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 Background: This study aimed to determine the role of miR-129-5p in irradiation-induced autophagy in breast cancer cells 
and to investigate its downstream regulation in autophagy-related radiosensitivity.

 Material/Methods: Relative miR-129-5p expression in breast cancer cell lines MCF-7, MDA-MB-231, BT474, and BT549, and in 1 
non-tumorigenic breast epithelial cell line, MCF-10A, was compared. The effect of miR-129-5p on irradiation-
induced autophagy and radiosensitivity of the cancer cells was explored. The regulative effect of miR-129-5p 
on HMGB1 and the functional role of this axis in autophagy and radiosensitivity were also studied.

 Results: Ectopic expression of miR-129-5p sensitized MDA-MD-231 cells to irradiation, while knockdown of miR-129-5p 
reduced radiosensitivity of MCF-7 cells. MiR-129-5p overexpression inhibited irradiation-induced autophagy. 
HMGB1 is a direct functional target of miR-129-5p in breast cancer cells. MiR-129-5p may suppress autopha-
gy and decrease radioresistance of breast cancer cells by targeting HMGB1.

 Conclusions: The miR-129-5p/HMGB1 axis can regulate irradiation-induced autophagy in breast cancer and might be an im-
portant pathway in regulating radiosensitivity of breast cancer cells.
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Background

Breast carcinoma is the most common female malignancy 
and the second leading cause of mortality from all cancers in 
women [1,2]. Radiotherapy is a major adjuvant treatment for 
most patients receiving breast-conserving surgery. It helps to 
lower the risk of recurrence in the remaining breast tissue or 
in the nearby lymph nodes, and contributes to reduced over-
all mortality [3]. However, successful radiotherapy greatly de-
pends on tumor radiosensitivity and the tolerance of normal 
tissues [4]. In some subtypes of breast cancer, the rate of bio-
chemical/clinical relapse of patients receiving radiotherapy re-
mains high [4]. Therefore, understanding the molecular mech-
anisms involved in the radioresistance helps provide useful 
information for improvement of therapeutic strategies.

Autophagy is a natural destructive mechanism of cells, which 
is characterized as degrading and recycling of cellular compo-
nents for new cell formation [5]. Autophagy may also be in-
duced in cancer cells in response to stresses, such as starvation, 
growth factor deprivation, and hypoxia [6,7]. There is mounting 
evidence that autophagy contributes to increased chemoresis-
tance and radioresistance in breast cancer [8,9]. Some studies 
also reported that miRNAs can modulate chemotherapy and 
radiotherapy via autophagy [10,11]. Specifically, miR-25 can 
regulate chemoresistance-associated autophagy in breast can-
cer cells [8]. MiR-200c can inhibit autophagy and decrease ra-
dioresistance in breast cancer cells by targeting UBQLN1 (the 
gene for Ubiquilin-1) [11]. Decreased miR-129-5p is observed 
in breast cancer, which stimulates the epithelial-mesenchymal 
transition of breast cancer cells [12,13]. However, whether it is 
involved in radiosensitivity of breast cancer has not yet been 
determined. High-mobility group box-1 protein (HMGB1) is a 
protein that promotes both chemoresistance and radioresis-
tance in breast cancer [14,15].

This study investigated the regulative role of miR-129-5p over 
HMGB1 in breast cancer and explored the function of the miR-
129-5p-HMGB1 axis in irradiation-induced autophagy and ra-
diosensitivity of breast cancer cells.

Material and Methods

Cell culture

Immortalized human breast epithelial cell line MCF-10A and 
breast cancer cell lines MCF-7 (ATCC® HTB22™), MDA-MB-231 
(ATCC® HTB26™), BT549 (ATCC® HTB122™), and BT474 (ATCC® 
HTB-20™) were obtained from the American Type Culture 
Collection (ATCC). The cells were cultured using medium de-
scribed in a previous study [11]. All cells were cultured in hu-
midified air containing 5% CO2 at 37°C.

Reagent and cell transfection

MiR-129-5p mimics, anti-miR-129-5p, HMGB1 siRNA, and the 
scrambled negative controls were purchased from RiBoBio 
(Shanghai, China). A GV144-HMGB1 expression plasmid without 
the 3’UTR sequence was purchased from GeneChem (Shanghai, 
China). 3-methyladenine (3-MA) and bafilomycin A1 (Baf. A1) 
were purchased from Sigma-Aldrich (St Louis, MO, USA). To 
overexpress miR-129-5p or HMGB1, the cells cultured in 6-well 
plates were transfected with 100 nM miR-129-5 mimics or 
200 ng GV144-HMGB1, respectively. To knockdown endog-
enous HMGB1, cells were transfected with 100 nM HMGB1 
siRNA. Transfection was performed using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s 
protocol. Clonogenic assay was performed 48 h after transfec-
tion to assess cell survival. In some studies, MCF-7 cells and 
MDA-MB-231 cells were treated with 3-MA (5 mM) or Baf. A1 
(100 nM) 1 h before radiation, for a duration of 24 h.

Screening of MDA-MB-231 cells with stable 
GFP-LC3-expression

Briefly, recombinant lentiviral particles containing GFP-LC3 
were obtained from Genepharma (Shanghai, China). MDA-
MB-231 cells were infected with the lentiviral particles in the 
presence of 8μg/ml Polybrene (Sigma-Aldrich). The cells were 
sorted using fluorescence-activated cell sorting and further 
screened using geneticin (Gibco, Grand Island, NY, USA). The 
cells with stable expression of GFP-LC3 were cultured in 400 
µg/ml geneticin.

QRT-PCR analysis

Total miRNAs were extracted from cell samples using the miR-
Vana miRNA Isolation Kit (Life Technologies, Carlsbad, CA, USA) 
according to the manufacturer’s instructions. The expression 
of miR-129-5p was quantified using TaqMan MicroRNA Assay 
Kit (Applied Biosystems, Foster City, CA, USA), with U6 snRNA 
used as the endogenous control.

TRIzol reagent (Invitrogen) was used to extract total RNA in 
the cell samples, according to the manufacturer’s instructions. 
Then, the cDNA was reversely transcribed using the PrimeScript 
RT reagent kit (TaKaRa, Dalian, China). The PCR primers for 
HMGB1 were: forward, 5’-ACATCCAAAATCTTGATCAGTTA-3’, 
reverse, 5’-AGGACAGACTTTCAAAATGTTT-3’. GAPDH was 
used as the internal control with the following prim-
ers: forward, 5’-GGGAAGCTTGTCATCAATGG-3’, reverse, 
5’-CATCGCCCCACTTGATTTTG-3’. QRT-PCR analysis was per-
formed using SYBR Premix Ex Taq II (TaKaRa) with an ABI 7500 
Real-Time PCR system (Applied Biosystems). The results were 
calculated using the 2–DDCT methods.
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Clonogenic assay

Cells were plated in 6-well plates and then exposed to the 
indicated dose at a dose rate of 5 Gy/min by using a linear 
accelerator (Varian 2300EX, Varian, Palo Alto, CA, USA). The 
plates were further incubated for 10 to 14 days and then the 
cells were fixed with 4% paraformaldehyde and stained with 
1% crystal violet for 20 min. Colonies with more than 50 cells 
were counted under a light microscope. Survival fraction was 
defined as the number of colonies/ (cells inoculated × plating 
efficiency). Radiation survival curve was derived from multi-
target single-hit model: SF=1-(1-exp(-x/D0))^N.

Western blot analysis

Cell samples were lysed using a lysis buffer (Beyotime, Shanghai, 
China) supplemented with proteinase and phosphatase inhib-
itor cocktails (Sigma-Aldrich). The protein concentration was 
determined using a BCA protein assay kit (Beyotime). The pro-
teins were separated on 10% SDS PAGE gel and then trans-
ferred onto polyvinylidene difluoride membranes. The mem-
branes were blocked with 5% nonfat milk for 1 h and then 
incubated with primary antibodies overnight at 4°. The pri-
mary antibodies used were rabbit anti-LC3B (L7543, 1:1000, 
Sigma-Aldrich), anti-SQSTM1/p62 (ab91526, 1:1000, Abcam, 
Cambridge, MA, USA), anti-cleaved PARP (#9546, 1:2000, Cell 
Signaling, Danvers, MA, USA), anti-HMGB1 (ab77302, 1:1000; 
Abcam), and anti-b-actin (ab189073, 1:1000; Abcam). After 
washing 3 times, the membranes were incubated in HRP-
conjugated secondary antibodies for another 1 h at room tem-
perature. Then, the protein signals were detected using the 
ECL Western blotting substrate (Promega, Madison, WI, USA).

Dual luciferase reporter assay

Because online prediction showed there are 2 possible bind-
ing sites between miR-129-5p and 3’UTR of HMGB1 mRNA, 2 
pairs of 3’UTR sequence of HMGB1 containing the wild-type 
or mutant miR-129-5p binding site were chemically synthe-
sized and cloned into the downstream of the luciferase gene 
of pmirGLO Dual-Luciferase miRNA Target Expression Vector 
(Promega). The recombinant vectors were named as pmirGLO-
HMGB1-WT1, pmirGLO-HMGB1-WT2, pmirGLO-HMGB1-MUT1, 
and pmirGLO-HMGB1-MUT2, respectively. Insertion and muta-
tion were verified using sequencing. MDA-MB-231 cells were 
co-transfected with 200 ng luciferase reporter vector and 100 
nM miR-129-5p mimics or the negative controls. Luciferase 
activity was examined 24 h after the transfection using the 
Dual-Luciferase Assay kit (Promega) according to the manu-
facturer’s instructions.

Statistical analysis

Data are presented in the form of mean ± standard deviation 
based on at least 3 independent studies. Comparison was per-
formed using the t test. All statistical analyses were performed 
using SPSS 18.0 software (SPSS, Chicago, IL, USA). A p value 
of <0.05 was considered statistically significant.

Results

miR-129-5p sensitized breast cancer cells to irradiation, 
while irradiation induced-autophagy weakened 
radiosensitivity

Decreased miR-129-5p can promote epithelial-mesenchymal 
transition and is associated with poor prognosis in breast can-
cer [12]. By performing qRT-PCR analysis, we compared miR-129-
5p expression in 1 non-tumorigenic breast epithelial cell line 
and in 4 breast cancer cell lines. Results showed that miR-129-
5p expression was significantly lower in MCF-7, MDA-MB-231, 
BT549, and BT474 cells than in MCF-10A cells (Figure 1A). Then, 
we enforced miR-129-5p expression in MDA-MB-231 cells 
and knocked down its expression in MCF-7 cells (Figure 1B). 
Knockdown of miR-129-5p significantly increased survival frac-
tion of MCF-7 cells (Figure 1C), while overexpression of miR-
129-5p substantially lowered the survival fraction of MDA-
MB-231 cells exposed to irradiation (Figure 1D).

Autophagy may promote or alleviate cytotoxic effects of irra-
diation, depending on the type of cancer cells and the envi-
ronmental stress [16–18]. Previous studies reported that au-
tophagy might reduce cytotoxic effects of irradiation in breast 
cancer cells [11]. Consistent with previous studies, we also 
observed enhanced expression of LC3-II and reduced protein 
level of p62 in MCF-7 and MDA-MB-231 cells after irradiation 
(Figure 1E), which suggest irradiation activated autophagy. 
Then we used 3-MA, which blocks autophagosome formation 
and functions as an autophagy inhibitor, to further verify ir-
radiation-activated autophagy. MCF-7 and MDA-MB-231 cells 
treated with 3-MA had significantly inhibited LC3-II expression 
and reduced degradation of p62 after irradiation (Figure 1F). In 
addition, 3-MA also promoted radiosensitivity of both MCF-7 
and MDA-MB-231 cells (Figure 1G, 1H). These results suggest 
that autophagy is activated after irradiation and acts as a pro-
tective response in breast cancer cell survival.

MiR-129-5p inhibited irradiation-induced autophagy and 
promoted cell death

In MDA-MB-231 cells with stable GFP-LC3 expression, miR-129-
5p overexpression significantly decreased the lipidation of LC3 
after irradiation (Figure 2A). miR-129-5p overexpression also 
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inhibited p62 degradation induced by irradiation (Figure 2B). 
To investigate the stage in which miR-129-5p was involved 
in the autophagy process, MDA-MB-231 cells were treat-
ed with Baf. A1, an inhibitor of the late phase of autophagy 
through preventing maturation of autophagic vacuoles [19]. 
By 24 h after irradiation, the Baf. A1-treated negative control 
group showed significantly increased accumulation of LC3-II. 
However, miR-129-5p overexpression substantially attenuat-
ed the response (Figure 2C). Therefore, miR-129-5p may in-
hibit autophagy, beginning in early autophagosome formation.

We investigated whether miR-129-5p-enhanced radiosensi-
tivity was dependent on autophagy inhibition. Neither 3-MA 
treatment nor miR-129-5p overexpression alone changed 
the rate of apoptotic MDA-MB-231 cells without irradiation 
(Figure 2D, 2E). However, 3-MA treatment and miR-129-5p over-
expression increased apoptosis rate (Figure 2D, 2E). In the irra-
diation group, both 3-MA treatment and miR-129-5p overex-
pression promoted cell apoptosis (Figure 2D, 2E). Subsequent 
Western blot analysis showed that 3-MA treatment or miR-
129-5p overexpression enhanced the irradiation-induced ac-
tivation of caspase-3 and PARP (Figure 2F). In addition, 3-MA 
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Figure 1.  MiR-129-5p sensitized breast cancer cells to irradiation, while irradiation induced-autophagy weakened radiosensitivity. 
(A) QRT-PCR analysis of the relative miR-129-5p expression in 4 breast cancer cell lines (MCF-7, MDA-MB-231, BT549, and 
BT474) and 1 non-tumorigenic breast epithelial cell line (MCF-10A). (B) QRT-PCR analysis of relative miR-129-5p expression 
in MDA-MB-231 cells transfected with miR-129-5p mimic or MCF-7 cells transfected with anti-miR-129-5p. (C, D) The survival 
fraction of MCF-7 cells (with or without miR-129-5p knockdown) (C) and MDA-MB-231 cells (with or without miR-129-5p 
overexpression) (D) after exposure to indicated doses. Colonies containing >50 cells were counted via microscopic inspection. 
(E) MCF-7 and MDA-MB-231 cells were exposed to 6-Gy irradiations. Autophagosome formation over time was detected via 
Western blot using antibodies against LC3 and p62. (F) Western blot analysis of autophagy in MCF-7 and MDA-MB-231 cells 
with or without treatment with 3-MA (5 mM) after irradiation (6-Gy) for 24 h. (G, H) The survival fraction of MCF-7 and 
MDA-MB-231 cells with 6-Gy exposure alone or with combined irradiation and 3-MA (5-mM) treatment. * p<0.05, ** p<0.01, 
*** p<0.001.

4125
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Luo J. et al.: 
mir-129-5p attenuates irradiation-induced autophagy and decreases radioresistance…
© Med Sci Monit, 2015; 21: 4122-4129

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

MOLECULAR BIOLOGY



treatment and miR-129-5p overexpression significantly de-
creased survival fraction of MDA-MB-231 cells exposed to ir-
radiation (Figure 2G).

MiR-129-5p inhibited irradiation-induced autophagy by 
targeting HMGB1

To investigate the downstream regulation of miR-129-5p in ir-
radiation-induced autophagy, the potential target genes were 
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searched for using online databases (TargetScan 6.2). A previ-
ous study reported that HMGB1 is a potential target of miR-129-
5p in glioma cells [20]. In fact, HMGB1 is abundantly expressed 
in human breast carcinoma [21] and is associated with poor re-
sponse to chemotherapy in breast cancer [22]. Online prediction 
also showed there are 2 possible binding sites between miR-129-
5p and HMGB1 (Figure 3A); therefore, we decided to focus on 
the association between them. Ectopic expression of miR-129-
5p significantly reduced HMGB1 expression at mRNA (Figure 3B) 
and protein (Figure 3C) levels in MDA-MB-231 cells. In addition, 
miR-129-5p can also suppress the relative luciferase activity of 
the reporter carrying either one of the wild-type of predicted 
binding sites of HMGB1 3’UTR, but had no suppressive effects 
on the reporters carrying mutant sequences (Figure 3D, 3E).

Finally, we studied the functions of HMGB1 in radiosensitivi-
ty. MDA-MB-231 cells with HMGB1 knockdown had reduced 

survival fraction after irradiation (Figure 3F). HMGB1 knockdown 
also suppressed irradiation-induced autophagy (Figure 3G), 
suggesting miR-129-5p can suppress irradiation-induced au-
tophagy by directly targeting HMGB1. To further explore the 
regulative role of miR-129-5p-HMGB1 axis in radiosensitivity, 
we constructed an HMGB1 expression plasmid without 3’UTR 
(Figure 3H). MiR-129-5p could not reverse the increased sur-
vival fraction (Figure 3I) and enhanced autophagy (Figure 3J) 
after irradiation due to HMGB1 overexpression. Therefore, 
these results further confirmed that HMGB1 is a functional 
target of miR-129-5p.

Discussion

MiR-129-5p has recently been reported to be a tumor sup-
pressor in breast cancer. It is usually downregulated in breast 
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5p and 3’-UTR of HMGB1. (B, C) QRT-PCR (B) and Western blot (C) analysis of HMGB1 expression in MDA-MB-231 cells with 
or without miR-129-5p overexpression. (D, E) Relative luciferase activity of MDA-MB-231cells after co-transfection with 
pmirGLO-HMGB1-WT1 or pmirGLO-HMGB1-MUT1 and miR-129-5p mimics or the negative control (D) or after co-transfection 
with pmirGLO-HMGB1-WT2 or pmirGLO-HMGB1-MUT2 and miR-129-5p mimic or the negative control. (F) Survival fraction of 
MDA-MB-231 cells with or without knockdown of HMGB1. (G) Western blot analysis of LC3 and p62 activity in MDA-MB-231 
cells (with or without knockdown of HMGB1) 24 h after irradiation. (H) Western blot analysis of HMGB1 expression in MDA-
MB-231 cells co-transfected with GV144 empty vector or GV144-HMGB1 and miR-129-5p mimics or the negative control. 
(I) Survival fraction MDA-MB-231 cells with transfection indicated in Figure H. (J) The activity of irradiation-induced 
autophagy in MDA-MB-231 cells with transfection indicated in Figure H. * p<0.05, ** p<0.01, *** p<0.001.
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cancer tissues compared with the paired adjacent normal 
breast tissues [13]. Functional studies showed that it has 
great ability to suppress cell mobility and migration in BT549 
and MDA-MB-231 cells. In addition, a recent study found that 
overexpression of miR-129-5p reversed epithelial-mesenchy-
mal transition, whereas depletion of miR-129-5p induced ep-
ithelial-mesenchymal transition in breast cancer cells [12]. In 
fact, increased epithelial-mesenchymal transition is usually 
associated with decreased radiosensitivity in cancer [23,24]. 
Therefore, it is possible that miR-129-5p is involved in regu-
lation of radiosensitivity. However, there is no previous study 
reporting the association between miR-129-5p and radiosen-
sitivity in breast cancer. In the present study we found that 
miR-129-5p overexpression could sensitize MDA-MB-231 cells 
to irradiation, while knockdown of miR-129-5p could reduce 
radiosensitivity of MCF-7 cells. Therefore, we decided to fur-
ther investigate the underlying mechanisms.

Autophagy is an evolutionarily conserved cellular process that 
helps maintain cellular homeostasis through protein degrada-
tion and organelle turnover [25]. Although this mechanism may 
suppress tumorigenesis, its activation during the later stages 
of tumor progression usually acts as a protective mechanism 
against stressful conditions [26]. A recent study reported that 
autophagy contributes to resistance of breast cancer cells to 
ionizing radiation [27]. Inhibition of autophagy can overcome 
radioresistance in the cancer cells through multiple mecha-
nisms, such as suppression of TAK1 activation [9] and Met in-
hibition [28]. Several studies also found that miRNAs are in-
volved in regulation of radiosensitivity of cancer cells through 
autophagy [29]. For example, miR-200c can inhibit autophagy 
and enhances radiosensitivity in breast cancer cells by target-
ing UBQLN1 [11]. MiR-101 can sensitize human nasopharyn-
geal carcinoma cells to radiation by targeting stathmin 1 [30]. 
MiR-216a can enhance the radiosensitivity of pancreatic can-
cer cells by inhibiting beclin-1-mediated autophagy [31]. In 
the present study we confirmed that autophagy induced by 

irradiation functions as a survival mechanism in breast can-
cer cells. We also observed that miR-129-5p can enhance ra-
diosensitivity through promoting apoptosis.

In breast cancer, HMGB1 can mediate cancer progression and 
chemotherapy resistance [14]. Downregulation of HMGB1 can 
break telomere homeostasis, suppress the repair of DNA dam-
age, and thus increase the radiosensitivity of human breast 
cancer cells [15]. Therefore, HMGB1 might be a critical gene 
modulating chemo- and radio-sensitivity of breast cancer cells. 
However, how it is regulated and how it is involved in radiosen-
sitivity of breast cancer is not quite clear. One study reported 
that miR-200c can target HMGB1, thereby inhibiting metasta-
sis of breast cancer cells [32]. In fact, a recent study reported 
that HMGB1 is a potential target of miR-129-5p in glioma cells 
[20]. By performing dual luciferase assay and Western blot anal-
ysis, we verified 2 binding sites between 3’UTR of HMGB1 and 
miR-129-5p. Enforced miR-129-5p expression significantly sup-
pressed HMGB1 expression at the mRNA and protein levels. We 
also observed that HMGB1 knockdown substantially enhanced 
radiosensitivity and suppressed irradiation-induced autophagy 
in breast cancer cells. In contrast, overexpression of miR-129-
5p had limited effect on HMGB1 (without 3’UTR)-induced high-
er level of autophagy and lower response to irradiation. These 
findings show that miR-129-5p can suppress autophagy and en-
hance radiosensitivity of breast cancer cells by targeting HMGB1.

Conclusions

The miR-129-5p/HMGB1 axis can regulate irradiation-induced 
autophagy in breast cancer and might be an important path-
way regulating radiosensitivity of breast cancer cells.
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