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GDNF (&R =8k AR 8k 588 8] 7T T4 At

TEr=!

frtpah
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(B HBEE R K2R E B B 0 SE36 %, b IT 100053; 2 1 AR EE R K22 Ea E B A i B4 =, JE 5T 100053;
BRI NARAR ) S 30t ==, A A8 230032)

BE B 18] LR T 48 12 (mesenchymal stem cells, MSCs) ;2 & F T 42 4= 4m fiel06 57 69 FF T 4m
foZ—, ABR AR A IR R AR 22 %8 3 B F(glial cell derived neurotrophic factor, GDNF) 2 A 49 1%
9o B B R e R R B MSCs, 4831 45 42 /5 GDNF /£ MSCs ¥ 94k I R A KPR L ¥rh B £, &
%, BB EAE B S B R B 4% 28 2 (marrow mononuclear cells, MNCS), 4R 9132 #x &
B MSCs. R i A2 & X GDNF #91% Ja & 84K, JH& &8 % MSCs, 25| 1R BB fo 72 & M
(ELISA) 7 i%#= Real-time PCR 7 ik, M & & 4 R ) 3% M 47 2 An 1 F) 4% 4 48 4w . GDNF 49%& & 4~
hIK P h B R AR, et R R T, KA GDNFA R 4918 5 & SR R 3 45 3 R R #EMSCs,
PRI 89 MSCs F4: & X 4k GDNF. 3212k 4 69 3 N AT AR 7 GDNF 40k K-F, 48R 4
BT RN 45, GDNF b B4 S, AL H R A KPAE.

KA

‘B W 8] 78 5T 41 i (mesenchymal stem cells,
MSCs) &4 B T 8 [ A48 i, PR32 AT 365 R
Z g RE . I M SCRE . s R SR T A5
KiEM, MSCs EARANAT A BT s K
A (B A S 2 M R JZ DAAM AL 2R g0 . T
R AT B PEAAN AR BEGHX, MSCs i 4121
TREANAE LG 7 B dee AR 1 40 Rl fRisiAk A b
MSCs 5 T4 44 5 R IR AMEHE R M. g J kLIt
SR TR AR AT H SRR F MSCs, fEfR K
NP 6 B S AT = A e a1 O HE S i P PN
MSCs J& 5t A TR B AL I S0 40 0 . e il v il 2
7= 87 (glial cell derived neurotrophic factor, GDNF) &
— R B AP TR ORI A28 IR R 1,
X 2 Wk RE A48 T8 FAT e S M I AR A7 05 A s T
VRO, S 28 4 A7 FH 22 3R AT P 3503 R 2R DRIVR T
GDNF ZAR I iy i HE Al

ANZEFIHE N R K2 (non-human primates, NHPs)
HAT AR H AT 1AL 1 50, 9256 2o NHPs 5K
MSCs HA AL A= P22 FF B, NHPs BB AETE fiy
T R REIR YT 5507 T B A A r AR A
PATTR 2 FERRE 250002, 40 S 55 IR B *MSCs, 1)
it 7 Ik GDNF (W18 dE 280ik, Bl Dl B 4% e o
MSCs, JEAERSIA] #7227 GDNF, Hor b

FUBEAE, 1 MBI 78 ST A, T MR 28 RN 1 1R AR

%

&

3
N

ST T (105 DL B i imo 389, R IAGDNFI) (g
1 MSCs B At f Y T 2R IBAT PO SR 1 T SRR 5 o

1 MM 57R*

1.1 ##

111 E%shHh SIS 6 1L 3~4 B R
AT B A, J T4 9% 75 (simian foamy virus, SFV) £
DB PER, f ) P e 7 R R BRI RHE A B A
POt B R IR E b AAALAC RKZEEIR
Y, B JE AR B RN A ) e A R i 5 4%

1.1.2 @afeAfide  293T4Mu b st KA dn Bl
e N o M T AR A% iR DUET101-GDNF,
£ ki CMV A 8.91 F1PMD.G 135 [E Johns Hopkins
PN R C YN

1.1.3  SEIIKFA il i £5 75857 DMEM. OPTI-
MEM. MSC-Qualified FBS. 0.25%Trysin-EDTA.
GlutaMAX. 7455 2 %% H Invitrogen 24 7, Ficoll-
Paque TM Plus HUA% 41 g 73 2578 B StemCell 2]
Tl 1 2T o 4 i A K IR (bFGF) i R&D A+l

Wk H91: 2010-09-03 52 H1: 2010-10-25
JEaR B2 RHE TR (No.D07050701350703) % By il H
*JWINE# . Tel: 010-83198269, E-mail: renzhenhua@tom.com
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1 BEREFHREREMHBRERTHARK
A JFARRETE 2 K(200%); B: JFAEE IR 4 K(200%); C: IR 6 K(200x); D: 5—f4(200x).
Fig.1 Cell morphology of cynomolgus monkey MSCs in primary culture
A: primary culture 2 d (200x); B: primary culture 4 d (200x); C: primary culture 6 d (200x); D: passage 1 (200x).

Y 77) Lipofectamine 2000 I [ Invitrogen 23w
Polybrene. DMSO. Transferrin iy § Sigma 2wl .
Wi LS SSI AT TRIZOL A H Invitrogen /A 7] . rTaq
i) [ TaKaRa A 7] « DNA Mini Kitl [ Qiagen 23 7 .
GDNF i 8 M PRSI0 5R 620 H Promega A/
1.2 KWHE

121 REMBEMSCs#=HR LR NN
HEE I H X 5 ml - BE, ISR DPBS #ike, I
HEG IS N N B /0B N RS S5 AR ) Ficoll 3 B0 1,
2 500 r/min 5.0 20 min, /NGl ] 2 41 B 1
T B, PBS PR 2 IR, 5x10%ml FLA% AN i Fl ke
7£ DMEM B 25, 7% 10% FBS. 1% 755557
#. 1% GlutaMAX F1 20 ng/ml bFGF, 5% CO,, 37°C
EAERE R, 24 h Ja L IR, 80% K j5 H 0.25%
JEER AR

122 RBmadAaffRke BREER KA
BER NG A T (R I 5 v, 293 TN ks 7745 =
B DMEM K756, A5 10% FBS. 1% Glutamine
FI1% FHeEREE . ¥ 293T AR T 2 R E R
BB IR I, A5 40 0 80% JE & e dE e . B yeid it
v B SRR U () 4 Y GDNF (%688 ik DUET-

101, 1% ik CMV A 8.91 FIl PMD.G $% & Ll
+ OPTI-MEM 1, [A]IF Lipofectamine 2 000 5 14
AR OPTI-MEM H, S CE 5 min. SR)J5H M
TR, BRI, EiRifE 20 min. H OPTI-MEM
BRI T 293T AU s 708 )5, NI JU iR G o
R YSIR AR 778~12 h)iT, # R 1 TSH; 77 55(DMEM
B RS SRR 414 10 wg/ml Insulin. 5 pg/ml Trans-
ferrin. 1% Glutamine fil 1% M54 52%), 0T
24 h f148 h J5 Wi aE Lis, 1 0.45 um JERS 1L €
HRRIE fr, 4 CORAT . BB B3 NN Ultra-Plus 20
JEIEL, 4°C, 4 000 g 5.0 20 min, FITA3uR 49 2 5 Y
293T ML TR FE e fa, TR 5.

1.2.3 BREBIKIELE MSCs M MSCs K
80%, B HHTIE LT IR AL, AR GDNF 194 753 F2 A1 41
MO, FEAS A9 728 U1 (multiplicity of infection,
MOI)(1, 5, 10, 15) M AJii 75 L, [A] 4285 73 AR R
T 8 ug/ml (¥ polybrene. 5% & 20 h Ji& 35 J: 5 Y9,
IIAGB R 7RIk . RS 9R 1 w g, T4 i ks il
GFP [ 4t fitg Lt .

1.2.4 MSCsR 4 % 271 /G GDNF b /K-F 2. J&
YLI5 251 T (9 MSCs LA 1x105/ml (1% J& 20T 6 FLAR
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Detection of the virus titer

— LTR | EFl-o |

GFP/GDNF | PGK |  Hygromycine

Lentiviral packaging

5=
2
3 -~

=)
— . N _s . - |
= '

10° 10! 10° 10° 10¢

GFP

Percentage of GFP cells by flow cytometry

Ori

Amp

Sketch map of lentivirus vectors encoding GFP/GDNF

2 BFEEERREEGEN
A: 293T 41/f1(100x); B: 293T 4l e fu M3 25 (100%); C: VRHH 5 K M5 2 Ik Ye 293T 4IJMd, Kl 2534 B (100x); D: WA UK I GFP
FH 5 40 M B L 451 (100%); E: #5417 GFP/GDNF H [H (1) 18 955 2 4 1 45 1) /R R 1B o
Fig.2 Package and titer detection of lentiviral vectors
A: 293T cells (100x); B: package of lentiviral vectors in 293T cells (100x); C: detection of the lentiviral titer by infecting 293T cells with
concentrated virus (100x); D: the percentage of GFP positive cells by flow cytometry; E: sketch map of lentiviral vectors encoding GFP/GDNF.

K5 9R 3 d, R SRS, 23 E 24 hy 48 h
Jo B3 1 ml, LL&E GDNF K JE . AN ) MO
SR 3 AL, [FIAE e #0 3dy 7d. 10d. 21d.
40 d INHE 1108 40 it ) GDNF 43 i 2, GDNF il 5 K
H ELISA M5E J7ik, HAKZ I Promega 24 74241 1)
GDINF [t FC A 72 W8 B R 00 3 71 5 14D S 360 28 B AT o
1.2.5 #:%71/5 GDNF ¢ L B & A K-Fale K
YLI3 #5110 J5 i MSCs I TRIzol, $#2HUE RNA, Oligo
S A i cDNA R e 1 5 1 0334T PCR MY, 1.5%
{10 BB W B Ji LK RS U B 1 &5 5 . AR 7 1Y) Real -
time PCR 5|4 52 S ASH I Jak 4% 253 117 J FAN [R5 5. 4%
DG 25 T GDNFEE R R A 5 HIGAPDH 1K 1A
L, A 2 AN LA R R SE R I A G 3608 & . GDNF
a5k Bt 5'-ACT GAC TTG GGT CTG GGC

TAT G-3'; Fiif: 5-TTT GTC ACT CAC CAG CCT
TCT ATT T-3'. #3% Jv BEK/NA 134 bp. GAPDH
P54 it 5'-ATG ACA TCA AGA AGG TGG
TG-3'; Fijf: 5- CAT ACC AGG AAA TGA GCT TG-
3. FHE BRI R 177 bp.
1.3 FitHHh

Bt DL & brvfE 25 (X £5) #717, SPSS16.0 #ft:
AT G BT RN 255 22531, P<0.05 1AH
ERBEGIER .

2 R
2.1 EBER MSCs 155

B8 FPAZ A (MNCs) LA 2x10°/en? $2Fh-T- 25 cn?
HIEE TR, 48 h G SR 7Rk, 2~4 d 5 H I s v
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A PG B T W% MSCs 464« GFP(200x); B: X {562 B 5t MSCs i J(200x); C: AR MO {E (¥ 1295 25

B Y MSCs, GFP B4 i 1

Fefil(*P<0.05, ** P<0.01); D: MOI f&y 10, /#4595 #¢ 1N RN [, GFP BH 41 i) Lol .

Fig.3 Lentiviral vectors infection efficiency at different MOI and infection time
A: MSCs expressing GFP under fluorescence microscope (200x); B: MSCs observed under light microscope (200x); C: the percentage of GFP
positive cells at different MOl (*P<0.05, **P<0.01); D: the percentage of GFP positive cells at different infection time when MOI is 10.

B, oA RO R, KAKEA—. &
8~10 d £557, 41 i 80% il &, 4L A AR LK
WIE N, BIRTERFESIAEK(E 1), B AEAR,
PEANG T3
22 [EmERABEFFHERN

2995 74 AADUETL0LH0 75 AN 3 B T 45 FEFL-
HIPGK, 73 55|95 %) GFP/GDNF 3 R R 25 2% ok 2 [
(F 2E). WA RSGH =2k DUET101.
CMV8.91FIPMD.G % Lh il J L% 4293 T4 g (1 2A
FIE 2B), WYL 5 24 h. 48 h () B3, W4i)a, %
4L 293T 4ifitu (1l 2C), w40 st 2 GFP [ 41 it
EE A5 1595% (&1 2D), TR0 755 i 1x107 TU/mI (TU,
Transduction unit).
2.3 BB MSC B8RS

GDNF H1 GFP (1195 25 43 Jill LAAS [A] (1 MO ME 4514
RGBT MSCs, 45 B, 1890 2R R n] LU )
YT MSCs, & 1A5 GFP Fll GDNF (/& 3A F1&

3B). GFP 185 & MOI {4 5 F1 10, Hs R ]
1531 80% LA (¥ 3C). 7 MOIME A 10 41T, Bl
YL A, SR YR BT =, 20 h 5 BikF
HIKF, PR 85%(&] 3D).
2.4 BLHIfE GDNF EBRIE RN E

AN MOIME GDNF ¥ 2 2% 44 £ B A MSCs, 444k
RigE 1w, 1x10° 4 i 15 57 24 h, WAERT 77 5%, ELISA
e By F2 55 GDNF (17 it (B] 4A) . N[ MOIE
GDNF[#) 44 543 5] 32 MOI(0): 364.80+178.59 pg/ml;
MOI(0.5): 413.22+232.45 pg/ml; MOI(1): 553.39+
350.71 pg/ml; MOI(2.5): 1274.94+579.2 pg/ml; MOI
(5): 2683.63+1189.08 pg/ml; MOI(10): 2815.19+1293.97
pg/ml. GDNF 73 Wh7K~1- 55 G4 75 145 DUECH K, AH
[FI AT, AR5 VUK R, GDNFZM A 7Kg
(K 4B). 5 MOI{E 0. 0.5 A1 1 Eb%E, MOIE 2.5 )
GDNF 73 7K 45 1 (*P<0.05), 1fif MOI i 5 F1 10 1)
GDNF 731 7K >F- I . 7 & (**P<0.01) - MOIE 5 FIMOI
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4 ELISA#3 MSCs #3457k
A 50 HE, 55 GDNF £ 5, MSCs i Ji %74 GDNF, 4»h/K - 151855 i MOI {1F Al %:(*P<0.05, **P<0.01); B: ¥+ GDNF £ [H

JE,

LR IR MSCs, TEAN A (FII [8] UK I GDNF 153 7K1, #%5 GDNF JE[R f5 19 MSCs £74: 43 W GDNF — A LUE, AT W) A1

Fig.4 ELISA results about GDNF secretion level of cynomolgus monkey MSCs under different MOI and different time
after GDNF transfection
A: GDNF secretion levels of MSCs were tested using ELISA method. The results indicated that MSCs transfected GDNF over-expressed GDNF
significantly compared with control. GDNF secretion level increased accompanied by MOI’s improvement (*P<0.05, **P<0.01); B: after
GDNF transfection, MSCs were continuously cultured for more than one month, GDNF secretion levels at different time were tested. The
results were indicated that LV-GDNF modified MSCs over-expressed GDNF continuously, the GDNF secretion level and the relationship

between GDNF secretion level and MOI were stable.

8 10 2[RI Gl 2= 51(P>0.05) (K 4A) . # '3
GDNF J5, &% MSCs 421575 40 d, GDNF £F4:k
ik, BN ] 4E K GDNF 43 5 76 B 2 0508 (K 4B)
2.5 PCR & & %% MSCs 55 GDNF & H
GDNFHEF 5 9914, RT-PCR A GDNF &
i5(K5A). Real-time PCR £ ill GDNF ZE K mRNA
f12 KK . 18 GAPDH F1 GDNF 45k it 2573

Wk, Y=-0.30X+7.22, R?=0.991 1 Y=-0.29X+8.64,
R?=0.996. i N2 GAPDH [fIt5#E{k, GDNF mRNA
[FZIE K5 1899 75 MOI B %, B MOI B3 im,
GDNF mRNA )22k /KA N T (K 5B) . MOIH
0. 0.5 F1 1, GDNF mRNA Flt ik A W] B2
5t 5 MOIE K 0 LbAE, MOILE 2.5, i1 4.13
f%(**P<0.01); MOI By 5, ~F-J4138 15 7.37 £i%(**P<0.01);
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Fig.5 Expression level of GDNF gene in cynomolgus monkey MSCs after GDNF lentiviral vectors transfection
A: expression of GDNF in MSCs was tested using RT-PCR; B: after GDNF transfection, the level of GDNF gene at different MOI was tested
by real time PCR. The results indicated that relative abundance of GDNF mRNA in MSCs transfected with GDNF increased significantly
compared with control. Relative abundance of GDNF increased accompanied by MOI’s improvement (*P<0.05, **P<0.01).

MOI {8 4 10, ~F314 2 7.82 £5(**P<0.01); MOI {# 5
FN10 2 8]V e vt-2¢ 22 7(P>0.05), 1M & 5 MOIME
2.5 Z A gevt*# 2257 (*P<0.05) (& 5B).

3 1Tt

MSCs W LA EAATUR, R4 38, w] 4 B T
PRSI AN, AAEAE e i e, FIRAL R MSCs B
Ry A R B PRIV 97 AN AT A ) TR g Al
T R, Rl I, MSCs b T8 5. RIEINE
FEDR e ANIRAE TR 3B T A AT H I
DRI 5 MISCs, 1A 5% 0040 i IR PR . B o P
g5 7 A1~ (glial cell derived neurotrophic factor,
GDNF) /2 1993 4F Lin 2507\ 5K 40 il 2 B49 43 25
H I — R 8 R 1, X2 LR AT, 1283
MZTC. BRuMAIt. WIEMA G2 Rma Il
HAT AT KA R4 VR IO TIAE R4 2R 2 )9
A e A A SEAT 40 i AR BRI A v T T AR B
R RERT S AR 07 deng . T A 44 MSCs 15
AR, i B A S GDNF 55 X MSCs X Tl 5%
TR RS S HATIR ORI o

W 7R 3 % LA LI R AR B W) R it A
B (simian foamy virus, SFV) 1 LL 1 ik 10090, F,
AT AT AT 70, fR A% 57 8~10 % Er i MSCs
PR G SV, ARG FRY 1 MSCs Wb 28 NPT 55 24
W, S FE I G MSCs IR . R, RSk

FHI) MSCs Sl SFV [P £ .

1205 25 J8 T 10 i 1E R, 9 RNA R EELD, 4 B¢
SR FE gag. pol Alenv 3 NJEAL L. H
Y, I (R 1 B AR T 2 N0, an HIV-1, 2
RIISIV EE . 0T HIV A M 7 A R i U i)
TR, E DT SR RI  SR i B 280, oy 28440 i
R 24 iy HAT IR G RE ), w] LK NI E R i,
B BNE BO AR L, TR B AR08, 2 i
PIRFFCE R, PR G MSCs HAT B A0,
M5 B 7 LA, 1805 FL AT B vy (R IR e o o 20
XTI s RGeS E T T, B R A BT
A Ty 2440 M, FUBE PRI SRR M R A, A
Z A FRE R ARk, Bk S FEAR R JE R S
BARR ARG I, ARSI P R A, TG
TN MSCs 2505 ik 85% LA, JFRELER A%
RHNIEPERED . GDNF 1855 75 204 Gy £ 8 A% MSCs,
TS MEIEGDNF, Hop ik e b K YL #5145 DL
T n, HErSee 7 i GDNF B 40 do AR5
Sk H IR Y B2 A 4 GDNFJE K] [ MSCs, 15 52 X
PRI BE T S50 LAl
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GDNF Lentivirus Infection of Cynomolgus Monkey Bone Marrow
Mesenchymal Stem Cells
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Abstract Mesenchymal stem cells (MSCs) have received considerable attention for various therapeutic
approaches in recent years. MSCs are also easy to genetically modify to express therapeutic genes using lentiviral
vectors. In this study, we transfected cynomolgus monkey mesenchymal stem cells (MSCs) using lentiviral vectors
encoding glial cell line derived neurotrophic factor (GDNF) to study its expression level in vitro. First, Lentiviral
vectors encoding GDNF were packaged by 293T cells through three plasmids transient co-transfection method
using standard lipofectamine reagent. The viral titers were tested by the transfection efficiency of 293T cells. At the
same time, MSCs were transfected under different multiplicity of infection. GDNF gene expression level and protein
secretion level of MSCs were tested by real-time PCR and ELISA methods after transfection. The results indicated
lentiviral vectors encoding GDNF successfully transfected cynomolgus monkey MSCs, and over-expressed GDNF
in vitro for over 1 month. Furthermore, GDNF expression was influenced by the multiplicity of infection. It might
provide technical assistance for cynomolgus monkey MSCs and GDNF as gene therapy applied to the treatment of
neurodegenerative diseases.

Key words cynomolgus monkey; mesenchymal stem cells; glial cell derived neurotrophic factor; lentiviral
vectors; transduction
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