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Abstract
Glioma is the most common cancer in human brain system and seriously threatens human health. miRNA-320 has
been demonstrated to be closely correlated with the development of glioma. However, its effect and molecular
mechanism underlying radioresistance have not been fully elucidated in glioma. Here, RT-qPCR assay was used to
assess the expressions ofmiR-320 and forkhead box proteinM1 (FoxM1)mRNA in glioma tumor tissues and cells. The
effects of miR-320, FoxM1 and sirtuin type 1 (Sirt1) on radiosensitivity in glioma cells were evaluated by clone
formation assay, apoptosis assay, histone H2AX phosphorylation level (γH2AX) detection and caspase 3 activity
analysis, respectively. The direct interaction between miR-320 and FoxM1 was detected by luciferase assay. The
protein levels of FoxM1, Sirt1 and γH2AX were measured by western blot assay. We found that miR-320 expression
was down-regulated and FoxM1 expression was up-regulated in radioresistant glioma tissues and IR-treated glioma
cells. miR-320 overexpression dramatically enhanced radiosensitivity, promoted apoptosis, and improved γH2AX
expression and caspase 3 activity in glioma cells. Luciferase reporter assay and western blot assay further validated that
miR-320 suppressed FoxM1 expression by directly targeting 3’ UTR region of FoxM1. Moreover, miR-320 inhibited Sirt1
expression via targeting FoxM1 in glioma cells. Furthermore, overexpression of FoxM1 and Sirt1 strikingly attenuated
miR-320-induced increase of radiosensitivity, apoptosis and γH2AX expression in glioma cells. In conclusion, miR-320
enhanced radiosensitivity of glioma cells through down-regulation of Sirt1 by directly targeting FoxM1.
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troduction
lioma is the most prevalent malignant tumor in human central
rvous systems (CNS) with the proportion of approximately 29% in
l brain tumors [1]. Although much progress has been made in the
agnosis and therapy strategies including chemo/radiotherapy and
rgery resection, the prognosis is still unsatisfactory, with an
timated 5-year survival rate of 15% in glioma patients [2–4].
oreover, the existence and development of radiotherapy resistance
arkedly vitiates the therapy outcome [5]. Hence, a better
derstanding of the molecular mechanism underlying radioresis-
nce in glioma cells is strikingly critical for the discovery of novel
tential targets and more effective therapy strategies.
microRNAs (miRNAs), a class of small non-coding RNAs with
e length of approximately 22 nucleotides, have been identified as
itical mediators in various biological processes and carcinogenesis
,7]. Studies also manifested that miRNAs were closely associated
ith radioresistance of glioma cells [8]. miRNA-320, a member of
iR-200 family, has been demonstrated to be down-regulated and
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nction as a tumor suppressor in multiple cancers such as oral
ncer [9] and gastric cancer [10]. Moreover, Wan et al. manifested
at miR-320 enhanced radiosensitivity of colon cancer cells [11].
ang et al. also demonstrated that deficiency of miR-320 decreased
diosensitivity of cervical cancer cells [12]. Also, recent studies
dicated that dysregulated miR-320 was implicated in the
velopment of glioma [13]. For instance, miRNA microarray
sults revealed that miR-320 expression level was significantly
own-regulated in peripheral blood of glioma patients [14].
iR-320 overexpression suppressed glioma cell proliferation by
rgeting E2F Transcription Factor 1 (E2F1) [13]. However, the
les and molecular mechanisms of miR-320 involved in radiosen-
tivity in glioma have not been fully elucidated.
Forkhead box protein M1 (FoxM1), also named as HFH-11,
PP-2, WIN and Trident, is a transcription factor mapping to
romosome 12p13.3 [15,16]. FoxM1 has been demonstrated to be
sociated with progression and treatment of cancers in a wide range
malignancies including breast cancer, liver cancer and nervous
stem cancers [17]. Increasing evidence suggested that FoxM1 might
a promising therapeutic target of cancers due to its significance in
e development and therapy of cancers [18]. It is well documented
at abnormal expression of FoxM1 was closely implicated in
morigenicity and raidoresistance of glioma cells [19,20]. Addition-
ly, FoxM1 has been identified as an upstream regulator of sirtuin
pe 1 (Sirt1) in glioma cells [21]. More notably, FoxM1 was
eviously reported to be a target of miR-320 in colorectal cancer
1]. Consequently, we hypothesized whether miR-320 might affect
diosensitivity of glioma cells by regulating FoxM1 and Sirt1
pressions.
In the present study, we demonstrated that miR-320 expression
as down-regulated while FoxM1 was up-regulated in radioresistant
ioma tissues and IR-treated glioma cells. Moreover, miR-320 was
versely correlated with FoxM1 expression in glioma tissues.
unctional analysis revealed that miR-320 enhanced radiosensitivity
glioma cells. Mechanistic studies revealed that miR-320 exerted its
nctions through down-regulation of Sirt1 by directly targeting
oxM1 in glioma cells.

aterials and Methods

issues Samples
Tissues specimens were obtained from the glioma patients treated
ith radiotherapy for over 6 months after diagnosis at the First
ffiliated Hospital of Zhengzhou University between 2014 and 2016.
ur study received the approval of Ethics Committee of the First
ffiliated Hospital of Zhengzhou University and obtained the
formed consent from all patients. According to the radiosensitivity
dex model presented by previous studies [22,23], glioma patients
ere dichotomized into radiosensitive and radioresistant groups (RSI
dex N0.5 means the patients were radioresistant). Briefly, RSI index
as measured utilizing the probesets and rank-based linear regression
gorithm in prior studies [22,23].

ell Culture
Human glioma U251 and U87 cells were obtained from American
issue Culture Collection (ATCC, Manassas, VA, USA) and were
aintained in DMEM medium (Invitrogen, Carlsbad, CA, USA)
pplemented with 10% FBS (Invitrogen) and 1% penicillin/
reptomycin (Invitrogen), at 37°C incubator containing 5% CO2.
ell Transfection
miR-320 mimic and its scrambled control (miR-NC), miR-320
hibitor and its control (inhibitor control) were synthesized by
enepharma Company (Shanghai, China). The full length sequences
FoxM1 or Sirt1 were amplified by PCR and subcloned into
DNA3.1 vector (Invitrogen) to generate pcDNA-FoxM1 or
DNA-Sirt1 plasmids. All plasmids or oligonucleotides were
ansfected into U251 and U87 cells using Lipofectamine 2000
nvitrogen).

everse Transcription-Quantitative Polymerase Chain
eaction (RT-qPCR) Analysis
Total RNA was extracted from glioma tissues and cells using Trizol
agent (Invitrogen). For the detection of mRNA and miRNA
pressions, 1 μg of total RNA was reversely transcribed into the
rst-strand cDNA by PrimeScript RT reagent kit (TaKaRa BIO,
iga, Japan) or TaqMan MicroRNA Array kit (Applied Biosystems,
oster City, CA, USA). Then the expression patterns of FoxM1 were
sessed using SYBR Premix Ex Taq™ II (TaKaRa BIO) reagent with
APDH as the normalization. miR-320 relative expression level was
etermined by TaqMan Universal Master Mix II (Applied
iosystems) with U6 as the normalization. The primers were listed
follows: miR-320, 5’-ACA CTC CAG CTG GGA AAA GCT
GG TTG AGA-3′ (forward) and 5’-ACA CTC CAG CTG GGA
AA GCT GGG TTG AGA-3′ (reverse); U6, 5’-GCT TCG GCA
CA CAT ATA CTA AAA T-3′ (forward), 5’-CGC TTC ACG
AT TTG CGT GTC AT-3′ (reverse); FoxM1, 5’-TCT CAG CAC
AC TCC CTTG-3′ (forward) and 5′-GGA TCT TGC TGAGGC
GT C-3′ (reverse); GAPDH, 5′-TGG AAG GAC TCA TGA CCA
A-3′ (forward), 5’-TTC AGC TCA GGG ATG ACC TT-3′
everse).

radiation Exposure
Exponentially growing glioma cells were irradiated at the indicated
se using a 6 MV photon beam generated by an irradiation
paratus (2100C/D, VARIAN, Palo Alto, CA, USA) at a dose rate of
4 Gy/min at room temperature.

olony Formation Assay
The survival fraction (SF) of U251 and U87 cells with different
eatments was determined by clone formation assay. Briefly, cells were
ated in 6-well plates and transfected with miR-NC, miR-320, or
iR-320 + pcDNA-FoxM1. At 48 h post-transfection, transfected cells
ere transferred to 60mm2 culture dish and then irradiated at 0, 2, 4, 6,
and 10 Gy using an irradiation apparatus (2100C/D, VARIAN).
fter irradiation, cells were cultured for another 9–14 days and then
ones were fixed with 75% ethanol and stained with 0.5% (w/v) crystal
olet solution (Sigma-Aldrich, St. Louis, MO, USA). Finally, colonies
ith more than 50 cells were counted by microscope (Leica
icrosystems, Wetzlar, Germany). SF was calculated by the following
rmula: SF = formed colonies number / plated cells number × plating
ficiency. Plating efficiency is the ratio of colonies number to plated
lls number in the group without radiation treatment.

ell Apoptosis Assay
Cell apoptosis rate was assessed by Annexin V-FITC/PI apoptosis
tection kit (Abcam) referring the instructions of manufacturer.
riefly, 5 × 105 transfected cells with 2 Gy IR treatment were collected
d re-suspended in 1 × Binding Buffer. Then cells were double-stained
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Figure 1.miR-320 was down-regulated and FoxM1 was up-regulated in radioresistant glioma tissues. The expression profiles of miR-320
(A) and FoxM1 (B) in radiosensitive (n = 27) and radioresistant (n = 21) glioma patient tumors. (C) The correlation analysis between
miR-320 and FoxM1 in glioma patients tumors tissues (n = 48). *P b .05.
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ith Annexin V-FITC (5 μl) and PI (5 μl, 50 μg/ml) for 5 min at room
mperature in the dark, followed by the quantification using the flow
tometry (BD Biosciences, San Jose, CA, USA). Caspase 3 activity was
tected using Caspase 3 assay kit (Abcam, Cambridge, UK) according
the protocol of manufacturer and the optical density value was
easured at the wavelength of 400 nm.
gure 2. miR-320 expression level was gradually down-regulated an
llowing exposure to IR. U251 and U87 cells were treated with 2 G
pression patterns of miR-320 (A and B) and FoxM1 mRNA (C and D) e
as measured by western blot after exposure to 2 Gy in U251 and U8
estern Blot Assay
The total proteinwas extracted usingRIPAbuffer (Beyotime, Shanghai,
hina) containing cocktail (Roche Diagnostics, Basel, Switzerland) and
antified using a BCAprotein assay kit (Thermo Scientific, Rockford, IL,
SA). Then equal amount of protein (50 μg) was separated by 10%
S-PAGE gel and transferred to polyvinylidene fluoride membrane
d FoxM1 level was progressively up-regulated in glioma cells
y IR for different time, followed by qRT-PCR detection of the
very 2 h for 24 h. (E and F) FoxM1 protein level every 4 h for 24 h
7 cells. *P b .05.
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Figure 3.miR-320 enhanced radiosensitivity of glioma cells. U251 and U87 cells were transfected with miR-NC or miR-320 for 48 h. (A and
B) The transfected U251 and U87 cells were exposed to different doses of IR (0, 2, 4, 6, 8 Gy), survival fraction was detected using colony
formation assay. (C and D) The transfected U251 and U87 cells were treated with 2 Gy, followed by the measurement of cells apoptosis
rate by flow cytometry analysis. (E and F) Caspase 3 activity was measured in transfected U251 and U87 cells with 2 Gy treatment. (G and
H) Western blot analysis of γH2AX protein levels in transfected U251 and U87 cells exposing to 2 Gy. *P b .05.
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VDF;Millipore, Billerica,MA,USA).Next, themembranewas blocked
5% non-fat milk for 1 h and incubated with primary antibodies against
xM1 (1:2000), γH2AX (1:2000), Sirt1 (1:800) and β-actin (1:5000)
ell Signaling Technology, Inc., Beverly, MA, USA) overnight at 4°C.
bsequently, the membrane was probed with horseradish peroxidase
RP)-conjugated second antibody (1:1000; Santa Cruz Biotech, Santa
ruz, CA, USA) for 1 h at room temperature. Finally, the protein signal
as determined by ECL reagent (Millipore, Billerica, MA, USA).

uciferase Reporter Assay
The 3’UTR sequences of FoxM1 containing wide-type or
utant-type miR-320 binding sites were amplified by PCR and
bcloned into pGL3-control vectors (Promega, Madison, WI, USA)
generate FoxM1-wt or FoxM1-mut luciferase reporter vectors.

hen the constructed reporter vector was respectively cotransfected
ith pRL-TK vectors (Promega) and miRNA (miR-NC or miR-320)
to U251 and U87 cells. After transfection 48 h, luciferase activity
as detected using dual-luciferase reporter assay system (Promega).
uciferase ratio = firefly luciferase activity/Renilla luciferase activity.

tatistical Analysis
All datawere displayed asmean ± standard deviation (mean ± SD) from
ree independent experiments. The comparison of data in different
oups was performed by Student's t-test or one-way ANOVA.
ifferences were considered as statistically significant when P b .05.
ef
γ
w
fo
m
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iR-320 was Down-Regulated and FoxM1 was Up-Regulated
Radioresistant Glioma Tissues
We firstly investigated the expression patterns and correlation
tween miR-320 and FoxM1 in radiosensitive (n = 27) and
dioresistant glioma patient tumors (n = 21). The results showed that
iR-320 expression level was strikingly decreased (Figure 1A) and
oxM1 was significantly increased (Figure 1B) in radioresistant
ioma tumors when compared with that in radiosensitive tumors.
otably, miR-320 was inversely correlated with FoxM1 expression in
ioma patient tumors (Figure 1C). These data indicated miR-320
d FoxM1 might be associated with radioresistance in glioma.
iR-320 Expression was Gradually Down-Regulated and
oxM1 was Progressively Up-Regulated in Glioma Cells
ollowing Exposure to IR
Subsequently, the effect of irradiation on the expressions of
iR-320 and FoxM1 was also detected every 2 h for 24 h after 2 Gy
radiation in glioma cells. As shown in Figure 2, A and B, compared
ith cells without radiation treatment, miR-320 expression level was
arkedly reduced after irradiation treatment in U251 and U87
ioma cells. On the contrary, FoxM1 expression at mRNA (Figure 2,C
d D) and protein (Figure 2, E and F) levels were both strikingly
-regulated after irradiation treatment in U251 and U87 glioma cells.
hese results suggested miR-320 and FoxM1 were reversely expressed
glioma cells exposing to IR.

iR-320Overexpression Enhanced Radiosensitivity of Glioma Cells
As is known to all, IR treatment can hinder cell proliferation and trigger
ll apoptosis along with DNA break. Therefore, we further assessed the
fects of miR-320 overexpression on proliferation, apoptosis and
H2AX expression in glioma cells under IR treatment by transfecting
ith miR-320 or miR-NC. As presented in Figure 3, A and B, colony
rmation assay manifested that miR-320 overexpression resulted in a
arked decrease of survival fraction in U251 (Figure 3A) and U87 cells
igure 3B), suggesting that ectopic expression of miR-320 enhanced
diosensitivity of glioma cells. Moreover, we further demonstrated that
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Figure 4. miR-320 inhibited Sirt1 expression by targeting FoxM1. (A) The putative binding sites of miR-320 in 3’UTR region of FoxM1. (B)
Luciferase reporter assay was performed to detect luciferase activity in U251 and U87 cells cotransfected with miR-320 or miR-NC and
FoxM1-wt or FoxM1-mut. (C and D) The FoxM1mRNA and protein levels in U251 and U87 cells transfected miR-320, miR-320 inhibitor, or
matched controls. (E and F) Sirt1 mRNA and protein levels were detected in U251 and U87 cells transfected with miR-NC, miR-320,
miR-320 + pcDNA3.1, or miR-320 + pcDNA-FoxM1. *P b .05.
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lls apoptotic rate was significantly increased after 2 Gy treatment and
iR-320 overexpression strikingly enhanced IR-induced apoptosis in
251 cells (Figure 3C) and U87 cells (Figure 3D), as illustrated by flow
tometry analysis. To further verify this conclusion, caspase 3 activity was
so evaluated. As expected, 2 Gy treatment remarkably increased caspase 3
tivity,whichwas dramatically reinforced by forced expression ofmiR-320
U251 (Figure 3E) andU87 (Figure 3F) cells. It is generally accepted that
NA repair enhanced resistance of glioma to radiotherapy [24]. Hence,
NA double-stranded break (DSB) induced by IR were detected by
easuring histone H2AX phosphorylation (γH2AX) level in U251 and
87 cells. As shown in Figure 3,G andH, IR triggered an obvious increase
γH2AX expression, which was conspicuously augmented by miR-320
storation. Together, these data revealed that ectopic expression of
iR-320 could enhance radiosensitivity of glioma cells.

iR-320 Inhibited Sirt1 Expression by Targeting FoxM1
Increasing studies demonstrated that miRNAs exerted function by
gulating its target mRNAs expression [25]. Hence, TargetScan,
icroRNA.org, PicTar or miRbase softwares were employed to search
r the potential targets of miR-320. The prediction results showed that
ere existed two complementary binding regions between FoxM1 and
iR-320, indicating FoxM1 was a potential target of miR-320, as
own in Figure 4A. To further confirm this prediction, 3’UTR
quences of FoxM1 containing twomiR-320 binding sites were cloned
to luciferase reporter vectors to generate FoxM1-wt reporter.
oreover, FoxM1-mut reporter with the corresponding mutant
iR-320 binding sites was also constructed. The following luciferase
say revealed that relative luciferase activity of FoxM1-wt was
nificantly decreased by miR-320 up-regulation in U251 and U87
lls but had no obvious inhibitory effect on luciferase activity of
xM1-mut (Figure 4B), indicating that FoxM1 interacted with
iR-320 by the putative binding sites. Moreover, we further
monstrated that ectopic expression of miR-320 inhibited both
xM1 mRNA and protein expression, while miR-320 inhibitor
cilitated FoxM1 expression inU251 andU87 cells (Figure 4,C andD).
dditionally, FoxM1 was reported to be an upstream regulator of Sirt1
d could facilitate Sirt1 expression in glioma cells through binding with
rt1 promoter region [21]. Thereby, we explored whether miR-320
uld affect Sirt1 expression by regulating FoxM1 expression in glioma
lls. As expected, miR-320 overexpression strikingly suppressed both
rt1 mRNA and protein levels in U251 and U87 cells, while ectopic
pression of FoxM1 markedly abrogated miR-320-mediated inhibition
Sirt1 expression (Figure 4,E and F). Therefore, these results indicated
at miR-320 hindered Sirt1 expression by targeting FoxM1.

iR-320 Enhanced Radiosensitivity of Glioma Cells Through
own-Regulation of Sirt1 by Directly Targeting FoxM1
Subsequently, rescue experiments were performed to investigate the
fect of FoxM1 and Sirt1 on miR-320-mediated radiosensitivity in
ioma cells. Colony formation assay demonstrated that the
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introduction of FoxM1 (Figure 5A) or Sirt1 (Figure 5B) markedly
eakened the inhibitory effect of miR-320 on the survival fraction of
251 or U87 cells, indicating that overexpression of FoxM1 or Sirt1
ated miR-320-mediated enhancement effect on radiosensitivity in
ioma cells. Meanwhile, we further demonstrated that the exogenous
pressions of FoxM1 (Figure 5, C and E) or Sirt1 (Figure 5, D and F)
rikingly attenuated the promotive effects on apoptosis and caspase 3
tivity conferred by miR-320 overexpression in U251 and U87 cells
der IR treatment, as illustrated by flow cytometry analysis and caspase
activity assay. Furthermore, miR-320 overexpression-induced increase
the expression of DSB indicator γH2AX was also notably suppressed
forced expression of FoxM1 or Sirt1 in U251 (Figure 5G) and U87
igure 5H) cells after IR treatment. Taken together, we further validated
at miR-320 enhanced radiosensitivity of glioma cells by modulating
xM1 and Sirt1 expression.

iscussion
merging evidence has indicated that miRNA dysregulation was
osely associated with the development, progression and chemo/
dioresistance of cancers [26]. Furthermore, accumulating evidence
owed that miRNAs were involved in the regulation of radio-
sistance of glioma [8]. For instance, miR-181a enhanced U87MG
ioma cell radiosensitivity by targeting Bcl-2 [27]. On the contrary,
iR-21 knockdown conferred glioma cell radiosensitivity by
hibiting phosphoinositide 3-kinase (PI3K)/protein kinase B (Akt)
gure 5.miR-320 enhanced radiosensitivity of glioma cells through dow
ansfected with miR-NC, miR-320, miR-320 + pcDNA-FoxM1 and U
DNA-Sirt1. (A and B) Colony formation assay was performed to detec
posure to various doses of IR (0, 2, 4, 6, 8 Gy). (C and D) Cells apopto
d U87 cells treated with 2 Gy. (E and F) Caspase 3 activity was measu
eated with 2 Gy. (G and H) FoxM1 or Sirt1 and γH2AX protein levels we
lls treated with 2 Gy. *P b .05.
thway and promoting autophagy [28]. Moreover, overexpression of
iR-17-5p improved the xenograft tumor sensitivity to irradiation in
ioma [29]. In summary, previous studies manifested that miRNAs
erted diverse functions in regulating radioresistance of glioma.
miR-320 has been identified as a tumor suppressor in several
mors [30]. For example, miR-320 suppressed ovarian cancer
cogenicity by targeting Twist homolog 1 (TWIST1) [31].
iR-320 was down-regulated in cervical cancer tissues and inhibited
rvical cancer progression by down-regulation of Mcl-1 [30].
iR-320 was down-regulated in Osteosarcoma (OsC) and heteroge-
ous expression of miR-320 inhibited cell proliferation and induced
ll cycle arrest by targeting E2F transcription factor 1 (E2F1) [32].
oxM1 has demonstrated to be a vital mediator in cancer initiation,
ogression and drug resistance [17]. Moreover, miR-320 was
monstrated to enhance radiosensitivity of colon cancer and cervical
ncer cells [11,12]. FoxM1 enhanced glioma radioresistance by
odulating SRY-box 2 (Sox2) and signal activator and transducer or
anscription (STAT3) [20,33]. All these studies showed that
iR-320 and FoxM1 were closely related with radioresistance of
ncer.
In the present study, we demonstrated that miR-320 was
wn-regulated and FoxM1 was up-regulated in radioresistant glioma
ssues and glioma cells exposed to IR. Moreover, miR-320 was
versely correlated with FoxM1 expression in glioma tissues,
dicating that miR-320 and FoxM1 might be associated with
n-regulation of Sirt1 by directly targeting FoxM1. U251 cells were
87 cells were transfected with miR-NC, miR-320, miR-320 +
t survival fraction of transfected U251 and U87 cells, followed by
sis was detected by flow cytometry analysis in transfected U251
red by caspase 3 activity assay in transfected U251 and U87 cells
re detected by western blot analysis in transfected U251 and U87
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dioresistance of glioma cells. Moreover, miR-320 overexpression
rikingly enhanced radiosensitivity of glioma cells by promoting
-induced apoptosis and enhancing γH2AX expression. Previous
udy also demonstrated that DNA repair enhanced resistance of
ioma to chemotherapeutics and radiotherapy [24]. Hence, γH2AX
a indicator of DNA DSB was employed to assess DNA repair [34].
Accumulating evidence shows miRNAs exert function by regulating
rget mRNAs expression [35]. Accordingly, bioinformatics analysis
as performed to discover the potential targets of miR-320. The
ediction results indicated that FoxM1 was a potential target of
iR-320, which was further validated by the following luciferase assay
d western blot assay. FoxM1 as a target of miR-320, also has been
lidated in colorectal cancer [11]. Chetty et al. verified that IR
eatment induced FoxM1 expression and FoxM1 knockdown
ppressed DNA repair and facilitated IR-induced DNA breaks in
ng cancer cells [36], indicating the close association between FoxM1
d radioresistance.Moreover, FoxM1 has been identified as amediator
radioresistance in glioma [20]. Sirt1, a NAD+-dependent histone
acetylase, plays a critical role in various biological processes [37].
evious studies manifested that Sirt1 functioned as an oncogene,
companied by the high-level expression in several tumors such as
east cancer [38], and colon cancer [39]. It was previously suggested
at FoxM1 facilitated Sirt1 expression in glioma cells through binding
ith Sirt1 promoter region [21]. Therefore, we further explored the
fect of miR-320 on Sirt1 expression. As expected, miR-320 repressed
rt1 expression in glioma cells by targeting FoxM1. Mechanistic
udies further revealed that miR-320 enhanced radiosensitivity of
ioma cells through down-regulation of Sirt1 by targeting FoxM1,
hich was in accordance with a previous report that miR-320 improved
diosensitivity of human colon cancer cells by targeting FoxM1 [11].
ur study demonstrated that miR-320 could affect Sirt1 expression by
iR-320/FoxM1/Sirt1 regulation pathway, while Sirt1 has been
monstrated to be direct target of miR-320 in lung cancer [40].
hat is to say, miR-320 may regulate Sirt1 expression by direct or
direct interaction. Moreover, FoxM1 and Sirt1 were linked with p53
gnaling [41,42], indicating that FoxM1 and Sirt1 may participate in
velopment of various cancers due to the vital roles of p53 in multiple
ological processes.
In conclusion, our study firstly demonstrated that miR-320
cilitated radiosensitivity of glioma cells through down-regulation of
rt1 by directly targeting FoxM1. The discovery of regulating
echanism contributed to developing more effective targets and
erapy strategies to reverse radioresistance of glioma cells.
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