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Abstract

BACKGROUND

Breast cancer is a common malignant tumor that seriously threatens women'’s
health. Breast cancer stem cell (CSC)-like cell population may be the main factor
for breast cancer metastasis. Therefore, targeted therapy for CSCs has great
potential significance. Hypoxia-inducible factor is a transcription factor widely
expressed in tumors. Studies have shown that down-regulation of the hypoxia
signaling pathway inhibits tumor stem cell self-renewal and increases the
sensitivity of stem cells to radiotherapy and chemotherapy mediated by hypoxia-
inducible factor-2a (HIF-2a). However, the specific mechanism remains unclear
and further research is necessary.

AIM

To investigate the effect of HIF-2a down-regulation on stem cell markers,
microsphere formation, and apoptosis in breast cancer cell line MDA-MB-231
under hypoxia and its possible mechanism.

METHODS

Immunohistochemistry was used to detect the expression of HIF-2a and CD44 in
triple-negative breast cancer (TNBC) and non-TNBC tissues. Double-labeling
immunofluorescence was applied to detect the co-expression of HIF-2a and CD44
in MDA-MB-231 cells and MCF-7 cells. HIF-2a was silenced by RNA interference,
and the expression of CD44 and transfection efficiency were detected by real-time
fluorescent quantitative PCR. Further, flow cytometry, TdT-mediated X-dUTP
nick end labeling, and mammosphere formation assays were used to evaluate the
effect of HIF-2a on CSCs and apoptosis. The possible mechanisms were analyzed
by Western blot.
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RESULTS

The results of immunohistochemistry showed that HIF-2a was highly expressed
in both TNBC and non-TNBC, while the expression of CD44 in different
molecular types of breast cancer cells was different. In in vitro experiments, it was
found that HIF-2a and CD44 were expressed almost in the same cell. Compared
with hypoxia + negative-sequence control, HIF-2a small interfering ribonucleic
acid transfection can lower the expression of HIF-2a and CD44 mRNA(P < 0.05),
increase the percentage of apoptotic cells (P < 0.05), and resulted in a reduction of
CD44*/CD24 population (P < 0.05) and mammosphere formation (P < 0.05) in
hypoxic MDA-MB-231 cells. Western blot analysis revealed that phosphorylated
protein-serine-threonine kinase (p-AKT) and phosphorylated mammalian target
of rapamycin (p-mTOR) levels in MDA-MB-231 decreased significantly after HIF-
2a silencing (P < 0.05).

CONCLUSION

Down-regulation of HIF-2a expression can inhibit the stemness of human breast
cancer MDA-MB-231 cells and promote apoptosis, and its mechanism may be
related to the CD44/phosphoinosmde-3-kinase/ AKT/mTOR signaling pathway.

Key words: Breast cancer; Hypoxia-inducible factor-2a; Cancer stem cells; CD44

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Cancer stem cells (CSCs) play an important role in tumor formation, growth,
invasion, metastasis, and recurrence. Hypoxia can promote the differentiation of various
tumor cells, enable cells to acquire stem cell characteristics, and enhance tumor cell
invasion and tumorigenicity. In the long-term exposure of tumors to hypoxia, the major
regulatory factor is hypoxia-inducible factor-2a (HIF-2a), which can promote the
malignant biological behavior of tumors by activating its downstream target genes.
Studies have shown that the effect of HIF-2a on tumor cells may be related to CD44, a
marker for breast CSCs. In this study, breast cancer cell line MCF-7 and basal breast
cancer cell line MDA-MB-231 were utilized to investigate the relationship between HIF-
2a and CD44 gene expression and the regulatory effect of HIF-2a on CD44.
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regulates CD44 to promote cancer stem cell activation in triple-negative breast cancer via
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INTRODUCTION

Breast cancer is one of the most common malignant tumors. Its incidence rate is the
highest in females and has a rising trend!”!. Although advanced medical technology
has significantly improved the 5-year survival rate of many types of breast cancer,
there are still 20% to 30% of patients who will have recurrence, serious complications,
and even death after treatment**l. According to the report by Dent et al”], the 5-year
survival rate of patients with recurrent breast cancer is only about 60%. Distant
metastasis is one of the most important reasons. In particular, attention needs to be
paid to patients with triple-negative breast cancer (TNBC), which is highly invasive
and more prone to recurrence and metastasis than other forms of breast cancert*'’l.
Therefore, studies on TNBC are popular in clinical research. In recent years,
researchers have found a small number of highly tumorigenic cell populations in
breast tumors that express stem cell-like properties and are capable of self-renewal
and differentiation, which are considered to be the source of tumor recurrencel'-’l.
Some latest studies have suggested that deaths caused by TNBC are mainly associated
with persistent cancer stem cells (CSCs)!"““'?l. An in vitro experiment with CSCs from
Lu et al'! also showed that chemotherapy can enrich CSCs in TNBC and induce
recurrence. Hence, targeted therapy for inhibiting CSC population has great clinical
value. In the study of Samanta et all'l, hypoxia can promote the ability of tumor cells
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to obtain the features of stem cells and enhance the resistance of breast cancer cells to
chemotherapy. Carroll et all'”! revealed the role of gene expression of hypoxia-
inducible factor-la (HIF-1a) and hypoxia-inducible factor-2a (HIF-2a) in breast
cancer cell proliferation. It is worth noting that HIF-2a is more important in
regulating the state of CSCs. Studies have confirmed that HIF-2a can affect the
biological characteristics of breast CSCs, which is related to CD44 and its downstream
pathway??l. As a widely distributed transmembrane glycoprotein, CD44 regulates
the phosphoinosmde-3-kinase (PI3K)/protein-serine-threonine kinase
(AKT)/mammalian target of rapamycin (mTOR) signaling pathway and participates
in the migration of cancer cells. It is also highly expressed in CSCs and is one of the
important markers of CSCs. Current studies have shown that the change of CD44
expression is consistent with the trend of HIF-2a expression”**1, but the relationship
between CD44 and HIF-2a and its regulation mechanism are still unknown. The aim
of this study was to investigate the relationship between HIF-2a, CD44, and
PI3K/AKT/mTOR signaling by using breast cancer cell line MDA-MB-231, and
further analyze the mechanism of CSC activation in TNBC and its role in the
malignant progression of TNBC.

MATERIALS AND METHODS

Patients and breast cancer tissues

A total of 49 female patients with primary breast cancer diagnosed at Cangzhou
Central Hospital were enrolled in our study from 2016 to 2017. Among them are 29
cases of TNBC and 20 cases of lumen type breast cancer (non-TNBC). All the patients
had never been treated with radiotherapy or chemotherapy and the diagnosis was
confirmed pathologically by more than two pathologists. Patients who had recurrent
or metastatic breast cancer were excluded. Tumor tissues from TNBC and non-TNBC
patients obtained during surgery were fixed in 10% neutral buffered formalin and
then embedded in paraffin wax for immunohistochemistry analysis. This study was
approved by the Ethics Committee of Cangzhou Central Hospital.

Immunohistochemistry

The expression of HIF-2a and CD44 in breast cancer was measured by immuno-
histochemistry analysis. Briefly, sections of 4 pm thickness, obtained from patients
with TNBC and non-TNBC, were subjected to deparaffinization, rehydration, and
microwave antigen retrieval. The tissue sections were incubated in 0.3% H,O, for 10
min and blocked using 1% BSA/PBS. The slides were then incubated with the
following primary antibodies: anti-CD44 (dilution, 1:800) and anti-HIF-2a antibodies
(dilution, 1:400; Abcam, Cambridge, MA, United States) overnight at 4 °C.
Afterwards, the tissues were incubated with horseradish peroxidase-labeled
secondary antibody (dilution, 1:1000; Santa Cruz Biotechnology, Inc) at 37 °C for 30
min and and stained with DAB, followed by haematoxylin counterstaning. The result
was evaluated by pathologists based on the following criteria: >10% of cells stained
represented positive expression and >30% of cells stained were considered as high
expression.

Cell culture

Human breast cancer cell lines MDA-MB-231 and MCF-7 were obtained from
American Type Culture Collection (ATCC, Manassas, VA, United States) and
routinely cultured in Dulbecco’s modified Eagle’s medium-F12 medium containing
10% fetal bovine serum, 100 U/mL penicillin, and 100 pg/mL streptomycin (Gibco,
Grand island, NY, United States). Cells were grown at 37 °C in a humidified incubator
containing 5% CO, and the complete medium changed 24 h. Digestion and passage
were performed and cells in exponential growth stage were harvested for various
experiments. For hypoxia treatment, all cells were cultured in a constant-temperature
incubator with 1%0O,, 5%CO,, and 94%N,.

Immunofiuorescence

Cells were seeded on coverslides for 24 h and then fixed in 4% paraformaldehyde,
followed by permeabilization with 0.2% Triton X-100. The nonspecific sites of samples
were blocked with normal sheep serum at room temperature, and then the cells were
stained with the primary antibody CD44-PE (dilution, 1:200) and rabbit anti-HIF-2a
antibody (dilution, 1:600) provided by BD Biosciences overnight at 4 °C. Then, the
samples were washed three times with PBS and incubated with the fluorophore-
labelled goat anti-rabbit antibody for an additional 30 min at room temperature. After
three washes with PBS, the samples were counterstained with 1 pg/mL 4',6-
diamidino-2-phenylindole (Sigma, St. Louis, MO, United States) to visualize cell
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nuclei and the stained cells were analyzed under a fluorescence microscope.

RNA interference and transfection

5 x 10° cells were seeded in 6-well plates containing antibiotic-free medium after
enzyme digestion and cultured in a CO, incubator for 24 h. Transfection was
performed in cells at 70%-80% confluence with small interfering ribonucleic acid
(siRNA) using Lipofectamine 2000 (Invitrogen, United States) according to the
manufacturer’s instructions. siRNAs targeting HIF-2a were designed and synthesized
by Sangon Biotech (Shanghai) Co., Ltd. Three siRNAs were tested and that with the
highest efficiency of HIF-2a down-regulation was chosen. Briefly, siRNA and
Lipofectamine 2000 were diluted with Opti-MEM medium (Invitrogen, United States)
prior to the mixing and then cultured at room temperature for 20 min to allow the
formation of a mixture of siRNA-Lipofectamine 2000. The mixture was added to each
well, and culturing continued for 24 h. The medium was replaced with complete
medium and incubated for an additional 24 h after hypoxia treatment. RNA was
harvested to detect the expression of HIF-2a after 48 h by reverse transcription-PCR.

Real-time fluorescent quantitative PCR

Total RNA was isolated from MDA-MB-231 and MCEF-7 cells with Trizol reagent
(Invitrogen, United States) and the quality of RNA was detected by 1% agarose gel
electrophoresis in strict accordance with the manual. 3pg of mRNA was used as
template to reverse-transcribe into cDNA, and real-time fluorescent quantitative PCR
was conducted utilizing Maxima SYB RGreen /ROX qPCR Master Mix (2X)
(Fermentas, United States) and the ABI 7500 real-time PCR system. The 244 method
was used to calculate the relative expression level of target genes. GAPDH as a
housekeeping gene control was purchased from Sangon Biotech (Shanghai) Co., Ltd,
and the specific primer sequences were designed using Primer 5. 0 software as
follows: HIF-2a forward, 5-GG TGAAAGTCTACAACAACTGCC-3" and reverse, 5'-
ATGGGTGCTGGATTGGTTC-3; CD44 forward, 5-CCAAGACACATTCCACCCCA-
3’ and reverse, 5'-GCCAAGAGGGATGCCAAGAT-3"; GAPDH forward, 5'-
TGGCACCCAGCACAATGAA-3" and reverse 5-CTAAGTCATAGTCCGC
CTAGAAGCA-3'. The conditions for qPCR reactions were: 95 °C for 10 min, followed
by 45 cycles of 15 s at 95 °C, 15 s at 57 °C, and 30 s at 72 °C. Melting curve analysis was
performed to confirm the specificity of the target gene.

Flow cytometry

Briefly, MDA-MB-231 cells were washed once with PBS and enzymatically dissociated
with trypsin-EDTA (Corning, Manassas, VA, United States). Detached cells were
resuspended in PBS supplemented with 2% fetal bovine serum. The cell suspension at
a density of 10° cells/100 pL were incubated with staining buffer containing
monoclonal antibodies purchased from BD Biosciences (San Diego, CA, United
States), including anti-human CD44-APC at a dilution of 1:40 and CD24-PE at a
dilution of 1:40, for 30 to 40 min on ice, with IgG antibody labeled with APC and PE
as isotype controls. Labeled cells were washed and resuspended in PBS, and analyzed
on a Becton-Dickinson FACSCalibur flow cytometer. Specific CSC markers in control
and HIF-2a siRNA transfected cells were detected.

TdT-mediated X-dUTP nick end labeling (TUNEL) assay

The effect of hypoxia treatment and downregulation HIF-2a on apoptosis of MDA-
MB-231 cells was detected with a TUNEL assay kit following the manufacturer’s
instructions (Roche Molecular Diagnostics, Pleasanton, CA, United States). In brief,
cells were seeded on glass coverslips, fixed with 4% paraformaldehyde in PBS, and
permeated with 0.1% Triton X-100 in 0.1% sodium citrate for 2 min on ice, after which
they were incubated with 50 pL reaction mixture in a humidified chamber at 37 °C for
1 h. Then, cells were washed with PBS three times and 4',6-diamidino-2-phenylindole
staining was performed for 10 min at room temperature. Five random fields of each
stained section were photographed under a fluorescence microscope (Olympus
Corporation, Tokyo, Japan). The percentage of TUNEL-positive cells was determined
by counting cells in at least eight fields and more than 500 cells in total.

Mammosphere formation assay

Following treatment, cells were harvested and dissociated into single cell suspension
prior to filtration. Subsequently, cells were cultured in ultra-low attachment 96-well
plates (Corning Incorporated, NY, United States) at a density of 1 x 10°/mL. The
serum-free DMEM/F-12 (HyClone, Logan, UT, United States) containing 2% B27
(Invitrogen, Carlsbed, CA, United States), 20 ng/mL b-FGF (Promega, United States),
20 ng/mL EGF (Promega, United States), and 5 pg/mL insulin was used for
mammosphere culture. After culturing for 7-21 d, mammosphere were monitored and
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the number of mammospheres was counted with an Olympus digital camera.

Western blot analysis

Cells were washed three times with ice-cold PBS and lysed in RIPA buffer (Beyotime,
Shanghai, China) supplemented with 1% phosphatase inhibitor (Sigma-Aldrich),
followed by centrifugation. The supernatant was harvested and protein concentration
was determined using a bicinchoninic acid assay kit (Beyotime, Shanghai, China).
Total proteins (10-30 pg) were subjected to 8%-15% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. Then, the proteins were transferred to a
polyvinylidene fluoride membrane (Millipore, United States), which was blocked
with 5% BSA and then incubated with primary antibodies at 4 °C overnight. After
washing, the membranes were incubated with an IgG antibody conjugated to
horseradish peroxidase (dilution 1:2000) for 1 h at room temperature. Visualization of
protein bands was performed with enhanced chemiluminescence solution (Thermo
Fisher Scientific, Inc.), and GAPDH (Cell Signaling Technology, Danvers, United
States) was used as a loading control. The primary antibodies were p-AKT (phosphor-
serd73, dilution 1:500), AKT (dilution 1:500), p-mTOR (phosphor-ser2448, dilution
1:1000), and mTOR diluted to 1:1000 (Abcam, Cambridge, United Kingdom).

Statistical analysis

All data are represented as the mean + standard deviation and analyzed with
SPSS19.0 software. The independent t-test was used for two-group comparisons and
one-way analysis of variance was applied to compare the means among three groups.
Pairwise comparison was performed by the LSD test. P < 0.05 was considered to
indicate a statistically significant difference.

RESULTS

Expression of HIF-2a and CD44 in different breast cancer patients

In this study, we analyzed HIF-2a and CD44 expression by immunohistochemical
staining. The results showed that a high density of cancer cells positive for HIF-2a
was observed in both TNBC and non-TNBC cells. CD44 was highly expressed in
TNBC but lowly expressed in luminal breast cancer cells. The expression of HIF-2a in
different molecular types of breast cancer cells was relatively consistent, while the
expression of CD44 in different molecular types of breast cancer cells was different
(Figure 1).

Immunofluorescent analysis for the expression of CD44 and HIF-2a in MCF-7 and
MDA-MB-231 cells

After hypoxia treatment, immunofluorescence assay showed that HIF-2a was mainly
expressed in the nucleus, while CD44 was mainly expressed on the cell membrane. It
was found by image fusion that HIF-2a and CD44 were expressed almost in the same
cell. The expression of HIF-2a and CD44 in MCF-7 was less than that in MDA-MB-231
cells (Figure 2).

HIF-2a and CD44 mRNA expression levels in MCF-7 and MDA-MB-231 cells after

transfection

In contrast with normoxic control, the expression of HIF-2a and CD44 mRNAs in
MDA-MB-231 cells was significantly increased after induction of hypoxia. HIF-2a
siRNA transfection can lower the expression of HIF-2a and CD44 mRNAs in hypoxic
cells, and the difference was statistically significant (P < 0.05). The expression of HIF-
2a in MCEF-7 cells treated with HIF-2a siRNA and hypoxia was higher than that in
cells treated by hypoxia + negative-sequence control (NC), but there was no
significant difference between the normoxic control and hypoxia cells (P > 0.05)
(Figure 3).

HIF-2a silencing significantly reduces the CD44:/CD24 population in MDA-MB-231
cells

To determine the effect of HIF-2a silencing on CSC properties, we assessed the
percentage of CD44+/CD24~- population in hypoxia with or without HIF-2a silencing
by flow cytometry. As shown in Figure 4, the percentage of CD44*/CD24" cells was
96.27% in the hypoxia group, and 84.02% in the hypoxia cells transfected with HIF-2ca-
siRNA. SiRNA-mediated HIF-2a depletion resulted in a reduction of CD44*/CD24~
population by 12.25%.

TUNEL assay to detect apoptotic cells
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Figure 1 Expression of hypoxia-inducible factor-2a and CD44 in carcinoma tissues of triple-negative breast cancer and non-triple-negative breast cancer
patients (x200). TNBC: Triple-negative breast cancer; HIF-2a: Hypoxia-inducible factor-2a.

To evaluate the effect of hypoxia and HIF-2a silencing on apoptosis in vitro, MDA-
MB-231 cell apoptosis was detected using TUNEL assay. The results showed that the
percentage of apoptotic cells was decreased under hypoxia compared to normoxic
cells (P < 0.05). Further research found that transfection of HIF-2a-siRNA in MDA-
MB-231 cells induced by hypoxia can increase the percentage of apoptotic cells than
that in cells treated by hypoxia + NC, and the difference was statistically significant (P
< 0.05), indicating that HIF-2a plays an important role in apoptosis of MDA-MB-231
cells (Figure 5).

Effect of HIF-2a on mammosphere formation efficiency (MFE) of MDA-MB-231 cells
From Figure 6, it is observed that mammospheres were successfully generated from
MDA-MB-231 cells. In MDA-MB-231 cells, mammospheres appeared after 7 d of
culture, and mammospheres of 100-200 pm in diameter formed and tended to attach
after 21 d of culture. MFE of cells treated by hypoxia + NC and hypoxia + siRNA at 7
d was 0.32% + 0.06% and 0.26% + 0.05%, respectively. At the 21 d, MFE of the above
cells was 0.33% * 0.26% and 0.17% * 0.09%, respectively, and the difference was
statistically significant (P < 0.05). These data suggest that HIF-2a silencing
significantly reduces mammosphere formation.

Effect of HIF-2a on the PI3K/AKT signaling pathway

PI3K/AKT/mTOR signaling is commonly activated in breast cancer and plays
important roles in tumor invasion and metastasis. Therefore, in this study, the main
signaling molecules of the PIBK-AKT-mTOR signaling pathway including AKT,
mTOR, and their phosphorylation levels were identified by Western blot analysis. The
results revealed that p-AKT and p-mTOR levels in MDA-MB-231 cells increased
slightly under anoxic conditions, while decreased significantly with HIF-2a
knockdown, and the difference was statistically significant (P < 0.05), which suggests
that hypoxia could increase the HIF-2a level to promote stem phenotype conversion
via the PI3K/ AKT signaling pathway (Figure 7).

DISCUSSION

CSCs are considered as cells capable of highly proliferation, self-renewal, and
multidirectional differentiation, which play an important role in tumorigenesis,
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Figure 2 Expression of hypoxia-inducible factor-2a and CD44 in MCF-7 and MDA-MB-231 cells (x200). The expression of HIF-2a and CD44 in MDA-MB-231
cells was significantly higher than that in MCF-7 cells. HIF-2a: Hypoxia-inducible factor-2a; DAPI : 4',6-diamidino-2-phenylindole.

growth, invasion, metastasis, and recurrence!* . Hypoxia can promote the
dedifferentiation of differentiated cancer cells, enable cells to acquire stem cell
characteristics, and enhance the invasiveness and tumorigenicity of cancer cells”**".
The expression of HIF-2a gene is positively correlated with the proliferation of breast
cancer cells. A previous study found that HIFs and its target genes are highly
expressed in TNBCP!l. Under hypoxic conditions, the expression of HIF-1a increased
rapidly and generally decreased sharply within 2-12 h, while the expression of HIF-2a
began to increase 48-72 h after hypoxia, and then continued to express steadily for
about 2 wk**?!l. Therefore, we believe that HIF-2a may play a more important role in
tumors and other chronic hypoxic diseases. In this study, we found that HIF-2a was
highly expressed in both TNBC and non-TNBC, and was higher in TNBC. This result
is consistent with the findings of Goggins et all*’l. Further, clinical studies have shown
that high expression of HIF-2a suggests a poor prognosis for both locally advanced
breast cancer and early breast cancer patients!™*I.

The reduction of breast cancer recurrence rate and improvement of its cure rate in
clinical practice are based on in-depth exploration of CSCsl**!l. Therefore, this study
analyzed the relationship between HIF-2a and CD44 by immunofluorescence after
hypoxia treatment, and the results showed that HIF-2a and CD44 were expressed
almost in the same cell, leading us to hypothesize that there is a close relationship
between CD44 and HIF-2a. The latter may regulate the expression of the former, but
the specific regulatory mechanism still needs to be further explored. Furthermore,
RNA interference, flow cytometry, and TUNEL assays were applied to identify the
effect of HIF-2a expression on the biological function of CSCs in breast cancer cells. In
this experiment, it was found that the expression of HIF-2a mRNA in MDB-MB-231
and MCF-7 cells was significantly increased under hypoxic conditions, while
significantly decreased after specific HIF-2a siRNA transfection, indicating successful
cell transfection. Moreover, the results also showed that HIF-2a silencing can lower
the expression of HIF-2a and CD44 mRNAs in hypoxic cells, suggesting that HIF-2a
could affect the level of CD44.

In breast cancers, CSCs carry the phenotypic signature of being CD24-/CD44*#2,
Flow cytometry showed that the proportion of CD44 cells in hypoxia-induced cells
was significantly lower than that in the hypoxia control group after HIF-2a down-
regulation. The results confirmed that down-regulation of HIF-2a in hypoxic
microenvironment can slow the formation of MDA-MB-231 tumor stem cells, and the
results are consistent with those of Xie et all”’l. It is suggested that HIF-2a plays an
important role in maintaining the stemness of CSCs. Alternatively, TUNEL assay
showed that HIF-2a siRNA in MDA-MB-231 cells induced by hypoxia can increase
the percentage of apoptotic cells, and high-level HIF-2a was believed to be linked to
an increased risk of breast cancer recurrence and metastasis!"*’l. Invasion and
metastasis are important factors affecting the prognosis of tumor patients. It was
found that the percentage of apoptotic cells was decreased under hypoxic conditions,
and increased after transfection of specific HIF-2a siRNA, which further confirms that
HIF-2a can promote the migration and invasion of breast cancer cells and inhibit the
apoptosis of breast cancer cells.

Activation of the PI3K/mTOR/mTOR signaling pathway is very common in breast
cancer patients!”l. Whole-genome sequencing in ER-positive metastatic breast cancer
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Figure 3 Expression of HIF-2a and CD44 mRNAs in human breast cancer cells after transfection.?P < 0.05 vs normoxia; bP < 0.05 vs hypoxia + NC. HIF-2a:
Hypoxia-inducible factor-2a; NC: Negative-sequence control.

patients revealed frequent mutations in many genes. Sharma et al*! showed that
p7170, a dual inhibitor of PI3K/mTOR, has a strong inhibitory effect on proliferation
of endocrine-sensitive and -resistant ER*/Her-2- breast cancer cells. In this study, we
hypothesized that HIF-2a silencing mediated by siRNA in human breast cancer
MDA-MB-231 cells can inhibit the expression of CD44, thus inhibiting the expression
of the intracellular p-AKT and p-mTOR, and the migration and invasion of cancer
cells were suppressed.

In conclusion, down-regulation of HIF-2a expression can inhibit the stemness of
human breast cancer MDA-MB-231 cells and promote apoptosis, and its mechanism
may be related to the CD44/PI3K/AKT/mTOR signaling pathway, which is expected
to be a target for the treatment of TNBC.
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ARTICLE HIGHLIGHTS

Research background

Breast cancer has a high degree of phenotype and functional heterogeneity, and the intratumoral
variation is obvious. Traditional chemical and endocrine therapies are not effective in treating all
cells in a tumor. Researchers have found a small group of highly tumorigenic cell populations in
breast tumors. They have stem cell-like properties that are critical for tumorigenesis, progression,
progression, and recurrence, and are closely associated with breast cancer metastasis. In the
development of tumors, hypoxia-inducible factor-2a (HIF-2a) plays an important role in
enhancing the drug resistance and migration of breast cancer stem cells. At present, whether the
expression of cancer stem cells can be regulated by interfering with the expression of HIF-2a has
not been reported in the literature.

Research motivation

Due to the rapid growth of triple-negative breast cancer (TNBC), and the lack of self-vascular
supply to meet the needs of rapidly growing tumor cells, a hypoxic environment is gradually
formed. In the long-term chronic hypoxia of tumors, the major regulatory factor is HIF-2a, which
increases the malignant biological behavior of tumors by activating its downstream target genes.
As a marker of breast cancer stem cells, CD44 is closely related to the invasion and metastasis of
tumor cells. Previous studies have found that HIF-2a can regulate the expression of the cell
adhesion molecule CD44, but the relationship between the two and the regulatory mechanism
are not clear.
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Research objectives

This study analyzed the relationship between the expression of HIF-2a and CD44 in patients
with TNBC and non-TNBC. Then, the effects of HIF-2a on the expression of CD44 in human
breast cancer cell lines MCF-7 and MDA-MB-231 and its possible mechanism were explored.

Research methods

We analyzed the expression of HIF-2a and CD44 in patients with TNBC (n = 29) and non-TNBC
(n = 20) using immunohistochemistry. The co-expression of HIF-2a and CD44 in MDA-MB-231
cells and MCF-7 cells was characterized by double-labeling immunofluorescence. The impact of
siRNA-mediated HIF-2a knockdown on the CSCs and apoptosis of MDA-MB-231 cells was
detected by real-time fluorescent quantitative PCR, flow cytometry, TUNEL, and mammosphere
formation assays. Data were statistically analyzed using the independent ¢-test and one-way
analysis of variance followed by LSD pairwise comparison tests.

Research results

Our data showed that HIF-2a had a high level expression in both TNBC and non-TNBC, and
HIF-2a and CD44 were located in the same cell. Functionally, HIF-2a silencing significantly
reduced the expression of HIF-2a and CD44 mRNAs, but increased cell apoptosis. Flow
cytometry and mammosphere formation assay results indicated downregulation of
CD44+/CD24- population (P < 0.05) and mammosphere formation upon HIF-2a suppression in
hypoxic MDA-MB-231 cells. Moreover, HIF-2a siRNA transfection could decrease the levels of
phosphorylated protein-serine-threonine kinase (p-AKT) and phosphorylated mammalian target
of rapamycin (p-mTOR) in MDA-MB-231 cells.

Research conclusions

HIF-2a plays an important role in the stemness and apoptosis of human breast cancer MDA-MB-
231 cells via the CD44/PI3K/ AKT/mTOR signaling pathway, thus emerging as a target for the
treatment of TNBC.

Research perspectives

The molecular regulation mechanism of CSCs in TNBC tissues is still unclear. Inhibition of CSC
activation or elimination of CSCs has become a difficult and critical step in the current treatment
of TNBC. In this study, the effect of HIF-2a on CSCs was explored by clinicopathological
specimens and in vitro experiments, and the mechanism of action was preliminarily analyzed.
The conclusions of this study have important clinical and pathological significance for
understanding the mechanism of CSC activation in TNBC tissues, blocking the signaling
pathway of HIF-2a, inhibiting the malignant progression of TNBC, and improving the prognosis
of patients.
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