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Protective effect of melatonin on sevoflurane injury to cultured neonatal rat cortical neurons
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[Abstract] Objective To explore the protective effect of melatonin (MLT) on the sevoflurane (SEV) injury to cultured neonatal rat
cortical neurons. Methods The neonatal rat cortical neurons were isolated from the whole cerebral cortex tissues of SD neonatal rats and
cultured in vitro. After pretreatment with MLT for 24 h, the cortical neurons were treated with 4% SEV. The survival and apoptosis rates
of neurons were detected using CCK-8 method and flow cytometry, respectively. The levels of miR—130a-3p and ROCK2 mRNA were
detected by qPCR. The expression levels of apoptosis—related proteins were detected by Western blot. The targeted relationship between
miR~-130a—3p and ROCK2 was predicted using TargetScan software and verified. Results SEV significantly decreased the neuron
survival rate and the levels of miR-130a-3p and ROCK2 mRNA (P<0.05), and significantly increased the neuron apoptosis rate and
expression levels of apoptosis—related proteins including cle—caspase3 and cle—caspase9 (P<0.05). MLT significantly inhibited the effect
of SEV on the cultured neurons (P<0.05). Software TargetScan analysis showed that miR-130a-3p and ROCK2 had a binding site at
base 846~852 of the 3'non-coding region. PCR and Western blotting results showed that miR-130a~3p and ROCK2 had a targeting
relationship. ROCK2 overexpression significantly reversed the effect of MLT pretreatment on the injured neurons induecd by SEV (P<
0.05). Conclusions MLT pretreatment significantly improve the SEV injury to the cultured neonatal rat cortical neurons, which may be
possibly through up-regulation miR—130a, and then targeted inhibition of ROCK2 expression.

[Key words] Neonatal rat cortical neuron; Melatonin; miR—130a; Sevoflurane

-+ 5 lit (sevoflurane, SEV) S I R F & Fe A F0 L M Z (melatonin, MLT) EE RN RIKEG R, HA L

FHRRBEAY T ARG, BAT PRI 5 TR R
DU, B 3 F1 s mi /N F5E s, SEV
N ZTTI AT, FER R W RO & R,
Wi SEV A5 A2 RN H ATHFFE AL Hl

doi:10.13798/].issn.1009—-153X.2021.05.012

FBIWUH : BriA R T 2 R R IO H (2016SF-246)

Y B 725000 B, 22T o BE BERREEARL (1 &5 /D
725000 BRPY, %2 et AR BEBER IR A4 DY)

EIEH ,E—mail: fangyuan110@163.com

Fofi 2 W2 5O, AR e Y L S R AR i
il g A PR A BT TS AR, Sun SRS K
B, L IEFAR SEV B ARREES |, 1L7E MLT 7K
AR 55 i 35 2 VA O o ASHIF 58 WEE MLT T
ARFEXT SEV ARG A K B S oo s SR T
(R RE o

1 MBI 5%

1.1 FAKRR AN E AN, HHERY 20 H
SD RERFL B (A2 24 W N, U 503258 sh W wF 5% e



oG R PSR4 R 2021 425 A 5526 555 53 Chin J Clin Neurosurg, May 2021, Vol. 26, No. 5

-355-

PR WS Ab B, B A0 2 B R AL 4, BY A/
e, AR I (1.25 o/L) TH AL 15 min, 237 1 000
5 fmin 2.0 5 min, £ 200 B Wi uE . R0 M E
22 R S R LB A R SR 5 5% 3 d, i A BT
TR LT A, B 57 25 6 R, RHIHAE ¢
MR 11 2 S oY, S0 o0 i 2B K BB Tt
ZRTCHNI, SERE 2R 98% . LI 1.

12 s b it

1.2.1 SEV s 4 A atia] Ll 4% i SEV (5 ] E 54
YR A R TR 2900.2.4.6.8 .10 h, K
AN PMAFTE R TR, LA R S A ]

1.2.2 MLTAZ 3 SEVAE A B AY 2 LA &5 H T
# %% 10.50,100 pmol/L ) MLT ( 3 [# Sigma— Al-
drich A 5]) TiAL P 24 h, T 4% SEV EF 10 h, AR5
MLT ¥ £ 43 4 15 % 4 (IE # K5 38 2200 ) % IR 4
(4% SEVVEFH 10 h, JTE MLT FiAbB] ) , DL KA b L
F 4 MLT £H(10.50. 100 wmol/L MLT FiAb B 24 h 5 ,
4% SEVAER 10 h) o AR 280470 % JH TR, DU
K miR-130a—3p FIAHHLJH 1T-AHC R 1 FR6 7K.
1.2.3 miR-130a-3p 5 ROCK2 #y ¥e.5) % # Hy i it
35 miR—-130a-3p . ROCK2 40 i bk , 2 I8 i o 14k 3
000 &7 £ ( 3% [ Invitrogen 2 7] ) P B 45, H5 XoF HE AL
YW (normal control mimic, NC mimic) Fl miR—130a—
3p B (miR-130a-3 mimic ) 2 HI1HE YLt 258, 5
Jn A 18 95 5 (lentivirus, LV) . ROCK2 18 %5 75 (LV-
ROCK?2) LA 25T , NC mimic .miR-130a~3p mimic
KLV i i WL R A 2 R R B A w4,
1 22 5643 0 NC mimic 2 . miR-130a-3p mimic 41 .
LV-ROCK2 £H Fl miR-130a-3p+ROCK2 £ .

1.2.4 ROCK2 it 4 A 3+ MLT # 4 32 J& SEV 4k 4 %%
T A& A B T 0 F ek KI5 i SEV 4 (4%
SEVAEH 10 h) . #5714 MLT £ (100 wmol/L MLT F5i
AbPE 24 h )5, 4% SEV /E ] 10 h) (| LV-ROCK2 2
(ROCK2 18 BB #2270 )5 , 4% SEV A/EH] 10 h) Fi
MLT+ROCK2 21 (ROCK2 2 5 7 8 e # 42 9T 5 , 100
wmol/L MLT At 3 24 h & ,4% SEVA/E 10 h) .

1.3 CCK-8 ik Al 4¥ 22 T A & & Hg Ll 1x10°
FLAEFN 2 96 FLAR , U I 75 A 10% 240 M 4500550 (
VLA RH A BR A F)) B 37 5 gk 25 57 4
ho 450 nm ZKEIND'E 2 FE AR, 713 A EAETE R [ (0D &
m—0Dg,)X100%]

1.4 7 X fm B AU M Ay 2 008 = % WAEAL 38 40
Ji, VAL 53 SRy 3% 1004~ /ml, A V8 LU 4 °CTF [
E 1 h, FEF 22400 HE U8, A 100 pl 45622

B 1 IRIPIE Al 270 %, 9% % o 3 & (x400)

W .2 wl FITC 710 B Annexin— V 2 1 wl PI 44k
(R LAY TREARA ), iR TEEE
30 min, AR

1.5 %832 &£ 2 2 PCR 4 A 49 it miR—130a-3p #=
ROCK2 mRNA #9 & 7% 42 hb 3 5 0 2870, R
Trizol I HEHUAM ML EL RN A , AR 0054 S5 S AL
A B cDNA AR EE , W AR 2R (10 ) A48 2 2 wl 96
5 5% buffer 0.2 pl_FI#5 1497 .0.2 wl FUES 47 .0.1 pl
ANTP 0.5 pl 30555 5 .5 wl JC RNA iK1 2 wl $2 5
) RNA. K cDNA BRI A DGR, B 2
i PCRAYAI T, AR 2R (50 ) A4 < 10 pul 286
BEL0.5 Wl _EiES 147 .0.5 wl RiE5 4 .0.5 pul ANTP . 1
wl Taq /i . 32.5 wl JC RNA i 7K F15 pul cDNA, miR-
130a—3p LA U6 A N2, ROCK2 Lk GADPH AN 2,
ROCK2 #7514 5~ ATTCAGCAGCTGGAATCTAA-
37, N5 9 5~GTCTCTTCTCCAGTTCGTAC-3", ff
A5 LA YL R AR B A Rl R4, R
FH 2742115 miR—-130a-3p Al ROCK2 mRNA [1J4H
Xk

1.6 % 9% Bt kAR N am iR Al X & G 09 & IR AL
G W20, 2R S fo 8 DTV HR B R T
SDS-PAGE HL¥K, 110 V{H K HL K 1.5 h; R 4% 7k
P RS BRI AT AT L5 5 QAR YA 3 R 1A
2 h; LA —4$T[GADPH (1:1 000) ; cle— caspase3 (1:1
500) ;cle—caspase9( 1:1500) ; ROCK2(1:1 000) ; £ [H
Cell Signaling /A A4 C W E 1 82 ; SR 5 A — 9t
(1:10 000; 3 [ Cell Signaling 23 7] )37 CHFE 1 h, 1k
SROCHGHATEE WA

17 MR A FBREFRRiE® X R N HMEL
T EX A TargetScan 43 HT miR—130a-3p Al ROCK2 [
A RESS & AL RUE B A MU % AL 2L DNA Bt



—356— I R A 22 MR R 2021 4F 5 H 55 26 %55 51 Chin J Clin Neurosurg, May 2021, Vol. 26, No. 5

(WT) LK 551207 5 278 R DNA F B (MUT) , 3 50 l Stop &Glo reagent 37 , B T K6 43 152 450k
W Lk R B i b AR A s PR L, 05 SORREGR N RIE (F) , T85O 6 Z B M (R/F) .
FH L3R kL \NC mimic 2 miR-130a-3p mimic 5% K& A LIEHFC AR A BRA A,

2T, 55 5% 48 h 5 A 100~200 wl 24730, B 10 1.8 %t 7 ik K SPSS 21.0 504 s 9Ok
w4 SR A AR 50 wl LAR 115, & TG Phacs Form , SR LR Ry 2253 T R SNK—q 1%, LA P<
G KR TRV SR (R) s FRATIMA 0.05 WZESFH G L.

A 150+ B 15- - C 1.5+
1. |
L3 ﬂ
3 . Zoof T
1004 T =+ = —~ 10+ 1.0 T *
# Tox -y i :: &
e - & od o T
# £S5 3 '!-] X l‘? T
= 50 o = 5. §“*
m 1.7 *k
_ & s
E
0 T T T T T T 0 T T T T T T Gu i ) T T T T
0 2 4 6 8 10 0 2 4 6 8 10 @ 2 4 8 & %
4%SEV3h 1 ¥4 il (h) 4%SEVAh 12§ ] (h) 4%SEVRLIRFY fa] (h)
B 2 SEV RS Jrib 2 745 7 Fo T 09 %
50 h2arER,* P<0.05,%* P<0.01,*** P<0.001;SEV. b f.8k
A B C 15+ L2
B"z.ll- 15014 T
ﬁf; i
E. T §1qu E‘ E1m -
E10{ T 1 f— & #
o 'I—| _r
o # = aw T = .
o T &= 5p- - 5+
(=1
2 0.54 *x ! e
& - m i
E
D-n LI LI L) L) L) U T T T T T u L L] L L] Ll
MLT(umoll) - - 10 50 100  MLT(umollL) - - 10 50 100 MLT(umollL) - - 10 50 100
4% SEVHR I 10h 4% SEVEL 3% 10h 4% SEVAE 12 10h
B 3 MLTFAL 22 3+ SEV 4E A G 4Rk 9h 3 51 Ah 2 70 A7 Fo B T 09 % v
5 B ER, #F P<0.01; 5 4% SEV A 340 b3 # P<0.05, ## P<0.01; MLT. #% 2% % ;SEV. % flkt
1.5+ cle-cas3
cle- cas9
HE
Cle-Cas3 v wm s s -, (P -
E T -[ -
Cle-cas9 s SRS S o # 1
EOﬁ- T L s
E T
GADPH S - £ | B s
. & LR e i e e i e
MLT(pmol/L) 10 50 100\ rumoil) - - 10 80 100 - - 10 50 100
4%SEV 4+FE10h 4%SEVARIT 10h 4%SEVAbIT10n

B 4 MLTFAAZE 2 SEV AE B G 1k $h33 Fodb S0 8 T 48 K & & A K 09 v
5 B AR ¥ P<0.01; 5 4% SEV & 2240 )b A  # P<0.05, ## P<0.01; MLT. & 2% % ;SEV. L ffit



oG R PSR4 R 2021 425 A 5526 555 53 Chin J Clin Neurosurg, May 2021, Vol. 26, No. 5

-357-

2 % B

2.1 SEV a4 2 4 &4 AT %0 50h L,
SEV /E )G 2.4.6.8.10 h #1 £ S0 A7 7% R Al miR-
130a—3p FIA /K F- 1 U] S AT, O T2 3R 20 o T oy
(P<0.05) , J:rh 10 h it # i e B 35 (P<0.05) . WLIA
2., SEVAEH 10 h #Ef 725256 .

2.2 MLT # & # 3t SEV 4F Bl 6 4F 42 L4 & A= B T 89
®vh 5IEH A L, SEV 4 miR-130a-3p 357K
- P2 AR R BRI (P<0.05) , P& oe iR T
[ cle—caspase3 il cle—caspase9 £ H ¢k /KB
R (P<0.05), 5SEVA A, 5 & MLT 4

miR—130a-3p F 357K FIHH 2 JUAE I 244 I S 3 m
(P<0.05) , & e T8 & cle—caspase3 Fll cle—cas-
pase9 H [ 357K -3 B I B AIK (P<0.05) , 177 H. =5 771
T MLT B R4 T rhifl i MLT. WP 3.4 i 7 i
MLT #17 f5 22555 .

2.3 miR-130a-3p 5 ROCK2 4 & $u.10) % & 5 ff
TargetScan 73 M7 &7~ , miR—130a-3p 5 ROCK2 1 3-4E
Hihy X 5 846~852 B IEALAFTEL A AL . PCRAGI
R, 50h L, SEVAEHG 2.4.6.8.10 h i1 £ TC
ROCK2 mRNA 35 B i F+ 57, 10 h FH i fe b 3 (P<
0.05) ; S5 X HRALAH LY, i3 3235 miR-130a-3p /7 miR-
130a- 3p % i5 F+ 5 (P<0.05) , i % i5 ROCK2 J5

A
ROCK2 3'{:fliTX846-852{ ) %' ...GUGGAAGAUAAAUCGUGCACUAU...
HEEEN
has-miR-130a-3p 3 UACGGGAAAAUUGUAACGUGAC
B C D "
i. 2'0- ik “ 1“ Tk z L s
-, = 124 T & 4 T
" 1.5+ ® 104 =
E % R g
g T g & g%
i E
= 18 . a 107 3
& « T ? 08 @ 21
= = E .
o 0.5 L 8 :i oy
- L 0.4- -
8 |= & o2l o Q
g0 N 0.0- ol - :
4
4% SEVAL IR B 8] (h) & @6‘& §¢ ff v é,'lﬂ'
& ¥
K v
é\‘l‘
E NC mimic F
2.5- miR-130a-3p mimic 5.0
—- o 4.5 *
S il 4.0- 2
T 207 T ST # 3.5-
=
w 3.04
& 1.54 " E 254
- - I ROCK? e I el
ﬁ GADPH memanes < %31 _f_
- 0.5 LI 8 gf- X =
o el ==
i~ s "&fﬁd}a&o& “ ool NN siie NN BN
TTwim xEm ST, & & & &
& & &
By \6\
& &
& -
Sﬁ‘-‘
@Q-

5 0h4L.SEV £L \NC mimic ZL3L42,* P<0.05,** P<0.01; %5 LV-ROCK2 411t ,# P<0.05;Ctrl. SEV 41 ; NC mimic. BE44h 2

A5 miR-130a-3p 5 ROCK2 ¥e. &) X %

FE4H ;miR—130a-3p mimic. miR—130a=3p #4445 ; LV-ROCK2. 4 ROCK2 1% 5% 2 ; MLT. 4& 2t % ;SEV. & fufi



—358— P I AR 22 AR5 2021 4E 5 H 45 26 %5 53] Chin J Clin Neurosurg, May 2021, Vol. 26, No. 5
100+ * 25+
T *

— an-.
£

604
% =g #
ﬁ et . 4%SEV
L 204 4%SEV+MLT

B 4%SEV+ROCK2
0 : B 4%SEV+MLT+ROCK2

B 6 ROCK2 it % ik 3t MLT i & 32 )& SEV 4k Fl 4% 42 7T 4 & Ao B T 09 %k
5SEV 4 b3R, * P<0.05; 5 MLT 21 . ROCK2 28 b 2%, # P<0.05; MLT. 4% 2% % ;SEV. £ #

ROCK2 mRNA £ AT (P<0.05) . IR B
S gk B R, 5 NC mimic H H#, & H WT X
miR-130a-3p mimic #1405 6 2 il 1 1 BH 5 FAIG
(P<0.05) , 1fii 54 MUT K miR-130a-3p mimic f £
JCHOCR MG TC I B AR L (P>0.05) o TNl ik
I 5 s, 55 60 BR2H L 42, miR—130a—3p mimic 2
ROCK2 25 1 3R3A W] i [ 1 (P<0.05) , LV-ROCK2 4
ROCK2 & H K3k B T 5 (P<0.05) ; 5 LV-ROCK2
21 %, miR-130a—-3p+ROCK2 41 ROCK2 %K 4 i
TP B A (P<0.05) . WLIELS,

2.4 ROCK2 it % ik 3+ MLT # 4k 32 )5 SEV 4k 147 42 7T
BiEA BT 0%k 5 SEV AL HE, Bl MLT 41
PR 2 TOAFE R T R TR B IR (P<0.05)
LV-ROCK?2 41 #f1 28 TC A7 2 W Jb BEAIR L A T~ ] i
B4 (P<0.05), 5 LV-ROCK2 ZHAH Lt , MLT+ROCK2
P28 TCAF T R I 0 3R T 3R B B IR (P<
0.05). 5 &7l MLT 41 o4, MLT+ROCK?2 4 #1242
TOAF I U S R AIG R T SR B G (P<0.05) . I
K6,

33 #

WL, SEV Xt T A i 1) 4o 28 7 1
R Mz ITM T, BN R, miR-130a-3p
A R R g R 228 A BUR R
U0, Jiang S SR W], miR-130a-3p i AT 2l b
S0 R EDIRERERG . A SCEE R B8 miR-130a-
3p S 5l SEV IE I IRSIMNE S 2T T R

MLT & A Sh P ik ) B R, HA A s i
22 HGEREIR 2 PO R . 2O
UIRIFSY S PR, MLT 7] J445 miRNA-9 3k , 3kl i 25

RYER N o GuE WG B 7R, MLT Al 41 miRNA-
155 BRIk, W #0012 o Jeg 44 e ) 34 2 AR 28
ARSCEER B8 MLT vl i E 38 miR-130a-3p /K,
T cle—cas3 Fll cle—cas9 4K [ # ik , 9 il # 4 o0 4
7=, I SEV i S Ay 2ot fi o

F3 BN A SCE 1 AE L AU AR TargetScan 43T,
% Bl miR-130a-3p 5 ROCK2 fE7ERLL [ K & . ROCK
& Rho/ROCK 5 %538 [ 1 G 8 o+, FER R AE K A
1k WG AN A 3 A S e A2 AR A BB
M, ARBESE R SEV AR G B A K Bz BT pl 480
ROCK2 mRNA FRik7K-F-H i 7 5 Hoaid 363Kk ROCK2
AT 200G , fE LR T, 4878 ROCK2 Rk
LS SEVIE S AR MRV, X5 3CkiR
TEAHAI™, RIS, AR SC25 SR A B MLT Fiab 2 MLT, B
S IEN AR 22 78 miR-130a—3p ik /K, ] ROCK2
A5, X $E78 MLT AJ BE 42 55 445 miR—130a-3p/
ROCK2 4% SEV i (M4 Bk

25 ik , MLT 0] B 5 24035 SEV X8 A= KR %
JE A 2 e EEPEME T, AL AT BB a1 miR-
130a #L[A]F ] ROCK?2 [ %35 .

(&% 3k]

[1] Kotwani MB, Malde AD. Comparison of maintenance, emer—
gence and recovery characteristics of sevoflurane and des—
flurane in pediatric ambulatory surgery [J]. J Anaesthesiol
Clin Pharmacol, 2017, 33(4): 503-508.

[2] Lu X, Lv S, Mi Y, et al. Neuroprotective effect of miR-665
against sevoflurane anesthesia—induced cognitive dysfunc—
tion in rats through PI3K/Akt signaling pathway by targeting
insulin—like growth factor 2 [J]. Am J Transl Res, 2017, 9



Hh IR R 2R AR S 2021 4F 5 H 5

26455 58 Chin J Clin Neurosurg, May 2021, Vol. 26, No. 5

-359-

(3):1344-1356.

Wang Y, Zuo M. Nicotinamide improves sevoflurane—
induced cognitive impairment through suppression of infla—
mmation and anti—apoptosis in rat [J]. Int J Clin Exp Med,
2015, 8(11): 20079-20085.

Tordjman S,?Chokron S, Delorme R, et al. Melatonin: phar—
macology, functions and therapeutic benefits [J]. Curr Neu—
ropharmacol, 2017, 15(3): 434-443.

[5] Sun Y, Liu J, Yuan X, et al. Effects of dexmedetomidine on
emergence delirium in pediatric cardiac surgery [J]. Minerva
Pediatr, 2017, 69(3):165-173.

SR, KRR, 2 0. JH AR 2R B4 X BB ST 22 440 i
SR R 5 AR ) PR AP VR FHAIEE (], #h i A
7%i,2019,16(6) :296-302.

Pan RY, Liu P, Zhou HT, et al. Circular RNAs promote
130a- 3p in

(7]
TRPM3 expression by inhibiting hsa— miR—
coronary artery disease patients [J]. Oncotarget, 2017, 8
(36): 60280-60290.

[8] Bobo—Jiménez V, Delgado—Esteban M, Angibaud J, et al.

APC/CCdh1 — Rock2 pathway controls dendritic integrity

and memory [J]. Proc Natl Acad Sci USA, 2017, 114(17):

4513-4518.

[9] Wang Z, Cui R, Wang K. Effects of sevoflurane pretreatment

o

on the apoptosis of rat H9¢2 cardiomyocytes and the expre—
ssion of GRP78 [J]. Exp Ther Med, 2018, 15(3):2818-2823.

[10] Hu B, Zhang H, Wang Z, et al. LncRNA CCAT1/miR-130a—
3p axis increases cisplatin resistance in non— small- cell
lung cancer cell line by targeting SOX4 [J]. Cancer Biol
Ther, 2017, 18(12): 974-983.

[11] Jiang Y, Wang W, Liu Z, et al. Overexpression of miR130a
3p/301a3p attenuates high glucoseinduced MPC5 podocyte
dysfunction through suppression of TNFa signaling [J]. Exp
Ther Med, 2018, 15(1):1021-1028.

[12] ZEARR, X B A% , B AR I, 45, il 2R R IR P25/ N RNA-9 4
il e REAE S A SR RO BLA ). A se s Ris , 2019,
36(5):823-826.

[13] Gu J, Lu Z, Ji C, et al. Melatonin inhibits proliferation and
invasion via repression of miRNA-155 in glioma cells [J].
Biomed pharmacother, 2017, 93: 969-975.

[14] Bedi 22 51 Mg, 28 3k, 45, ¥ 5 RhoA-ROCK?2 i B 7%
ZAE/NEARF AT BERR A P AR T D). 1 PRI 2%
i&,2018,34(6) :574-578.

(1518 %048 &, 85, SeINIs A A K it Sk
ZILIAT B 5 RhoA/ROCK2 15 558 B G R (1], P i
IRZFI 2%, 2019,35(8) :47-49.

(2020-04-22 Wit , 2020-06-30 & [1])

A I

(22353 01)

25 Lk R AT MR 7 1988 JEL K I R 1 5
I SR s N A=A P B UIAR G, B K g A
i 522 5 AF 5 R MU RN B P AT 58 A T ifE—
AT, R I T B A X S Sy A A T A 1 Y
KoLl

(&% 30ik]

[1] Schoenegger K, Oberndorfer S, Wuschitz B, et al. Peritu—
moral edema on MRI at initial diagnosis: an independent
prognostic factor for glioblastoma [J]. Eur J Neurol, 2009, 16
(7): 874-878.

Hartmann M, Jansen O, Egelhof T, et al. Effect of brain
edema on the recurrence pattern of malignant gliomas [J].
Der Radiologe, 1998, 38(11): 948-953.

[3] Seidel C, Dorner N, Osswald M, et al. Does age matter: a
MRI study on peritumoral edema in newly diagnosed

primary glioblastoma [J]? BMC Cancer, 2011, 11: 127.

[4] Yamahara T, Numa Y, Oishi T, et al. Morphological and
flow cytometric analysis of cell infiltration in glioblastoma:
a comparison of autopsy brain and neuroimaging [J]. Brain
Tumor Pathol, 2010, 27(2): 81-87.
[5] Burger PC, Dubois PJ, Schold Jr SC, et al. Computerized
tomographic and pathologic studies of the untreated,
quiescent, and recurrent glioblastoma multiforme [J].J
Neurosurg, 1983, 58(2): 159-169.
[6] Chen ], LiY, Yu TS, et al. A restricted cell population prop—
agates glioblastoma growth after chemotherapy [J]. Nature,
2012, 488(7412): 522-526.
Mangiola A, de Bonis P, Maira G, et al. Invasive tumor cells
and prognosis in a selected population of patients with
glioblastoma multiforme [J]. Cancer, 2008, 113(4): 841-846.
[8] Liu SY, Mei WZ, Lin ZX. Pre—operative peritumoral edema
and survival rate in glioblastoma multiforme [J]. Onkologie,

2013, 36(11): 679-684.
(2020-09-23 Ytk , 2021-03-17 & 7))



