
Research Article
HIF-1α Regulates the Progression of Cervical Cancer by
Targeting YAP/TAZ

Azierguli Abudoukerimu ,1,2,3 Axiangu Hasimu,4 Abudouhabaer Abudoukerimu,5

Gulijiannaiti Tuerxuntuoheti,6 Yixin Huang,2 Jie Wei,7 Tao Yu,8 Hong Ma ,3,4

and Delixiati Yimiti 1,2

1Department of Occupational and Environmental Health, School of Public Health, Xinjiang Medical University, Urumqi,
830017, China
2Department of Microbiology, School of Basic Medical Science, Xinjiang Medical University, Urumqi, 830017, China
3Xinjiang Key Laboratory of Molecular Biology for Endemic Disease, Urumqi, 830017, China
4Department of Pathology, School of Basic Medical Science, Xinjiang Medical University, Urumqi, 830017, China
5Department of Science, Hotan Normal College, Hotan 848000, Xinjiang Uygur Autonomous Regions, China
6Department of Linguistic, Hotan Normal College, Hotan 848000, Xinjiang Uygur Autonomous Regions, China
7Institute of Veterinary Medicine, Xinjiang Academy of Animal Science, Urumqi 830000,
Xinjiang Uygur Autonomous Regions, China
8Shandong Institute of Parasitic Diseases, Shandong First Medical University & Shandong Academy of Medical, Jinan 272033,
Shandong Province, China

Correspondence should be addressed to Hong Ma; 865090900@qq.com and Delixiati Yimiti; 2316ymit@163.com

Received 18 February 2022; Revised 21 April 2022; Accepted 22 April 2022; Published 25 May 2022

Academic Editor: Xueliang Wu

Copyright © 2022 Azierguli Abudoukerimu et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
is properly cited.

Cervical carcinoma is one of the serious pernicious cancers that influence women’s health. Invasion and metastasis are the chief
reason of poor prognosis of cervical carcinoma. Hypoxia-inducible factor-1α (HIF-1α) is a significant regulatory factor of
intracellular oxygen supersession, and its expression or increased activity is closely related to the arise and expansion of various
human tumors. However, the relationship between HIF-1α (hypoxia-inducible factor 1) and Hippo pathway target gene Yes-
related protein (YAP) and transcriptional coactivator (TAZ) in cervical carcinoma remains unclear. Here, we studied the
clinical correlation of HIF-1α and YAP/TAZ expression in normal tissues, cervical intraepithelial neoplasia (CIN), and cervical
squamous cell carcinoma (CSCC). In order to analyze the role of HIF-1α in CCSC in vitro, SiHa cells with high expression of
HIF-1α and C33a cells with low expression of HIF-1α were screened by detection. After transfection with lentivirus, HIF-1α
levels were downregulated in SiHa cells and upregulated in C33a Cells, respectively. Then, the expression of HIF-1α in
transfected cervical cancer cells Siha and C33a was detected by qRT-PCR and Western blot, and the expression of YAP/TAZ
was detected in cervical squamous cell carcinoma cells after HIF-1α expression was altered. To explore HIF-1α role in cell
proliferation, invasion, and metastasis, we examined the changes of cell function in cervical cancer cells with HIF-1α
overexpression and inhibition by MTT assay, wound healing assay, Transwell test, and other cell function tests. At the same
time, HIF-1α overexpression and HIF-1α inhibition cervical cancer cells were transplanted into nude mice, and tumors were
isolated from the nude mice, and tumor volume and weight were observed. In conclusion, HIF-1α significantly promotes the
proliferation, invasion, and migration of cervical carcinoma cells by upregulating YAP/TAZ. In addition, YAP/TAZ, the target
gene of Hippo pathway, plays an important role in CCSC cells, pointing out that HIF-1α is provided with treatment potential
for the treatment of CCSC.
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1. Introduction

Cervical carcinoma is still one of the major gynecological
tumors that seriously imperil women’s physical and mental
health, only next to breast cancer [1]. According to statistics,
about 527000 women in the world have been newly diag-
nosed with cervical carcinoma, and more than 266000
women have died of cervical cancer. Cervical carcinoma is
a pathema of out of control cell division, invasion, and attack
of female cervical tissue. Cervical squamous cell carcinoma,
as the main histopathological type of cervical cancer,
accounts for more than 90% of cervical cancer [2].

Cervical cancer is a major public health problem in
China. According to the research, in 2015, there were about
98,900 new cases of cervical cancer in China, accounting for
18.7% of the global incidence rate. The incidence and mor-
tality of cervical cancer have been on the rise. China is the
most populous country in the world (about 1 billion 370
million) of whom about 70% live in rural areas and the inci-
dence of cervical cancer in rural women is very high [3]. The
incidence rate and mortality rate of cervical squamous cell
carcinoma in rural area and the incidence of cervical cancer
among rural women are four times the average incidence of
cervical cancer in China [4, 5]. According to the survey,
among the clinical cases of cancer in rural area of China,
the proportion of cervical cancer patients exceeds 20%, of
whichrural women may account for 70%, and the mortality
rate ranks firstin China, and cervical carcinoma is still a sig-
nificant health problem for the women of the living in rural
areas of China [6]. Since tumor invasion and metastasis are
the key to judge tumor prognosis, it is of great significance
to explore the invasion and metastasis mechanism of cervi-
cal cancer, find effective markers and therapeutic targets to
inhibit the invasion and metastasis of cancer cells, and
improve the prognosis of cervical cancer; the therapeutic
effect and prognosis of patients are of great significance.

Hypoxia is a characteristic of the solid tumor microenvi-
ronment which is related to the adverse clinical outcomes of
a variety of solid tumors [7–11]. In addition to genetic and
environmental factors, tumor microenvironment (TME) also
plays an important role in the progression of malignant
tumors. TME promotes tumor genesis, progression, metasta-
sis, and deterioration through multiple mechanisms [12–14].

HIF-1α is a regulator that can adapt to hypoxic environ-
ment and play a major regulatory role in hypoxic environ-
ment. HIF-1α has been shown to regulate hypoxic gene
expression and signal transduction pathways, so it is a
potential therapeutic target attracting much attention [15].
The capability of tumor cells to fit to variety in oxygen con-
centration is crucial to the development of tumors. Hypoxia
affects cellular metabolism, thereby affecting abnormal
tumor proliferation, migration, and invasion. HIF-1α is a
focal point of cellular adaptation to hypoxia, affecting cell
viability and the expression of specific genes related to cellu-
lar metabolism. HIF induces the production of vesicles that
promote long-range intercellular communication, for exam-
ple, promoting tumor angiogenesis [16].

More than 100 genes are activated and upregulated by
HIF related to the occurrence of abnormal tumor cell prolif-

eration, abnormal metabolism, tumor invasion and metasta-
sis, tumor treatment resistance, inflammation, and tumor
immunity. After the functional study of HIF-1 and HIF-2,
it was found that the regulation of target genes in hypoxic
cells is mainly controlled by HIF-1 and HIF-2, especially
the regulation of angiogenesis and glucose metabolism is
the main role of HIF, and this is also the main characteristics
of tumors. The tumor angiogenesis driver vascular endothe-
lial growth factor (VEGF) can be regulated by HIF-1 and
HIF-2 while also regulating genes involved in glycolysis,
such as glucose transporter and lactate dehydrogenase. In
addition to this, HIF can reduce the effectiveness of antican-
cer treatments such as radiotherapy, chemotherapy, and
immunotherapy, thereby promoting tumor progression
and shortening patient lives [17].

According to reports, HIF-1α expression is abnormally
elevated in some malignancies, suggesting that HIF-1α
expression is associated with tumor genesis, progression,
and poor prognosis [15].

Yes-related protein (YAP) and transcription coactivator
TAZ are the core components of Hippo pathway. Acti-
vated YAP/TAZ binds to transcription factors after enter-
ing the nucleus and acts on downstream genes related to
tumor proliferation. As a transcriptional coactivator, YAP
binds to the transcription factor TEAD and promotes the
expression of downstream genes, so as to make cells prolif-
erate. TAZ also plays a similar function in tumors. Mean-
while, the involvement of YAP/TAZ in tumor invasion and
metastasis has been fully verified. and YAP/TAZ is abnor-
mally upregulated in many human malignant tumors,
fibrosis, and cancer [18]. In some cases, YAP and TAZ
promote cell growth by activating the transcription pro-
gram of TEAD family transcription factors [19]. It has
been found that in a mouse breast cancer model, specific
loss of CCM3 in cancer-associated fibroblasts leads to
mutual activation of YAP/TAZ in adjacent tumor cells,
resulting in tumor metastasis to distant organs [20]. Acti-
vation of YAP/TAZ in pyloric stem cells leads to progres-
sive tumorigenesis and initiates gastric cancer in vivo, and
its significance in human gastric cancer has been verified
[21]. All the above studies indicate that YAP/TAZ is an
essential major regulator in the initiation or growth of
most solid tumors and cancers. YAP/TAZ is a sensor for
the structural and mechanical properties of the cell micro-
environment. Many external and internal cues associated
with cancer jointly govern changes in mechanical trans-
duction, inflammation, oncogenic signaling, and regulation
of the Hippo pathway. As a transcription coactivator of
oncogenes or a transcription corepressor of tumor suppres-
sor genes, YAP/TAZ is involved in the occurrence and
development of tumors and the glycolysis process of
tumors, which is associated with classical chemotherapy
drug resistance and poor prognosis of many cancers
[21–23].

In this research, the expression and correlation of HIF-
1α, YAP, and TAZ in normal cervical tissues, CIN and
CSCC tissues, and cervical cancer cells were further detected
by in vivo and in vitro assays, so as to further explore the
roles of the three in the malignant progression of CSCC.
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2. Methods

2.1. Ethics. Tissue samples used in the experiment were col-
lected from archived paraffin-embedded tissues of outpatients
and inpatients undergoing surgery in the Department of
Pathology, Changji Hospital of Xinjiang province from Janu-
ary 2016 to July 2019. Clinical data of all cases were complete
and reliable. 40 patients with CSCC were aged from 31 to 83
years, with a median age of 55 years. All patients had no
preoperative history of radiotherapy, chemotherapy, or
immunotherapy. According to the WHO classification stan-
dard of 2020, 19 cases were highly differentiated and 21 cases
were moderately or poorly differentiated. There were 15 cases
with lymph node metastasis and 25 cases without lymph node
metastasis. In addition, 58 cases of CIN tissue (32 cases of CIN
I and 26 cases of CIN II) and 30 cases of normal adjacent
tissues (NATs)were selected. The clinicopathological data of
all patients were collected with the consent of the patients
and their families, and informed consent was signed. The
experiment was approved by the Ethics Committee of the
First Affiliated Hospital of Xinjiang Medical University
(xjykdxr20211015003).

2.2. Immunohistochemistry. Immunohistochemical SP assay
was used to detect HIF-1α, YAP, and TAZ protein expres-
sions in NATs, CIN, and CSCC. HIF-1α, YAP, and TAZ
antibodies were from Abcam plc (Cambridge, MA, USA),
and SP immunohistochemistry kit and DAB chromogenic
agent were from Zhong Shan Goldenbridge Biotechnology
Co. Ltd., (China). Paraffin-embedded tissues were sectioned
in 3μm thickness, followed by conventional xylene dewax-
ing, gradient alcohol hydration, microwave oven antigen
repair, and soaked in 3% hydrogen peroxide for ten minutes
to remove endogenous peroxidase. They were incubated
with anti-HIF-1α, YAP, and TAZ antibodies at 4°C over-
night. The staining pattern was scored independently by an
experienced pathologist. The immunostaining score was
estimated semiquantitatively based on staining intensity
and distribution. The concentration of HIF-1α, YAP, and
TAZ antibodies were 1 : 100, 1 : 150, and 1 : 200, respectively.
In the next day, biotin-labeled secondary antibody was
dropped and incubated at 37°C for 30 minutes. Every step
was washed with PBS buffer (pH7.4) for 3 times (10min).
Paraffin-embedded tissues were stained with DAB dye solu-
tion, and then the nuclei were counterstained with hematox-
ylin. Finally, the sections were dehydrated and sealed with
neutral gum). In each batch of staining, sections with known
positive antibodies were used as positive control, and
0.01mol/L PBS was used as negative control. HIF-1α protein
expression products were located in the nucleus, and YAP
and TAZ protein expression products were positive in cyto-
plasm or nucleus when stained with brownish yellow gran-
ules. Ten high magnification field positive cells were
randomly extracted from each slices, and the average num-
ber of positive cells per 100 cells was taken as the positive cell
rate. Positive cells with HIF-1α, YAP, and TAZ expressions
≥ 25% were considered as positive (+), while cells without
staining or positive cell rate < 25% were considered as nega-
tive (-).

2.3. Cell Culture and Lentiviral Infection. CCSC cell lines
SiHa and C33a and cervical squamous epithelial H8 cells
were commercially from Shanghai Cell Collection (Shang-
hai, China). The cells were cultured by DMEM (Hyclone,
USA), containing 10% fetal bovine serum (Gibco, New Zeal-
and), 100U/mL penicillin, and 100μg/mL streptomycin
(Hyclone, USA) maintained at 37°C filled with 5% CO2
incubator. Lentiviruses carrying green fluorescent protein
shHIF-1α (knockdown) and LV-HIF-1α (overexpression)
were purchased from GENECHEM (Shanghai, China). For
infection, SiHa and C33a cells were incubated with lentivi-
ruses (multiplicity of infection (MOI) of 10 and 20, respec-
tively). The cells were transfected in serum-free medium in
a 6-well plate. After 72 hours of transfection, the transfection
efficiency gradually increased. The cells were transferred to
culture medium containing serum for 6-8 days, and then,
the transfected cells were sorted out by flow cytometry.

2.4. RNA Extraction and qRT-PCR Assay. Total RNA was
extracted from SiHa, C33a, and H8 cells by using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) and transcribed
into cDNA using reverse transcription PCR using by cDNA
Synthesis Kit (TaKaRa, Dalian, China). CDNA was detected
using SYBR Green fluorescent quantitative PCR amplifica-
tion kit and ABI 7500 rapid system (Applied Biosystems,
CA, USA) according to the manufacturer’s instructions.
The human HIF-1α primer sequences and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) oligonucleotide
primers we used are as follows: HIF-1α RT00018656-F-
AAGTTCACCTGAGCCTAAT, RT00018656-R-TCTCCA
AGTCTAAATCTGTG, and GADPH RT763F-TGACTT
CAACAGCGACACCCART763R-CACCCTGTTGCTGT
AGCCAAA.

During qRT-PCR, GAPDH was used as internal refer-
ence to standardize gene expression levels. 3-5 relative quan-
tization was performed and the average relative change was
calculated using the delta-delta cyclic threshold method.
All reactions are repeated three times.

2.5. Western Blot (WB) Analysis. SiHa C33a H8 cells were
washed with precooled PBS and digested with trypsin diges-
tion reagent. RIPA cell lysate was used to fully lysate the
cells, and protein concentration was determined with BCA
protein determination kit (Bio-Rad, Hercules, CA, USA).
The protein was quantified to 1.5μg/mL by adding the load-
ing buffer, protein, and PBS in proportion. After 2 h of 100V
electrophoresis, it was transferred to PVDF membrane. The
proteins were blocked with blocking solution. The proteins
were incubated with specific antibodies against HIF-1α,
YAP, TAZ (Abcam, CA, USA), GAPDH (Proteintech, Rose-
mont, IL, USA) overnight, and then incubated with corre-
sponding secondary antibody at room temperature for 2 h.
ChemiScope Mini chemiluminescence instrument was used
to detect and photograph the gray value of the target protein
and calculate the expression of the target protein [24].

2.6. Migration Assay. Cell migration can be analyzed using
the scratch healing test with a 6-well plate. The experimental
items used in the scratch experiment were strictly sterilized;
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1mL cell suspension (1 × 105 cells/mL) was added to each
well of the six-well plate and incubated at 37°C and 5%
CO2. When the cells were all attached to the six-well plate
(24 h), the cell migration was observed and evaluated at dif-
ferent time points 0, 24, and 48 h. Nikon inverted micro-
scope ECLIPSE TS100 EPifucence microscope and NIS
Elements AR 3.1 software were used to collect images and
calculate the scratch area for statistics. The experiment was
repeated three times.

2.7. Invasion Assay. Invasion assays were performed in 24-
well plates using a polycarbonate membrane (Corning, NY,
USA) chamber with a pore size of 8μm. Dilute 1 : 5 with
60μL of Matrigel (BD Sciences, San Jose, CA, USA) and
serum-free DMEM culture solution and coat the membrane.
The gel-coated Transwell chamber was placed at 37°C incu-
bator for 2 h to form a matrix barrier. In the upper chamber,
serum-free DMEM culture solution was added into to pre-
pare cell suspension (1 × 105 cells/mL) of SiHa groups and
C33a groups. 600mL DMEM containing 10% fetal bovine
serum was injected into the lower chamber. Laying the cells,
the 24-well plate was incubated at 37°C incubator for 24

hours, and the invaded cells were washed with PBS cell
buffer solution and fixed with 4% paraformaldehyde. Stain
with crystal violet for 20 minutes. The cells remaining on
top of the polycarbonate membrane were removed with a
cotton swab. Images were taken under a Nikon ECLIPSE
TS100 fluorescence microscope and the number of the cells
was manually counted in 4 random areas.

2.8. MTT Assay. Cervical cancer cells SiHa, shNON, shHIF-
1α, C33a, LV-NON, and LV-HIF-1α were at a density of
4000 cells/well in 96-well plates incubated overnight. After
the cells were attached, at 0h, 12h, 24h, 48h, and72h,
200μL of 0.5mg/mL MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide was added. After 4h of incuba-
tion, at 37°C, the MTT formazan precipitate was dissolved in
150μL of DMSO (Sigma, USA) to solubilize the formazan
crystals, in a shaker before test, and the absorbance is at
490nm using a microplate autoreader (Bio-Rad, USA).

2.9. Tumor Xenograft Mouse Model. The 4-week-old nude
mice were randomly divided into 6 groups (6 mice/group)
including SiHa, shNON, shHIF-1α, C33a, lev-non, and lev-
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Figure 1: Expressions of HIF-1α, YAP, and TAZ in different pathological tissues and cell lines. (a) Expressions of HIF-1α, YAP, and TAZ in
different pathological tissues. (b) The protein expression and mRNA level of HIF-1α in C33a and SiHa cells. ∗p < 0:05, ∗∗p < 0:01, and
∗∗∗p < 0:001.
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HIF-1α. We subcutaneously injected 5 × 106 cell suspen-
sions into each nude mouse. In animal experiments, the con-
dition of tumor implantation in nude mice was observed
weekly and the tumor volume was measured. 8 weeks after
tumor implantation, all nude mice were anesthetized and
euthanized with cervical dislocation. The weight and volume
of the tumor were then measured and the results tallied.

2.10. Statistical Analyses. To ensure experimental reproduc-
ibility, all experiments were performed independently in
triplicate, using GraphPad Prism 8.0 software (GraphPad
software, Inc., La Jolla, CA, USA) to generate the presented
statistical graphs and conducted statistical analysis of the dif-
ferences. All statistics SPSS software (version 19.0) was used
for analysis, and data were expressed as mean ± standard
deviation (SD). The Mann-Whitney test was used to detect
HIF-1α and YAP/TAZ immunohistochemical score between
the cervical cancer group, CIN group, and normal tissue
group. The relationship between the expression of HIF-1α,
YAP/TAZ, and clinicopathological characteristics was
detected by chi-square test or Fisher’s exact test, and Spear-
man rank correlation analysis was used to analyze the corre-
lation between HIF-1α and YAP/TAZ. ImageJ software
calculates the scratch area and Transwell assay cell count,
Image lab calculates the gray value of the Western blot band,
and the result p < 0:05 was considered statistically
significant.

3. Result

3.1. HIF-1α and YAP/TAZ Upregulated in Human Cervical
Cancer Tissue. The expression levels of HIF-1α, YAP, and
TAZ in 30 normal cervical tissues, 58 CIN tissues, and 40
cervical squamous cell carcinoma tissues were detected by
immunohistochemistry. The expression level of HIF-1α in
cervical cancer tissue was higher than CIN and normal cer-
vical tissue. HIF-1α expression was significantly increased in
cervical squamous cell carcinoma compared with CIN and
normal cervical tissue (Figure 1(a)). To further understand

the clinicopathological significance of HIF-1α expression in
cervical squamous cell carcinoma, we analyzed the relation-
ship between HIF-1α expression and clinicopathological fea-
tures of cervical squamous cell carcinoma (Table 1). The
positive expression rates of HIF-1α, YAP, and TAZ in nor-
mal cervical tissue group were significantly lower than the
CIN group and cervical squamous cell carcinoma group.
The positive expression rates of HIF-1α, YAP, and TAZ in
normal cervical tissue group were 20%, 23.3%, and 26.7%,
respectively. The positive expression rates of CIN were
56.9%, 58.6%, and 62.1%, respectively. In CSCC, the positive
expression rates of HIF-1α, YAP, and TAZ were
65.0%,72.5%, and 67.5%, respectively, with statistically sig-
nificant differences (p < 0:05). The positive expression rate
of HIF-1α in poorly differentiated group and lymph node
metastasis group exceeds than that in highly differentiated
and nonmetastasis groups, but the difference was not statis-
tically significant (p > 0:05). YAP is related to the differenti-
ation of CSCC. The positive expression rates of YAP protein
in high differentiated and poorly differentiated CSCC were
57.9% and 85.7%, respectively, and statistically significant
differences (p < 0:05). TAZ is correlated with node metasta-
sis of CSCC. The positive expression rates of TAZ protein
were 86.7% and 56.0%, respectively, in the group with and
without lymph node metastasis, with statistically significant
differences (p < 0:05). HIF-1α was positively related to
YAP expression in CSCC (r = 0:487, p < 0:05). Increased

Table 1: According to the histopathological characteristics of the patient and expression of HIF-1α, YAP, and TAZ in CC.

Groups N
HIF-1

χ2 p
YAP

χ2 p
TAZ

χ2 p
Positive Negative Positive Negative Positive Negative

A (normal cervical
epithelial)

30 6 (20.0) 24 (80.0) 7 (23.3) 23 (76.7) 8 (26.7) 22 (73.3)

B (CIN) 58 33 (56.9) 25 (43.1) 34 (58.6) 24 (41.4) 36 (62.1) 22 (37.9)

B1 (CINI) 32 15 (46.9) 17 (53.1) 16 (50.0) 16 (50.0) 17 (53.1) 15 (46.9)

B2 (CINII-III) 26 18 (69.2) 8 (30.8) 18 (69.2) 8 (30.8) 19 (73.1) 7 (26.9)

C (CSCC) 40 26 (65.0) 14 (35.0) 15.48 0.001 29 (72.5) 11 (27.5) 17.39 0.001 27 (67.5) 13 (32.5) 13.44 0.001

Differentiation

C1 (high) 19 10 (52.6) 9 (47.4) 11 (57.9) 8 (42.1) 12 (63.2) 7 (36.8)

C2 (moderate/poor) 21 16 (76.1) 5 (23.9) 2.43 0.12 18 (85.7) 3 (14.3) 3.87 0.049 15 (71.4) 6 (28.6) 0.31 0.577

L/N metastasis

C3 (positive) 15 11 (73.3) 4 (26.7) 12 (80.0) 3 (20.0) 13 (86.7) 2 (13.3)

C4 (negative) 25 15 (60.0) 10 (40.0) 0.73 0.39 17 (68.0) 8 (32.0) 0.68 0.411 14 (56.0) 11 (44.0) 4.02 0.045

Table 2: HIF-1α mRNA and protein expression levels in C33a,
SiHa, and H8.

Group HIF-1α mRNA HIF-1α pro

SiHa 1:7268 ± 0:8743 1:1044 ± 0:0911
C33a 0:4764 ± 0:3471 0:5869 ± 0:0059
H8 0:8811 ± 0:1553 0:6812 ± 0:0618
F 66.36 24.82

p <0.0001 0.0013
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Figure 2: Continued.
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expressions of HIF-1α, YAP, and TAZ in CSCC accelerate
the development of cervical carcinoma. High expression of
HIF-1α, YAP, and TAZ is of great significance for clinical
prognosis.

To further understand whether the expression of HIF-1α
in cervical squamous carcinoma cells is similar to that in tis-
sue samples, we detected the expression of HIF-1α in SiHa,
c33a, and normal cervical (H8) and the relationship between
altered HIF-1α expression and YAP/TAZ expression. As
expected, the expression level of HIF-1α was significantly
higher in SiHa cells than in H8 cells (Figure 1(b)). Further-
more, the expression of HIF-1 was decreased in c33a cells
compared with SiHa cells. The mRNA level of HIF-1 in cel-
lular α was consistent with its protein level (Table 2). These
results further support that the HIF-1α expression was
upregulated in CC.

3.2. HIF-1α-Activated Hippo Pathway (YAP/TAZ) Gene Is
Expressed in Cervical Cancer Cells. To determine whether
HIF-1α can regulate downstream genes of the Hippo pathway
(YAP/TAZ) in cervical squamous cell carcinoma cells, we first
constructed stable overexpressing HIF-1α C33a cells (LV-

HIF-1α), which initially expressed HIF-1α at a relatively low
level. Meanwhile, stable HIF-1α-knockout SiHa cells (Sh-
HIF-1α) were constructed, which initially expressed high
levels of HIF-1α (Figure 2(a)). We then detected the changes
of HIF-1α mRNA after lentivirus transfection and found that
lentivirus infection caused significant changes in HIF-1α
mRNA (Figure 2(b)). Western blot confirmed that HIF-1α
expression was successfully altered after lentivirus infection
(Figure 2(c)). Subsequently, Western blotting results showed
that (YAP/TAZ) expression was decreased in shHIF-1α cells
(Figure 2(d)), while (YAP/TAZ) expression was significantly
increased in LV-HIF-1α cells (Figure 2(e)). In conclusion,
HIF-1α significantly affects the expression of YAP/TAZ in cer-
vical squamous cell carcinoma cells, suggesting that HIF-1α
can activate the expression of YAP/TAZ gene downstream of
Hippo pathway in cervical cells.

3.3. Effects of HIF-1α on Migration and Invasion of CC Cells.
To further investigate the role of HIF-1α in the migration,
invasion, and proliferation of cervical squamous cell carci-
noma cells, we performed wound healing assay, Transwell
invasion assay, and MTT assay. HIF-1α knockdown resulted
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in a significant decrease in migration capacity in a time-
dependent manner (Figure 3(a)). A significant reduction in
the ability of cells to invade was also observed
(Figure 3(b)). However, overexpression of HIF-1α signifi-
cantly increased cell migration and invasion. These results
suggest that HIF-1α may regulate the expression of YAP/
TAZ and promote the invasion and metastasis of CC cells.
At the same time, MTT assay results showed that upregula-
tion of HIF-1α expression could significantly increase the
proliferation of C33a cells, while downregulation of HIF-1α
expression could significantly reduce the proliferation of
SiHa cells (Figure 3(c)). These results suggested that HIF-
1α can increase the proliferation rate of tumor cells.

3.4. The Effect of HIF-1α on Tumor Cell Proliferation In Vivo.
Due to the gap between in vitro and in vivo experiments,
to further confirm the effect of HIF-1α on tumor cell pro-
liferation in vivo, we injected HIF-1α overexpressed C33a
cells and HIF-1α-knockout SiHa cells into nude mice.
Compared with control mice, tumors in mice with overex-
pressed HIF-1α C33a cells were significantly larger. In con-
trast, the tumors of nude mice transfected with HIF-1α-
knockout SiHa cells were significantly smaller
(Figure 4(a)). This indicates that HIF-1α can promote
tumor proliferation in vivo. During this experiment, the
nude mice were observed every other week and the size
of the tumor was recorded. After 28 days, the nude mice
were treated (euthanasia). The results showed that HIF-
1α expression affected tumor proliferation. This is the vol-
ume of the tumor measured weekly (Figure 4(b)). Tumor
weight measured weekly is shown (Figure 4(c)).

4. Discussion

HIF-1α is a key hypoxia-inducible factor subunit that medi-
ates the adaptive response of cells in a hypoxic microenvi-
ronment. HIF-1α gene expression programs can help cells

with energy metabolism, adapt to hypoxia stress, glycolysis,
and metabolism, and control angiogenesis, erythropoiesis,
tumor invasion, migration, and activation of protein genes
related to tumor progression [25–27]. Studies have shown
that upregulation of HIF-1α activity promotes tumor-
associated angiogenesis, thereby promoting tumor cell sur-
vival and proliferation in solid tumors [28].

HIF-1α silencing inhibits the growth and invasion of
cancer cells and induces an increased rate of apoptosis
in vitro [29]. Compared with normal liver tissue, viral hepa-
titis, liver cirrhosis, and hepatocellular carcinoma are more
obvious; in addition, HIF-1α-induced glucose transporter-1
(G-lut1) and vascular endothelial growth factor (VEGF)
gene expressions promote glycolysis and induce angiogene-
sis, which is closely related to the occurrence, development,
and proliferation of cancerous cells of liver cancer [30].

Hippo pathway core components (YAP/TAZ) are essen-
tial for tissue development and tissue homeostasis, and
abnormal expression of Hippo pathway core components
is involved in a variety of pathological diseases, including
cancer [31].

YAP and TAZ are two key transcriptional coactivators
downstream of the Hippo pathway [32]. Whether HIF-1α
promotes tumor invasion and metastasis by activating
YAP/TAZ is rarely reported. On the basis of our previous
work, we used immunohistochemistry to detect the expres-
sion of HIF-1α and YAP/TAZ in normal cervical tissues,
cervical intraepithelial neoplasia (CIN), and cervical cancer
tissues. We analyzed the association between HIF-1α, YAP/
TAZ, and clinical malignant phenotypes of cervical cancer,
such as differentiation degree and lymph node metastasis,
and analyzed the correlation between HIF-1α-positive
expression and YAP/TAZ expression in cervical cancer tis-
sues. The positive expression rates of HIF-1α, YAP, and
TAZ proteins in normal cervical tissues were lower than
those in CIN and CSCC. The positive expression rate of
HIF-1α in low differentiation group and lymph node
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metastasis group was higher than that in high differentiation
group and no lymph node metastasis group. The positive
expression rate of YAP in well-differentiated squamous cell
carcinoma was lower than that in poorly differentiated squa-
mous cell carcinoma. TAZ was associated with CSCC lymph
node metastasis, and the positive expression rate of TAZ
protein in the group with lymph node metastasis was higher
than that in the group without lymph node metastasis. HIF-
1α was positively correlated with YAP protein expression in
CSCC tissue.

The experimental results in this part of the study are
basically consistent with the relevant reports, indicating that
HIF-1α and YAP/TAZ have certain value in the diagnosis of

cervical cancer and the judgment of malignant degree and
prognosis.

The second part of the study mainly conducted in-depth
research on cervical squamous cell carcinoma cells at the cell
level in vitro, detected the expression level of HIF-1α in dif-
ferent cervical cancer cells, and analyzed the effect of HIF-1α
expression level on the invasion and metastasis of cervical
cancer cells. The effect of HIF-1α on the expression of Hippo
signaling pathway target gene YAP/TAZ and the function of
cervical cancer cells during the occurrence and development
of cervical cancer.

Firstly, the expression of HIF-1α in cervical normal tis-
sue cells H8, cervical squamous cell carcinoma SiHa (HPV
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Figure 4: The effect of HIF-1α on tumor cell proliferation in vivo. (a) A representative image of an anatomical tumor after transplantation
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+), and cervical squamous cell carcinoma C33a (HPV-) was
detected by QRT-PCR and Western blot. The results showed
that HIF-1α expression level in SiHa (HPV+) was signifi-
cantly higher than that in normal cervical tissue cell H8
and cervical squamous cell C33a (HPV-). Therefore, we used
lentivirus transfection technology to investigate the mecha-
nism of HIF-1α in cervical cancer metastasis and the effect
on Hippo pathway target and cervical cancer by cell func-
tional level and molecular level. We transfected cervical
squamous cell carcinoma cells with lentivirus for knock-
down and overexpression of HIF-1α and screened out suc-
cessfully transfected knockdown SiHa (HPV+) cells and
overexpression C33A (HPV-) cells by flow cytometry
screening. Then, the expression of HIF-1α in transfected
cells was detected by QRT-PCR and Western blot. The
results suggested that the mRNA and protein expression
levels of HIF-1α in SH-HIF-1A group were significantly
lower than those in the SH-NON group and control group.
The mRNA and protein expression levels of HIF-1α in the
LV-HIF-1α overexpression group were significantly higher
than those in the LV-non group and control group. After
successfully constructing the lentivirus vector model, we
conducted experiments on cell function and molecular
mechanism: (1) The changes of proliferation, invasion, and
migration of cervical cancer cells and Hippo pathway-
related protein YAP/TAZ after knockdown and overexpres-
sion of HIF-1α were detected. The results showed that
knockdown of HIF-1α inhibited the proliferation, invasion,
migration and scratch healing process of cervical cancer
cells, while overexpression of HIF-1α promoted the prolifer-
ation, invasion, migration, and scratch healing process of
cervical cancer cells, thus confirming that HIF-1α promoted
tumor metastasis by regulating the invasion, migration and
scratch healing process of cervical cancer cells. (2) The
expression changes of YAP/TAZ downstream of Hippo
pathway in cervical cancer cells after HIF-1α knockdown
and overexpression were detected to understand the changes
of invasion, migration, and proliferation of cervical cancer
cells. The results showed that after HIF-1α knockdown, the
expression of YAP/TAZ decreased, and the invasion, migra-
tion, and proliferation of cervical cancer cells were weak-
ened. On the contrary, overexpression of HIF-1α increased
the expression of YAP/TAZ, and the invasion, migration,
and proliferation of cervical cancer cells were enhanced, sug-
gesting that HIF-1α regulates the development of cervical
cancer by regulating the YAP/TAZ target.

In the first two parts of this study, we confirmed the role
of HIF-1α in the progression, invasion, and metastasis of
cervical cancer from the tissue and cellular levels.

In the third part, on the basis of the previous in vitro test,
cervical cancer cells with knockdown and overexpression of
HIF-1α gene were established by lentivirus transfection and
injected into the subcutaneous (armpit) of nude mice to
observe the effect on tumor formation in nude mice. HIF-
1α was downregulated in SiHa and upregulated in C33a
and then injected into the nude mice to obtain subcutaneous
transplanted tumors. The volume and weight of trans-
planted tumor were measured to evaluate the effect of HIF-
1α gene on tumor formation in nude mice. To understand

the effect of HIF-1α on the proliferation of cervical cancer
in vivo, this method first ensures the unity of the genetic
background of tumor tissue, and secondly, this method has
a short test period, good reproducibility, and simple opera-
tion. The volume and weight of tumor formation in vivo
were significantly larger than those of the nude mice in the
knockout group. This indicates that the upregulation of
HIF-1α expression has a promoting effect on tumor growth
in vivo. This result is consistent with the results of in vitro
experiments, which further proves that the gene HIF-1α
exists as an oncogene in cervical cancer. In summary, HIF-
1α plays an important role in the growth, invasion, and
metastasis of cervical cancer cells, and its mechanism may
be involved in the occurrence and development of cervical
cancer through its downstream tumor microenvironment-
related proteins. We speculate that HIF-1α gene silencing
inhibits the growth and metastasis of cervical cancer cells
through a variety of ways and may become a potential effec-
tive target for cervical cancer gene therapy.

Abbreviations

CCSC: Cervical squamous cell carcinoma
CIN: Cervical intraepithelial neoplasia
HIF-1α: Hypoxia-inducible factor 1
YAP: Yes-related protein
TAZ: Transcriptional coactivator with PDZ binding

motif.

Data Availability

The data used to support the findings of this study are
included within the article.

Conflicts of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

Azierguli Abudoukerimu and Hong Ma performed most
experiments, analyzed the data, and wrote the manuscript;
Azierguli Abudoukerimu, Jie Wei, and Tao Yu participated
in the in vivo study; Azierguli Abudoukerimu, Yi Xin
Huang, and Abudouhabaer Abudoukerimu analyzed the
data and revised the manuscript; and Delixiati Yimiti and
Axiangu Hasimu designed the overall study, supervised the
experiments, and analyzed the results.

Acknowledgments

This research was supported by the Xinjiang Uighur Auton-
omous Region Fund (2018D01C149).

References

[1] K. Fetcko, D. D. Gondim, J. M. Bonnin, and M. Dey, “Cervical
cancer metastasis to the brain: a case report and review of lit-
erature,” Surgical Neurology International, vol. 8, p. 181, 2017.

11Journal of Oncology



[2] Z. Zhou, W. Li, F. Zhang, and K. Hu, “The value of squamous
cell carcinoma antigen (SCCa) to determine the lymph nodal
metastasis in cervical cancer: a meta-analysis and literature
review,” PLoS One, vol. 12, no. 12, article e0186165, 2017.

[3] H. H. Xu, K. Wang, X. J. Feng et al., “Prevalence of human
papillomavirus genotypes and relative risk of cervical cancer
in China: a systematic review and meta-analysis,” Oncotarget,
vol. 9, no. 20, pp. 15386–15397, 2018.

[4] J. Q. Ma, H. Tuersun, S. J. Jiao, J. H. Zheng, J. B. Xiao, and
A. Hasim, “Functional role of NRF2 in cervical carcinogene-
sis,” PLoS One, vol. 10, no. 8, article e0133876, 2015.

[5] B. H. Yang, F. I. Bray, D. M. Parkin, J. W. Sellors, and Z. F.
Zhang, “Cervical cancer as a priority for prevention in differ-
ent world regions: an evaluation using years of life lost,” Inter-
national Journal of Cancer, vol. 109, no. 3, pp. 418–424, 2004.

[6] Y. Wang, Y. B. Cai, W. James, J. L. Zhou, R. Rezhake, and
Q. Zhang, “Human papillomavirus distribution and cervical
cancer epidemiological characteristics in rural population of
Xinjiang, China,” Chinese Medical Journal, vol. 134, no. 15,
pp. 1838–1844, 2021.

[7] E. B. Rankin, J. M. Nam, and A. J. Giaccia, “Hypoxia: signaling
the metastatic cascade,” Trends Cancer, vol. 2, no. 6, pp. 295–
304, 2016.

[8] Y. Jin, H. Wang, X. Ma, X. Liang, X. Liu, and Y. Wang, “Clin-
icopathological characteristics of gynecological cancer associ-
ated with hypoxia-inducible factor 1α expression: a meta-
analysis including 6,612 subjects,” PLoS One, vol. 10, no. 5,
article e0127229, 2015.

[9] Y. Matsuo, Q. Ding, R. Desaki et al., “Hypoxia inducible
factor-1 alpha plays a pivotal role in hepatic metastasis of pan-
creatic cancer: an immunohistochemical study,” Journal of
Hepato-Biliary-Pancreatic Sciences, vol. 21, no. 2, pp. 105–
112, 2014.

[10] S. Rockwell, I. T. Dobrucki, E. Y. Kim, S. T. Marrison, and
V. T. Vu, “Hypoxia and radiation therapy: past history, ongo-
ing research, and future promise,” Current Molecular Medi-
cine, vol. 9, no. 4, pp. 442–458, 2009.

[11] A. M. Shannon, D. J. Bouchier-Hayes, C. M. Condron, and
D. Toomey, “Tumour hypoxia, chemotherapeutic resistance
and hypoxia-related therapies,” Cancer Treatment Reviews,
vol. 29, no. 4, pp. 297–307, 2003.

[12] F. Paredes, H. C. Williams, and A. San Martin, “Metabolic
adaptation in hypoxia and cancer,” Cancer Letters, vol. 502,
pp. 133–142, 2021.

[13] M. S. Lopez, E. S. Baker, M. Maza et al., “Cervical cancer pre-
vention and treatment in Latin America,” Journal of Surgical
Oncology, vol. 115, no. 5, pp. 615–618, 2017.

[14] D. Hanahan and L. M. Coussens, “Accessories to the crime:
functions of cells recruited to the tumor microenvironment,”
Cancer Cell, vol. 21, no. 3, pp. 309–322, 2012.

[15] C. Mendez-Blanco, P. Fernandez-Palanca, F. Fondevila,
J. Gonzalez-Gallego, and J. L. Mauriz, “Prognostic and clinico-
pathological significance of hypoxia-inducible factors 1α and
2α in hepatocellular carcinoma: a systematic review with
meta-analysis,” Therapeutic Advances in Medical Oncology,
vol. 13, 2021.

[16] H. Choudhry and A. L. Harris, “Advances in hypoxia-
inducible factor biology,” Cell Metabolism, vol. 27, no. 2,
pp. 281–298, 2018.

[17] T. Yu, B. Tang, and X. Sun, “Development of inhibitors target-
ing hypoxia-inducible factor 1 and 2 for cancer therapy,” Yon-
sei Medical Journal, vol. 58, no. 3, pp. 489–496, 2017.

[18] S. Noguchi, A. Saito, and T. Nagase, “YAP/TAZ signaling as a
molecular link between fibrosis and cancer,” International
Journal of Molecular Sciences, vol. 19, no. 11, p. 3674, 2018.

[19] J. H. Koo and K. L. Guan, “Interplay between YAP/TAZ and
metabolism,” Cell Metabolism, vol. 28, no. 2, pp. 196–206,
2018.

[20] S. Wang, E. Englund, P. Kjellman et al., “CCM3 is a gatekeeper
in focal adhesions regulating mechanotransduction and YAP/
TAZ signalling,” Nature Cell Biology, vol. 23, no. 7, pp. 758–
770, 2021.

[21] W. Choi, J. Kim, J. Park et al., “YAP/TAZ initiates gastric
tumorigenesis via upregulation of MYC,” Cancer Research,
vol. 78, no. 12, pp. 3306–3320, 2018.

[22] P. Khanal, B. Yeung, Y. Zhao, and X. Yang, “Identification of
prolyl isomerase Pin1 as a novel positive regulator of YAP/
TAZ in breast cancer cells,” Scientific Reports, vol. 9, no. 1,
p. 6394, 2019.

[23] V. Canu, S. Donzelli, A. Sacconi et al., “Aberrant transcrip-
tional and post-transcriptional regulation of SPAG5, a YAP-
TAZ-TEAD downstream effector, fuels breast cancer cell pro-
liferation,” Cell Death and Differentiation, vol. 28, no. 5,
pp. 1493–1511, 2021.

[24] Q. Wan, N. Okashah, A. Inoue et al., “Mini G protein probes
for active G protein–coupled receptors (GPCRs) in live cells,”
Journal of Biological Chemistry, vol. 293, no. 19, pp. 7466–
7473, 2018.

[25] P. Silva, P. Mendoza, S. Rivas et al., “Hypoxia promotes Rab5
activation, leading to tumor cell migration, invasion and
metastasis,” Oncotarget, vol. 7, no. 20, pp. 29548–29562, 2016.

[26] C. Corrado and S. Fontana, “Hypoxia and HIF signaling: one
axis with divergent effects,” International Journal of Molecular
Sciences, vol. 21, no. 16, p. 5611, 2020.

[27] Y. Wen, X. Zhou, M. Lu et al., “Bclaf1 promotes angiogenesis
by regulating HIF-1α transcription in hepatocellular carci-
noma,” Oncogene, vol. 38, no. 11, pp. 1845–1859, 2019.

[28] J. Chang and J. Erler, “Hypoxia-mediated metastasis,”
Advances in Experimental Medicine and Biology, vol. 772,
pp. 55–81, 2014.

[29] J. Yan, Q. Liu, Y. Dou et al., “Activating glucocorticoid
receptor-ERK signaling pathway contributes to ginsenoside
Rg1 protection against β-amyloid peptide-induced human
endothelial cells apoptosis,” Journal of Ethnopharmacology,
vol. 147, no. 2, pp. 456–466, 2013.

[30] R. Gao, J. Cheng, C. Fan et al., “Serum metabolomics to iden-
tify the liver disease-specific biomarkers for the progression of
hepatitis to hepatocellular carcinoma,” Scientific Reports,
vol. 5, no. 1, p. 18175, 2015.

[31] H. Kovar, L. Bierbaumer, and B. Radic-Sarikas, “The YAP/
TAZ pathway in osteogenesis and bone sarcoma pathogene-
sis,” Cell, vol. 9, no. 4, 2020.

[32] A. V. Pobbati and W. Hong, “A combat with the YAP/TAZ-
TEAD oncoproteins for cancer therapy,” Theranostics,
vol. 10, no. 8, pp. 3622–3635, 2020.

12 Journal of Oncology


	HIF-1α Regulates the Progression of Cervical Cancer by Targeting YAP/TAZ
	1. Introduction
	2. Methods
	2.1. Ethics
	2.2. Immunohistochemistry
	2.3. Cell Culture and Lentiviral Infection
	2.4. RNA Extraction and qRT-PCR Assay
	2.5. Western Blot (WB) Analysis
	2.6. Migration Assay
	2.7. Invasion Assay
	2.8. MTT Assay
	2.9. Tumor Xenograft Mouse Model
	2.10. Statistical Analyses

	3. Result
	3.1. HIF-1α and YAP/TAZ Upregulated in Human Cervical Cancer Tissue
	3.2. HIF-1α-Activated Hippo Pathway (YAP/TAZ) Gene Is Expressed in Cervical Cancer Cells
	3.3. Effects of HIF-1α on Migration and Invasion of CC Cells
	3.4. The Effect of HIF-1α on Tumor Cell Proliferation In Vivo

	4. Discussion
	Abbreviations
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

