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[ Abstract] Objective To investigate the radiobiological effects of VPA-BSANPs on C6 and U87
glioma cells in vitro. Methods C6 and U87 glioma cells were treated with different concentrations of VPA
and VPA-BSANPs for 12 h and 24 h, and MTT assay was used to determine cell viability. C6 and U87 cells
were treated with different concentrations of VPA and VPA-BSANPs combined with X-ray irradiation (0, 2,
4, 6, and 8 Gy), and colony formation assay was used to determine plating efficiency (PE). C6 and U87
glioma cells were treated with different concentrations of VPA and VPA-BSANPs for 12 h, followed by X-ray
irradiation (0, 4, and 8 Gy), and flow cytometry using Annexin V-FITC/PI staining was used to examine
cell apoptosis. Western blot was used to evaluate the effects of VPA and VPA-BSANPs on radiation-induced
apoptosis protein expression. One-way ANOVA was used for comparison of means with homogeneity of
variance between multiple groups, and the ¢-test was used for comparison of means between two groups.
Results  Without irradiation, VPA and VPA-BSANPs had no significant inhibitory effects on the
proliferation of C6 and U87 cells (P=0.328,0.920).The PE of cells treated with VPA-BSANPs combined
with irradiation was significantly lower than that of cells treated with VPA combined with irradiation ( P=
0.000). In C6 and U87 cells, VPA-BSANPs combined with irradiation increased the expression of p53 and
Bax (P=0.000,0.000 and P=0.010,0.002), but reduced the expression of Bel-2( P=0.008,0.000).
Active caspase-3 fragments were only found in the cells treated with VPA-BSANPs combined with irradiation
and VPA combined with irradiation, but were less in the former cells than in the latter cells ( P=0.004).
The active fragments of peroxisome proliferator-activated receptor were only found in the cells treated with
VPA-BSANPs combined with irradiation. Conclusions VPA-BSANPs can increase the radiosensitivity of
C6 and U87 glioma cells in vitro, possibly by promoting the apoptosis of tumor cells induced by radiation.

[ Key words]  Histone deacetylase inhibitors;  Valproic acid; ~Apoptosis

Fund program ; Natural Science Foundation of Shandong Province (ZR2010HMO080)



- 460 - HAETIUR IR 24 2k 2017 4F 4 A 55 26 455 4 Chin J Radiat Oncol , April 2017, Vol.26,No.4

Tt 5 2 A 21 28 11 25 TR AT 1 57 RE I ik g
20 B TS A AR | AL 7 S R A A
PR T T DGR B — AR LB R
SR 24, T LR SR TR FI6 97 i 40 ek 3 8 8 1 B )
FRRER | UTAE St 4 PN 3G IR ke — R AR A sk 4l
AL CBACEEI 2 0] LA 45 i g 40 i o
TS BORUREE S ATAF R, AR B AR BN IR iR T
ARFFE I, , i T s il PR R 2 D REPE S, 4ok
A RHAE T8 1 I 1] Y6 97 b R 455 Ok i E B A
7S MR — R TR A B R R A
FERTR R RS BT R A AR, th T
FEE R pE A | TR A T M, 5 A PURK %
R AR BBAS 551 24 T SR80 IF H X 80k R~
SR A B, FRAT TR B R A A Th B PR AR Bk
AR 32 1A — Tl A0 L 14 5 B 1, AR VE 2 2R )
S AR I B TR AR LR B Sk S R
filidis 45 B . WEAERTITUER] UST SRR T i Jit £
20 PR PR e R A L B 2R R v i g R R R
C6 2 M )& T I A RIR | i R A 2 R v g i
BV T ZE N I BR A A 4K R REEE VPA
fI3E 5 4 W ( VPA-BSANPs ) | W25 7 I R 4 5
VPA-BSANPs X} C6,U87 [ 55 Jo8 4H g 22 1A /1 Jist S5
TR R S, Sk JE 98 P O B (B ) S0 KA

RS A*E

L. Co K BB B9 20 M UST 4t ( v (=l =
SERLEBE PR RTAN I oLy ), PR B . DMSO (1 A
FEE MP A4 F BG4 W (32 E Hyclone 23
A]) ,DMEM #5575 MTT (35 m S A B EDH AR
FRN D) | JREE FIE (gibeo 23 A]) L0, 4% 5 13 2 YLl
( HZR Takara 28 F]) , RBTK R Caspase-3 PriA (32
Bioworld A F])

2.VPA-BSANPs il % . /L = S AL ik 40 K R+
AR Z AT A R A B AR AR A AL
AL REYN KK T (MSNs ) | 2K I K8 MSNs H fig
b e/ Ak MSNs B BEAL A AR L iR/ % Ik s
MSNs ‘B gtk & B VPA N2k FA/ Z8If bRk MSNs
il 28, GRRLT I A5 RN FL 25 44 308 o 3 41 - S Ak
B R Bt e B BT R, LA AR DL Skt

3R IEFRANAL BT i B 10% g 4 1
) DMEM £ F£ 7 7E 37°C 5% CO, W AR 3 0 46
FiF% €6, U8T J e 40 fd , T 0. 25% e 25, 11 it e 4%
I BE 2R, 40 R R RIS R 10 em [EIAS K, FH 3
HLEERL AN A RN RS 6 MV X 28 IR G, J6 iz i

100 cm, HLAEFA 7 180° , FIHE 3N 3 Gy/min,

4 FEVRANAR MTT 2530 5 « it 5 b 40 Pt 5 LA 3
AFL(1~5) x10° 4 HaERD T 96 FLAk, L 200
wl SE R FR; AL A6 PBS e, & TIFAE
TG SR A NG RE IS SRR R SR, A I &
VPA 4K # B (BR) 8L VPA-BSANPs [ 37 & 1% 5%
W, i 12,5 .25.0.50. 0,100. 0 mg/ml ,pH=6 f
100. 0 mg/ml ¥ & , B4~k B 43 5l % 6 N AL, 12,
24 hJF AL 20 wl MTT (5 mg/ml) BEOEHEF 4 h,
2500 r/min® 0> 15 min J5 FER5 3R, BEFLIN 200 wl
DMSO, 7E5HR A5 B T4 R IKEHE 10 min, i i
B A e KX 570 nm £ FLIK OGRS (A {H) , 115340
Jasn ] AP (%) = (1 - LU A{E / XF
HRZH A JEAE) x 100% ] .

5. TR B0 5 < AR 4 S 6 Ak 3 PR 2R OKs 40 3
M3 A LAl IR VPA-BSANPs (25,100 mg/ml,
pH=6 ) 100 mg/ml) BtA G VPA (50, 100
mg/ml) BXG REGT, AR AR 4R 5 0 i (0.2 .4 .6,
8 Gy) N[ h 5 ANH , XFHRZH 100 440 g/ 4% Fil
F 60 mm 357 ML, B84 K 6 A 41 53 ) #2F 100,
500.,500.2000 4 il T 60 mm B3R, % 10%
G4 MY A 58 A 3G R B35 5%, 24 h 54 AR in 245 AN
JIN VPA 5% VPA-BSANPs (35 IR 4K SE 4577 24 h, 9K
Jo FE A B 4 5 PR 4k 52 % 5 2 5 S L+ R
PR ] L e RS, S 1k, 2835 W e 0 )5 i it
=50 EEYS , 1155 PE (E (PE = 5o 5L/ 32
Y %X 100%)

6. 2 20 L ASCUR T 43 A < K €6 UST A i T i
AL S A 1x10°/ml B B4l 6 FLAK, &1~ fLm 2
ml, 7E 37°C 5% CO, 10 FI% B 40 N 15 5% 24 b, I
BEJG B4 & 25,100 mg/ml Al pH =6 ) 100 mg/ml
VPA-BSANPs 5, VPA S fif 5% 5% W, %F M40 fim A
PBS,6 h J5RE5H 0.4.8 Gy,24 h i 3¢ )5 BRI AL 1
LM, 1500 r/mini.0> 10 min, PBS Wik 1 K, 43
SIIA 5 wl Annexin V-FITC F15 wl PI {58 4
CHEEF 15 min, M [ Becton-Dickinson it =\ 20 14X
K 20 M T, Modifit #4450 dis

7.8 1 Gy B 3 A I O T 2 1 2R AR R
40 PBS YE P , Il A RIRP 22 W 7E vK [ 30
min, @5 3 K, <5 s/IK, 12000 r/min4°C & .0 20
min, ] BCA #AHTIE 6% ~ 15% K N
ok BB 1 53 23 28 11 5 4% B s AL 27 4R IS 1, 5% 4= 5
37°CE 2 b, BB L 4 i — B 4°C FR AR S
o e —dt , TBST w3 ¥K , B K 10min , % I 57



AR IR A 2 2017 4F 4 J1 55 26 %45 4 ] Chin J Radiat Oncol , April 2017, Vol.26, No.4 - 461 -

B PL 1 h, TBST PEME 3 ¥k, Hofl — & SR AE
ECL &G, AR PVDF By 210, SR 5 A 24k
R,

8.8 77 . K SPSS 17. 0 3k A4 %F 22 41 H%k
K5 5 22 75 PE 5 FH SRR 3 22 43 T, PR A 24 85 1)
HEATAUN ¢ K3 . P<0.05 HZEFALH 5 L,

# R

1.VPA \VPA-BSANPs & & #%F C6.,UST i i s
N M AEAAE TR 520 . C6  UST A1 43l 2 AN [R) vk JiE
VPA VPA-BSANPs AbFH 12 24 h J5 BEAR 40 U775 3
DL 1, ME 1 Ha] 25 VPA  VPA-BSANPs Xf i
IR 2 C6 A1 UST FH-JCHA 3 FE M il 1 H .

2. GE TR B2 I - VR Rl 240 S ) 5] e BB S A
PE {HULER 1,

3.0 A M A A0 B E 1% . €6, UST i iR
Y43 5 28 100 mg/L # VPA , VPA-BSANPs 1F 1]
12h 5,4 0.4.8 Gy B X RIS, VPA 25941 .
VPA-BSANPs 25441 A RE S )i Annexin V-FITC/
P SCY VA it 2 A A AS: D0 % 2 A M T 05 7
A TR AR TR, K2 A
VPA VPA-BSANPs Y40 T2 I A B2 100 mg/L
) VPA-BSANPs 1% 21 itd 0 T~ 3% 15 X B 4H A EL 5 G
B 2% 5 (1.50%+0.16% : 1.20%=+ 0.49%, P=
0.13) . YHFHRIE A 4 Gy B, 100 mg/L AK K}
BEYAH M T- %5 VPA AR LG fin[ co 41
ff1(9.75%+0. 26% :0.68%+0. 06% ,P=0.017) .U87

F 1 C6 M UST 4y X Z-AS[R)F) i HR IS 1Y 5 BT B LU 3 (%, x+s)

A1 (8.71%+0.27% :1.01%=0. 10% ,P=0.017) ],

435 A PEENE K I p53 | Bax  Bel-2  caspase-3
1 PPAR #£ik.C6 I 1 UST 40 VPA-BSANPs+
HES p53  Bax FiAHE [ C6 41 pS3 1.072+0. 009
:0.772+0.009 ( P=0.000) . Bax 1.137+0.018 :
0.823+0. 032 (P=0.000) 1 US7 4 ifl 0.542+0. 035
:0.438+0.017 (P=0.010) ,0.686+0. 045 : 0.468=
0.02(P=0.002) ], i Bel-2 F3LFEAK[ 0.983+0. 034
: 1.22+0. 076 ( P=0. 008 ) A1 0.562+0. 033 : 0.956+
0.007(P=0.000) ], VPA+HE5T 5%} B2 AH L 40 it
AT A IFICH B ek 2% 278 VPA-BSANPs 5 VPA
AH LG ELAG T8 A RO B . Caspase-3 (1Y 3T
FBAL LT VPA-BSANPs + B8 5 VPA + I8 5 1iif H.
VPA-BSANPs+[f 5} B AT VPA+ 5 (0.018=
0.0009 : 0.066+0. 005, P=0.004) , Bz I8 5} IR
UL Caspase-3 BYIIG A B, PPAR A6 B BLAY L
T VPA-BSANPs &4 ¥+ 1 5t

1 it

KA R IR IR, VPA AT 401 B4 DNA &
SEANE SR AN T DR P A R G
i Je o8 T S P R . AR BIF9E FH FA-BSANPs i
VPA U 3% il VPA-BSANPs, Wi 2% VPA 5 VPA-
BSANPs X C6,U87 i i1 ¥7 4 Jfl 2 M AR SM LS A= )
BN o 250 S A LA SR A AR e s R R
VPA VPA-BSANPs X% 5 4 ffd C6 F1 U7 FF-JCH
1 3 B A0 AR T 5 B B S8 S 3R B VPA-
BSANPs X & MG PE b VPA

R BRARPAR ; p U0 M AR S 6 7

WH 0 Gy 2 Gy 4 Gy 6 Gy 8 Gy P
C6 4l MR GIFI A 4 Gy Bf 100 mg/L
P R B 58.2:3.8 41.0:2.7 262424 163x2.1 9.3:03 0000 VPA-BSANPs A 1=K 5
VPA-BSANPs+ 8§} VPA 2 A FE 388 5 & A S 5% Bl b
25 mg/ml 54713 394515 252525 152520 7.5:0.6 0.000  grgs s VPA-BSANPs HEA A G
100 mg/ml 52.8+2.9 29.2:1.5 12.8x1.5 4.8:0.1  1.8x0.1  0.000 e
pH=Gg;00 mg/ml 50.2+3.6 25.4:0.3 10404 4.8:03  0.6£0.2  0.000 H9 pS3  Bax LIAIIL, W Bel-2 4%
VPA+ IS} KRR, # A EWFSEIER] VPA-
50 mg/ml 551424 40.1+19 263+18 155:19 7.8+0.5 0000 BSANPs % VPA EA5 558 Y i
100 mg/ml 542543 37.8+4.0 24.8+2.4 144227 6.6:0.5 0000 AR . WA HYKRIAR AT
U87 4 RIUE VPA 7EZ 255 & T , KX
iﬁ;&ﬁiim ., 602523 400521 27.6822 16010 92203 0000 pcim vy nt ib G b
—BSANPs+ T 1 S A
100 mg/ml 51.4x2.1 292:1.4 13.6£22 7.7:12  3.5x0.8  0.000 EAERTPFE O L 34715 VPA 7
pH=6 100 mg/ml 43330 19.8+10 88:05 3.1:04 17203 o000  EAMEIFEIE T HXT Co M i
VPA+ RS} Jed 20 R0 T S VR TR, BOAR
50 mg/ml 562613 39.4:15 25.8:0.5 14.5:0.5 7.69:0.4 0.000  VPA J&—Ff AR X2 4 25 vk
100 mg/ml 54.6x1.1 347:1.4 24.6x09 12.8:0.6 5.90.2  0.000

J£>100mg/ LA 517 4 80 04 #h 22



- 462 - HAETIUR IR 24 2k 2017 4F 4 A 55 26 455 4 Chin J Radiat Oncol , April 2017, Vol.26,No.4

102 =
—— 7R
= -M - VPA-BSANPs
Z 100
Hi
Ho
B
= 98
96 T T T T @
0 125 25.0 50.0 100.0
TR (mgn )
~ - - VPA-BSANPs
Z 100
Fi
"z
B
5 98-
96 : ; @

T T
0 12,5 25.0 50.0 100.0

WHIRE (mgh)
102—
= VPA
_ — 3
= 100 - - VPA-BSANPs
B
%
=
g 7
96 T T T T @
0 12.6 2.0 50.0 100.0
WP (mg)
102
-8 VPA
R -m- W
‘% 100—] —&— VPA-BSANPs
i
Ha
&
§ 98—
96 I I I I
0 12.5 256.0 50.0 100.0

BRE (mgn)

B 1 Co g UsT 4i AR iE VPA F1 VPA-BSANPs b B
12 hfl 24 h J5 A3 e i 2R (1A 1B 1C 1D 2351 K C6 4 i 12
h U87 4Hfifd 12 h .C6 4HAfl 24 h US7 4Hfl 24 h)

BEPE S A EE BRI T RN, ARSI T AR
B B Ak AR S VPA & A4 s H 2k
R IFERUE T HURB R ERT B VPA XF Co ,UST it
e 20 B R R AR H

S Z, VPA-BSANPs H] 3 J1C6 |, U87 Jist it ¢ 4

(2]

(3]

[4]

[5]

[7]

[8]

[9]

[11]

[12]

[13]

it 2R S AR O, HEAL A 5 7 1 fie it X 2R 1Y

iR 2 L A G
s % X #
[1] Hess-Stumpp H. Histone deacetylase inhibitors and cancer: from

cell biology to the clinic [ J].Eur J Cell Biol,2005,84(2-3) ;109-
121.DOI:10.1016/]j.€jcb.2004.12.010.

Kostrouchovia M, Kostrouch Z, Kostrouchova M. Valproic acid, a
molecular lead to multiple regulatory pathways [J]. Folia Biol,
2007,53(2) :37-49.

Debeb BG,Xu W, Mok H,et al. Differential radiosensitizing effect
of valproic acid in differentiation versus self-renewal promoting
culture conditions [ J].Int J Radiat Oncol Biol Phys,2010,76(3) :
889-895.D0I:10.1016/]j.1jrobp.2009.09.052.

Luo Z,Ding XW,Hu Y, et al. Engineering a hollow nanocontainer
platform with multifunctional molecular machines for tumor-
targeted therapy in vitro and in vivo [ J].ACS Nano,2013,7(11) .
10271-10284.D0I1:10.1021/nn404676w.

Kakuta T, Takashima Y, Nakahata M, et al. Preorganized hydrogel :
self-healing properties of supramolecular hydrogels formed by
polymerization of host-guest-monomers that contain cyclodextrins
and hydrophobic guest groups [J]. Adv Mater, 2013, 25 (20) .
2849-2853.D0I;10.1002/adma.201205321.

Peng LL,Peng X, Liu BR, et al. Ultrathin two-dimensional Mn02/
graphene hybrid nanostructures for high-performance, flexible
planar supercapacitors [ J].Nano Lett,2013,13(5) ;:2151-2157.
DOI:10.1021/n1400600x.

Taratula O, Kuzmov A,Shah M, et al. Nanostructured lipid carriers
as multifunctional nanomedicine platform for pulmonary co-delivery
of anticancer drugs and siRNA [J].J Control Release,2013,171
(3) :349-357.D01:10.1016/j.jconrel.2013.04.018.

Park S,Kang S,Chen XY et al. Tumor suppression via paclitaxel-
loaded drug carriers that target inflammation marker upregulated in
tumor vasculature and macrophages [ J]. Biomaterials, 2013, 34
(2) :598-605.D01:10.1016/j.biomaterials.2012.10.004.
Schroeder JE, Shweky I, Shmeeda H, et al. Folate-mediated tumor
cell uptake of quantum dots entrapped in lipid nanoparticles [ J].J
Control Release, 2007, 124 (1-2) :28-34.DOI; 10.1016/]. jconrel.
2007.08.028.

RV G5 MEM R ZAR o 18K BT 42
Fik B IR SCLT ] RS R E, 2014, 52(3) :202-207.
DOI:10.3760/ cma.].issn.0529-5815. 2014.03.011.

Wu HT, Zhan YP, Qu YM, et al. Changes of folate receptor-a
protein expression in human gliomas and its clinical relevance [ J].
Chin J Surg, 2014, 52 (3) : 202-207. DOI: 10. 3760/ cma. j. issn.
0529-5815.2014.03.011.

Zhang HL, Jiang WH,Zhao SG, et al. Neuronal selective targeting,
protection and signaling network analysis via dopamine-mediated
mesoporous silica nanoparticles [J]. Med Chem Comm, 2015, 6
(7):1117-1129.

Chinnaiyan P, Cerna D, Burgan WE, et al. Postradiation
sensitization of the histone deacetylase inhibitor valproic acid [ J].
Clin Cancer Res,2008,14(17) :5410-5415.DOI; 10.1158/1078-
0432.CCR-08-0643.

A RGE, M IRYE, A5 DR ER A 9 R SRR BTRE Co AR
USRI RN SR [ J ] IR R 22440 (BE2E ) ,2013,51(6)
15-19.DO0I:10.6040/j.1ssn.1671-7554. 2013.06.004.

Niu JJ,Wang H, Xu Y, et al. Sodium valproate enhances in vitro
radiosensitivity of C6 cell glioma in rats [J].J Shandong Univ
(Health Sci), 2013,51(6):15-19. DOL: 10. 6040/j. issn. 1671-
7554.2013.06.004.

(Wi H 4:2016-05-05)





