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Treatment of bevacizumab combined with hyperbaric oxygen therapy for a mouse model of glioblastoma
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[Abstract] Objective To explore the therapeutic effect of bevacizumab (Bev) combined with hyperbaric oxygen therapy (HBO) on
a mouse model of glioblastoma (GBM). Methods U251 cells were cultured in vitro and randomly divided into control group, Bev group
(treatment with Bev for 24 h), HBO group (tretament with HBO for one time) and Bev+HBO group (treatment with Bev for 24 h and then
with HBO). MTT assay, transwell migration assay and wound healing assay were used to detect the proliferation, migration and invasion
abilities of U251 cells. U251 cells were injected into the right striatum of 100 male BALB/c nude mice to establish the GBM models. 7
days after making the establishment, these mice were randomly divided into control group (intraperitoneal injection of PBS, 3 times per
week for 2 weeks) and Bev group (intraperitoneal injection of Bev, 5 mg/kg, 3 times per week for 2 weeks), HBO group (HBO, 1 time per
day for 2 weeks), Bev+HBO group (treatment with Bev and HBO for 2 weeks). Ten mice in each group were used to record survival time;
5 mice in each group were used to measure the tumor volume by HE staining; 5 mice in each group were used measure the tumor tissue
microvessel density (MVD) by CD34 immunohistochemical staining; 5 mice in each group were used to detect the expression level of
matrix metalloproteinase (MMP) 9 mRNA in tumor tissues by PCR. Results Bev had no significant effect on the proliferation of U251
cells (P>0.05), but significantly enhanced the migration and invasion of U251 cells (P<0.01). Bev significantly reduced tumor tissue
MVD (P<0.05) and significantly increased tumor tissue MMP9 mRNA expression levels (P<0.05), but had no significant effect on tumor
volume and survival time of GBM mice (P>0.05). HBO significantly inhibited the proliferation, migration and invasion of U251 cells (P<
0.01). HBO significantly reduced the expression level of MMP9 mRNA in tumor tissues of GBM mice (P<0.01), but it had no significant
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effect on the survival time, tumor volume and tumor tissue MVD of GBM mice (P>0.05). Bev combined with HBO significantly inhibited

the proliferation, invasion and migration of U251 cells, significantly reduced MVD and MMP9 mRNA levels in tumor tissues and tumor

volume of GBM mice (P<0.05), and significantly prolonged the survival time of GBM mice (P<0.01). Conclusions Bev or HBO alone has

no significant effect on the tumor volume and survival time of GBM mice, but the combination of Bev and HBO significantly inhibits the

tumor growth and significantly prolongs the survival time of GBM mice.
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Jig 5 B 4 fg 982 (glioblastoma, GBM ) J2& 12 28 PEAK
SiR B A P PR L BRIV SR T PRI S AR S e 7
SFLEEIRIT AL AE L 14 A, GBM 3R
5L B AR K P F- (vascular endothelial growth
factor, VEGF) , #lit 14T VEGF iAy7 BA RIFACR,
8 T 381 R IR 36 (AVAglio A1 RTOG 0825) % 1, I
R IR BT (bevacizumab, Bev) U7 1 5 Mk iz 114 Bk
BIRIT IR AR S 2 WY GBM A A A1
&3, JFH., ¥1 VEGF #L ¥Ry , B0 20 M Y 1= 2%
fie 1 B B 35, 5 4R (hyperbaric oxygen, HBO)
AT S 5 4 R 2 F T 9 (matrix metalloproteinase 9,
MMP-9) 2, DA T 410 i Fe e 40 JEL 9 401 5
A, HBO AT B 0 T Jieb e 2 46 7 s 2ok i 2 i A
T I RURAE , TR PP IR IR T TR AR E T, A
SCHRVT Bev 1643 HBO XS/ GBM HIATFAEHT .
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1.1 @miedE s GBM 4HAE £ U251 4 (b N R i
T ZE 28 BEZE R R 2 2 SR 9% o B T A A )
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(3£ E Hyclone /A A ) 3G FR 55 55

1.2 MTT 450 Bev 48 K B H5 U251 A2 /h 2
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1.3 R AIE U251 405 J 4 41 %R Bev
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B SRR A R A R S ) LI, HeA A E Ut
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J5 7E 30 min PN 288 TR ARG, 0 He B 3 R AR IR
FEARMEE37°C, X RRAUA A TAE (T A0 P ; Bev LA
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TRIT I, X BTN Bev 2H 4 i SRR B, BT =R
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B AR BRA T BLEHEEE . 21/ Weidner 57t
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YA, B NHP, LIE 2,

1.11 qPCR # F J5 28 22 MMP9 mRNA #9 & i& Y #
J5 21 d, BB E S R ECR A CO = BIkANIE , 4k
5 PN e 4 2, Adi ] TRIzol 37 ( H AS TaKaRa 23
Al FEIPUEL RNA i 0 5% R 52 (H AR Toboyo 23
H) ) Wi 5 S cDNA ., qPCR i il SYBR Premix EX
Taq i85 & ( H 4 TaKaRa 23 7)) il ABI PRISM 7300
qPCR Z 4t (3£ [# Applied Biosystems 23 7] ) , L GAP-
DHANZS  BE =R, R 2k

112 %3t 540 R SPSS 19.0 HEAT /04T 5 58 %
B x2s 2R, SR 5 225000 F0 g K300 5 AR IE A4 AR
E 1 PORER F Kruskal-Wallis H /658 ; P<0.05 25
Bt Lo

-

HBO#

B N e R R e
F 2 CD34 %k 2a4k g &m) 2 47 A A fn 4 25 (X200)
A. 3T EBEZE 5 B. Bev 48 ;C. HBO 225 D. HBO+Bev 41 ; 47 R4 100 pm

2 # B

2.1 Bev &89 4F Al K & 0.2.4.6 mg/ml [ Bev 2b 2f
U251 4 Jd , 20 At 1 5% 5E ) Jo I 18 22 5= (P>0.05, &
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AT IE RS .
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e
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A 4 HBO ¥4 Bev & U251 28 238 7458 1 69 % vm
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0.0
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B 6 HBOB£4-Bev 2+ U251 @u i1z £ 48 1 69 %
5 3B LAAE L * P<0.01; 15 Bev 21481k, # P<0.05; HBO. % JE%.; Bev. N A& 2k 42

1R ZEHE 1 ¥4 W & 38 (P<0.01, 81 5.6) , 1 HBO 21
U251 4l i i 78 R 22 8 1 ¥ B 8 R B (P<0.01, &
3.4); 5 Bev ZHAH I, Bev+HBO 41 U251 41l it 3T F4 il
1BZ2&He )1 i T 1% (P<0.01, K15.6) . 5 HBO 414H
Lt, Bev+HBO 21 4fi ffl iE 4% AR 22 66 1 34 TC W B A2 fk
(P>0.05,5.6),

2.4 HBO ¥4 Bev #7 /& #& R A & B 18] 69 %7 X HE
2H BevZH \HBO 2H . Bev +HBO 2H fafJid #4 B b 4o 2F 77
IF ] (U oAz )R ) 4330 - 22(18~27)d 24 (20~31)
d.23(21~30)d.32(29~39)d. SXIHEZIAHLL , Bev 41
FTHBO 2 9 /N R A A TR IR R TG 12 22
F(P>0.05), S5XFHEZH  HBO 2415} Bev 414 It , HBO
G Bev 21 apJd A BT A7 B ] BH 2 42 K (P<0.01) 6
2.5 HBO ¥4 Bev 77 /8 #& R AT /G AR AR 69 %5 vl XJ HE
ZH Bev ZH .HBO 1 . Bev+HBO £H 17928 #4 B 174 o2 1k

A5 K 2 (3247 +£2.09) mm’, (27.51 £4.76) mm”,
(26.78+4.24)mm’, (16.27+3.03) mm’, 5 %} ZH AH
Lt , Bev 2 F1 HBO 21 fap 2 /I B Iegd (R FR 46 /)N (BTG
Giit2E 225 (P>0.05), 55X 4] \HBO 41 5% Bev 41
FH LG, HBO+Bev 20 fiif 78 /)N B 1% i 98 4 BRI I 45 /)N
(P<0.01).,

2.6 HBO ¥4 Bev #7 /& #& AT 8 AR AR 69 %57 X IR
ZH . Bev 2 .HBO £H . Bev+HBO 41 fif 988 £ KL 7% i v
MVD 435l 2+ (40.17+7.68) 4~/HP . (28.50+7.06) 4~/
HP. (35.50+5.17)1~/HP . (26.17+6.11) M/HP, 55X
WEZH A Lt , Bev ZH F11 HBO+Bev 20 MVD B i 8 /b (P<
0.05) , HBO 41 MVD T HH & 481k (P>0.05) ; Bev 41 5
HBO+Bev 2 MVD o4t 11525 5 (P>0.05) .

2.7 HBO ¥ 4 Bev #7 73 #& R ¥ 58 MMP9 mRNA % £
8% 5 IBLLAH EL , Bev 41 MMP9 mRNA 23k 7K
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