, USA). Relative mRNA levels of target genes were
assessed by the 2�DDct method while the GAPDHwas used as inter-
nal control. The following primers were used: ZFAS1 forward, 50-
CTATTGTCCTGCCCGTTAGAG-30 and reverse, 50-GTCAGGAGATC
GAAGGTTGTAG-30. Primers for measuring the HIF1 and EPAS1
were demonstrated before [29].

Western blotting

Total proteins were lysed in RIPA buffer with protease inhibitor
(Beyotime, China) and quantified using a BCA assay kit (Beyotime,
China). Proteins were separated by 10% SDS-PAGE, transferred onto
polyvinylidene fluoride membranes, and then incubated with the
primary antibodies against HIF1, EPAS1 and b-actin (Abcam). After
being extensively washed and incubated with the secondary goat
anti-rabbit antibody for 30 min at room temperature, the signals
were detected by the PierceTM ECL Plus Western Blotting Substrate
(Thermo Scientific).

Cell culture

The freshly isolated human GCA cell lines GCA-H008 and GCA-
L084 were cultured in DMEM (GIBCO) supplemented with 10% FBS
(GIBCO). Human ZFAS1 transcript 1 cDNA was inserted into the
pCDNA3.1. Biotin labeled ZFAS1 was prepared by PierceTM RNA 30

End Biotinylation Kit (Thermo scientific) according to the instruc-
tions. ZFAS1 knocking down was performed by siRNA (target
sequence 5-AAGTGAAGATCTGGCTGAACCAGTT-3). HIF1 and EPAS1
were over-expressed or knocking down as described before [29].
Cells were transfected with Lipofactamine 2000 (Thermo Scien-
tific) according to the instructions. For hypoxia and normoxia
experiments, cells were cultured for 72 h under hypoxia (2% O2)
or normoxia (21% O2) conditions with a hypoxia incubator com-
posed of Hypoxia Incubator Chamber and Single Flow Meter
(STEMCELL Technology).

Lentivirus preparation

The shRNA for LncRNA ZFAS1 (target sequence 50-AAGTGAA
GATCTGGCTGAACCAGTT-30) and EPAS1 [29] were cloned into len-
tiviral pLKO.1-puro vector, and the empty vector as negative con-
trol. Lentiviruses were prepared using HEK293T cells according
to the manufacturer’s instructions. GCA-H008 cells were incubated
with lentivirus and 4 mg/mL polybrene (AmericanBio) for 24 hr.

Cell viability, apoptosis, migration and invasion analysis

The cell viability was determined by using the CCK-8 (Beyotime,
China) according to the manufacturer’s instructions. The cell
apoptosis was evaluated with flow cytometry by using an Annexin
V-FITC Apoptosis Detection Kit (Thermo Scientific) according to the
manufacturer’s instructions.

The cell migration was determined by wound-healing assay.
Cells were cultured in 12-well plates with 80–90% confluence.
The cell migration was recorded under an inverted microscope
24 h after the wound line was created with a plastic pipette tip.
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Table 1
Association between clinicopathological features and LncRNA ZFAS1 expression.

LncRNA ZFAS1 expression

Low (n = 380, %) High (n = 382, %) P value

Age, years 0.381
<50 35.0 45.0
�50 65.0 55.0

Gender 0.517
Male 48.4 39.1
Female 51.6 60.9

T stage 0.006*
T1 3.2 3.0
T2 16.1 5.4
T3 46.9 29.1
T4 33.8 62.5

N stage 0.003*
N0 67.7 39.7
N1 25.7 34.7
N2 6.6 25.6

M stage 0.001*
M0 96.8 81.2
M1 3.2 18.8

Differentiation 0.001*
High 66.0 30.0
Moderate 27.4 41.0
Low 6.6 29.0

Distant metastasis or recurrence 0.001*
Yes 56.8 98.4
No 43.2 1.6

LncRNA ZFAS1: long non-coding RNA zinc finger antisense 1.
* P < 0.05 indicates a significant association among the variables.
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The images were analyzed with the ImageJ software. The percent-
age of cell migration was calculated as (1-the remaining cell-free
area/the area of the initial wound) � 100. Total cell number count-
ing showed that the cells proliferated at similar levels for all con-
ditions in the cell migration assay.

The cell invasion was performed with the transwell system
(Corning). The number of the cells migrated to the lower surface
of the transwell membrane was quantified 48 h after 6.0 � 104

cells were seeded onto the upper surface of the transwell mem-
brane. Total cell number counting showed that the cells prolifer-
ated at similar levels for all conditions in the cell invasion assay.
Chromatin immunoprecipitation (ChIP)

ChIP was performed with X-ChIP protocol from Abcam (https://
www.abcam.com/ps/pdf/protocols/x_chip_protocol.pdf). Briefly,
cells were cross-linked with formaldehyde, neutralized with gly-
cine, and lyzed. DNA was sonicated, and immunoprecipitated with
anti-biotin (Abcam), or IgG control antibodies. Primers used for
amplifying HIF1A promoter were: forward, 50-CCCTCTTCGTCGCTT
CG-30; reverse, 50-AAGCGCTGGCTCCCTC-30.
Animal study

Six–eight weeks old NOD/SCID mice (South Animal Center,
Guangzhou, China) were housed in specific pathogen-free condi-
tions. The study was approved by the First Affiliated Hospital of
Zhengzhou University. Mice were housed in the pathogen-free
region and monitored on a daily basis during the experiments
and the mice would be sacrificed when the weight loss is more
than 20%. For evaluation of the tumor growth in vivo, 5 � 106

GCA-H008 cells were suspended in 200 ll PBS and injected subcu-
taneously into the dorsal scapula region of the mice. Four weeks
later, the tumor size was measured with fine digital calipers and
calculated by the following formula: tumor volume = 0.5 � width2

� length. Twelve mice were used for each group.
Statistical analysis

Data were presented as mean (±SE) and analyzed by a SPSS soft-
ware package (SPSS Inc, USA). The Chi-square test was used to
assess the differences between variables. The survival analysis
was determined by the Kaplan-Meier analysis. The log rank test
was used to compare different survival curves. The univariate
and multivariate hazard ratios for the variables were determined
by the Cox proportional hazards model. The unpaired Student’s t
test and one way ANOVA were used to assess the statistical signif-
icance of difference. P values under 0.05 were considered statisti-
cally significant.
Results

The LncRNA ZFAS1 was up-regulated in human GCA

A total of 762 GCA patients were clinically followed (Table 1).
The mRNA levels of LncRNA ZFAS1 were quantified and its expres-
sion was up-regulated in the GCA tissues when compared with the
paired adjacent non-tumor tissues (Fig. 1A). Then, the patients
were divided into two groups, according to the relative mRNA level
of LncRNA ZFAS1 to the internal control GAPDH. They were the low
LncRNA ZFAS1 group (the mRNA level of LncRNA ZFAS1 lower than
the GAPDH) and the high LncRNA ZFAS1 group (the mRNA level of
LncRNA ZFAS1 higher than the GAPDH). The data showed that the
high LncRNA ZFAS1 was significantly correlated with the tumor
differentiation, TNM stages, and also the and distant metastasis
or recurrence (Table 1). The overall survival (OS) and disease-free
survival (DFS) analysis were performed to determine whether the
level of LncRNA ZFAS1 could be the predictor for metastasis or
recurrence. Data showed that patients with high level of LncRNA
ZFAS1 eventually developed more incidence of metastasis or recur-
rence (Fig. 1B, Table 1). Furthermore, the univariate analysis also
indicated that the patients with high level of LncRNA ZFAS1
had the significant lower DFS and OS (Table 2). The multivariate
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Fig. 1. LncRNA ZFAS1 was up-regulated in GCA and associated with patients’ survival. (A) Expression levels of LncRNA ZFAS1 in cancer tissues and adjacent normal tissues
were determined by RT-qPCR (n = 762). Result is depicted as box plots; middle line indicates median; bottom of box, 25th percentile; and top of box, 75th percentile. *P < 0.05.
The unpaired Student’s t test was used for two groups comparison. (B) Kaplan-Meier survival curve of patients with high or low level of LncRNA ZFAS1.

Table 2
Univariate Cox proportional hazards model for DFS and OS.

DFS OS

HR 95% CI P value HR 95% CI P value

Age, years
<50 — —
�50 1.011 0.654–1.885 0.694 0.942 0.535–1.744 0.782

Differentiation
High — —
Moderate 1.305 0.751–2.316 0.351 1.454 0.763–2.780 0.265
Low 3.277 1.865–6.776 <0.001* 4.348 2.148–8.842 <0.001*

Distant metastasis or recurrence
Yes 4.971 2.459–9.761 <0.001* 4.648 2.156–9.997 <0.001*
No — —

LncRNA ZFAS1
Low — —
High 6.148 3.044–12.452 <0.001* 6.378 2.876–14.018 <0.001*

LncRNA ZFAS1: long non-coding RNA zinc finger antisense 1; DFS: disease-free survival; OS: overall survival; HR: hazard ratio; CI: confidence interval.
* P < 0.05 indicates a significant association among the variables.

Table 3
Multivariate Cox proportional hazards model for DFS and OS.

DFS OS

HR 95% CI P value HR 95% CI P value

LncRNA ZFAS1 level 2.746 1.915–4.167 <0.001* 2.649 1.781–4.221 <0.001*
T stage 1.706 1.127–2.561 0.004* 3.951 1.874–9.143 <0.001*
N stage 3.628 2.069–6.721 <0.001* 3.371 1.816–6.223 <0.001*
M stage 4.403 1.297–14.521 0.021* 8.011 2.413–26.845 <0.001*

LncRNA ZFAS1: long non-coding RNA zinc finger antisense 1; DFS: disease-free survival; OS: overall survival; HR: hazard ratio; CI: confidence interval.
* P < 0.05 indicates a significant association among the variables.

10 T. Zhu et al. / Journal of Advanced Research 28 (2021) 7–15



B

C

Group

Low ZFAS1
High ZFAS1

0

-1

-2

1

2

0

1

2

3

R
el

at
iv

e 
H

IF
1A

 e
xp

re
ss

io
n

*

Adjacent 
Tissue

Cancer
 Tissue

0

1

2

3

4

5

6

R
el

at
iv

e 
EP

A
S1

 e
xp

re
ss

io
nn.s.

0

0.5

1.0

1.5

R
el

at
iv

e 
H

IF
1A

 e
xp

re
ss

io
n

*

Low 
ZFAS1

High
ZFAS1

0

2

4

6

8

10

12

R
el

at
iv

e 
EP

A
S1

 e
xp

re
ss

io
n

Adjacent 
Tissue

Cancer
 Tissue

Low 
ZFAS1

High
ZFAS1

*

EPAS1

HIF1

β-actin

L H L H L H

Relative expression of ZFAS1

A

Fig. 2. The expression levels of HIFs and LncRNA ZFAS1 were tightly related. (A) Hierarchical clustering analysis of mRNA profiles in GCA with high or low expression level of
LncRNA ZFAS1. (B) mRNA levels of HIF1A (left panel) and EPAS1 (right panel) in cancer tissues and adjacent normal tissues (upper panel, n = 762), and groups with high (down
panel, n = 382) or low (down panel, n = 380) level of LncRNA ZFAS1 were determined by RT-qPCR. Result is depicted as box plots; middle line indicates median; bottom of box,
25th percentile; and top of box, 75th percentile. (C) The protein level of HIF1 and EPAS1 were determined via western blot in GCA tissues with low (L, n = 3, biological
triplicate) or high (H, n = 3, biological triplicate) level of LncRNA ZFAS. n.s.: no significant difference; *P < 0.05. The unpaired Student’s t test was used for two groups
comparison.

T. Zhu et al. / Journal of Advanced Research 28 (2021) 7–15 11
analysis with clinicopathologic parameters showed that the high
level of LncRNA ZFAS1was an independent prognostic marker to
predict the incidence of tumor recurrence or metastasis (Table 3).
Thus, the up-regulated LncRNA ZFAS1 might contribute to the
GCA development and their poor outcomes.
The hypoxia inducible factors were regulated by the LncRNA ZFAS1

To uncover the potential targets or pathways regulated by the
LncRNA ZFAS1, 5 clinical samples from the high ZFAS1 group and
5 samples from the low ZFAS1 group were subjected to RNA
sequencing. Clustering analysis showed that the two groups had
a large amount of differentially expressed genes (Fig. 2A,
Table S1). Among the top 10 differentially expressed genes
between the high ZFAS1 group and the low ZFAS1 group, EPAS1
was highly expressed in high ZFAS1 group while the HIF1A was
highly expressed in the low ZFAS1 group (Table S1). EPAS1
(Endothelial PAS domain-containing protein 1), also known as
hypoxia-inducible factor-2a (HIF2a), along with the HIF1a (en-
coded by the HIF1A gene) are two important hypoxia induced tran-
scription factors. Furthermore, it has been demonstrated that
EPAS1 could epigenetically silence the expression of HIF1a,
resulting in tumor formation in renal carcinoma [29]. Thus, we
were wondering whether the HIF1-EPAS1 switching also plays a
significant role in the LncRNA ZFAS1 associated GCA. Indeed, the
mRNA level of EPAS1 was up-regulated in the GCA tissue when
comparing with the adjacent non-cancer tissue while the HIF1A
remained unchanged (Fig. 2B). However, the HIF1A was down-
regulated in the GCA tissues from the high ZFAS1 group while
the EPAS1 was up-regulated when compared with the GCA tissues
from the low ZFAS1 group (Fig. 2B). This expression pattern was,
then, further confirmed with western blot (Fig. 2C). Thus the
expression level of LncRNA ZFAS1 might affect the expression of
HIF1A and EPAS1, which are important regulators during the can-
cer development.
LncRNA ZFAS1 facilitated the epigenetic silencing of HIF1A

It has been demonstrated that EPAS1 could epigenetically
silence the expression of HIF1a, resulting in tumor formation in
renal carcinoma [29]. And our data showed that the LncRNA ZFAS1
might reduce the expression of HIF1A while up-regulate the EPAS1
(Fig. 2B and C). Therefore, the role of LncRNA ZFAS1 on regulating
the HIF1-EPAS1 switching was investigated in two freshly isolated
GCA cell lines from GCA patients, GCA-H008 and GCA-L084. The
GCA-H008 cell line was isolated from patients with high level of
LncRNA ZFAS1. And the GCA-L084 was isolated from patients with
low level of LncRNA ZFAS1. The relative mRNA level relative to
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internal control GAPDH was further confirmed in isolated cells.
Lentiviral expression of LncRNA ZFAS1 increased the mRNA levels
of ZFAS1 in two cell lines (Fig. 3A). And the LncRNA ZFAS1 overex-
pression reduced the protein levels of HIF1 and up-regulated the
EPAS1 (Fig. 3B). It has been demonstrated that in the early stage
of cancer, formation the stabilization of HIF1 is dominant and this
limits proliferation, but later on EPAS1 increases and this induces a
more aggressive cell behavior [29]. Both HIF1 and EPAS1 down-
regulates the mRNA level of HIF1 through direct binding to a
reverse hypoxia-response element in the HIF1A proximal promoter
[29]. This binding activates a series of repressive histone modifica-
tion marks including histone 3 lysine 27 trimethylation
(H3K27me3) to make the changes stable, and if overturned reduces
cancer cell proliferation due to excessive HIF1 expression level
[29]. In the current study, our data showed that the promoter
region of HIF1A was more epigenetic repressed by LncRNA ZFAS1
overexpression (Fig. 3C). Thus, the LncRNA ZFAS1 might facilitate
the epigenetical silencing of HIF1A.
LncRNA ZFAS1 directly interacting with the EPAS1 protein

To further determine how the LncRNA ZFAS1 facilitated the epi-
genetic silencing of HIF1A, the biotin labeled ZFAS1 and HIF1 or
EPAS1 were simultaneously over-expressed in the 293T cells.
Immuno-precipitation assay showed that the LncRNA ZFAS1 could
directly interact with the EPAS1 protein but not the HIF1 (Fig. 4A).
The ZFAS1-EPAS1 interaction was further confirmed in the GCA cell
line (Fig. 4B). Then, the biotin labeled ZFAS1 was over-expressed in
GCA-H008 cells. Chromatin immunoprecipitation (ChIP) was per-
formed to pull-down the DNA fragments associated with ZFAS1
by using anti-biotin antibody. PCR amplifying the HIF1 promoter
showed the ZFAS1 was also recruited to the HIF1 promoter
(Fig. 4C). Thus, the LncRNA ZFAS1 might enhance the suppressive
effects of EPAS1 on HIF1. In addition, the LncRNA ZFAS1 could
up-regulate the protein level of EPAS1 under both hypoxia and
normoxia conditions (Fig. 4D), while the mRNA levels of EPAS1
were unaffected (Fig. 4E). The underlying mechanisms of up-
regulation of EPAS1 by LncRNA ZFAS1 need further investigations.
In summary, the LncRNA ZFAS1 directly interacted with the EPAS1
protein to epigenetically silence the HIF1 promoter and also ele-
vated the protein level of EPAS1 (Fig. 4F).
Targeting the LncRNA ZFAS1 and EPAS1 in vitro and in vivo

As the important role of LncRNA ZFAS1 and its regulatory
effects on HIF1-EPAS1 switching during GCA development uncov-
ered by our data, we then studied whether targeting LncRNA ZFAS1
has potentially therapeutic applications. Knocking down the
LncRNA ZFAS1 by siRNA on GCA cell line GCA-H008 showed
reduced cell migration, invasion, and proliferation abilities of
GCA cells (Fig. 5A–D). Knocking down EPAS1 showed similar inhi-
bitory effects (Fig. 5A–D). However, knocking down both of them
together showed enhanced anti-cancer inhibition capabilities
(Fig. 5A–D).
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To further confirm the anti-cancer activities of knocking down
both LncRNA ZFAS1 and EPAS1, the xenograft mice model of GCA
was established by subcutaneous injection of GCA cells (GCA-
H008). Twelve mice were used for each group. Data showed that
knocking down LncRNA ZFAS1 and EPAS1 together by lentiviral
expressed shRNAs suppressed the GCA tumor growth in the mice
(Fig. 5E and F). Therefore, targeting the LncRNA ZFAS1 and EPAS1
might have the potential for therapeutic application in treating
GCA.
Discussion

In the current study, the expression level of LncRNA ZFAS1 was
quantified in 762 GCA tissues and the paired adjacent non-tumor
tissues. Data showed that the LncRNA ZFAS1 was up-regulated in
the GCA tissues and its high expression was significantly correlated
with the tumor differentiation, TNM stages, distant metastasis or
recurrence, and the patients0 survival rate. Furthermore, the high
level of LncRNA ZFAS1was an independent prognostic marker to
predict tumor recurrence or metastasis. RNA sequencing results
indicated that multiple genes were regulated or affected by the
LncRNA ZFAS1. Among all these interesting potential targets, the
expression balance between HIF1 and EPAS1 has been demon-
strated as one important mechanism of renal cancer development
[29–31]. Our in vitro experiments showed that the LncRNA ZFAS1
directly interacted with the EPAS1 protein to epigenetically silence
the HIF1 promoter and also elevated the protein level of EPAS1.
Although the mRNA level of EPAS1 was unaffected by the LncRNA
ZFAS1 in vitro, the clinical GCA samples had elevated mRNA levels
of EPAS1 and also the specimen with high level of LncRNA ZFAS1. It
has been studied before that the EPAS1 could up-regulate the
mRNA and protein level of itself [32]. Therefore, one of the poten-
tial mechanisms of up-regulated mRNA level of EPAS1 by ZFAS1 in
clinical samples might because the protein level of EPAS1 could up-
regulate by ZFAS1 and the up-regulated EPAS1 protein further
increase the mRNA level of EPAS1. In addition, it is also possible
the protein stability of EPAS1 is regulated by ZFAS1. Thus, the
underlying mechanisms need further investigations in the future.
Then, both in vitro and in vivo data showed that silencing the
LncRNA ZFAS1 and EPAS1 could significantly suppress the GCA cell
migration, invasion, proliferation, and tumor formation in the
mice, indicating that targeting the LncRNA ZFAS1 and EPAS1 might
have the potential for therapeutic application in treating GCA.
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The identification of the LncRNA ZFAS1 as an independent prog-
nostic marker to predict GCA recurrence or metastasis provides a
new therapeutic candidate. The locked nucleic acid modified
oligonucleotides with longer half-life and higher efficiency has
been demonstrated as an effective and efficient approach to sup-
press cancer development [33–35]. Therefore, knocking down
LncRNA ZFAS1 combing with EPAS1 siRNA or inhibitor [36] might
be a promising approach to treat GCA.

Conclusion: We demonstrated here that the up-regulated
LncRNA ZFAS1 might be an independent prognostic marker in
GCA. The ZFAS1 could assist the epigenetic silencing of the HIF1
by EPAS1 in the GCA cells, resulting in promoted cancer cell prolif-
eration and metastasis. Targeting ZFAS1 and EPAS1 might be an
alternative therapeutic option in GCA.
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