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MPTP)i% PSR NR AR ER . A% C57BL/6 HENE/NR 524 Normal 41, Sham ZH \MPTP 41 .Sham + EPO Zl ,Sham + GDNF-NSCs
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[Abstract] Objective To observe the neuroprotective effects of glial cell line—derived neurotrophic factor (GDNF) —modified
neural stem cells (NSCs) combined with erythropoietin (EPO) on a mouse model of Parkinson’s disease induced by 1-methyl-4—phe-
nyl-1,2,3, 6-tetrahydropyridine (MPTP). Methods Male C57BL/6 mice were divided into Normal group, Sham group, MPTP group,
Sham+ EPO group, Sham+GDNF-NSCs group, MPTP + EPO group, MPTP+GDNF-NSCs group, and MPTP+GDNF-NSCs+EPO
group. A mouse Parkinson’s disease model was established by intraperitoneal injection of MPTP, followed by intraperitoneal EPO injec-
tion, GDNF-NSCs implantation into both striata, or both, with injection of an equal volume of normal saline into the striatum in the
Sham group. We observed behavioral changes, and measured the content of dopamine in the striatum, mitochondrial transmembrane po-
tential, and the expression of key antioxidant genes including nuclear factor erythroid 2-related factor 2 (Nrf2) , cyclooxygenase 2
(Cox2), and inducible nitric oxide synthase (iNos) by quantitative fluorescence PCR at 7, 14, 28, and 42 days after establishing the
model. Results The content of dopamine was significantly increased in the MPTP+EPO group (946.09 + 48.71, 773.88 + 7.80, and
703.88 + 12.45 at 14, 28, and 42 d, respectively, P < 0.001) and in the MPTP+GDNF-NSCs group (1266.32 + 77.17, 1150.80 +
27.21, and 1202.48 + 65.71 at 14, 28, and 42 d, respectively, P < 0.001) than in the MPTP group (658.14 + 30.97). The mitochon-
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drial membrane potential was significantly increased in the MPTP+EPO group (45.67 + 4.93, 40.33 + 4.73, and 42.00 + 5.29 at 14,
28, and 42 d, respectively, P < 0.001) and in the MPTP+GDNF-NSCs group (48.33 + 6.66, 53.33 +2.89, and 52.00 + 6.24, at 14,
28, and 42 d, respectively, P < 0.001) than in the MPTP group (32.33 = 2.52). The expression of Nrf2, iNos, and Cox2 genes

showed significant decreases, with significant differences over time, and the effects were greater in the combined intervention group.

The combined intervention group had better behavioral improvement than the single intervention groups. Conclusion The combination

of GDNF gene-modified NSCs and EPO may exert neuroprotective effects in mice with Parkinson’ s disease through enhancing resis-

tance to oxidative stress.
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1.1 EZiKH

C57BL/6 /I B 22 T 4 /il (MUBNF-01001) %
e R (MUBNF-90011) ¥ H Cyagen Bioscienc-
es /N A A IR pAdTrack CMV-GDNF plasmid pa
7 g B R R F LA B 2 o oD i 2 A R =
MPTP (M0896, Sigma ) ; EPO (CYT-201, Propsec) ; £ a4
ZRoR 1A 43 B 4 (C3606, Beyotime ) 3 £R R 1A IR HL (37
A Hri 5] & JC-1(C2006, Beyotime ) ; Transcriptor First
strand ¢cDNA synthesis kit (04896866001, Roche ) ; qPCR
SYBR Green Master Mix (Q111-03, Vazyme) .

1.2 LY

fe e Ik CSTBL/6 /N 120 L, 1ARH 22 ~ 25 ¢, Ty
A VY R BB R 2= 5L IR S o R 5 R 24 °CL H
A AR K o SIS WA AAL BRAT 4 7 g S Bl K2 sk
55 s WIS B2 51 23 %) Bl S I AR B ER (B S 5
B AES . SWMU201803147) .
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2.1 EARERKS pAdTrack CMV-GDNF & NSCs

B NSCs 2R 22 6 em BEFRIM A, Regi A K =&
JER 909}, F 0.25% it 1 A WSO A R F T 78 R 20 i
R, PR A R BE 1 10%/mL, ERD T 24 LA, B L%
Fh 250 wLo ¥k H & FLANA 5 wL pAdTrack CMV-GDNF
20 B 3 BB, (1.2%10° TU/mL) , 1855 B 04 L 1
FAhJT, B LEE N 250 pL g 2R 5 B35 24 h
S, FRS T R T 4 1E R AR T RS R Rk S
s
2.2 MPTPiFS PD# 8! H AR KALE

B CSTBL/6 BEPE/NE 120 HBEHLA A 8 4, IEH
2H (Normal) % F- K £H (Sham) A5 %1 2H (MPTP) . Sham
+ EPO #H . Sham + GDNF-NSCs 2 . MPTP + EPO 4 .
MPTP + GDNF-NSCs 2 1 MPTP + GDNF-NSCs + EPO
4, B4 15 o MPTP JG B A= BEEER 7K B I 42 B 35 myy/
kg WG RS, 1 Ok/d, 252 7d ;5 shi) H BT sk R T
B R R A AR, MR BRI R (R 1)
PR AR A ), FEANAME T 2 0 B A TG L2556
MPTP @B 45 oS5, /1N BRUBR B 5 B T /0N BRUG 2 167 AY
(51730U, Stoelting 23 7] ) I o 275 /)N BRUG 37 44 2 1) [
TE Y& (IR K ) I George Paxinos 2 4% FlfiN 4 K
Keith B. J. Franklin Z#% G g ) ) 0 SCIRARFS Al AL b (i
XI5 1.0 mm, LS5 2.0 mm, R E 2.5 mm) . FH 5 pL
TR, B /N2 3 pL AR (2x10°) , /2
A SR A T 5 1.5 WL 41 B - T S 29 0.5
pL/min, 5 10 min 5 22128 51, 5L JC 0 & 1 3
[T o Sham ZH SRR B AR A BER K .
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B—actin forward " = GTGACGTTGACATCCGTAAAGA-3 ~
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£1 BEHETS %2 Nif,COX2H1INOSEE3|H
Table 1 Paralysis tremor scores Table 2 Primers of Nrf, COX2 and iNOS
SE NEEIN Nrf2 forward 5" —~CTTTAGTCAGCGACAGAAGGAC—3
0 S0 I AR Nif2 reverse 5" —AGGCATCTTGTTTGGGAATGTG-3 *
1 (BT Ve, (E s A E a0 COX2 forward 5~ —CACCCTGACATAGACAGTGAAAG-3 ~
2 SRR, S E L BUR , 15 AR COX2 reverse 5~ ~CTGGGTCACGTTGGATGAGG—3 *
3 SRS, VU (S, RS E , iEah<ZPR iNOS forward 5~ ~GTTCTCAGCCCAACAATACAAGA—3 ’
4 LB WE R AT iNOS reverse 5 —~GTGGACGGGTCGATGTCAC-3
5
5

AR S A S 5 7 14 28 F1 42 d X 45 RIEA AT
SRR I e A S B I TR /N BRTE— AR B AR 2 3 em Y
T KT b I 2R 3R A5 Gt — I LR UK F J5 A4 FF B MPTP i3
S o T A A Ay e 25 T8 R E 4B AN T S
min, [A] & 5 min, 22 3 WK, 1E LK B 5% K BRAE 180
s PNAE b FRSRIT ], (8] 5 min & 3 IBCE- 1 L IEFF
SE IE AR TR 25— EE LK BT /N R
—HR K30 em, T 8 mm Y EST AT EIZk  SLCE T
IO, 1 53/ N BRI ST JICHS i Bsf [ o 1E SR BB, /N BR
FERICHF 3R, i sk (A3
24 giRfEEBREENE

TRV A5 G TSk Je BU L vk b 43 B 4L
AR, FREE 5 SOIRMAIA 1 mL VKA (55 0.1 mol/L
[ AR 0.4 mol/LVAREREN) h , B S K A T30 5]
W B0 5 WU 5T BCA 2 1 7 iR & g
FE A FHLVAI AR 4 °C, 10 000 r/min 50> 15 min
Je B, PR 0.45 m FLAER — R PEUE LT #8208, U8
WREAT B BOR A — HL AR A 750 DA 5 i o H AR R D 2%
(UltiMate®) 3000 ECD-3000RS, 3 [ ) H1, J% 0.7 V, HEAE
120 wl, JiL i 0.6 mL/min. 55 TR SUIRIAR N B DA 75
AR pe/g ALURERFOR.

2.5 BUIRMR LRI 4R BN R AR FE AL 40

R A 2H L A 43 B A7) B U BH 3 B WA S SOtk A
LRARTTYE , SR AL i A 4G 2 BE JC—1 359 B idd B
BRI T . JC-1 BRI R I 43 1) Kk B e R L
5t , LLAL BRI HLAE AR 2 SRR 1) 5 H 437 /5
I o HAFL 8 5 , 150 BH 2R AR 114 S A3 3
2.6 SUIRIKZALR Nrf2,COX2F1 iNOS & E 7l

SRR 5, SR R L Trizol 15 $2 B4 418
RNA. i [ cDNA 1% %5 55 357) £ F1 SYBR Green Master
Mix J3 59 A 7304 Sy RO 1 PCR o 48 JE R 5 1145 B
KB BAETAY TRBRMARA R (£2), 96E
i PCR Y (Bio-Rad CRX96™, 2& [# ) [z 1 45 14 « T AR P
95 °C, 5 min; fFFF S 95 °C, 10 sec .60 °C, 30 sec, 394>
TG 5 il f# 28 95 °C, 15 sec. 60 °C, 60 sec.95 °C, 15

S€Co

" — GCCGGACTCATCGTACTCC-3 *

B—actin reverse

2.7 FitFELH

FH SPSS 22.0 A #EA T 8s 2 A, THER TR 1Y
B+ BREZE (2 = 5) 7N o LA 2 B ) & Ay 2 52 0 4k K]
RAANHEER,H T AR R &R R E 205
& AT IS R ZE 0N A8 AR R A i R A B 5
M, Tukey S5 RS 4 B4 ] 25 5, P < 0.05 2 5 HAT
gt L

3 #R

3.1 1TAZ%E

TE ik S 43 M4t S S s 4 ) 5 s 1) 22 18045 58 A
FH(F 50=7.924, P <0.001) , AS[R] 8] 5 X AT b 3p2ent
6] A i #5500 (F = 2 448.312, P < 0.001) . £ MPTP
SHE 557 d, B8 BUZE 180 s NAT | 72 I IR1 TE 4
Sham#] .Sham + EPO 1l Sham + GDNF-NSCs 41H 2.
[% . EPO.GDNF-NSCs Fl GDNF-NSCs + EPO T Fil J5 7
5514 .28 F1 42 d AT b HRFEL R A 7 d B3 1
(P <0.001) %528 d it ,MPTP + GDNF-NSCs + EPO 41
4 hn# MPTP + GDNF-NSCs 2H (P < 0.001) #1 MPTP +
EPO 41 (P < 0.001) B B i . %% 48 d, MPTP + EPO 41 il
MPTP + GDNF-NSCs 21 K BT b FF 22 i | T B, {5
MPTP + GDNF-NSCs + EPO 2 K [T E 52 Rl 5
I, HaxX R F IR Y MPTP + EPO
20 (P < 0.001) F1 MPTP + GDNF-NSCs £H (P < 0.001) ,
ZRHAGEE L (£3),

JEHT S5 3B 235 SR S5 s 2HL ) 5 sk () 22 [ A 58 A
FA(F 25 = 3.694, P < 0.001) , % T T fe it 1] 52 1) (2
N F ] S Z M AE 7R 2 22 5 (F = 232.023,
P <0.001) . 7E MPTP {E 53 J5 55 7 d, B BRONAT B Rk
i (1] 452 1 % 41 1 Sham 41 B 2.3 fin (P < 0.001) .EPO
GDNF-NSCs Fil GDNF-NSCs + EPO T i 5 7£ 46 14 .28
42 d NFF BRI RIS 7 d B EREAR (P <
0.001) . %% 14 .28 F142 d i} MPTP + GDNF-NSCs + EPO
ZH (P <0.001) FlIMPTP + GDNF-NSCs 2 (P = 0.015)
FF I 6] 4 %8 MPTP + EPO 4 F % 3 & % , {5 MPTP +
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3 MPTPESEI/NRINEHFEER, 22 EPO.GDNF-NSCs & Bk i T 5 104 & 4 R F Bt i8] ek 17 A A E 2K (s)
Table 3 MPTP-induced Parkinson’s mouse model, and the time changes of rotation behavior in each group at different time points were evaluated after
EPO, GDNF-NSCs and their combined intervention(s)

ZH3] 0d $7d 14 d #28d F42d F P
Normal 177.67 £ 252 179.00 £ 1.73  177.67 + 2.52 179.00 = 1.73 178.67  2.32 0.32 0.858
Sham 180.33 = 0.58 179.33 + 1.53  176.67 = 0.58 175.33 + 0.48 176.67 + 1.53 11.471 0.001
MPTP 17557 + 2.06  46.67 + 1.53"  48.33 + 2.08" 45.67 + 4.93° 51.00 = 1.00°  1204.617 < 0.0001
Sham+EPO 181.47 £ 058 176.00 + 458"  174.00 £ 2.65" 175.33 + 3.06" 173.33 + 3.21° 3.410 0.053
Sham+GDNF—-NSCs 180.67 = 1.53 174.00 = 3.61°  181.33 = 0.58" 175.33 = 1.53" 177.00 = 1.00° 8.246 0.003
MPTP+EPO 175.47 £ 2.06  48.67 + 1.23"°  60.67 + 1.53°° 7033 + 1.53°"  62.67 + 2.52°" 1847.221 < 0.0001
MPTP+GDNF-NSCs 173.47 £ 316 46.67 + 153" 7333+ 153" 8533+ 503" 81.00 £ 1.00°"  905.174 < 0.0001
MPTP+GDNF-NSCs+EPO  177.67 + 3.06  45.67 = 1.83"°  94.00  2.00*°" 104.67 + 5.03°“" 97.33 = 1.15"*"  771.764 < 0.0001
t 2.358 2397.870 3128.910 808.387 2 605.502
P 0.074 < 0.0001 < 0.0001 < 0.0001 < 0.0001

VEAEF 714,28 F742 dBFE]LE P < 0.05, 5 Normal 2847 Sham 2B 1628 ;°P < 0.05, 5 MPTP 205648 ;°P < 0.05, 5 Sham + EPO 842 Sham +
GDNF-NSCs 2864 ;P < 0.05, 5 MPTP + EPO 2842 MPTP + GDNF—NSCs 2L }632 ;P < 0.05, /£ MPTP + EPO 21 . MPTP + GDNF-NSCs 21
F2# MPTP + GDNF—-NSCs + EPO 209 , % 14,28 f2 42 d 5 % 7 d }b; P < 0.05, % 14,28 242 d, MPTP + EPO 21 . MPTP + GDNF—NSCs 41
#2 MPTP + GDNF—NSCs + EPO 285 MPTP 28 bb iz

EPO 4 TeHT i} (] B2 A B 2 AR Ak, 64 0 4 TE A s) [
VE— 2 N IE R 4 (R 4).
32 gk EREE

SURAR 2 B 7 B AT 245 SR i 21 90 5 ) 22 )
BHRZHNEH(F an= 6559, P <0.001), X SORAKZ ik
TN P S R R R 2 R B R (F =
1159.502, P < 0.001) . MPTPVEETEE 7 d, /NRECKR 1A Z
ESU B 5 e A I 2 B 2 NP (P < 0.001) . GDNF-NSCs
EPO FHHE G YT G , 7645 14,28 F1 42 d UK A 2 9 ik
SR T d B ERIN(P <0.001) , HL1%: MPTP £
ARYZH B B3 (P < 0.001) o 541 EPO 3577 41 Bl 5] ] 4iE
K 5 B B 1 B IR 97 AL BE R [A] 4K 48 MPTP +
GDNF-NSCs 41 (P < 0.001) I MPTP + EPOZH (P < 0.001)
HEAIERAR (R5) .

)45 2 HAEH (F ocn = 4.187, P < 0.001) , SFSCHR AL
AR T H (S S ) S8 25 S (] s [ 22 (Rl A A B 2
5+ (F =501.359, P <0.001) . MPTP{E: 5} /555 7 d, /N
SR AAR LR A I FL A7 452 1 B 20 A1 Sham 41 B f2. F F%
GDNF-NSCs . EPO FIIB & T Ml J5 , 7E55 14 .28 Fl142 d
B, 2 Zb AR I H (57 Y55 7 B S S AR5 14
28 f142 d, GDNF-NSCs FEK A T Hi 41 4 MPTP 41 £k
LA JIE A7 N EPO VAT AE S 14 .28 Fl142 d i}
WA B35 AR T AAE SR 14 28 F142 dIRFZRkifA
JEE LA B4l GDNF-NSCs VA T4 B #n (£6) .
3.4 gUREALMENEXERRIE

DI RE B PCR AT A A6 BE K Nrf2 . COX2 il V-
0S Fik 25 431 B - 410 5 B[R] 22 18] 45 48 HAE
(Fupsn = 2256, P =0.004; Fooun=4.329,P < 0.001 ; F.

oszr = 7.905, P < 0.001) , Y S0t ST A AL AH S HE A
R I 2 TE N R BS fA] SA  AFE B E R (Fe =

3.3 GUIRR LA RRR P AL
BURMRERL AR 7 045 2R s 4L 1) 5 ) 2
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Table 4 MPTP-induced Parkinson’s mouse model, and the time changes of pole climbing behavior in each group at different time points were evaluated
after EPO, GDNF-NSCs and their combined intervention(s)

ZH Y 0d F7d F14d $28d H42d F P
Normal 7.10 £ 0.26 7.17 £ 0.31 7.10 £ 0.26 6.67 = 0.32 6.57 = 0.40 2.360 0.123
Sham 710+ 026 690+ 0.35 7.00 = 0.20 6.40 £ 0.46 6.43 £ 0.21 3328 0.056
MPTP 9.20 = 0.30 16.17 = 0.35" 13.33 + 0.29° 15.13 = 0.65" 14.50 = 0.50° 112.723 < 0.001
Sham+EPO 710+ 026 693+ 0.21° 7.10 £ 0.26° 6.43 £ 0.51° 6.57 + 0.40" 2355  0.124
Sham+GDNF—-NSCs 7.10 £ 0.26 6.50 + 0.40° 7.10 + 0.26" 6.47 + 0.38" 7.23 + 0.25 3.974 0.035
MPTP+EPO 9.03 = 0.45 15.27 = 0.31"° 11.60 = 0.857°¢ 11.00 £ 0.357¢ 11.37 = 1.11°°¢ 32.330 < 0.001
MPTP+GDNF—-NSCs 9.23 £ 0.15 14.80 = 0.21"° 9.67 £ 1.11%" 8.67 + (.50 "¢ 8.87 + (0.47%"¢ 53.520 < 0.001
MPTP+GDNF-NSCs+EPO 9.30 = 0.20  14.70 £ 0.26"° 8.00 £ 0.625"¢ 7.23 £ 0.15%" 7.70 £ 0.44%0¢ 197.893 < 0.001
! 0.946 623.160 53.364 151.525 85.941
P 0.477 < 0.001 < 0.001 < 0.001 < 0.001

ELES7.14.28F242 dBFELE, P < 0.05, 5 Normal 2042 Sham 28428 ;°P < 0.05, Sham + EPO 8, Sham + GDNF-NSCs 285 MPTP 41}t
% ;°P < 0.05, 55 Sham + EPO #8 42 Sham + GDNF-NSCs 21 }b 4% ;P < 0.05, 5 MPTP + EPO £1}645 ;P < 0.05, /£ MPTP + EPO 1 .MPTP +
GDNF—NSCs 2842 MPTP + GDNF-NSCs + EPO ¥ , 5 14,28 f2 42 d 5 5 7 d }L 43P < 0.05, £ 5 14,28 #2 42 d,MPTP + EPO 285 MPTP
+ GDNF—-NSCs + EPO 842 MPTP + GDNF-NSCs 28 }b48 ;4P < 0.05, /£ % 14,28 %242 d,MPTP + EPO 22 .MPTP + GDNF—-NSCs + EPO £4=
MPTP + GDNF-NSCs 205 MPTP 28 b4
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#=5 MRERGESEREETK (ng/g)
Table 5 Changes of dopamine content in striatum of mice (ng/g)
A5 0d $7d F14d $28d $42d F P
Normal 2772.35 £ 100.00 2 802.85 £ 110.60 2761.68 + 97.17 2825.12 + 287.83 2875.03 + 100.08 0.248 0.905
Sham 267235+ 3250  2736.19 + 55.35 2661.68 + 35.23 262512 + 53.42 2775.03 + 28.68 8.578 0.003
MPTP 2 646.80 + 40.43 658.14 + 30.97° 651.13 + 17.96' 560.63 + 47.96' 528.12 + 26.80° 2026.011  <0.001
Sham+EPO 2677.50 + 2253 2534.80 + 163.04° 2860.35 + 33.65" 2758.45 + 19.94" 2675.03 + 28.68" 7.563 0.005
Sham+GDNF-NSCs 272680 + 4253 2569.47 + 107.42°  2961.68 + 35.23" 292512 + 53.42° 2.838.70 + 41.59" 24.489  <0.001
MPTP+EPO 2676.80 + 41.65 665.52 + 21.56™ 946.09 + 48.71°%¢ 773.88 + 7.807* 703.88 + 1245 2157.591  <0.001
MPTP+GDNF-NSCs 2680.50 + 42.53 664.37 + 31.43"° 126632+ 77.17°%¢  1150.80 + 27.21°"%  1202.48 + 65.71°"%  587.517  <0.001
MPTP+GDNF-NSCs+EPO 2 656.80 + 32.53 661.03 + 13.42"° 1591.61 £ 96.157"" 1 552.47 + 26.85°""* 1 605.81 = 47.63°““"*  511.029  <0.001
13 5.225 492.065 698.673 255.488 1 164.846
P 0.453 < 0.001 < 0.001 < 0.001 < 0.001

E S 714,28 F042 d A1) 5P < 0.05, 5 Normal 2847 Sham 28 3645 ;°P < 0.05, Sham + EPO #8 . Sham + GDNF—NSCs 285 MPTP 483t
5P < 0.05, 5 Sham + EPO #14» Sham + GDNF—NSCs £ 1t 45 ;P < 0.05, 5 MPTP 21545 ;°P < 0.05, 55 MPTP + EPO Z1 345 ;P < 0.05, 5
MPTP + GDNF-NSCs 28 )b 42 ;4P < 0.05, £ MPTP + EPO 21 .MPTP + GDNF—-NSCs Z842 MPTP + GDNF—-NSCs+EPO 2L | % 14.28 /742 d

5% 7dkix

F6 MNRGURIRERI IR AL (L/4R, %) T

Table 6 Changes of mitochondrial membrane potential (red/green,%) in striatum of mice

ZH 0d #E7d F14d 28d H42d F P
Normal 9833+ 1.53  101.67 + 1.53 97.00 + 2.65 97.67 + 2.08 102.67 + 2.52 1.074 0419
Sham 97.67 + 3.21  95.00 = 1.00 9833 + 1.53 100.33 £ 1.53 95.67 + 2.52 28.750  <0.001
MPTP 98.00 = 4.36 32.33 + 2.52° 36.33 = 1.53" 38.00 = 2.00" 42.00 £ 4.00" 298.218 <0.001
Sham+EPO 102.00 £ 2.00  97.33 + 1.15 99.67 + 1.53" 97.00 + 3.61° 96.00 + 2.00° 3.561 0.047
Sham+GDNF—-NSCs 99.00 £ 2.65 96.00 + 2.00° 107.00 + 2.65° 104.67 = 1.15° 98.00 + 2.00° 14.050  <0.001
MPTP+EPO 98.00 £ 0.98  36.67 £ 3.06"° 45.67 + 4.93°%¢ 40.33 £ 4.73°¢ 42.00 £ 5.29¢ 125.490 <0.001
MPTP+GDNF—-NSCs 99.00 = 0.00  36.33 £ 6.03"¢ 48.33 + 6.66°"¢ 53.33 + 2.897"¢ 52.00 + 6.24%¢ 69.863  <0.001
MPTP+GDNF-NSCs+EPO  100.00 + 0.00 35.67 + 2.08"° 53.67 = 7.09°%“"  59.00 + 557" 6533 + 4.73°"" 77233  <0.001
! 1.133 410.789 150.812 229.617 134.911
P 0.391 < 0.001 < 0.001 < 0.001 < 0.001

E S 714,28 F042 d A1) S P < 0.05, 5 Normal 2842 Sham 28 }6 4% ;°P < 0.05, Sham + EPO #8.Sham + GDNF—NSCs 2855 MPTP 483t
#;°P < 0.05, 5 Sham + EPO #14» Sham + GDNF—-NSCs 28 )L %% ;P < 0.05, 5 MPTP 28}t %5 ;°P < 0.05, 5 MPTP + EPO #4835 ;P < 0.05, 5
MPTP + GDNF—NSCs 2B 1L ;5P < 0.05, /£ MPTP + EPO 26 MPTP + GDNF-NSCs 2442 MPTP + GDNF—NSCs + EPO 28, % 14,28 7242 d

5% 7di

46.569, P < 0.001;F.. = 1 544.488, P < 0.001; Fos = 3
232.150, P < 0.001) . MPTP Ji§ Jfi¥ i% 22 1 54 7 d Bf MPTP
41 .MPTP + EPO #1 \MPTP + GDNF-NSCs £ 1 MPTP +
GDNF-NSCs + EPO 41 2R A& Nrf2. COX2 F1iNOS )
mRNA 7K > 24 5 Normal ZH Fil Sham 2H & 2& ¥4 (P <
0.001) . 7E55 14,28 F142 d i, GDNF-NSCs M4 T
J& , Nrf2 .COX2 F1iNOS 1) mRNA 7K F-34 55565 7 d i i 2
BEAR ; 7245 28 .42 d I, EPO T Hi4H Nif2 .COX2 F1iNOS
1) mRNA K455 7 .14 d i i E FEK (P < 0.001) 5
AT Hi2H COX2 F1iNOS ) mRNA /K E7E4 14 .28 il
42 d B GDNF-NSCs T il 41 . 2% FEAIK (P < 0.001)
(#7,8,9).

4 g

B AR 2 22 A A2 AR P 2 20 PR AR 2898
FEPESm 2 —  WFFEBORMR R | 845 [ 508 PD g 2%
AR PRI N R 25 5 R, AN B e 2 e
KRB HHTZE 2 AT AR YT PD ) — £l R 25

Y, )& PD FE TR 2 A3 I AS SR AT 15 3R
FRATAAS o B, 75 5 T 3BT 367 5 vk, A ORI ]
GDNF FEREMi i NSCs A EPO JRYT IR & AR/, 2
TN B PR BT X 22 B e o i ZROR R L, B S Ak
FSCHEH 2k Jy I, B PR —R T A BB AL, P
B HIRYT SR RB R 2 B 42 s R AT 2k
T 2 S 56 TR AT SE 56t B /R AR B R 34 3R B
1B FR ) 4 2/ BRURG 1 2 Th REAS B BH S 3% o PD e
LG T A A 2 H I BT 22 L RE A 28 G IR AR PR BE T T
SR SCRKR DA B 2 0 B3 T A SCER G 7E
MPTP 35 5 (9 R B HEE N R A S 90 4 FR i
Al GDNF 5 5 7o0f J B sCiR AR 2o iy SRdr 4 o
1T GDNF ANGE 2 o 1M i B B , - FLAN 2 4 45 25 56k
FURRIRIVEFA®, PR H A 32 2008 o f 5 ek GDNF %
DR ) 45 2 B 28R, A s 22 IR A DG 22" 4 0
A Bl M ek GDNF LR T 40, i) 58 % T
2 20 A0 A A, 28 Ik PN E 1)
S5 25 oA SCH GDNF 35 BRABH 1) 1 28 40 37
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Table 7 Changes of Nrf2 gene expression in striatum of mice at different time points in each group

L] 0d F7d F14d 528d 424 F P
Normal 0.65+ 0.04  0.66 + 0.03 0.70 = 0.06 0.69 + 0.02 0.68 + 0.02 1123 0.399
Sham 0.67 + 0.03  0.68 = 0.07 0.70 £ 0.08 0.68 + 0.09 0.65 + 0.02 0.240  0.910
MPTP 0.67 + 0.03 099+ 0.05  0.91 + 0.07° 0.85 + 0.01° 0.81 + 0.03" 24343 < 0.001
Sham+EPO 0.67+ 0.05 073+ 0.04°  0.86+ 0.02 0.82 + 0.03 0.75 + 0.04 14312 < 0.001
Sham+GDNF—-NSCs 0.69+ 0.02 070 £ 0.03°  0.84 + 0.02 0.80 = 0.03 0.76 = 0.03 21.841 < 0.001
MPTP+EPO 0.69 = 0.03  0.91 % 0.07°  0.82 % 0.03 0.77 = 0.01¢ 0.72 + 0.02%¢ 16.725 < 0.001
MPTP+GDNF-NSCs 0.63 = 0.07  0.95+ 0.03"  0.75 + 0.01™"¢ 0.69 £ 0.04™ .66 + 0.020"¢ 34.946 < 0.001
MPTP+GDNF-NSCs+EPO  0.67 = 0.04  0.93 £ 0.03"°  0.69 £ 0.05"“"¢  0.64 = 0.02“"¢ (.59 + 0.03"""¢ 51483 < 0.001
¢ 0.697 27.211 9.580 11.487 23.780
P 0.674 < 0.001 < 0.001 < 0.001 < 0.001

E S 714,28 F042 d A1) S P < 0.05, 5 Normal 2842 Sham 28 3645 ;°P < 0.05, Sham + EPO #8 . Sham + GDNF—NSCs 2155 MPTP 483t
£ 3°P < 0.05, 5 Sham + EPO £14» Sham + GDNE—NSCs 21 ;b4 ;P < 0.05, 55 MPTP 41045 ;°P < 0.05, 5 MPTP + EPO 41145 ;P < 0.05, 5
MPTP + GDNF-NSCs 28 }L 85 5P < 0.05,EMPTP + EPO 40 .MPTP + GDNF-NSCs 2142 MPTP + GDNF-NSCs + EPO 28, % 14,28 F=42 d
5% 7dki
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Table 8 Changes of COX2 gene expression in striatum of mice at different time points in each group

ZH3) 0d H7d F14d #028d H42d F P
Normal 1.10 = 0.10 1.00 £ 0.10 1.05 = 0.05 1.07 = 0.11 1.05 = 0.05 0.550 0.703
Sham 0.95 + 0.05 1.21 = 0.04 1.00 = 0.09 0.94 + 0.06 1.05 = 0.05 9.787 0.002
MPTP 1.02 + 0.03 6.34 + 0.27° 5.60 = 0.02° 4.66 = 0.19° 3.39 + 0.34° 288.828 < 0.001
Sham+EPO 1.10 = 0.17 153+ 0.11° 1.38 = 0.10° 1.34 + 0.05" 1.03 + 0.08" 10.397 0.001
Sham+GDNF-NSCs 1.07 £ 0.20 1.55 + 0.05" 1.25 + 0.01° 1.28 + 0.02° 0.98 + 0.08" 14.560 < 0.001
MPTP+EPO 1.00 £ 0.00 6.58 = 0.03"° 475 + 0.139%¢ 3.67 + 0.20%¢ 2.96 + (0.587¢ 164.977 < 0.001
MPTP+GDNF-NSCs 1.00 = 0.00 6.50 £ 0.07"° 3.05 + 0.079% 2.73 + 0.14%¢ 2.25+ 0.03°¢  2139.122 < 0.001
MPTP+GDNF-NSCs+EPO  1.00 £ 0.00 6.55 £ 0.04"° 2.33 + (.03°40 2.07 = 0.10%" 1.80 + 0.02" 5364.421 < 0.001
t 0.861 1722.361 1762.748 361.750 46.975
P 0.556 < 0.001 < 0.001 < 0.001 < 0.001

RS 7.14.28F9 42 dBF )&, °P < 0.05, 55 Normal 2847 Sham 28 }6 4 ;P < 0.05, Sham + EPO #8.Sham + GDNF-NSCs 215 MPTP 41}k
#;°P < 0.05, 5 Sham + EPO #14» Sham + GDNF—-NSCs 28 )L 42 ;P < 0.05, 5 MPTP #4845 ;°P < 0.05, 5 MPTP + EPO 4845 ;P < 0.05, 5
MPTP + GDNF—-NSCs 28 )04 ;5P < 0.05, £ MPTP + EPO 24 . MPTP + GDNF—NSCs 2842 MPTP + GDNF-NSCs + EPO 2L, % 14,28 /242 d

5% 7dlki
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Table 9 Changes of iNOS gene expression in striatum of mice at different time points in each group

ZHY51 0d #7d P14d 5528 d 424 F P
Normal 0.76 + 0.04  0.75+ 0.03 0.75 = 0.02 0.75 = 0.03 0.75 = 0.03 0.027  0.998
Sham 0.76 £ 0.04  0.76 + 0.02 0.75 = 0.02 0.75 = 0.03 0.75 = 0.03 0.106  0.978
MPTP 076+ 0.04  3.61+ 029  3.20% 0.08 2.63  0.09' 1.50 + 0.06' 210.059 < 0.001
Sham+EPO 0.76 £ 0.04  0.84 + 0.04°  0.69 + 0.03° 0.69 £ 0.04° 0.75 + 0.03" 9.405  0.002
Sham+GDNF-NSCs 0.76 £ 0.04  0.82+ 0.03"  0.67 = 0.03° 0.67 £ 0.02° 0.69 + 0.02° 16.868 < 0.001
MPTP+EPO 0.76 £ 0.04  3.62+ 0.11°  3.01 = 0.06°"* 1.88 + 0.07°%% 1.12 £ 0.05°%¢ 974202 < 0.001
MPTP+GDNF-NSCs 0.76 £ 0.04  3.61% 0.17°  226% 0.05"* 151 + 0.057"*¥ 0.89 + 0.05% 533500 < 0.001
MPTP+GDNF-NSCs+EPO  0.76 = 0.04  3.60 = 0.17* 1,51+ 0.03°“% 1,05 £ 0.04°""* 078 £ 0.03""*  633.059 < 0.001
t <0.001 350.120 1.891.914 619.486 158.569
P 1.000 < 0.001 < 0.001 < 0.001 < 0.001

AR T 14,28 F0 42 d A1) E P < 0.05, 55 Normal Z8#= Sham 28645 ;°P < 0.05, 5 MPTP 28345 ;°P < 0.05, 55 Sham + EPO £8#= Sham +
GDNF-NSCs 28 3642 5°P < 0.05, 55 MPTP 23645 ;°P < 0.05, 5 MPTP + EPO 43645 ;P < 0.05, 5 MPTP + GDNF-NSCs 21645 ;4P < 0.05, f&
MPTP + EPO £1 MPTP + GDNFE-NSCs 2142 MPTP + GDNF-NSCs + EPOZL ¥, § 14 .28 242 d 5 % 7 d bbdx

SRR/ AL B BIRYT A RO, FSCkRE & — 20 .

SR VORI 28 58 MR 0 4 AR 22 EL B RE P 42
RS A A S AR 1 R 22— 0
YRR, T SR A A I PN A R R R, R
LR T RS2 40 M S O 1 18— A ik = i 4
7R GDNF-NSCs B8 755 4 B[] PN F5 25238 fin £ 4 {4
R, 2B EPO J5 |, 3 F ek 48 B i 2% EPO J2&: 1

/INAE S 1 ) J 24 A P O 430 P — R S AR L,
g LA R 25 & Gz Mt aE 0, — A A
FHBORAR N RS R0 2T A L 55— 5 T, ol 2% i
ki PN 22 B B e #2211, AT SCHRARGE , 76 IH 45 2%
PRI R EPO & HE A 2 AR Y E AR T PI3K/AkY
FoxO3a {5538 J& 130G , WD 8CIR IR sh 2o T, 18
008 A 4 AR R O B R Y T BE B 431, AR TR



50

VIR ERI 24l 20224F Hi454 5514
Journal of Southwest Medical University Vol.45 No.1 2022

GDNF-NSCs F1 EPO 1 FH &7 H 187 10 4 2% 5599 19 B
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— X A AR T SRR R, S e DA i S A g
N A I = U A A AW A 2l = B W S A = R A 2
Ak PSR K Pt I8 T AR 563 [H G 281 B A SCRk iR
Nrf2/ARE {5576 UGBTI G AR b R HEbT A A
FAUIFE A4 ARG A Hh SUIRAA COX2 R F k1 i
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AN b 2 AT W AN e i 2 AN P, FEAS T I [X S e 4%
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ENYIIEIE TP R INOS 220 59 I 76 18 Pk 28 i 1o 72
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RN iNOS KR TR 3R GR Y B R AL A b , H
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