Advances in Clinical Medicine IiFRE %8R, 2015, 5, 95-102 Hans X
Published Online June 2015 in Hans. http://www.hanspub.org/journal/acm
http://dx.doi.org/10.12677/acm.2015.52017

Research Progress of Genetic Modified
Bone Marrow Mesenchymal Stem Cell
Transplantation for the Therapy of
Parkinson’s Disease

Ying Xue, Shifeng Pan, Hua Xing*

School of Veterinary Medicine, Yangzhou University, Yangzhou Jiangsu
Email: 839049973@qqg.com, hxing@yzu.edu.cn

Received: May 25”‘, 2015; accepted: Jun. 15th, 2015; published: Jun. 19"‘, 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Parkinson’s disease (PD) is a neurodegenerative disease characterized by progressive degenera-
tion of nigrostriatal dopaminergic (Dopamine, DA) neurons and reduced concentration of striatal
dopamine. Traditional therapies for Parkinson’s disease are medication and surgery, while gene
therapy and stem-cell therapy have been considered as much more ideal methods recently, such
as embryonic stem cells, neural stem cells and mesenchymal stem cells, etc. Bone mesenchymal
stem cells as a kind of pluripotent stem cells in the body are widely used in the related human
diseases for the superiority to be the target cells of gene therapy. However, choosing appropriate
target genes for therapy of Parkinson’s disease has a great diversity, therefore, here I summarize
the researches of the theraphy methods of Parkinson’s disease in recent 10 years.
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1. 53|

14 %% i (Parkinson’s disease, PD) & —Fii 2423 W1t FE 2B i 28 R G B MEBos,  DLIE R v i
M5 % i (Dopamine, DA)REHHZE TG R A SUIRAR 2 T & 2B sl 3 BERE . IR IRR IR ik
PEREEI, ATANIRLE. WISk o3, PATRRASAE, 1200 E R AR AR TE R . TS AR 4 (World
Health Organization, WHO)FIH < SC i T A k0 & & Ol 400 J3[1]. & B8R 785 T-41 i (Bone Me-
senchymal Stem Cells, BMSCs)&—Fl £ DjRe 40, nfZmath, HARGESRGMERE ). L HaK,
KT 72308 2 RS 1K) BMSCs 7 20 i A0 58 BV 97 0 4 A% 5008 7 T B A T Rl (90 . FH AT 55 o SR, X
SRRRIAT RGBT EH MERERZ AR, Bk, AFHR—Fel— 2K inma. mE B AR R
BIT 76, IEZVE H 5 R A AT IR 85 5 R

2. PD & 73 35 HA

PD AT I FER IR, a2 M2 RE, EGRITEBREAYNGI T MTRIGST, THLE TR Z 1
FEA BT AT A RS IR T

2.1. 543877

ZWRIT W R R A ie % BHIF, iZgG i i ek, ER NS N Z B, DLAKIEBIRIT
HITER2]. 2R, 2697 RE G ZMAEIR, AREHTIRIG, B EFH RAEMEIEH .
2.2. FREIT

HRIA PR, Ho— 2 Ml 506 )R (Deep brain stimulation, DBS), @438 [3] [4], X
PR TTER AR RIS T S I EORAR W, R e 83 (R A B — e RE L ks, JF HAL R AR AL
HRA IR, FARBIGKR, AN RFER, ERCRAE, B A RE T B
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2.3. YIRRFBIEATT

%2 B R T 41 s (Embryonic stem cells, ESCs). #1142 -4 iig (Neural stem cells, NSCs)Fl& 8 [ 78 i T
AR . Forb DUYR G T 248 A D (b A 240 Pt B A 4 B PR Y 7 RO B, L DR R T 5 A P S T SRV DA
HLTE 38 ) R AN e AL

2.4. BEERTT

BELRIVR YT A M 2278 0 DR 2 IR — S LAt (0 S i DR o A RS A 3 07 SN NI S AR AR i
S 240 0 FE 08 A e RIA AR SRR I 4, ARG A RS A B S2 4 M SUIR A, 2 AR A A 3R I 17 F) 2 R O
AN o T P OKE B8 2 B BT B DR B Qe BRI AE A 5] 2 PR i yT ANVERT ALY IE
iy DA S EIBREE, EREORY AT 10 DA BEMIZETT, 2T PD YT IR ST, JF QNI R ISR
B

3. BREEFRTARIEENEE 2 IHEAM

BEREYT FAR I RR A BN B ARV S, KA B RERR /1, BUNMO R R R, 5 RAE
BB SRS o o R 78 o T 200 B B 4 BRI I T 4 2 A S A —Fh 2 DhRE T4, SRR T
HIRE, BAEREFEE, DU, Aot 5 832 My 18 DLk B B 2 m o ae Jam st an, sk
WETAMRERIMAHEY, EREIESEMT, W2 BIERME T, I HAW RAC BEE )3,
15 BMSCs AN ERAR (L RGN . SR 1T, BMSCs 1 H-EBEANAAYT 0.01%, [Kih, 4%t it
TN B Aif Ry, PR B e 2 S5 A B A T At 70 S AR o

BMSCs ffafifb 55 75 777 B i £ A = Fl: AEBENGRERE IRIL. BB RA T B9 007 DL R =Rl B A 4y ik
o HidE BMSCs BAG MEEA KRR, FRATIR A 4 NG BE B FR k4T 0 B s bl T B BE v - SR A i) 25
AR, BATT AT 38 P 3 A s 0oy, S Percoll 8%, Ficoll 551 BB R A AR i B9 0 3R B /M AZ 4
XA TR o i AR FEAR s ANl A 43 e 1 A& 56 F BMSCs PR AR /IN . MR/ Bk . BT Al Fae
(R4 2 T 36 SR AT IR 20 B . DA B AR, (HNFI(E. S8 KT HLGE %8, WES
K W BE v 1EAT 43 25 BMSCs [6].

4. PD EERTTHIEEEIREF

T PD E:FNGITHI H ZER 24 (Edt DA &K, ZRMaERRTER. F950 T~
PURT RE R A . ASCH i A A SME 4R 50T B 2R BRI B i e .

4.1 HEEFATF

4 E F5 K (Neurotrophic factors, NTF), MR¥EHLLHMIIEE, AT eI =3 © #HEEK
K75, dnph £ K K7+ (Nerve growth factor, NGF). it #1228 =K 7 (Brain derived neurotrophic
factor, BDNF)fI#14: & 7% AT 3 (Neurotrophin 3, NT 3). #1432 AT 4/5 (Neurotrophind/5, NT4/5)%; @
ISZ IR A4 L 905 1 o 20 2 TR 1 S0 G M 5 400 B 4 42 75 9% IR 7 (Gl cell line-deerived neurotrophic factor,
GDNF). #1428 [ (Neurturin, NRTN B NTN). Rrtemin (ARTN). Persephin (PSPN); ® 1%k % Bk
PR E SR DR - 200, n A i J o 24 5 42 o 4275 97 IR - (Mesencepphalic astrocyte-derived neurotrophic factor,
MANPF) FI{ 57 14 2 B 1 42 % 9% R T (Conserved dopamine neurotrophic factor, CDNF)%%[7].

4.1.1. GDNF
PR AR A2 S8 7F T RIIE ] GDNF REWS e 2t b i 2R3 2 LG RERI L T T IRMI 2 W AN I 42 T
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L PP TT TS [8]. B4, GDNF #il A2 245
GDNF fHAfEFH T Al 2 24 2 SRk b 2 Bl Re i &

2004 4F, FhEREE[9IWIIEHL GDNF E 2 H BIZEEE, AT ey 56 AT A2 K BRUIR AN 20 23 rp i 3 5 % GDNF
4=+ cDNA, 2R J5 FI| FH BH 25 1 g S 4 1 4 e 22 P3 5% P4 1) BMSCs. 45 J R BILEE Yy 5 A 15 B 4% BMSCs
2 morigae, R0 ARG . K BT i) BMSCs 2R PD ALK B SN SR
A, GDNF REAEMG N EAKR [HERIE, AR E T PD KRMATASEER, KWIER Fi&n i in DA
AR A B

2006 £, 7iAE4iSE[10]49%E T GDNF W8 BRIk ik, iz /E BMSCs Wit 3k, KINH ARG
Lactacystin (FLMI %, & ABGHDHIF) 51 &) PC12 40 a4ifs . ¥ GDNF-BMSCs #4E A lactacystin T PD
KA BN SORAA P, 45 5 B 7" GDNF-BMSCs J377 411 B4 T LacZ-BMSCs (- FLHH B R) 41 .

2011 4, Shi [11]55 3% F 120 25 24K % U B P2 AL (Tyrosine hydroxylase, TH)F GDNF J& K 73 5l %%
A BMSCs, FHFHESCRIAAN T PD KEMATT, &) KIAH LT HAhGy 740, #RIE TH Fl GDNF 2
[Al (1) BMSCs JL[RI RS MR T7 AR BE 4.

I LA O N hGDNF 4\ hBMSCs H-T- PD HIVRTTRIF AT, RIS IR0 T PR 4115 77 (g i o
iR 2 B 2 o MAEE A SETHER, WA 1T 1 BMSCs /E M & E 7R T84 H T PD
WBIT IR AR [12]-[14].

RE PRI 2 LR REA 22 T 1 S 1 AU 2278 IR IR 1o
TRHUECH S WA Rt 3t A 22 SRR T 3 B

4.1.2.NGF

TEMZIRIE R, NGF £f b ik B, A FE I IRTE R & R A L Thig . Iboh, NGF
T A A e I SR A A B S 2 R I A FE DA B R R, B T BASE A IR RERR L Bel Kk
EJHT Bad B H, fEHUA TR Bel-2 £ Bel-XL ik &0, i & FE AN H 40 M T ae 7. ArbAak
AT, NGF 2 FE M6 BMSCs Z AT LARER #50A97 PD KL, TIRES NGF FI# & (R4 D) seH <[15].

2010 “EIRBEARZE[16]5 7 i e GFP-NGF(#£4 £ K[ -F). GFP-Noggin (—#h B th& i 1E FH 1
) BMSCs B A AR TT 6-F83E %t (6-hydroxydopamine, 6-OHDA)iF S (111 4 #x KRBT, 45
ESE NGF Al Noggin A /7 7E{E 3t 7 BMSCs [FIAHI£ JCRELI A 434k, A5 7R K BRSO A Py 4o 28326 I 1) 5 1
EYEIN, WA TIRE IS B AR F IG5 .

2014 4F, HEHE[ITIRAN -4 E KR T(B-NGF) & 1Miff) BMSCs # A PD BAL KRG, FFHR 1T
HSHBER R RAT A 2E MR . 45 R BN B-NGF L [RE 1) BMSCs fili P F2 1 A8 B 52 24035 PD A7 K B
FTREEREAR, LA TR B RIS A 18

4.1.3.NTN

NTN (Neurturin)fE 5t F1 T BE 5 GDNF 28181, W35 [F)J& TGF-B @ X IG5, T DA REM£4 Tt
BRSNS CRE RIS E A . 38 H S [18) AMEE T TH A1 NTN R0 R R IA ik,
JrEEYe s BMSCs, 33 T AefaE Rk TH F1 NTN &A% BMSCs, Fl4 2 BB A PD KRECRIEF, K
L TH A1 NTN BRAIRYTT, BRI T WG DA &, FIR SRS T DA Be#f4eot, n bk BMSCs H & 1)
WEERE ST, WS TIRGF IR .

4.1.4. BDNF
BDNF (i 2275 75 B 1) E A — i 2 A K R, s 3 B A B A AR R e Rp 2 JT I 725 A
. AWIFIESE, BDNF XF DA REFHZEIC ARG R R, BRI R . 20N =524 BDNF 124 i1
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BMSCs RE &5 243 PD KR AT AR YT, R it BDNF A1 TH & A& &E[19].

4.1.5. Neurturin

2012 4 huang [20]#4L4% 4% TH 1 neurturin FE A f¥) BMSCs #% 18 A 4 AR A5 8K BRI SCIRA A o JLJE
J5, BT IEENLEEA MGESN, 24U TH & neurturin 35 B, bah, 2 B E AR 3, 4 =51
RO RE LTF, SR PUREEYE TH A neurturin £ () BMSCs 7425 PD KRN Z B g & &,
s H AT N

4.1.6. CDNF

T TR B, CDNF B MR I RAEE DA B4 0, 7£ PD KRB, KA &7 5 CDNF
REGE & ARMEIR . CONF /N — R ib B 1, $RE B M AL, Rtk ARt 57K
i CDNF H . #hlE S [21]i8d % 4k CONF 25K 5 N KB BMSCs, 3% 11 7 CDNF AR IE.
I Y CDNF JE[X ) BMSCs (41 a 55 320 6-OHDA %Sy PD 4l e i %y rfr, P12 A A T
RUAE FRE, #E— B T CDNF XA 4 %95 AR 7E H -

4.1.7. PSPN

PSPN 23R J& - GDNF F R 1 — R &8 F= 1, A 70 R IR 8 I & oo B B 77 3CRE .
Yin %[22]H BMSCs #1242 PSPN 11 i) BMSCs 43 A #AH 1697 PD #84KER, K ILZ PSPN 217 J5 i) BMSCs
TEWG N AT 2 m T AR BB, It BSCREH 1) DA &5 LR K RIAT NSRS A BB s .

4.2. Nuclearrelated Factor 1

Nurrl (nuclearrelated factorl) e & - IR BRS & 90 L 2 R R R R A 2 —, & — PR R F. i
SRR MBI TR I, Nurrl J BRI 05 T o i IR0 22 T e RE AR 2 0 Ay A B A7 V6 B e B AR
6-OHDA 5|21+ ki DA AEMPZ e PE R 2 Nurrl mRNA FIAHI N FRK, RH Nurrl 5004285 vl b
FAAE— 8 IR R [23] 6

PRI SCEE 24 R I FRIE Nuurl ZE[R 1) BMSCs Al —EFEE BiRyT PD,  HIHBEAE K BREUIRIER A A7 8
JAULL_EHABERIE— B A], Nuurl Z BT RAORIEIRITAER, 22 Nuurl it 28 {2 i2F BMSCs 12 B
#1255 1 (Dopamine transporters, DAT) A%, [T $E =Gy DA &, M2 o PD YK R i
AR MO SERHEHE IR 7 VE REAE — BN HH N 4ERFSCIR 1R YA i 1) 22 T e 380K LR AT iy i BB /KT

4.3. 1Bi#f DA & RES

{2t DA A RIS 20 BB 75 & IR AR M BRI A1 — B R % B IR /K -1 o P fii
A ) DA 2 S SRR 5618 TH B4 AE il 72 e 2 B (L-dopa) , T4 75 77 e 28, 3 2 i 2 il (Aromatic L-amino
acid decarboxylase, AADC)IfER], L-dopa iR DA. TH FEREAREFEH 78 M FRE R, DY MRS
(Tetrahydrobiopterin, BH4)J2& 55— B [ N K140 B . BH4 B GTP £, GTP ¥ {b/Kf#ls | (GTP cyclo-
hydrolase I, GCH-1) X /& BH4 1955 — L B2 58 1) PR [ 25]

Lu SR [26] a5 TH 1l #40k, JEIhiE g% BMSCs 1, #§F[ ik TH 1) BMSCs # 48\ PD
KEMSURIE R, 6 5 R LML SR I TH X500, w80 AH - A % (HPLC-ECD)ll & 2
EZ AT, 25 R ERBH SR B TH IEIE, TH REERIEFCERIE R 75%, FHJE KRR FR i
A B B, JFH 5 LacZ-BMSCs # 41, TH-BMSCs #4851 5 MISCIR 1k 4 2 B &
I REE, DL EREIRES IR EE R BMSCs 7 TR ERIT .

ik DA G HUF) 3 A R THLAADC Il GCH-I #%% %« X\ BMSCs 4l il 7 F LA¥E YT PD BLAUK i .
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s 4 . 8 . 12 KB IAT ARG 2 B3, JE T84 12 5 HPLC-ECD i & 453 S8 £
RAFTR A DA KIEARB= 3, 4- KN (DOPAC) K& &, 45 RIS = B L RS i P VA 7 7T BE
72 LU AUE B PR A AE VR 97 AR R S AR Va7 TR [27] .

X eHE 25 [28] J5 K A B Nurrd B8 2 35 38 5 TH &1 (1) BMSCs ' TH mRNA [#) 335 F1 TH BH 40 o 44,
Z AT SO TH AT Nurrl XU RME I BMSCs #AE A PD KR, HIERNATTACRE R, AT 28
FEYRIT I AR B8 1 BEAl

4.4, §5%9F SHH

SHH (Sonic hedgehog) & # R 1, BA (RS FLuIbE . b, R AT T m DL A
ZICHIE TR FIE R, R E RGURA . KB TR DANSs JE R HIAR 2 FH DR - H ok B
IEF o SCRM IS LV-SHH-N 7] B 2 2e3 PD B K SR IAT N REAR, A8 5386 0 52401 1) SR SR SOR 4
T RGPS, WOE AR NSCs MIPH 2 KT A A, I X517 1) DANSs &R F= /9 E FH[29]

5. EEEERTT AR FHIERE

HORTHE R e g T 2oA B (s o £ BRES . ZERIR). Ab2e(iR A T BRRRES I iile) i
P (s Bk ) =275 2o He W BRI 22 e 38 T s 2e 4, — AN 52 H IR AR W K/ INBR ), B AT 224
MRFFIE AR SN SR R, (HAR R QR B B2 HA il i S R AR 1 W RIA I RV, S
DNA B FfigE . Bt LA H AT G i) 3 22 F B2 o i g .

B IR B R £ BT 1) W 8 R SO A R Y i RO I i ok iy HLARRUE, BT
il A2 A RN S R AL, TE SR . SR Sl 3 4R AR AN BRI G A R A A, L
NG RERBINFIER, AREHERA)TBDNA, SR AEFERAR R, T Hw 2tk R 4L 7E S0 A0 i 5 R 4H
FEBENLEE G, T RE S B R R ARG BT R R Y, R B aRAE. 2) BRAHSONEE: RO
FRANNATERE, BG5BT, W TR A L SIR I RE R E A AR SE 2 ML A
PN NRBA AR 3) MRS AR G R, WA IR R e ZORE AL, B
FERFI IR 4G, e PRCREGS, BRI KA BURANEZE B FRE RN RIA 2R d T iz i A
BEIGOMT, HOCHABERZNE, MUl RRIEN 8] LK ERYE, FroiA & R R R
IR T R A TN o AELE AT AT REVE AR I S BE ST, iR T RE R AT J: P S B s [ 16] o

6. &t

EREFIR, 2R NEIE KX 2 B RE o) BAT SR AR, R L T2 4ER)T PD AL IR
7 MR, RPURE SRR IS B A IR T 5. SR, AR FORRX AT i T R
AR BB HNRIT 200, I8 — RIVHERRA R ok, I EHEMGK) BMSCs J& R al 7L A s 4T, PARX
SEAEHG D T EIN N 2 A BIEHIAE . BhAh, BEE SRR, MB-SUIRME R B FIRL L KR AL,
Z EIE TR TR R A A A SUE R — P RAE. 534h, HESCT A AT tx PD #h47 2R
TR T, R 2 BOb s AR Sl IR B B, AR I PRI FH S 0 o B 22 (0 1), 9 HLL Zh eIk R
WATREARNE . BRAFAEE S, AR, JEENRT A CA R B, BATA IRAE AR X A g
57 R ) PD R RS . IR IIRE . 1697 AN R B ARG 7 T iR A 2 i A B

E&mE
B X B ARl SE  (SiT 31172284, EHEIL T T4 R HEIR T A AW O A0 22 ML SR BG T 5T), 1L

TR B TR BB .



e PRME U 10 1) 78 5 B AR ARV T IR < AR T T2 e

SEW#Ek (References)

(1]
(2]
(3]
(4]
(5]

(6]
[7]
(8]

(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]
[26]

2 (2011) 1RREEEE SERERIIIE 2 —+. B AR

Yuan, H., Zhang, Z.W., Liang, L.W., et al. (2010) Treatment strategies for Parkinson’s disease. Neuroscience Bulletin,
26, 66-76.

Beal, M.F. (2001) Experimental model of Parkinson’s disease. Nature Reviews Neuroscience, 2, 325-334.

Bronte Stewart, H. (2003) Parkinson’s disease: Surgical options. Current Treatment Options in Neurology, 5, 131-147.
J5°F (2005) BDNF 3[R e ik A BB 76 5 T-AMI0RS LT I e AR SRR . 1M AN — BB, T
M.

FRIES (2011) B 7800 T4 BAS VA 7 WA A0 (K SE ST 75, B K2, .

KR (2010) JSLFHARLE TR AT RITIHB AR BT FCBUIR. [ R 225 14+, 15, 570-573.

Gash, D.M., Gerhardt, G.A., et al. (1998) Effects of glial cell line-derived neurotrophic factoron the nigrostriatal do-
pamine system in rodents and nonhuman primate. Advances in Pharmacology, 42, 911-915.

e, BEM, FEALA (2004) #i& GDNF 8 BE1]) 78 5T 40 MG 7 S AR I SL B0 I 7T, TR0 RS, 75,
75T (2006) GDNF 7 BMSCs H )ik Jz Houf AU R P8 & A s B i R PE . BBl 2B, b
Shi, D., Chen, G, Lv, L., Li, L., Wei, D., Gu, P., et al. (2011) The effect of lentivirus-mediated TH and GDNF genetic
engineering mesenchymal stem cells on Parkinson’s disease rat model. Neurological Sciences, 32, 41-45.

Glavaski-Joksimovic, A., Virag, T., Mangatu, T.A., McGrogan, M., Wang, X.S. and Bohn, M.C. (2010) Glial cell line-
derived neurotrophic factor-secreting genetically modified human bone marrow-derived mesenchymal stem cells pro-
mote recovery in a rat model of Parkinson’s disease. Journal of Neuroscience Research, 88, 2669-2681.

Moloney, T.C., Rooney, G.E., Barry, F.P., Howard, L. and Dowd, E. (2010) Potential of rat bone marrow-derived me-
senchymal stem cells as vehicles for delivery of neurotrophins to the Parkinsonian rat brain. Brain Research, 1359, 33-
43.

Yang, W.H., Yang, C., Xue, Y.Q., Lu, T., Reiser, J., Zhao, L.R. and Duan, W.M. (2013) Regulated expression of lenti-
virus-mediated GDNF in human bone marrow-derived mesenchymal stem cells and its neuroprotection on dopaminer-
gic cells in vitro. PLoS ONE, 8, e64389.

Wang, T.H., Feng, Z.-T., Wei, P., Li, H., Shi, Z.-J. and Li, L.-Y. (2008) Effects of pcDNA3-5-NGF gene-modified
BMSC on the rat model of Parkinson’s disease. Journal of Molecular Neuroscience, 35, 161-169.

KR (2010) NGF. Noggin J &) rBMSCs B AT IH 4 AR K B 1 SREe it 7. e s, REEEFR
R, RE.

Eem, WA, ARERIE, ZEEBER, ZEMS, MEETLSE (2014) A B-NGF 5 FIE (- 5 IR 70 57 4 Bst 8 4 3% K B
ITNZEIRC. [ P P75, 3, 473-4T8.

B (2011) TH-NTN BB BETE) 70 5140 YE 7 I AR AR R BRI SEBR T AT, 1 LIR30, FBMIRAEEE — I
PREERE, FBMI.

T, B, RA, HrYl (2012) Y pIRESneo-EGFP-BDNF F-H 7] 7 5 T4 Al 00 iy 2 33 5t 5 iy 4 7
KBAT NI, 1L EZ, 26, 23-26.

Huang, Y., Chang, C., Zhang, J.W. and Gao, X.Q. (2012) Bone marrow-derived mesenchymal stem cells increase do-
pamine synthesis in the injured striatum. Neural Regeneration Research, 7, 2653-2662.

#illE (2012) CDNF X} 2% LRZ REM 2 o e ORI 1E T B SCIR i 78, IR0, @Ry, L.

Yin, X.F., Xu, H.M., Jiang, Y.X., Deng, W.S., Wu, Z.Y., Xiang, H.W., et al. (2014) The effect of lentivirus-mediated
PSPN genetic engineering bone marrow mesenchymal stem cells on Parkinson’s disease rat model. PLoS ONE, 9,
e105118.

Zetterstrom, R.H., Williams, R., Perlmann, T. and Olson, L. (1996) Cellular expression of the immediate early tran-
scription factors Nurrl and NGFI-B suggests a gene regulatory role in several brain regions including the nigrostriatal
dopamine system. Molecular Brain Research, 41, 111-120.

BVESC, KRB, MR, XIERR, PRI, 4RI (2005) £ Nuurd R Se i) B 56 ) 78 5T T 40 i R A i 4
BRI K RIEEAT N R BURE Z M 2 R F IR0, [ R, 22, 56-60.

Nagatsu, T. (1991) Genes for human catecholamine-synthesizing enzymes. Neuroscience Research, 12, 315-345.

Lu, L., Zhao, C., Liu, Y., Sun, X., Duan, C., Ji, M., et al. (2005) Therapeutic benefit of TH-engineered mesenchymal



i DRG0 R 1) 78 o 2 R ARV 9 I < AR A F 7 ke

stem cells for Parkinson’s disease. Brain Research Protocols, 15, 46-51.

[27] G308y, WMk, R, HE (2009) £ ELKA BUH G E: R AR T 0 &0 K RSB BT L. 3 L2
Feik, 2, 34-41.

[28] e, REEOE, A%, Vg, AT (2010) BEERIRIEERIL SZARAEOCIE + 1 BEDH L% LK B i i) 72 o
MIHISEIGHT TS, ARSI, 1, 1-4.

[29] 35 (2012) KERSCIRAAR A VRS LV-Shh R IE S ARB R RAP S A, i se, FAERERE:, T



	Research Progress of Genetic Modified Bone Marrow Mesenchymal Stem Cell Transplantation for the Therapy of Parkinson’s Disease
	Abstract
	Keywords
	基因修饰的骨髓间充质干细胞移植治疗帕金森病的研究进展
	摘  要
	关键词
	1. 引言
	2. PD治疗方法概述
	2.1. 药物治疗
	2.2. 手术治疗
	2.3. 细胞移植治疗
	2.4. 基因治疗

	3. 骨髓间充质干细胞是理想的基因修饰靶细胞
	4. PD基因治疗的目的基因选择
	4.1. 神经营养因子
	4.1.1. GDNF
	4.1.2. NGF
	4.1.3. NTN
	4.1.4. BDNF
	4.1.5. Neurturin
	4.1.6. CDNF
	4.1.7. PSPN

	4.2. Nuclearrelated Factor 1
	4.3. 促进DA合成酶
	4.4. 信号分子SHH

	5. 基因转染的方法及载体的选择
	6. 结论
	基金项目
	参考文献 (References)

