£ T B % K Y FRESUESHRZERMEEERETHRRVIZMESE
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Apr. 25, 2023, 39(4): 1773-1788
DOI: 10.13345/j.¢jb.220718 ©2023 Chin J Biotech, All rights reserved

—/\IfEE 'ﬁéfﬂﬂﬁﬁ*"% '

RESNE R Z B EHEE 7t iRT AR
BEMEE

xft, wREL EWL BRL IR dEEl wERL AKEF
EXS &

1 MR R A A Rl a2 B, L IR 233000
2 MREMREEAABERG I PR BE, LR I 233000

XIFH, HERE, EH, Bk, DE =, ximig, S8, XIKE, BER. REma0A a2 B B 81 505 T 4010 5 0 6]
FIYEE[T]. AW TR, 2023, 39(4): 1773-1788

LIU Yang, CHANG Junyan, WANG Yue, YANG Pan, MA Caiyun, LIU Gaofeng, GUO Yu, LIU Changqing, WANG Chunjing.
Establishment and characterization of bone marrow mesenchymal stem cell lines stably synthesizing high-level dopamine[J].
Chinese Journal of Biotechnology, 2023, 39(4): 1773-1788.

W E: A ERAB LA RS E B (dopamine, DA)i# i ¢ = 4% X [ (tyrosine hydroxylase/dopamine
decarboxylase/GTP cyclohydrolase 1, TH/DDC/GCH1) %) “F % 8] & /& T 48 /2 % (bone marrow
mesenchymal stem cells, BMSCs), #%44 % 4 & K RAZAE In A, 4 P44 #x J% (Parkinson’s disease,
PD) &9 & K76 J7 AL E IR 4B, BT = AR AR R F0) BTSRRI DA BR
DA-BMSCs # &4t mie %, F) A R4E KIS B4k X R (reverse transcription-polymerase chain
reaction, RT-PCR). % & % JZ ¥P i (Western blotting). % J& & K5 K4 m BMSCs F =45 L F
(TH/DDC/GCH1)#) &£, R A BeBk %, J% R M X35 (enzyme linked immunosorbent assay, ELISA)#= &
R AR & 3% % (high performance liquid chromatography, HPLC)# | DA 494 R 5L, % 4R G- ik
#r:) DA-BMSCs #9458 2 1, F DA-BMSCs B8 T 6-% K % & M(6-hydroxydopamine, 6-OHDA)
e AN 47 8% bh 2 A KR AR A A I 69 37 @ A A1) R (medial forebrain bundle, MFB)X , #| & PD X &
o N AKERSE 69 7% . AL sL. T 457k (apomorphine, APO)#5F 7% 4% 52 3040 DA-BMSCs #%
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A5 PD K R4 h[EFF i &1 L. DA-BMSCs 28/t % F TH/DDC/GCHI1 =4 A R B2 2 5
AL, MiEw BMSCs xR ¥ Rk ik, Z 453K & 420 (DA-BMSCs)Fe LV-TH & % 48 %m0 o 3%
Fe bR Y DAREMRE R F ST BMSCs = & 3 BB 41 (P<0.000 1). 454Xz 49 DA-BMSCs 17 4644 52
4% DA, FHHRIFIEF Z15h R (94.5%). DA-BMSCs #45 PD K AfE M 4 BlE, B %K E PD K
RARR 695 H)F 5T, ERAMKE T KEHE, A THF GFAP @i, 2% LA MHA K
B4 DA KF., KR ARAQET AT 5t DA, EXAMT REHEF o) 4 LB
DA-BMSCs #ufin %, * DA-BMSCs L#2{b3z 5 54457657 PD H 2 3 b,

FEE: tadAm; KR AK Ta@l, BARAIE;, 2 ERBLAR, GTP RILKMEE 1;
% e

Establishment and characterization of bone marrow
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Abstract: A triple-transgenic  (tyrosine  hydroxylase/dopamine  decarboxylase/GTP
cyclohydrolase 1, TH/DDC/GCHI1) bone marrow mesenchymal stem cell line (BMSCs) capable
of stably synthesizing dopamine (DA) transmitters were established to provide experimental
evidence for the clinical treatment of Parkinson’s disease (PD) by using this cell line. The
DA-BMSCs cell line that could stably synthesize and secrete DA transmitters was established
by using the triple transgenic recombinant lentivirus. The triple transgenes (TH/DDC/GCHI)
expression in DA-BMSCs was detected using reverse transcription-polymerase chain reaction
(RT-PCR), Western blotting, and immunofluorescence. Moreover, the secretion of DA was
tested by enzyme-linked immunosorbent assay (ELISA) and high-performance liquid
chromatography (HPLC). Chromosome G-banding analysis was used to detect the genetic
stability of DA-BMSCs. Subsequently, the DA-BMSCs were stereotactically transplanted into
the right medial forebrain bundle (MFB) of Parkinson’s rat models to detect their survival and
differentiation in the intracerebral microenvironment of PD rats. Apomorphine (APO)-induced
rotation test was used to detect the improvement of motor dysfunction in PD rat models with
cell transplantation. The TH, DDC and GCH1 were expressed stably and efficiently in the
DA-BMSCs cell line, but not expressed in the normal rat BMSCs. The concentration of DA in
the cell culture supernatant of the triple transgenic group (DA-BMSCs) and the LV-TH group
was extremely significantly higher than that of the standard BMSCs control group (P<0.000 1).
After passage, DA-BMSCs stably produced DA. Karyotype G-banding analysis showed that the
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vast majority of DA-BMSCs maintained normal diploid karyotypes (94.5%). Moreover, after 4
weeks of transplantation into the brain of PD rats, DA-BMSCs significantly improved the
movement disorder of PD rat models, survived in a large amount in the brain microenvironment,
differentiated into TH-positive and GFAP-positive cells, and upregulated the DA level in the
injured area of the brain. The triple-transgenic DA-BMSCs cell line that stably produced DA,
survived in large numbers, and differentiated in the rat brain was successfully established,
laying a foundation for the treatment of PD using engineered culture and transplantation of

DA-BMSCs.

Keywords: Parkinson’s disease (PD); rat mesenchymal stem cells; tyrosine hydroxylase; dopamine

decarboxylase; GTP cyclohydrolase 1; dopamine

A 4= #% %4 (Parkinson’s disease, PD)J&—2KH
B PR RGBTV, DR H B S /M
4 SR A 5 1R v g P BT - R AR % 1Y) 22 L i i ol
AR R AT, REUR N £ M (dopamine,
DA ) JFRE A BT 5 1R 1 — R 5 i 2 2 g
RERG S BLE BCA I R G RIRIT IS 2
—. IR ERIZEEZ I (levodopa, L-DOPA) AL
R HRL5P6T T-B, Z 2l sb s A e 2 0
TEFI R 1 2 b oo b A i R A 43R A
SR, XS LU AT AR 1 2 CUe & o0 iR T
K HBETE—E I AN IEGEREAR , ANBETIIIA B
i, HJEMRIERRM, V58 PD AT T2
— P ARIAEARIRYTY, F Sl A T A sl
T AR A R A2 AR R T 22 T g
P2 TC LIRS it RAETIRE, TRl O AP
() DA #1400, ESCHIRYT PD MEZIRED,

bifr PD BOwRHLHIRAMSY, 8 5 AT
R EUR I 2 MM L CIF I DA WA B
WIRERARTG PD B AT RE o A figi P H 526 5
M2 ERE, A R % i 2 R A2 L i (tyrosine
hydroxylase, TH) . % [ i il %2 i (dopamine
decarboxylase, DDC)FI =iz & 1 ALK il 1
(GTP cyclohydrolase 1, GCH1)iX 3 Ff PR 3 [ifg 7 %]
T ZEBAZITNA TH 78 PS4 Py s
(tetrahydrobiopterin, BH4)%f Bl K 1 i) 4 F T 44
A N B B LIS R e 2 18, A lie %

&: 010-64807509

EL AT DDC il Ryl i 22 R A,
TR BH4 S GTP 2 GCHI HEAAE ),
Ktk, 1553k TH, DDC. GCHI iX 3 ' DA A AU
SRR REGAN DA JBBTA AL, T HAE A
TH. DDC F1 GCHI JEE BB x4 AR sl s
TR PR £ TS B R iAo,

AR FEA A DA G IR AR 3 o i L
K9 LV-TH Ml LV-DDC+GCH1 B8, ¥
X TV e A g i ] P J g Rl i TR 7 3 40 i
(bone marrow mesenchymal stem cells, BMSCs),
#3535 TH, DDC il GCHI ) BMSCs 4ijis &
T FRIRIX 3 FhOCHERGHED | 3 2 7 RRAR A AL
A i DA R BE 18] 78 5T 40 g & (dopamine-

expressing bone marrow mesenchymal stem cells,
DA-BMSCs), #Ih DA-BMSCs BHEiG)7 PD

PP

1 S

1.1 BMSCs M BEFFRZELE
Ok E R IR K (specific pathogen free, SPF)
217 Sprague-Dawley (SD)K R H 111 4<% 5250
s, T SEIR SRR T 1 R R R 2 B B
W 4P 3L A 42 38 2% D3 25 (Institutional  Animal
Care and Use Committee, IACUC)HLHEHHLHES
2022-139) SHERL LA BE 4 RIS K /N SD R
B, SERER B KRR E AR B, SRS vhEhis
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& (phosphate buffered saline, PBS)I& U/t 22 BRir &
MEER G, B LMmHCE, 5 mL J 58U
DMEM:F12 £33 3E(Gibco Life Technologies /3 7))
M H e R AR, ISR 10%Y
it 4+ 1L 3% (Gibco Life Technologies A #l),
1xMEM HE 75 2 FE R (non-essential amino acids,
NEAA, Gibco Life Technologies 22 F]), 10 ng/mL
WA YEgn A K [H - 2 (fibroblast growth factor
2, FGF2, R&D Systems 7% F]), 1 mmol/mL
L-glutamine (Gibco Life Technologies 7\ ),
100 U/mL HHEZEHM 0.1 mg/mL 75 % (Gibeo
Life Technologies 22 wl), 42K 2 200 H i ¥
g T25 B35 M (Coming A RDH, BT
37 °C. 5% CO, HYHEFRA M BE K 57 F 1% 25
25 3 R r4iftb, ZEERAR 6 cm AN
IM.(Corning 2 &) A L 100/11L4H0 fifd 25 B 2 4l fk,
J5i i) BMSCs, K3 10-14 d, 4% R HEERFE
10 min, ZEIR/KEES 2 min, 455 LY (il
B RAEWAR A DY 30 min, BHEE N5
T B AR I A R
1.2 BRENEE

NCBI ##li a4 S H A9 SR TH 1 (NM_
199292). A DDC (NM_001082971). A GCHI
(NM_001024024) ) 4% 5% )3 51 (coding  sequence,
CDS), ¥EH 18R IAH AR pHBLV-CMV-MCS-
3flag-EF1-mCherry-T2A-Puro (faj# LV-mCherry,
41 (4%¢ ), pHBLV-CMV-EF 1-ZsGreen-P2A-BSD
(fATFR LV-ZsGreen, £ 6 H 1Y 3L H
BN AR . MY TH JE R A
LV-mCherry, # % H %3k pHBLV-CMV-TH-
3flag-EF1-mCherry-T2A-Puro (i 5 i, LV-TH),
¥ DDC il GCH1 J¥44fi A LV-ZsGreen, f4% H
AYZ1A pHBLV-CMV-DDC-T2A-GCH1-EF 1-ZsGreen-
P2A-BSD (f#i 5 i, LV-DDC-GCH1), 38 11l ¥
PEATHUE . M AR B AR | 18 R AL T
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I 5E i b DU AR IR FR A WA 52 B, 9
BEEE A 1x10° TU/mL.
1.3 18R ERKJ BMSCs

BEFFA 3 48(P3) BMSCs i i 2 o ke 1y
AT S . T2 A WL R R e (6 pg/mL)
) DF-12 Ki3R 5, im A LV-TH [&3 & 5
(multiplicity of infection, MOI): 7.5]%1 LV-DDC-
GCHI1 (&Y 5 MOL: 5.0)3d ik t89%5:, I
A 07 25 8 1 A0S I, A 172 AR 18 B
f) DF-12 1537 3L 8% BMSCs, 4 h J5 #MME 43
1/2 {584 DF-12 Hi R 5ARR, ey 24 h ),
We SRR AR, e ATEEYSE 4 DF-12 5%
Fedk, ARSEREFR 2 d e BER R IA n A (. Xt
i RS YL Y AR LA T DAPL e, £E9¢
H BT T X R B 4 i (21 e/ e 5 )
A EE(DAPL QiR 7o, TR
KR ME S 2 pg/mL AIEERE R
(puromycin, puro)s¥, 1.5 pg/mL [ K % (blasticidin,
BSD)I¥) DF-12 }5 32 Sk 535 3 d A 74lifl.
14 RERARE

K 4% 2 R PR A ES AR 2
18 min, 0.2% tritonX-100 i#i% 8 min, #£EH 1%
5 ML3E M 25 F (bovine serum albumin, BSA) I
10%9 ML £ 1 h, 28545 CD29,.CD44 .CD73
CD90. CD34. CD45 (1:200, Bioss Biotechnology
45l TH (1:500, Abcam 2~ F]). GFAP (1:200,
Abcam /A F]), DDC, GCH1 (1:500, Santa Cruz
AP EFE 4 CCFEF IR, WHMAZ
Alexa Fluor 488, Alexa Fluor 647 ¥, Cy3 (Jackson
Labs 23 &) &858 1 h, DAPI 444 5 min, &G0
MR (BX53, Olympus 28 F)MES I HT YL 4551
1.5 Western blotting, RT-PCR #1qRT-PCR

I A 5 2 1 R BRI e A% S 3 4
SEAEBEZREYWAHRAE), 2 BCA Ik
ML, SRR 20 pg BEE T 8%
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SDS-PAGE (fE /% 120 V), HF# % PVDF JE
(fE¥ 120 mA), IABARRAEEIRE A 1h, N
A TH. DDC. GCHI (1:500). GAPDH (1:1 000,
Proteintech A H)—HUIFE 4 °Cidk, KH —Ht
FHi/N IgG-HRP HiK  FHi s 1gG-HRP Hrif(1:
1 000, Invitrogen A &) & #% & 1 h, ECLfk4:&
SRR, GRS (Bio-Rad 23 w4
KAE, Image lab BN A RR G 1408 o

KA Trizol ¥ (Invitrogen 2 w3 H A g 5
RNA, #ll RNA AR, BEMAEA] Prime
Script™ RT Master Mix & & (TaKaRa 23 &) )
RNA i 5¢ i, cDNA, Fffd LR R TR 1)
#AT PCR PGP ANIER 1), 74 1%
REVEBERCTH R FIK S, ZBER UL (BIO-RAD
) RERE .

FH S B 9 e 18 I Wi S (quantitative

reverse transcription-polymerase chain reaction,
gqRT-PCR)ill i& DA-BMSCs ' TH .DDC #1 GCH1

H#e ik &, qRT-PCR f#ifi] TB Green™ Premix Ex

Tag™ 11 X7 £ (TaKaRa 23 7)) 20 pL /A & , THFF
SR 95°C5s, 60°C30s, 72°C30s, 1
40 K. UL GAPDH NNZHEH, A A C,
AT AT R A . ] QuantStudio™
Real-Time PCR System #X{}(Applied Biosystems
NN RT3 0T
1.6 FEEGHEIH

W = LR 4l k)5 DA-BMSCs 15 3: 2
PR, B T25 BRI (10 pg/mL)BoK
filiZZ 100 pL, K537 4 h e, IEARISEEANNE, 1 500 r/min
B0 10 min, £ EBW, A 6 mL (RBEHR
(75 mmol/L KCHMATALEE, 37 °CiK#Z 30 min,
B JEMA 6 mL [ W (H B UK R R =3:1)1R 5]
J& 37 °Cifr ' 5 min, 3¢ F %%, 30 em = LT A,
PR K E S, 75 °CHs [ 7 h, 0.025%/
THAL 30 s, FHUFEE(Giemsa)e ke ( 6 min,
FEIHBE T WS o A R A4k 40 24 v i 14 G £ 1A
¥ #4 , 3 H VideoTesT-Karyo 3.1 #{4:(NatureGene
Corp A FNIFAT 4B,

#*1 HrYEE PCRYHESIYFT

Table 1 Primers used for target gene amplification

Name Primer sequences (5'—3") Bases Size (bp)
H-TH-F CCAGTCAGTCTACTTCGTGT 20 107
H-TH-R TGTACGGGTCGAACTTCA 18

H-DDC-F GATGCTGGAACTACCAAAGG 20 279
H-DDC-R CCTGATCGGATGAGTAAGC 19

H-GCHI1-F AACGAGCTGAACCTCCCTA 19 170
H-GCH1-R GCATCGTTTAGGACATCTGAG 21

R-CD29-F TTGCCAACCAAGTGACATA 19 582
R-CD29-R CTCCAGCCAATCAGCGACC 19

R-CD44-F ATTCCCCAAAGGTGACGCT 19 310
R-CD44-R AGGGCACGGATGCTCTAAC 19

R-CD73-F AGATGAAGTCACTGCGTTGC 20 509
R-CD73-R TCAGGTTTCCCATGTTGC 18

R-CD90-F TCCAAGCCACGGACTTCATTT 21 463
R-CD90-R TACTGGGCGATACTTTCAACA 21

R-CD34-F TAACTTGACTTCTGTTGCCTCG 22 541
R-CD34-R GCTCTTCTCCCCTTTCCTTC 20

R-CD45-F AAAGAGGAAATGGCTCCTCAG 21 258
R-CD45-R CTATTTCTGTGCTTGTGGTGG 21

F: Forward primer; R: Reverse primer.

&: 010-64807509

F: cjb@im.ac.cn



1778 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

1.7 DARENZE

AR U B % 3 d AN BB, B ET
B0, 4°C, 3000 r/min 5.0 20 min, B4
BCEWE, DRAFIE-80 °CTef. XIREAH 4 Ji 1K B
Tt A T SUME NG F BB, R B N 2 B AT DX S
M, FRE, A 9 EAEFRE PBS K, Rk
BEREMLAEEE, 4 °C. 14 000 r/min &.0> 10 min,
FEEL W o fd 2 B R I G fe i W U
(enzyme linked immunosorbent assay, ELISA)l
AR & A TAY) TR (R TRR) IR A PR w1
W DA WREE o KOS LA 50 pL B4R S ke
A, ISR 50 uL 2 B REPUIAR TR, B
J& 37 °CWEE 45 min, VRIRIBVER 4 U5, A
100 pL HRP FRicBE8 K MR TAEMR AR &
30 min. PRI 4 K, RWALIIA 90 pL & 5]
37 °CHREYE B G 15 min, 50 pL 2 R B4,
M FRA 450 nm PR ME OD i, THEWREE.

i T EPE ELISA R () i DA 4525,
K FH 5 R0 AH {435 75 (high performance  liquid
chromatography, HPLC)X} FiF ) DA K-k
AR o K B IRAL S I FIEREA 50 uL HOmA
250 pL SAMUTTER (% 0.35 mol/L &5l
1.5 mmol/L P2 FR), 7RSI A E 10 min,
18 000 r/min &5.0> 10 min, "ZH FIFHXRE L,
B BRI . WshAH i 50 mmol/L KH,PO, #
0.08 mmol/L EDTA 2111 A AH, DL H EEH i
B AH#) . C18 #:(YMC-Triart, 4.6 mmx100 mm,
5 um) A EERE, HIRAEEE 40 °C. SR 15% B
A, 1 mL/mL (55 SRR Y o B A HERE &
20 uL, 734 10 min.
1.8 6- & % B f% (6-hydroxydopamine,
6-OHDA)IES PD KR ERHI&E

3% I 22 s T SRR B 180200 g A4y
) SD KR, 15 7843 BRI [ 5 T il 37 A4 2 4%
T, RUESE R R KRB, S5 K RIS ke

http://journals.im.ac.cn/cjben

A7 TENST DK SRR X1 R 3, e A
BT i NI 2R (medial forebrain bundle, MFB){F: it
fii 5. DAP-4.4 mm, ML-1.2 mm, DV-7.8 mm;
@AP-4.0 mm, ML-0.8 mm, DV-8.0 mm. ARk
R AL, TS R S ER LA 1 pl/2 min
(TEST R BT 4 uL [ 4 pg/ul 6-OHDA %K
(Sigma A ], T EAH 02%44 R C A FER
K, 20 °CI#AF), % 8 min, 8L, &
i RJE 1 ENESE R T RR, WA
JE Iy, RO EARSEWKEDIRE
1.9 {TAZEEN

Bl MG HE(apomorphine, APOYZE T ighs 525 «
FERESS 2 JERT, X AR B 4T 0.5 me/kg
APO, 5% 30 min KERAXHIIER: B 5k, #TE
EEREIRR 30 min>210 B, BP0 AT . 4
MIFEAE 4 )G, XA KRIETT APO el
R, PEAL IS AR I T
1.10 KRAFaTEE

Kol BRI 15 HKRBENL N
3 4]. 4], BMSCs 41, DA-BMSCs 41, Jf
DL 5 H ] 55 S5 A MR AR AT AT A LY SD R By
IEH TR ANARE T . YRAEANAE, PBS IR
IR 249(1.25%10%)—(1.5%x10%)/uL 40k, #
RIZH DL PBS AR, 2H MRS AE#5/E [F] PD KRR
BRI A, B R OREEA 8 uL 4 MR
1.11 ALY HEI%E

BORJG 4 F PD KEL, 3% HZ M8
SRR [ T AR & 2E 70 R T B2
BSOS 200 mL A= FRER K, MEVESE N ZE
OEIRATESIIKS , AT R E TR, HRs sy
FEACE, IR, WEEK BURA SRR 1 8
NG . RRUR S MRR T, s e, A
200 mL 4% 5 F TR A [ o 7R oK b VR g
MGLHZE, 4% R 4 CCHRSEE E 4 h, 25%)F
Wi 4 CRAMIK, —80 CHEEAF. i OCT
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A5 (Sakura 2 /] AN H Y, VKGR A HLEE
12-20 pm YJ 5 BB SE R, Ul R ik 4T
DAPI 3L (8 WAL AE A A TS T L
112 HiBSit

ffiFH Graph Pad Prism 7.0 Giit=#H4%7 4%
1 DA e BEAS AL HEA AL FR 2 6] B8R T 2R R R
T 20T, A RPN SR A LSD A
¥y, L8 BRI Sidak K556 . S Ay S 56 K0
M xt£sFIRN, P<0.05 FRERAGITFE L.

2 BER540

2.1 BMSCs N BEIEFMEE

MK EEBE R v BMSCs 453 — 7% i BE
S TS U e S el O 4 4 O = €D
FARIE s WK, T R HEPIR, FHIRA
Sy HAL S BEA (] 1A1), dkLERESR 7-10d )5,
AT UL T 2 A B4 200 VI 2R % T B )2

A

B Marker CD29 CD44 CD73 CD90 CD34 CD45

LG P4, AT ARAR LR ) 25 R TE i 2T 4
PR, B —, R TIR (B 1A2),
&% Po S A BT R e M, 20 A TR S A
FEfE 1R WL 8 T2 8 25 5 (K] 1A3), P10 LA
J 240 0 2 S A, LA B A B AN Y A
Y B RIURD B B, HE T AR ) AT OGRS R R
Fralifk 5 P4 5 BMSCs LA 100/ 4 24 fift 25 5 22
P FH s R AP 55 3% 10-14 d A4, AR
22 3] 7] 78 Jo7 1 4 A 1) o AR i I A K B4R
FH 25 5 58 e 05 52 0 K % 0 A AT 5 A (1]
1A4).

B P 96 A RT-PCR K il 1, 15 5% 19
BMSCs (P3)RE i 2 2Rk 7] 78 T4 e % i Hi
JFbrdY CD29. CD44, CD73., CD90, A
IR IS R A AR Y CD34 il CD45 (K
1B-C), 4 0] 70 5 St U5 14 40 B4 fE P s
FHIE, RN g% 4k ) BMSCs.

C DAPI Fluorescence

Merge

chag 100 pm

CD44
100 pm
CD73 W e
‘100 pm

CD90 fif 3 e
100'[im

CD34
L 100 pm
CD45 :
100 pm

1 BMSCs BARREMLZS . SRR A AR Hr S (AR IS D B A6

Figure 1 Cell morphology, clonal cluster formation and detection of specific markers of BMSCs. Al: Cells of
P0O; A2: Cells of P3; A3: Cells of P6; A4: Clonal cluster of the P4 cells stained with crystal violet. B: mRNA
expression levels of specific marker genes were detected by RT-PCR. C: Immunofluorescent staining of specific
markers in BMSCs.

&: 010-64807509 F: cjb@im.ac.cn
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2.2 3%&KIA TH. DDC. GCH1 EE{&8//E
BARFEMBEL BMSCs FRAEFEARIE

W 2 RS EE RS, LIRIE
B R A RE N 2 A RO T BMSCs 41
MLZR o G 3 P OCHRET LA Y 2 Fhvig s
BN B E S ANE 2A s, Hid DDC
GCHI1 JEH i A [ —AM2 5 5 84k LV-ZsGreen
L, A ABTYIZRK T2A A%, i TH fiA S —

LV-CTR-mCherry LV-TH-mCherry

T00 {1

LV-CTR-mCherry LV-CTR-ZsGreen

LV-TH+DDC-GCHI

V-TH+DDC-GCHI

AMERREE A LV-mCherry /7, LV-TH i 3ik18
g B A6 N X B BE 4 08 O R Ak
mCherry FIFLHEIEH puro, FikA BN HE M ;
LV-DDC-GCH1 2% i 18 975 25 X Iy % e 25
e b A R ZsGreen APtk RER BSD,
RRGEOTOCE M BHREBIR 26 E N
SER AT SER  FRak i EFT R sh 73R h
ik,

BSDY —

Puro® —

Infection efficiency (%)

E 2 WMENESREHEEHFIERR BMSCs FRARIKIFR

Figure 2  Structure of the constructed lentiviral vectors and fluorescent protein expression of infected BMSCs.
A: Structure of the constructed lentiviral vectors. B: Fluorescent protein expression of control lentivirus and
single overexpressing lentivirus three days after infection of BMSCs. C: Infection efficiency of the constructed
lentivirus. D: Fluorescence expression of BMSCs that could stably express two overexpressing lentiviruses or
control lentiviruses simultaneously after purification. Scale bar=100 wm, data was presented as x £ s .
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12 5 1 T8 Bl 5% 500 2R BE e i A T JB
BMSCs 4ififi & 2 d J5 HELZ 6,3 d e ik B F 5
R FH S92 5O i S 40 B 9O B 1 1 R A i o8
P2 B I RS 345, R 2B i, & BMSCs
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Figure 3 Expressions of TH, DDC and GCHI1 genes in transduced rat BMSCs. A: Relative intensity of TH,
DDC and GCHI1 protein was analyzed by Western blotting in each group. B: Relative mRNA levels of TH,
DDC and GCH1 were analyzed by RT-PCR. C: Relative protein expression of TH, DDC, and GCHI1. D:
Relative mRNA expression of TH, DDC, and GCH1. Data was presented as x ts .
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4, “HGEEPECLYR DDC. GCHI A1 TH 3% &% 2 fUAYXTIRAL \LV-TH E4t4 \LV-DDC-GCHI
5B FTH(746.90£129.6 )f% . (309.57+ YL . ZHCILDIRULAH Y DA W 2k
87.70)f5 F1(306.88+82.44) (%, 4 HAWEE  (139.80+£39.03) pg/mL. (935.80+161.20) pg/mL .
22 5 (366.90=124.80) pg/mL . (2 100.00£240.90) pg/mL.
DL E2E R a g gy = ke e e ey PRI, 54 AT IRAIA L, AR
BMSCs 4l %, efsfaEitFeik TH, DDC il EUAURI LV-TH JREGe 4] B0 2 25 5 T % IR
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Figure 4 Concentration of DA in culture supernatant of cells of each group. A: DA level in culture supernatant
by ELISA. Compared with the respective control group, LV-TH+DDC-GCHI1 group and LV-TH infection group
were significantly higher than that of the control group. Compared with the first passage after infection, the
expression of DA in LV-TH+DDC-GCHI1 group had no significant change in the second passage after infection.
B: Relative DA level by HPLC. Date was presented as X £ s . n.s.=No significance; *: P<(.05; ****: P<(0.000 1.
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Figure 5 Karyotype of rat DA-BMSCs (42, XX).
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A Control group
-3 -2 -1 0 1 2 3 4 Weeks
- >
Pre-APO APO

Inject:
6-OHDA Model group HC
Lesions BMSCs group

DA-BMSCs group

6 6-OHDA FEFH) PD XFRIZEIM DA-BMSCs HAEF1TAF T

Figure 6 6-OHDA-induced PD model of rats and behavioral evaluation after DA-BMSCs transplantation. A:
A flow chart for experimental design and animal groups. B: The sites of cells transplantation and 6-OHDA
injury. C: The experimental rats were fixed on the stereotaxic apparatus, and the rat model of Parkinson’s
disease was induced. D: Apomorphine-induced rotations. E: Rotation behavior evaluation of each group for 30
min after injected 4 weeks. Data was presented as x s . *: P<0.05; ****: P<(0.000 1.
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[E 7 #5185 DA-BMSCs 4 &5 15T 2RI AR Rk

Figure 7 Fluorescence expression at the injection site 4 weeks after transplantation of DA-BMSCs. A: There
were a large amount of DA-BMSCs at the injection site. A2 was the enlarged view of Al. DA-BMSCs were
spherical and polygonal. Immunofluorescence showed mCherry (red), ZsGreen (green), and nucleus (blue) in
DA-BMSCs. B: DA-BMSCs transplanted for 4 weeks differentiated into GFAP" and TH' neurons in vivo.
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Figure 8 DA concentration in the brain transplanted
area. Compared with the model group, the DA
concentration in the BMSCs group and the
DA-BMSCs group was significantly upregulated.
Data was presented as x x5 . ****: P<(0.000 1.
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