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MiR-21 modulates radiosensitivity of cervical cancer
through inhibiting autophagy via the PTEN/Akt/HIF-1α
feedback loop and the Akt-mTOR signaling pathway
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Abstract MiR-21 is an important microRNA (miRNA)
modulating radiosensitivity of cervical cancer cells.
However, the underlying mechanism of miR-21 upregulation
in radioresistant cervical cancer has not been fully understood.
In addition, autophagy may either promote or alleviate
radioresistance, depending on the types of cancer and tumor
microenvironment. How autophagy affects radiosensitivity in
cervical cancer and how miR-21 is involved in this process
has not been reported. This study showed that miR-21 upreg-
ulation in radioresistant cervical cancer is related to HIF-1α
overexpression. MiR-21 overexpression decreases PTEN, in-
creases p-Akt, and subsequently increases HIF-1α expression,
while miR-21 inhibition results in increased PTEN, decreased
p-Akt, and then decreased HIF-1α. Therefore, we inferred that
there is a HIF-1α-miR-21 positive feedback loop through the
PTEN/Akt/HIF-1α pathway in cervical cancer cells. In addi-
tion, we also demonstrated that miR-21 confers decreased
autophagy in cervical cancer cells after IR via the Akt-
mTOR signaling pathway. Decreased autophagy is one of
the potential mechanisms of increased radioresistance in cer-
vical cancer cells. These findings expand our understanding of
radioresistance development in cervical cancer.
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Introduction

Cervical cancer is the one of the most common female malig-
nancies [1]. Combined radiotherapy and chemotherapy
(chemoradiotherapy) is recommended as either a primary or
an adjuvant treatment for the patients with cervical cancer
staging from 1B2 to stage 4A [2–4]. Although the administra-
tion of chemoradiotherapy can significantly improve
patient survival, local recurrence is still common due to
radioresistance [5]. However, the underlying mechanism of
radioresistance is still not fully understood. Our previous study
observed that miR-21 is an important microRNA (miRNA)
modulating radioresistance development in HR-HPV positive
cervical cancer cells through downregulating LATS1 [6].

Previous studies reported that viral oncoprotein E6 can
facilitate the transcription of miR-21 [7]. The association be-
tween miR-21 overexpression and increased radioresistance
was also observed in some types of cancer [8, 9]. Our previous
study observed that miR-21 was further increased in
radioresistant cervical cancer [6]. However, only limited stud-
ies reported the mechanisms underlying miR-21 upregulation
and radioresistance. Hypoxia is a common feature of many
solid tumors including cervical cancer. Some previous studies
reported that hypoxia inducible factor 1α (HIF-1α), a tran-
scription factor induced under hypoxia might protect cervical
cancer cells from irradiation (IR) induced apoptosis via mul-
tiple mechanisms, such as increasing VEGF and decreasing
P53 expression [10] and suppressing radiation-induced Bax
expression [11]. In fact, HIF-1α is an important transcription
factor that can facilitate transcription of many genes through
binding to the hypoxia responsive elements (HREs) [12, 13].
In this study, we firstly explored the association between HIF-
1α expression and miR-21 in cervical cancer cells.

Autophagy may also play a role in the development of
radioresistance [14]. It may either promote or alleviate
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radioresistance, depending on the types of cancer and tumor
microenvironment [14]. Due to the wide influence of miR-21
on cell cycle, DNA damage repair, apoptosis, autophagy, and
hypoxia, it has been recognized as a novel promising target in
cancer radiation therapy [9]. However, how autophagy affects
radiosensitivity in cervical cancer and howmiR-21 is involved
in this process has not been reported. Therefore, this study
further investigates the association among miR-21, autopha-
gy, and radioresistance in cervical cancer.

Methods

Patients and tissue samplings

This study was approved by the ethics committee of Cangzhou
City Central Hospital. All of the patients never received pre-
operative radiotherapy and/or chemotherapy before this study.
Cervical tissue samples were obtained from 22 patients histo-
logically diagnosed as infiltrating Ib-IIa and IIb-IIIa cervical
cancer. The patients were administrated with radiotherapy by
giving standard, pelvic radiation therapy and brachytherapy
with a total point A dose 75–80 Gy according to 2014
NCCN Clinical Practice Guideline in Oncology for Cervical
Cancer. In addition, the patients also received concurrent che-
motherapy of weekly cisplatin 40 mg/m2 [15]. The radiosensi-
tive and radioresistant cases were assessed by histological ex-
amination of residual tumor tissues by colposcopically directed
biopsy 6 months after completion of radiotherapy. Histological
assessment was performed by pathologist without authorship
in this study. All of the samples contained at least 70 % tumor
cells were used for further studies.

Cell culture

Human cervical cancer cell line HeLa and SiHa cells were
grown in RPMI‑1640 medium (Gibco‑BRL, USA) supple-
mented with 10 % fetal bovine serum (HyClone, USA). All
cells were cultured in a humidified atmosphere containing 5%
CO2 at 37 °C.

Cell transfection

Chemically synthesized miR-21 mimics, miR-21 inhibitors,
and the corresponding scramble negative controls were pur-
chased from Ribobio Life Science (Shanghai, China). To
overexpress miR-21 or to knockdown of endogenous miR-
21, siHa and Hela cells were transfected with 50 nM miR-21
mimics or 100 nM miR-21 inhibitors by using lipofectamine
2000 (Invitrogen, USA). To study the effect of autophagy on
radiosensitivity, siHa and Hela cells with or without miR-21
overexpression were treated with 50 μM rapamycin (Rapa,
Sigma-Aldrich, USA) or 5 mM 3-MA (Sigma-Aldrich,

USA) 1 h before IR, for a duration of 24 h. Then, the cells
were subjected to analysis of autophagy, apoptosis, and GFP
accumulation. HIF-1α expression vector, pCMV-HIF-1α
(RG202461) was purchased from OriGene. siHa and Hela
cells were transfected with pCMV-HIF-1α or the empty neg-
ative control vector using Lipofectamine 2000 (Invitrogen).

QRT-PCR analysis of miR-21 expression

Total RNAs from tissue and cell samples were extracted using
TRIzol reagent (Invitrogen). MiRNAs specific complementa-
ry DNA (cDNA)was synthesized using the stem-loop primers
and the TaqMan MicroRNA Reverse Transcription Kit
(Applied Biosystems, USA). MiR-21 expression was quanti-
fied by using the TaqMan MicroRNA Assays Kit (Life
Technologies, USA), with RNU6B as a control gene in an
ABI Prism 7500 (Applied Biosystems). The 2-ΔΔ Ct method
was used to calculate relative miR-21 expression.

Total RNAs in the cell samples were extracted using the
TRIzol reagent (Invitrogen) according tomanufacturer’s instruc-
tions. Then the first strand cDNA was synthesized using the
PrimeScript® RT reagent kit (TaKaRa, Japan). To quantify the
expression of HIF1-α mRNA, qRT-PCR was performed using
the following primers: F, 5′-CGTTCCTTCGATCAGTTGTC-
3′; R, 5′-TCAGTGGTGGCAGTGGTAGT-3′ and SYBR®
Premix DimerEraser kit (TaKaRa) in an ABI Prism 7500
(Applied Biosystems). The 2-ΔΔCt method was used to calculate
relative HIF1-α mRNA expression.

Western blot analysis

Western blot analysis was performed as described in one of
our previous study [6]. Briefly, the primary antibodies used
included anti-HIF1-α (1:1000, ab16066, Abcam, USA), anti-
Cleaved Caspase-3 (1:1000, #P42574, Cell Signaling, USA),
anti-PTEN (1:1000, ab32199, Abcam), anti-phospho-AKT
(1:1000, #9271, Cell Signaling), anti-AKT (1:1000,
EPR16798, Abcam), anti-LC3B (1:3000, ab51520, Abcam),
anti-p62/SQSTM1 (1:1000, #8025, Cell Signaling), anti-
phospho-mTOR (1:2000, ab109268, Abcam), anti-phospho-
p70S6 (1:1000, #6198, Cell Signaling), anti-p70S6 (1:1000,
#9202, Cell Signaling) and anti-β-actin (1: 2000, ab8227,
Abcam). The second HRP conjugated secondary antibodies
were purchased fromAbcam. The blot signals were visualized
using the ECLWestern blotting substrate (Promega, USA).

Colony formation and apoptosis analysis

1×105 SiHa or Hela cells were seeded in six-well plates and
prepared for transfection the next day. 48 h after transfection,
the plates were irradiated with 137Cs (Nordion, Ottawa, ON,
Canada), with a dose rate of 1.25 Gy/min. The plates were
treated with a dose of 0, 2, 4, 6, and 8 Gy in a single fraction.
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Then, the plates were further incubated in a cell incubator for
10 to 13 days and then the cells were fixed with 10 % para-
formaldehyde and stained with 1 % crystal violet in 70 %
ethanol. Colonies (with minimal 50 cells) were counted.
Survival fraction was defined as the number of colonies/(cells
inoculated×plating efficiency) and radiation survival curve
was drew by using the multi-target single-hit model:
SF=1-(1-exp(-x/D0))^N.

Flow cytometry analysis of cell cycle and cell apoptosis

Cells were fixed in 70 % ethanol at −20 °C for 24 h and then
washed using PBS. The fixed cells were firstly incubated with
100 μg/mL RNase A in PBS for 30 min at 37 °C and then
10 μg/mL propidium iodide (PI) (Sigma-Aldrich) was added
to the cell suspension for another 30 min incubation in dark.
DNA content was analyzed using a FACSCaliber (BD
Biosciences, USA). Cell apoptosis was detected by using
Annexin V-FITC Apoptosis Detection Kit (ab14085, Abcam)
and the apoptosis rates weremeasured by using a FACSCalibur.
Each test was performed with at least three repeats.

Preparation of Hela cells with stable GFP-LC3 expression

Briefly, Hela cells were transfected with pSELECT-GFP-LC3
(InvivoGen) were screened for stable clones using 250 μg/mL
Zeocin (Sigma-Aldrich) up to 3 weeks. Then, the cells with
stable GFP expression were transfected with 50 nM miR-21
mimics or 100 nM miR-21 inhibitors. 48 h after transfection,
the cells were subjected to IR (6 Gy). The cells without trans-
fection were treated with 5 mM 3-MA or 50 μM rapamycin
1 h before radiation, for a duration of 24 h. After that, the
accumulation of GFP-LC3 puncta was captured using an
inverted microscope (TS100F, Nikon, Japan).

Statistical analysis

Experimental data are presented asmean±SDbased at least three
repeats. All statistical analyses were performed using SPSS 18.0
software (SPSS, USA). One-way ANOVA was performed
to compare means of multiple group experiments. Comparison
between groups was performed by using non-paired
Student’s t test. P value of <0.05 was considered significant.

Results

MiR-21 is significantly upregulated in radioresistant
cervical cancer in a HIF-1α-dependent manner

Our previous study observed that miR-21 is an oncogenic
miRNA which confers radioresistance of HR-HPV positive
cervical cancer cells through targeting LATS1 [6]. However,

how miR-21 is dysregulated in radioresistant cervical cancer
has not been reported yet. After 6 months of chemoradiother-
apy, histological assessment showed that there were 13 radio-
sensitive and 9 radioresistant cases among the 22 cervical
cancer patients. We firstly quantified miR-21 expression in
both radiosensitive and radioresistant cancer tissues. The re-
sults showed that the radioresistant cases generally had signif-
icantly higher miR-21 expression than the radiosensitive
counterparts (Fig. 1a). Cervical cancer is a type of solid tumor
usually with increased expression of HIF-1α [11]. In addition,
one previous study also reported that HIF-1α can bind to the
hypoxia response element (HRE) in the promoter region of
miR-21 promoter region and enhance its expression [16].
Therefore, we hypothesized that the elevated expression of
miR-21 in the radioresistant cases might be associated with
dysregulated HIF-1α. By performing Western blot analysis,
we confirmed that the radioresistant tissues had significantly
higher HIF-1α (Fig. 1b). To further explore the regulative role
of HIF-1α in miR-21 expression, siHa and Hela cells were
transfected with HIF-1α expression vector for overexpression
(Fig. 1c). Then, we further detected the change of miR-21
after HIF-1α overexpression. QRT-PCR analysis showed that
miR-21 increased substantially 48 h after HIF-1α transfection
(Fig. 1d). These results suggest that MiR-21 is significantly
upregulated in cervical cancer in a HIF-1α dependent manner.

PTEN/Akt/HIF-1α feedback loop is involved
in radioresistance associated miR-21 upregulation

Some previous studies reported that miR-21 might also indi-
rectly affect HIF-1α expression [17, 18]. Therefore, we decided
to further investigate whether there is a feedback regulation
between miR-21 and HIF-1α. In both siHa and Hela cells,
enforced miR-21 expression increased HIF-1α mRNA, while
miR-21 inhibitor decreased HIF-1α mRNA level (Fig. 2a).
Then, we detected the change of PTEN, p-Akt, and HIF-1α
protein level after miR-21 overexpression. Western blot analy-
sis showed that miR-21 overexpression decreased PTEN. In
fact, PTEN is an inhibitor of the PI3K/Akt pathway by remov-
ing the 3′ phosphate of phosphatidylinositol 3,4,5-trisphosphate
(PIP3) [19]. Our results confirmed that PTEN downregulation
is associated with increased p-Akt and HIF-1α in both siHa and
Hela cells (Fig. 2b). These results are consistent with previous
findings which reported that HIF-1α is a downstream target of
PTEN/PI3K/Akt signaling pathway involved in tumorigenesis
as well as in response to hypoxia [20, 21]. Therefore, we infer
that there is a HIF-1α-miR-21 positive feedback loop through
the PTEN/Akt/HIF-1α pathway (Fig. 2c).

MiR-21 reduces autophagy after IR in cervical cancer cells

One recent study suggests that the administration of
rapamycin helps to reduce radioresistance of radioresistant
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Hela cells [22]. Considering the strong autophagy inducing
effect of rapamycin, we decided to further study the
association between autophagy and radioresistance. By de-
tecting LC3B and p62 protein, we observed that the
radioresistant tissues had significantly higher expression of
LC3-II and reduced p62 level (Fig. 3a). We then studied
whether miR-21 is involved in autophagy regulation in siHa
and Hela cells after IR. Western blot analysis showed that IR
significantly induced autophagy in both siHa and Hela cells

(Fig. 3b, c). Knockdown of endogenous miR-21 elevated au-
tophagy after IR. In contrast, miR-21 overexpression signifi-
cantly reduced autophagy, the effect of which was similar to
that of 3-MA (Fig. 3b, c). To further investigate the effect of
miR-21 on autophagy, Hela cells with stable expression of
LC3-GFP were induced. IR induced significant formation
and accumulation of LC3-GFP puncta (Fig. 3d). In contrast,
miR-21 overexpression significantly reduced the puncta for-
mation and accumulation, while miR-21 knockdown

Fig. 1 MiR-21 is significantly upregulated in radioresistant cervical
cancer in a HIF-1α-dependent manner. a. QRT-PCR analysis of miR-21
expression in radiosensitive (n = 13) and radioresistant (n= 9) cervical
cancer tissues. b. Western blot analysis of HIF-1α expression in four
randomly selected radiosensitive and four randomly selected

radioresistant cervical cancer tissues. c. Western blot analysis of HIF-1α
expression in siHa and Hela cells transfected with HIF-1α expression
vectors 48 h after transfection. d. QRT-PCR analysis of miR-21
expression in siHa and Hela cells transfected with HIF-1α expression
vectors 72 h after transfection. *p< 0.05, **p< 0.01

Fig. 2 PTEN/Akt/HIF-1α
feedback loop is involved in
radioresistance associated miR-21
upregulation. a. QRT-PCR
analysis of HIF-1α mRNA
expression in siHa and Hela cells
transfected with 50 nM miR-21
mimics or 100 nM miR-21
inhibitor (IH) 48 h after
transfection. b. Western blot
analysis of PTEN, p-Akt, Akt,
and HIF-1α expression in siHa
and Hela cells transfected with
50 nMmiR-21 mimics or 100 nM
miR-21 inhibitor (IH) 48 h after
transfection. c. Schematic
representation of the proposed
model of PTEN/Akt/HIF-1α/
miR-21 feedback loop in cervical
cancer cells. *p< 0.05, **p< 0.01
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substantially enhanced the formation and accumulation
(Fig. 3d). 3-MA treatment reduced the lipidation of LC3,
while rapamycin increased the lipidation (Fig. 3d). These re-
sults suggest that MiR-21 can reduce autophagy after IR.

MiR-21 upregulation contributes to increased
radioresistance partly through decreasing autophagy

Since we confirmed that miR-21 can modulate autophagy in
both siHa and Hela cells after IR, we decided to further inves-
tigate the association among miR-21, autophagy, and radiosen-
sitivity in the cervical cancer cells. By performing colony for-
mation assay, we observed that miR-21 overexpression in-
crease cell survival after IR (Fig. 4a, b), while miR-21 knock-
down significantly reduced cell survival (Fig. 4c, d). Then, we
performed flow cytometry analysis to measure the proportion
of apoptotic cells after IR. MiR-21 overexpression significantly
reduced the rate of apoptosis after IR (Fig. 4e, f). However, the
protective effect of miR-21 was fully abrogated by pre-
treatment of rapamycin (Fig. 4e, f). Following Western blot
analysis also confirmed that siHa and Hela cells with miR-21
overexpression had reduced expression of cleaved caspase-3,
while the cells with miR-21 knockdown had increased expres-
sion of cleaved caspase-3 (Fig. 4g). Since radiosensitivity is
closely related to the distribution of cells in each cell phases,
we then measured the change of cell cycle distribution of siHa
and Hela cells after miR-21 overexpression. MiR-21 overex-
pression significantly reduced IR-induced cell cycle arrest at

G2 phase before mitosis (Fig. 4h, i). However, Rapamycin
treatment significantly enhanced G2/M phase arrest (Fig. 4h, i).

The Akt-mTOR signaling pathway is significantly
enhanced by miR-21

Since miR-21 exerts protective effects on IR induce cell death
at least partly through suppressing autophagy, we further inves-
tigated whether the suppression occurred via mTOR inhibition.
The Akt-mTOR pathway was evaluated in both siHa and Hela
cells. mTOR acts as an important regulator in autophagy induc-
tion. In addition, the PI3K/Akt pathway can activate mTOR
[23]. Therefore, we measured the expression of p-Akt, p-
mTOR, and phospho-p70S6 (p-p70S6), all of which are
mTOR substrates in both siHa and Hela cells after IR. The
results showed that miR-21 overexpression significantly en-
hanced the expression of p-mTOR and p-p70S6, while miR-
21 inhibitor remarkably reduced the expression of p-mTOR and
p-p70S6 in both siHa and Hela cells (Fig. 5a, b). Based on these
results, we inferred that the Akt-mTOR signaling pathway was
significantly enhanced by miR-21 (Fig. 5c), which is an under-
lying mechanism of miR-21 mediated autophagy inhibition.

Discussion

Although the oncogenic role of miR-21 in pathological devel-
opment of cervical cancer [7, 24] and its role in radioresistance

Fig. 3 MiR-21 reduces
autophagy after IR in cervical
cancer cells. a. Western blot
analysis of LC3-I, LC3-II, and
p62 expression in 4 randomly
selected radiosensitive and 4
randomly selected radioresistant
cervical cancer tissues. b and c.
siHa (b) and Hela (c) cells with
miR-21 overexpression or
knockdown or treated with 5 mM
3-MAwere exposed to 6 Gy IR.
24 h after IR, Western blot
analysis was performed to detect
LC3-I, LC3-II, and p62
expression. d. Hela cells (with
stable GFP-LC3 expression) with
indicated treatments were
exposed to 6 Gy. The images of
GFP-LC3 puncta accumulation
were captured using a
fluorescence microscope 24 h
later
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development [6, 9] has been reported in previous studies, how
it is dysregulated in radioresistant cervical cancer is still not
quite clear. One recent study reported that HIF-1α is signifi-
cantly co-localized with miR-21 in glioma cells [25]. More
importantly, HIF-1α can also bind to the promoter of miR-21
by recruiting transcriptional coactivator CBP/p300 and en-
hance its transcription in cardiomyocytes [16]. In this study,

we investigated the association between miR-21 and HIF-1α
in cervical cancer and observed that HIF-1α overexpression
directly resulted in miR-21 upregulation.

Interestingly,miR-21overexpressionmay induceHIF-1α
overexpression through AKT and ERK activation, which
contributes to enhanced angiogenesis and tumor angiogene-
sis [17]. MiR-21 may also induce epithelial-mesenchymal

Fig. 5 The Akt-mTOR signaling pathway is significantly enhanced by
miR-21. a, b Western blot analysis of p-Akt, Akt, p-mTOR, mTOR, p-
p70S6, and p70S6 expression in siHa cells 48 h after miR-21 mimics or
miR-21 inhibitors (IH) transfection in siHa (a) and Hela (b) cells. c.

Schematic representation of the proposed model of The Akt-mTOR
signaling pathway miR-21 mediated autophagy inhibition in cervical
cancer cells

Fig. 4 MiR-21 upregulation contributes to increased radioresistance
partly through decreasing autophagy. a–d. The survival fraction of siHa
(a and c) and Hela (b and d) cells with miR-21 overexpression (a and b)
ormiR-21 knockdown (c and d) or pretreatedwith rapamycin (c and d). e.
Representative images of apoptosis in siHa and Hela cells with miR-21
overexpression alone or in combination with rapamycin treatment 24 h
after 6 Gy IR. f. Quantification of the proportion of apoptotic cells in

figure e. g. Western blot analysis of cleaved caspase-3 in siHa and Hela
cells with miR-21 overexpression, miR-21 knockdown, or rapamycin
treatment 24 h after 6 Gy IR. h. Representative images of cell cycle
distribution of siHa and Hela cells with miR-21 overexpression alone or
in combination with rapamycin treatment 24 h after 6Gy IR. i.
Quantification of the G2/M arrest in figure panel h. *p< 0.05, **p< 0.01
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transition and formingof breast cancer stemcell-like cells via
promoting HIF-1α expression [18]. Therefore, we further
explored how miR-21 overexpression and knockdown af-
fectedHIF-1α expression in cervical cancer cells.The results
confirmed that miR-21 overexpression decreased PTEN, in-
creased p-Akt, and subsequently increased HIF-1α expres-
sion, while miR-21 inhibition resulted in increased PTEN,
decreased p-Akt, and following decreased HIF-1α. In fact,
PTEN is a well confirmed direct target of miR-21, which
plays a critical inhibitive role in PI3K/Akt signaling pathway
[26, 27]. Therefore, we inferred that there is a HIF-1α-miR-
21 positive feedback loop through the PTEN/Akt/HIF-1α
pathway in cervical cancer cells. These findings partly re-
vealed how miR-21 is further upregulated in radioresistant
cervical cancer.

MiR-21 is also a miRNA related to autophagy regulation.
Silencing of miR-21 confers enhanced autophagy in malig-
nant glioma cell lines [28]. It can inhibit autophagy via the
PTEN/Akt pathway in hepatocellular carcinoma cells [29]. In
fact, dysregulated autophagy is associated with altered radio-
sensitivity of some types of cancer [14]. For example, enhanc-
ing autophagy may enhance radiosensitivity of malignant gli-
oma cell lines [28]. Autophagy inhibition in breast cancers
and lung cancer cells may enhances radiosensitivity [30, 31].
However, whether miR-21 modulates autophagy in cervical
cancer and how autophagy affects radiosensitivity of the cer-
vical cancer cells is not clear. One recent study suggests that
administration of rapamycin helps to reduce radioresistance of
radioresistant Hela cells [22]. In fact, rapamycin has strong
autophagy inducing effects. Therefore, we hypothesized that
miR-21 might decrease autophagy and thus confer increased
radioresistance. By overexpression or knockdown of miR-21
in siHa and Hela cells, we found that knockdown of endoge-
nous miR-21 elevated autophagy after IR. In contrast, miR-21
overexpression has similar effect as 3-MA in inhibiting au-
tophagy, while miR-21 knockdown presented similar effect in
promoting autophagy as rapamycin. Following colony forma-
tion assay, flow cytometry and Western blot analysis con-
firmed that miR-21 induced lower autophagy and increased
radioresistance in both siHa and Hela cells.

Since the use of rapamycin fully abrogated the autophagy
inducing effects of miR-21 in siHa and Hela cells, we fur-
ther investigated whether the suppressing effects occurred
via mTOR inhibition. mTOR acts as an important regulator
in autophagy induction. In addition, the PI3K/Akt pathway
can activate mTOR [23]. By performing Western blot anal-
ysis, we further confirmed that the Akt-mTOR signaling
pathway was significantly enhanced by miR-21, which is
an underlying mechanism of miR-21 mediated autophagy
inhibition. Similar mechanism was observed in hepatocel-
lular carcinoma, in which miR-21 participates in the ac-
quired resistance of sorafenib by suppressing autophagy
through the Akt/PTEN pathway [29].

Conclusion

This study revealed that miR-21 upregulation in radioresistant
cervical cancer is at least partly caused byHIF-1α overexpres-
sion and is further enhanced via the PTEN/Akt/HIF-1α feed-
back loop. In addition, miR-21 confers decreased autophagy
in cervical cancer cells after IR via the Akt-mTOR signaling
pathway. Decreased autophagy is one of the potential mecha-
nisms of increased radioresistance in cervical cancer cells.
These findings expand our understanding of radioresistance
development in cervical cancer.
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