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ABSTRACT Objective: To investigate the radiosensitization and MR Imging of PVCL-MnO, nanoprobes on orthotopic
glioblastoma multiforme. Methods: PVCL-MnO, nanoprobes were prepared and characterized by transmission electron microscope
(TEM). Meanwhile, the size distribution was analyzed by Image J. Then the cell viability of tumor cells treated by PVCL-MnO, and
radiotherapy for 48 h were determined by cell proliferation-toxicity test (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide,
MTT). Moreover, C6 cells treated with PVCL-MnO, nanoprobes and radiotherapy, immunofluorescence, western blot and other
techniques were utilized to evaluate the production of y-H2AX, reactive oxygen species (ROS) and apoptosis-related proteins (Bax,
Bcl-2). Finally, glioblastoma-bearing mice were injected with PVCL-MnO, nanoprobes via tail vein and scanned by MRI at different time
points. Results: PVCL-MnO, nanoprobes possessed a uniform size distribution, well-defined structure and excellent monodispersity. The
combination of PVCL-MnO, nanoprobes and radiotherapy could effectively enhance DNA double-strand breaks and the production of
ROS and pro-apoptotic protein Bax. The expression of anti-apoptotic protein Bcl-2 was downregulated. MR imaging showed that
PVCL-MnO, performed excellent in T,-weighted MRI imaging. The increasing signal at the tumor site was the most distinct at 4h
post-injection of PVCL-MnO,. Then the signal began to decrease. Conclusions: The PVCL-MnO, nanoprobe has potential for
radiosensitization and MRI imaging of glioblastoma multiforme.
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[G]EsF 1] 5445 4 L ( Signal to noise ratio, SNR )!-121
111 St a4

JIr A B4 {55 FH] GraphPad Prism 8.4.0 #4743, 2240 4H |A]
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BARgI#2ER

2 R

2.1 PVCL-MnO, & E

TEM Hi45 A W, PVCL-MnO, 9K Uk R0 H B 4 A 2053
B, R TFERIE 454 , 28 Tmage J ASIIZ AN K TR A9 R~ A
J5 116 + 10 nm( & 1),

& 1 PVCL-MnO, #J TEM &
Fig. 1 TEM images of PVCL-MnO, nanoparticles

2.2 RE¥KE PVCL-MnO, /£ B G X4 B i 1 820
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KAk A3 bEnd.3 A 24 /NEHE , F MTT 26 4T A 14
5N, IEH YU bEnd.3 41 60 pg/mL PVCL-MnO, 4
KR ILREFE 24 /NG AN BEIE PEASE] 50%, 15 40 pg/mL
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2, BRULEEFH 40 we/mL A48 K B bk BE T F5 2k i Ak o1 4
JL S5
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Fig.2 Effects of different concentrations of PVCL-MnO, on proliferation of
bEnd.3 cells

2.3.1 MTT i%&#i PVCL-MnO, Bk& A7 3 B 4R 1 5 ) 5
W {EBE PVCL-MnO, 55 6 Gy HIHUY T 11 48 M
MTT B IE] C6 4L 46% ., 5 %] HALH K RT 414
L, Co 4 0 41 I 1G4 TR T 54%(P<0.0001) F1 32%
(P<0.0001), TLIEI 3, 3541 PVCL-MnO, AT LR3I 56t 40 1
AWiVEH

Fekdek

120-
— F*kkk e dede ke - Control
X
= ool B3 RT
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>
g 30+
3
0-

[ 3 PVCL-MnO, BE& B %t C6 ARt sa i 240
Fig. 3 Effects of PVCL-MnO, on proliferation of C6 cells
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breaks, DSBs ) %5 W4 5¢ , T i v-H2AX 42 s 5055 DNA #L
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ik o R NE 4 PR X RRAEH AT WL LA v-H2AX 245,
RT 4 Ay v-H2AX 4 & F8 F # £ ,RT+ PVCL-MnO, 4 A9
y-H2AX 8 JR AR 2, ¥ RT+ PVCL-MnO, 4b 385 fif
JAA AR DNA PR Fe e

233 REWEMI ROS WF=4£  ARUTIRD, BarAg
W E4R H 5L (reactive oxygen species, ROS ) Mg il s 2 i, {2
S LR R P P I A = o (IR DS E R =l 7 A
(2,7-Dichlorodihydrofluorescein diacetate, DCFH-DA ) £ il 4% 2H
SIS IR SRR h ROS 774, WLIEL 5, SX IR AN RT 4
HALE , RT+ PVCL-MnO, £ ] WLEI BB L (1) ROS ik, DALl
VL7 A SRR (BT MRV E L 55 22 A0 0 S 25 SR A — 3
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Fig. 4 Immunofluorescence imaging of y-H2AX when C6 cells were

treated with PBS, RT, RT+PVCL-MnO,. Scale bar, 50 um

2.3.4 Western Blot #&illl Bax, Bcl-2 JHT-tHXEH K FRIE Bax
A Bel-2 J& Bel-2 FKIGEREE AL, FEMg ik e R ERiiAhfe
B | 2 R T3 B A A 1 T R A EE AR Y, Bel-2 2
F AT LA AR PR T, S s B A AR B R, AH LR

Bax 2 2 TR R 30, BT LA lgd 40 i i g

H T ERFEITERA PVCL-MnO, X8 7738 B iysz g, FAT1A
Western Blot #:lll 7* Bax \Bel-2 J{T-AHOCHE I IRE, WIE 6,
5 Control 21 #f It ,RT+ PVCL-MnO, 4] Bax & [ £ ik &,

Bel-2 & W TR, UiH] RT+ PVCL-MnO, 41 0] Uil i |3
Bax # HMRIAFIT I Bel-2 S H KK, Wif-& C6 4t
T

2.4 K MRI B {451

¥ 1 TR A 22 1 P T 5 B 40 iR 0 /D BB R Tk e A
PV CL-MnO,, J& ARl (B s 2E4T MRI 4, T,WI E{§F1 SNR
LERANE TA B n, B B R3O , T, {55 A g , 78

A

Control RT+PVCL-MnO,

B 5 2R E4EE C6 M=% ROS K& %, BHFRRA 25 um
Fig. 5 Immunofluorescence imaging of generated ROS when C6 cells were

treated with PBS, RT, RT+PVCL-MnO.,. Scale bar, 25 pm
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Fig. 6 Expression of Bax and Bcl-2 in C6 cells treated with PBS,
RT and RT+PVCL-MnO,

4 NIRBN S S B R E (S SR T I
3 Wi

WF5E 3, — 40 1bkT B 2 Fenton A7 , i LAZERATE
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Fig.7 T \-weighted MRI images of glioblastoma-bearing mice and T, SNR at different time post-injection of PVCL-MnO,
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HEATRAE AR AN AT b AT 52 B 7 1S B0, /R ) MRI LI A
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(stimulator of interferon genes, STING ) {55 , #E— SR gERT ZE 0k
20 ig( dendritic cells, DCs ) A BZBVFIREYE T R LA 44 51>
Behh, W7 AR DNA W] PTG cGAS-STING {5 5l i,
fe3E 1 8 +3 % (type-1 interferons, IFN-D) [ 7= A= B9 K I, PV-
CL-MnO, A7 BLitl i ¥ 3% {5 58 %, $E T v e 8 s P 4 f
U5 T MR e e S . FRATTR — 2B X ik g IR PV-
CL-MnO, " A i) 55 ZR GEBR HEA T4 .
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