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Abstract

¢ AIM: To construct the recombined pLenti-CMV-PEDF-
EYFP vector to be infected into human umbilical cord -
derived mesenchymal stem cells (hUCMSCs), and then
to identify the PEDF expression in hUCMSCs and the cell
viability of hUCMSCs after infection with the recombined
lentivirus.

¢ METHODS: The recombinant pLenti-CMV-PEDF-EYFP

1226

vector was constructed with pLenti- CMV - hChR2 - EYFP
and PEDF gene, and then infected into hUCMSCs to
obtain the PEDF-hUCMSCs. The expression of PEDF in
hUCMSCs was identified by confocal microscopy and
ELISA. The Cell Counting Kit (CCK8) was used to assess
the cell viability of PEDF - hUCMSCs. The influences of
pLenti- CMV - PEDF - EYFP infection on the passage and
phenotypes of hUCMSCs were assessed by microscope
and flow cytometry.

¢ RESULTS: The recombinant pLenti- CMV-PEDF-EYFP
was successfully constructed and efficiently infected into
hUCMSCs. The expression of PEDF was positively
detected in the PEDF - hUCMSCs. No significant
difference was observed on cell viability between PEDF-
modified hUCMSCs and hUCMSCs (P> 0. 05). The
infection of pLenti- CMV - PEDF - EYFP had no obvious
influences on the proliferation, morphology and
phenotypes of hUCMSCs.

¢ CONCLUSION: PEDF was expressed effectively in the
hUCMSCs modified with the recombinant lentivirus. The
preliminary results from this study provide more
evidences for further study of using PEDF-hUCMSCs to
treat retinitis pigmentosa.

o KEYWORDS: pigment epithelial - derived factor;
lentiviral  vector; human umbilical cord - derived
mesenchymal stem cell
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B A 547 (5 R b J AT A2 I (pigment epithelial -
derived factor, PEDF) &t [K] (1) 5 41 18 %5 25 , /A% e A B 8]
T+ 4 B (human umbilical cord —derived mesenchymal
stem cells,hUCMSCs) , #8171 PEDF 7F hUCMSCs H (Y235
T o 20 1895 1 X hUCMSCs J5 P il 52
7 3% : FIH] pLenti—-CMV-hChR2-EYFP #{k R 4; | My e 4%
7 PEDF & [H 1) 5 41 12 9% % pLenti—CMV -PEDF-EYFP,
i — 25 s hUCMSCs , 3815 #5 7 PEDF % K] i) hUCMSCs
(PEDF-hUCMSCs) , #0tH 5 48 W G55 F1 ELISA 46 I
PEDF-hUCMSCs 1] PEDF & |11 & ik 5 &, Kk H CCK8 %
Fzill PEDF-hUCMSCs 1935 14, 3 23 0022 241 Jf T2 25 Fi i
A0 A A 0 55 0F 8 2 12 N # pLenti - CMV — PEDF —
EYFP J&Yt hUCMSCs Ji5 %) 4 AL A 20 2 BY A 5200
GER. NI HE AT PEDF 3 M Y 5 4 18 95 B pLenti -
CMV PEDF-EYFP, & 2 Y hUCMSCs, %153 i PEDF -
hUCMSCs figf5 4 #k PEDF 2 [, K ,n% i 7R~ 5 41
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0% I it ¥ ( pigment epithelial —derived factor,
PEDF) &) Z A T ANIRA LU 1, A a8 57
T R A R R A T R S R R M TR,
I HE A 697 ARSI 5 ) A B 5 SR Y6 1)
Fe.J5 T 2l }Y ( human umbilical cord — derived mesenchymal
stem cells,hUCMSCs ) B A5 [F 3 6 1 L £ 1 4k i g
S RS R A PEDF & (1481 hUCMSCs , 47 i
F PEDF-hUCMSCs 15 ¥7 98 o B €71, 28 725 14 B9 7 S5 B Al
1 #MRA A%
1.1 #F8
11V iRFI AR sR KW AT # &2 S 40 M ( DHS«,
D9057S) e [ Takara 23 & ; Jo N 8 2 Bk K #2357 &
(12362) I H Qiagen 2~ F) ; TCIMLIE K #723E (12-725F) W A
Lonza 23 &) ; i 4+ 1ML3% (FBS) W4 H Gibeo 23 F] (10099141) ;
DMEM ( C11995500BT) g H Gibco 2\ Fl ; T B2 4 ( BS887 -
5G) WA H Sigma A A ; 7% 44X (E2311) W H Promega 23
A ;HEK 293 FT 40 ffifk (R700-07 ) 6 F Invitrogen 2 ;
D10 #5374 Production 5373  OPTI-MEM ® 1(31985-
062) 14 [ Gibco 2 F]; N2 I K fif 4 I+ ( PEDF)
ELISA {574 (E1972Hu) % H Uscn life Science Inc.
1.1.2 028 il & 88 B0 AL (Optimal -80XP) | 55 44
BLOHL( Avantij—26XP) | 3 .0 45 (344058 ) I [ 3£
[ Beckman /A w] ; A ALBRIGFEAH (MCO-175) I H H A
ZVEN T YA (NU-430-400E) 1 | NUAIRE 2%
Al BEPRIY (synergy 4) W4 B BioTek ; 38 6 3t 3 42 B f 5%
(Leica, TCS SP 5) It |4 7=
1.2 ik
1.2.1 hUCMSCs MIH B IEHFMERBLEE BUEH L
AR R A LR K A [ B9 B 1mmx 1mmx I mm
KN, 220, 1% BEJF B FN 1. 25/ L JHEAEE AL 30min, F 100
HA1200 HuEME g, BF T 10% JE4E 5 79 DMEM 55
FREEREFEMAN, A 37°C 50mL/L — AL B 55 3546 T 15
I, IR DB R KR AR K AE L, JRACRE 3R 12d
A KR TR B 90% |, Bl H R AL IS 4% 5 000 4/ em® #2
PP B35 9%, SR AE KL R2ITA 80%
F, ) 4k 22 4500 BB BB T W 3R A
hUCMSCs [T AR 2# 47 a5, AR 2 A4t b Ao D00 4 ff 3R 78
1.2.2 AT &M PEDF EE M NCBI £ & 3] Homo

sapiens pigment epithelium —derived factor ( PEDF) mRNA
(AB593013. 1) {5 &, Hoh PEDF #£ 5 CDS X 1256bp, A
T4 % PEDF S st/ | B, il 3 PCR P42 i 52 B 1
X% DNA R B, ¥ 187291 5 T-Vector pMD19 ( Simple ) %
PR Ak 2= R AT R 2 25 4 TM109 , 7 16 B e e,
2% PCR %558 Al DNA W 74 2, 79 2 Fil 01 ) DNA | B, B]
T-Vector pMD19 ( Simple ) — PEDF
1.2.3 PCR ¥'i& PEDF EE K B EYFP R, REE
pLenti—-CMV-hChR2-EYFP #{&kd [H pLenti-CMV -
hChR2-EYFP # A hChR2 5 EYFP 2 [A] 3% A A 1 1 £k
ARG D) A7 5, & A F BamH 1 /EcoR 1 ¥ PEDF FiI
EYFP /Bt Vil % pLenti-CMV-hChR2-EYFP #44 | LI #5
# hChR2-EYFP, L T—Vector pMD19( Simple ) —~PEDF Jf
MR, PCR §718 PEDF J£[K CDS X, L) pLenti—-CMV -
hChR2-EYFP ki AHFEH, PCR ¥ 1 EYFP JF41, W
R Z K : T-Vector pMDI19 ( Simple ) —PEDF Jfi 2 Fil pLenti—
CMV-hChR2 - EYFP J5i KL (50 % i BE W) 70 991 1plL,
20pmol/ L T - Vector pMD19 ( Simple ) —PEDF [ %7 5| 4
0.5uL( 5% F:5~CGAAATTAATGGATCCCCGGGTACCGGT
GC-3",R:5’-TGGCGGCCGCCGGGCCCCTGGGGTCCAGAA
TCTT-3") ,20pmol/pL pLenti—-CMV-hChR2-EYFP Fiki5|
¥ 0.5uL( 519 F.5-CAGGGGCCCCGCGGCCGCCACCAT
GGTGAG-3",R:5~GCTTGATATCGAATTCTTACTTGTACA
GCT-3") ,PrimeSTAR HS( Premix ) 25uL, /il dH,0 & &
RN S0uL, R 4514:98°C 10s,55°C 155,72°C 1min,
30 MG, 345 PCR 724 A B, B Spl 64T 19% BEfEHE
BEWC BB 3k, ff F Takara MiniBEST Agarose Gel DNA
Extraction Kit Ver 4. 0 UJ [0l H 09 7 BL, 70 WA % N
PEDF Jr B \EYFP J B¢,

fifit) pLenti—-CMV-hChR2-EYFP JFi ki Zk & . pLenti—
CMV - hChR2 - EYFP 10pL, 10 x K Buffer S5uL, 10U/pL
BamH I 1.5pL,10U/pL EcoR T 1.5uL,#H0 dH,0 %=
SRFUR S0WL,37°C I 4h, B Sl 847 19% Blig bt
e L Jk, f# F Takara MiniBEST Agarose Gel DNA
Extraction Kit Ver. 4. 0 ] & [2] Wt 2% 1K K B, i %N
Vector DNA |

# PEDF F Bt \EYFP Bt Vector DNA 4%, % %
1 2 e 444 :50ng/ pL. Vector DNA 1pL,80ng/pL. PEDF
F B 1pL, 80ng/uwl EYFP H B! 1pL, 5 x In—Fusion HD
Enzyme Premix 2L, wim dH,0 ERARBUN 10uL,50°C 2
N 15min, = PHL 1wl 5% 0 2 KIGAT 2 48
A IM109 H VA AR, 37°C i 1% 3R PRECBH M e
K& 48 514 (5" = TTGCAGGTCCAAGCGAGGGT -3, 5" —
CCTCACTGTCCCCAAGCTGA-3",5°=CCGTGCCCTGGCCC
ACCCTC-3") X i b #F 47 W 77, 1F i 19 50 B iy 44 R
pLenti—-CMV-PEDF-EYFP Jfiki
1.2.4 AR . EABRKRSHERGHL TRk
AT B ERZ S A ( DHS« ) , IR A LB—Amp [E 1A B g
AR, T 37°C IR TR B E R R, IEE LT AR Bk
BRI 220 Sml. LB - Amp JAARE 3539 37CHR % 1
FRIE R, 1R /N B BOTORE I R Tl ) S e SRR
TCIRJGE , MK Z 500mL LB—Amp BAKE; 75 37°C
PG i IR 0, 97 KB 3R, o 2d 4R UBORL , 75 3 o N B
FIkL, I 8 MR B, -20°C %R A7 . R MR AR ( Fugene
HD ) ¥4 5 41 18 9 2 i KL pLenti — CMV — PEDF - EYFP Al
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200
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-
160 =
3
3120-:
g -
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200
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160
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A
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sssdosastosastossalon

E
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0
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2 hUCMSCs 4R AREMEESR  A:CDY0;B:CD73;C.CDI05; D ItEARICH) (245 CD34 .CD45 ,CD14 |

CD19 Fl HLA-DR) ,

£ JFKE pDelta 8.74 ,pMD2. G BikL( VSVg, #hie i 1) %5
e HEK293FT 40 ffl, 48h J& 48 o 25 .0 W 48 9 75, 7 3%
10pL/ %, RAFE -80°C 45 1,
1.2.5 ERBRFEREARGRIFEERRTHME PEDF
EAXRIE HY1E N F plenti—-CMV -PEDF -EYFP Jgk 4t
hUCMSCs 72h J5 , Ot H 28 45 W i B W8 B G Ji5 240 it 2 Dt
BFRIAN O, 58 B T AR 5 A e AR 1k,
MTT 32460 4 A 376 4 , SO 26 2R 48 B 7l B8 B SE PEDF 4R
FIRYZIR  ELISA 3245 I 5 20 1% 9% 7% pLenti—~CMV - PEDF -
EYFP J&Zt hUCMSCs 24 48 72 96h J5 PEDF && |11 )& (#
PR S UL B AR |
1.2.6 EHB% S plLenti—-CMV -—PEDF-EYFP &t ¢
hUCMSCs B9 & il i 41 12 45§ 5 pLenti - CMV — PEDF -
EYFP JE&J hUCMSCs 72h Ji , #E47T 40 M AL A0, 548 )5 72h
WS A B BRI B0 B IR I 21 i e 7
it 2453 0T . K 1 SPSS16. 0 Gi it dsct | By 5t
DISEC Rl 2 (x£s) TR RN R r 20 sl R
W ORI 22 0 BT T e T2 A 06, 358 DUt R I 7 L
1228

B3R LSD—-t B Bonferroni 4304, L P<0.05 HEREA
GatEE X,

2R

2.1hUCMSCs ISR FRBETE JER M 24h 5l
P, T UL ARG BE | RO s R K/ — 5 4d TR
20 R 2 T R S K ARTE 4 7d T BR SR R 2R KL 56 13d
Al INE) 80% il & B, 2. Sg/L B AL I AZ UG 4d, 4 A
AT Ik 80% fili G, 4L R KARTE , KN — (K 1) . e
JRIASC A I 25 2 48 hUCMSCs A9 96 % 26 8 CD90 | CD73 .
CD105 4 5 P £ 18 (>98% , & 2), 1fii CD34 ., CD45 .
CD14 .CD19 1 HLA-DR R HPERIE (<2% K 2) .,

2.2 B pLenti-CMV-PEDF-EYFP &4 Ll BamH [/
EcoR [ M#¥] pLenti—-CMV—-hChR2—EYFP J5i ki #8152k 14 -
B Vector DNA, LI T—Vector pMD19 ( Simple ) ~PEDF J& 7
Stz , PCR 97143545 PEDF JL[H A BE, L) pLenti—CMV -
hChR2 - EYFP J5i k. 4 #5 4iz , PCR 97 3 4K 1% EYFP K Bt
(E3), EHEHHEEIA pLenti-CMV-PEDF-EYFP {il] ¥
gEIRZ P A L XI5, UESE FOkE pLenti ~CMV —PEDF —~EYFP
FEE R
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2000

1000
750
500

250
100

3 PCR ¥EME 1:\-Hind I digest;2;plenti—-CMV-hChR2—-
EYFP-BamH I /EcoR 1 ;3 :PEDF 35 F B ;4 . EYFP B A B
M1 .DL2000 DNA Marker,

B AR hUCMSCs /B
AR AR B AT T hUCMSCs V\Jiém‘ﬁ%ﬁs,ﬁx AT
5T hUCMSCs JEAS

B4 EAERS F I (x400)

& 5 EZH[‘“T“&@%X‘IhUCMSCs.E"EH’JEfﬂF] A %S NG

415 B2 28 B T AL C . F AU 1 AL

2.3 pLenti—-CMV-PEDF-EYFP 7£ hUCMSCs H i 5 %

i 201895 7 pLenti—CMV —PEDF —EYFP J&Z% hUCMSCs
72h J5 , WOG I 5 A OB TR WL B hUCMSCs 1) 4 Al 5T
KRR MSEATOE (F 4A) | AT &K & A W A9 28 1k

(1 4B), CCKS8 v: 46 5 2H 5 B2 % YL 4H . &% 7k o 7 Jl e
2H 5 OR A TR B R YL I 23 TN BB 1 40 B P L 45 R R

= HAMMIE TG E R (F=0.98,P>0.05,F5) .
AT A 1 U T OISR B EE 20 18 5 7 pLenti—-CMV -PEDF -
EYFP /& YL hUCMSCs 1% 4 i 5T 4 K & PEDF & 3%
(K 6), ELISA ¥ 5 4118 9% 2 /B 4 hUCMSCs 24 |
48 72 96h J& {5 W ' PEDF £ [ 43 W6 1% 0, 45 1 R
PEDF & A HE 43 9124 10.98+0. 73 13.56+1.24 81.99+
7.45.132.37+12. 68ng/mL ( & 7) , 3 0 T 41 1% 5 27 Sk Y

A

El6 PEDF f£E A% S &% hUCMSCs BI&RiE
A :DAPI 4:{%,;B. PEDF ik,

140
-l
£120
o
£ 100
< 80
60
40
20
N (=]

24h 48h 72h 96h
B 7 ELISA#KNEAEFREHRER PEDF ZERER  "P<

0.05 vs 24h 48h,

K (x400)

PEDF [1/K

8 HE#H8%% = plenti-CMV-PEDF-EYFP & hUCMSCs
SRR ES (x400) ,

hUCMSCs i ,PEDF £ 150 WK F- B (B Rp 22 fin, 8 R
TGO 7 2250 BT, AR BS [R] 25 /%) PEDF 28 140 W /K- 22
T BFES 2 X (F=11020.90, P<0.001) , % Bonferroni
PTG L H, 24 48 72 96h DU [E] 5 A9 PEDF 75 1443
WK 2 5 A Gt 2# 3 L (P<0.001)
2.4 EH 8% F plLenti-CMV - PEDF —EYFP &% 3 3¢
hUCMSCs R & il 41 18 %5 7% pLenti —- CMV — PEDF —
EYFP J&Y hUCMSCs 72h, Fi 4740 fLf5 1% 72h J5 3 B
e T WS 20 M A BE ) AR BRTE S, A A g G RE i
Z RN, LA E] 80% LA R4 BE, 4l B IE 2SO0 I AR
L 8) o i = At i A A 0 240 it 2% 780, 45 2R |8 7R CD90 |
CD73.CD105 ¥ 2 fHMEF K (>98% ), 1Ml CD34, CD45 |
CD14 ,CD19 F1 HLA-DR 2 [M:RIK (<2% ) , R ELH1E
P T I R B2 hUCMSCs B4 (K1 9)
31t
D0 R R AR M — 2 DA AT MR IO 4 L e B 3R

Bz DR e Ok R 3 (R FE B 38 1 PR I B AR P, AR

PEATPEALET 36158 MR S 2 K U35 A AL I I el ] S
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200 +
1A 98.8%

160 4

120 =

i
804l M1

Counts

404

0+ YTy
10° 10'

200 %0 98.3%

160 9

120 1}—“[ M2 !
1 M1

Counts

0 Farmrrrrrrr iy
10° 10'

Y 10° 10°

B 98.9%

160 4

o | |
120 | s |

Counts

80

40 -

Ty
10° 10°

10° 10' 10°

B9 EAHIERE pLenti—-CMV-PEDF-EYFP &t hUCMSCs ERi=NAMARKMER A.CDI0;B.CD73;C.CDI05;D; [HH:FriC Y

(f34% CD34 ,CD45 .CD14 .CD19 Fl HLA-DR)

TCi o NG IRFHE , R ZHORE R AEIRTR . BTN
Sk R I 6 2R AR 1 A A R A I B 2R L e A
A2 ( retinal pigment rpithelium, RPE) A9 ZE ¥ | 3K 6 f1 %
R PG AR A 300 207 . HATM EAE L
1RYT RPE AR M7 MR IT R iR A FHR R B B,
YRRYT FARRIT FEEIRYY A AEIRIT

PEDF 7E AR 32 430 A0, 2E T RE RSN #f 2 R e vh
PR 22 28 0 Rl — BU AR e 22 1 SL I T U 00 JOE S UL 5
Y5k, PEDF 76 N AR ZUrf )32 40 A, A B ik
A RERAA L PSS R ik 2% S v 227462 0 1) PEDF 1) 3R 35
IR PEDF =22 RPE 40 ™= A, 43 i 206 88 32 4 (1] 3k
B, GO Z BRI, R AR FETIRE . PEDF £ AR M) i
AR EE RF2Bm i g g mtb Ma IR e
PRI R T Az 1l BT AR, AT i A<
H, O, R 50 s B 225 25 JIT 850 A 400 I J5 2 ek 4 47 , T ] X 47t
R A JS 0 ik 4% 5 45 3 A LA T T K, 0 400 T B A e i
B AR A IR T SR A B AR — PR i 1
M ,PEDF — H g 7 B A1 M Ah 2 5, AR DA £ 18 43 it
MRS KA AR BAE . A 253848 & PEDF 1697 I — 4
S TR R A HIR P T B L A R AT R, R TE S
FEAERR P B Y K HoAth I i i XU PRI, 4K — Fofr il
PEDF £ HR P4 HF 452 & 35 (148 J5 75 B Bk B3k 15 T KR F
TAEH M,

[&] 7T 5 T 41} ( mesenchymal stem cell, MSC) HA B
HUHTRE JI AN Z 1) oA BE  JB T AR AR b A, B 2 R
S AL bR, = 2R I8 4 R AR i 9 CD73 ., CDY0 |
CD105 {1k CD34 .CD45 .CD14 .CD19 .HLA-DR %"
Hrip €D73 ,.CD90 ., CD105 J& T 8] 78 5 T 20 it AH & Bt &,
CD34 Fl CD45 &3t I 140 i 2% A5 12 4%, CD19 & B itk
CL 20 i 22 TR PR 10 4, HLA — DR 2 &1 J& 1ML B0 4% 40 i 25 1fi b

1230

104, HLA-DR 5505 HE % )W A 5&, HLA-DR [ R ik
o8 MSC AR, H AT, © AR A0 8 I
HHE B IR RS 2 P 20 4 B 3RS hMSCs, I n] FE 1
SR, HEA 53R R 1D 40 B 0B A il 4 2 R 4y
TLIERE . hMSCs 5 T AN 36 e f ek | JF a8 04y
WA 1, 12 22 Bh P TR A 1 3 IR0 A 4 i A%
PR ST Bk MSC (2L W) 2F e, MSC 82 1
ZRIRIRFSE . RICAHFST BEE T hUCMSCs £F R 3 [
o 30 e U A R XA ARG SR 3 19 hUCMSCs 217
FARV K45 R 7R hUCMSCs = 6 15 CD73 ,CD90 |
CD105 {2 ik CD34 .CD45 .CD14 .CD19 . HLA-DR, 5 &
[ BRI IE T ATl % MSC 5 X bR

AHIFGE R FH 0418 905 B AR L Atk A4 | FE e 1 4
o7 T A BRI LB o RS AR w ) s
— BB A A0, AR A R oA i 2
S 5 o NS o EE A R R R B i R R A R %, L
H A0 3 R A 31 2 20 B 3 PR A ) LR R4 T , g g 52
BH R BRI e Ras

ARSI T 45 A PEDF 5 R 1) 7 4118 0 2 4k A
pLenti—-CMV-PEDF-EYFP, fi & % 4 hUCMSCs , /R YL 5
) hUCMSCs AT ARG IR WLEE, 4l 3 ) B A W FE RE
TN L 2 TR TG B I 5 e, % B8 6 BE AR B X hUCMSCs
TCREPEME R, 129055 nT A H Y3 B 7E 20 i P B 6k, AR
WFFE rh 2 4 12 5 B A D) B YL S5 1) hUCMSCs BB sUFa e 3%
KR LN PEDF 2514, AR¥E ELISA K045 5 | 821 12 5
FEYL 72h 5 96h J7 ,hUCMSCs 3555 Fig Wi PEDF & 1
B i AR T X 24h 5 480, 2R A SRR X (P<
0.05) , 7% W] 3 41 1% 95 75 Bk 4 IS B 7 ek e el ) 7 B G,
PEDF % [ 50 Wiz A5 B T, J5 252 7 2 30 2 3 9 52 36 96 47 4
KR BE
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ABIFFE 45 SR A AT BEFR E 70 M = ik B PEDF £ H 1Y
hUCMSCs 4k , W 87 36 97 B0 o0 5 €7 3% 742 1 45 40 1Y)
AR S B e P I 22 4 PR RO DEA |, S ik — P IR
PEDF-hUCMSCs [ FH {77 9 I 58 (0 28 28 1 26 IR 5
BE5E T S S AN B AR
SE K
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