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[ Abstract ] Objective  To observe the effect of lentiviral vector-mediated HCV receptor OCLN/CD81 gene

transfection on the biological characteristics and gene expression of tree shrew bone marrow mesenchymal stem cells ( BM-
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MSCs) under in vitro culture conditions. Methods BM-MSCs were obtained by our previously described isolation method.
We constructed a lentivirus vector containing the human OCLN/CD81 gene and transfected it into BM-MSCs. The
transfection efficiency was determined by fluorescence inverted microscopy and flow cytometry, and the proliferation of BM-
MSCs was determined using CCK8. Multipotent differentiation was induced by osteoblasts and adipocytes. The gene and
protein expression of OCLN/CD81 was detected by RT-PCR and WB, respectively. Results The transfection efficiency
levels of LV-CD81 and LV-OCLN were 99.4% and 22. 6% , respectively, on MOI 100. The cell proliferation trends were
similar to those of the untransfected BM-MSCs. The BM-MSCs were still undergoing osteogenic and adipogenic
differentiation, but this declined. The pluripotency marker of NANOG mRNA was increased (P < 0.05) , while the level of
LIN28A mRNA was decreased (P <0.05). BM-MSCs could express the transferred gene efficiently after transfection.
Conclusions The constructed lentivirus vector containing the human OCLN/CD81 gene can be successfully transfected

into tree shrew BM-MSCs and the target gene is highly expressed. The multipotent differentiation potential of tree shrew
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BM-MSCs is clearly affected after transfection.
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Myt Fe ik A €D81 (NM_004356. 3 ) Fll OCLN
(U53823. 1) 189 #4844, 73515 A GFP I RFP %¢
J6, FRiC A LV-CD81 Fll LV-OCLN . Y5 751 5 I 5 5%
FARGBETTE A8 47 A PG R R B T - 80°C vk
FIREEH
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FORTER R IR I I TS A 172 PREAY B R 5
B, BRYLEH 2 R, WA SR BRI, i o e
(5 FE I, k2% 37°C 5% CO, Wb 9%, Ry
72 h 5, SEAT S A RN 3 =X 40 A S A e
1.2.3 WA (FACS) S Hr 18 2R LR

P48 5 T2 Y 72 h J5 A BM-MSCs 40 i
0. 25% I R EE 11 il 7 V00 Ak, FH ik 3 5 LR 2 2
Mo T 1.5 mL B9 EP &, 3500 r/min 2.0 3
min, 3% 3%, WRA10. 1% BSA-PBS 1 mL JRZ41),
3500 r/min & > 3 min, & [ . WM 4%
formaldehyde 100 wL, F#5 1 PBS 400 plL, R 240
MG KA R 2 R R, EALOTRESD
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B EEYRAE 12 IRA1E, FREL 10 L Jin A 2 40 i
TR , H A0 A5 A A A 2047 S 20 50
B RN B R 4 x 10* A/ mL 470 96 FLANMIAR ,
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37°C 5% CO, Weffih ¥, 30 T4 3R 1d.2d,
3d . 4d 5d.6d.7d a5 240G A, AR,
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100 WL FEFRHR AW, TEEE AR E 4 h, BEARAY
(450 nm) FEHUAFLOGE B (OD) 8, I 2 il 40 e A=
Kk,
1.2.5
V7iass

PGSR 19 BM-MSCs JH 0. 25% JH & A i
VTR A0 ) s PR 2, A M H U He IR 2 <
10° A/mL 3R T 12 fLAR T, AL 1 mL, H AL SR
FERE 5 BN AE KL A 2 80% AT, el g 4
FAE A S (DMEM/F12 + 100 U/mL &% +
100 wg/mL 458 RIEW + 10% FBS + 1 wmol/L
HIZEAAY + 0.2 mmol/L MEZEYE + 0.01 mg/mL
5 E + 0.5 mmol/L IBMX) , LA 37°C 5% CO,
WEAA TP Ak SR S PG 48 h ik, B 2 RS AT
ML 0 Yefn,
1.2.6 129 2 % YL J5 44 i) BM-MSCs [1] 5 5 2 it
{7

LSRG TE 1 BM-MSCs FH 0. 25% [ & 4 i
VES TR I ) s B 200 B AR L, AN TR T U e R 2
10* A~/mL #0512 fLA A, Bl 1 mL, & LR 57
FEB IR BANMAE KA 2 80% Fo A7 I, b 3
B S (E o DMEM + 50 ng/mL BMP-2 +
10% FBS + 100 U/mL H2Z + 100 wg/mL 545
RIEW) o A 37°C 5% CO, WA ks 3%, 15
B 48 h B, 5T 18 d JF i T RLr e,
1.2.7 12AREERE Yo A BM-MSCs 14 3 RS

PEUUANG 95 B % YL 10 J5 09 M B0 BM-MSCs &L
RNA, #2007 %:4% MRC 9 Trizol A3 HUE RNA™ i
RGP AT, T E LIN28A . NANOG ,0CT4
1 SOX2 519 (W3 1) 47 qRT-PCR &=kl . +
PEIE PR AH X 2% 35 i R 36 R AR X & o B Tk
(278%1%) , Lk GAPDH NS5
1.2.8 1BHREEYLT ¢D81 Hl OCLN mRNA ik
Iy

18975 T3 55 UL 5 R BM-MSCs [7] il 17 48 it

AL RNA B 4% MRC [ Trizol 225X
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Table 1 Primer sequences

HH 51975
Gene Primer sequences
LIN28A R 5'-TCAGGTGTGGCTCTATGGGCA-3’
LIN28A F 5'-CAGTGTGGGTTTGAAGTTGGC-3'
NANOG R 5'-GTCTCATCCCTCCCTTCCTCA-3!
NANOG F 5'-TGCCACCGCTTACACTTCATT-3’
OCT4 R 5"-AAGCCGACAACAACGAAAATC-3’
OCTA F 5'-GTACTGGTCCCCCTGAGAAAG-3'
SOX2 R 5'-TTTGTCGGAGACGGAGAAGC-3'
SOX2 F 5'-GGAAGAGGTAACCACAGGGG-3'
GAPDH R 5'-AGTGATGGCGTGGACTGTGGT-3'
GAPDH T 5'-GCTGGTGCCGAGTATGTTGTG-3'

&2 CD81 FIOCLN 5195 3%
Table 2 Primer sequences of CD81 and OCLN

LI 34751
Gene Primer sequences
CD81 F 5'"-TGTTCTTGAGCACTGAGGTGGTC-3"
CD81 R 5'"-TGGTGGATGATGACGCCAAC-3’
OCLN F 5'-CGGCAATGAAACAAAAGGCAG-3'
OCLN R 5'-GGCTATGGTTATGGCTATGGCTAC-3’
GAPDH F 5'-GCTGGTGCCGAGTATGTTGTG-3'
GAPDH R 5"-AGTGATGGCGTGGACTGTGGT-3"
1.2.9 1855 YL )5 CD81 1 OCLN & A #£ ik

iRl

K H Western blot £zilll CD81 1 OCLN & H 5%
KK, I 10% F112% W B I, B4 2R
Fii (A 25 mg) ERE TR, HIK RN
e e AH T 80 V,20 min, 73 B B IE TE 100 V, 2 60
min, ARG, BT 5% MBIk b, 23 30
min, fil A CD81 I OCLN —#, & i & 60 min,
VERE S M 90, F|FEIR L E 1.5 h, H 1X
TBST = i8R b 5870 Wi )5, F TBST PEAE, &%
J5 R ECL JEY b 2% B G AR BE R UL R 4 i £
A& .
1.3 SitEHZE

s 5095 K FH GraphPad Prism 6 F{F4b# | 52
B R 2 PR iE2E (& x5 ) Ron, AR LA
KH ¢ K g, P < 0.05 FFIA 22 5 HA Gl

p

2.1 CDS81 #1 OCLN ¥ RiAI1BREFEHAEHHE
CD81 1 OCLN &5 57 BH 4 0 20 ¢ [ 2438 32

7 UE BT AAARAE  8E . LV-CD81 #5821 FE 0 1 x
10° TU/mL, LV-OCLN K3 E N 3 x 10°TU/mL,
2.2 & A CD81 %1 OCLN W8 REHRUE
YL 72 h JE, HOOGE B B R T gL, 7E MOl
=100 B, o] WLEESGCAN M LT3 OL T |, 40 i S 4 2Ok
(B 1) o 9 3 20 B AUAS I LV-CD81 % Yy 30 R ik
99.4% ,LV-OCLN ¥ JL30% 22. 6% (K 2)
2.3 & A\ CD81 #1 OCLN H9'28 % 5 %5 S X4 it §iy
BM-MSCs 5 &8 1B 220
P, AR BM-MSCs # %« & A CD81 #il OCLN
ST TET  7E 3 d HEASTEUE K, 2 )5 2
PR RERES T d OIFER T, S Ye 3L 55 40 3%
B ) SR s B 5 SR B YL BE TR Y BM-MSCs A B (]
3) AH LV-OCLN ZH 4t} 34 FE T 77 AH X T oA YL 20 F
LV-CD81 #HA%,
2.4 BIRSEELHE BM-MSCs R IEFSLE
BM-MSCs IS 6 d Jo, 85 F al D4 i 2% 5
AR AN N AT /N R T B, B AT AR 2 | Bl
B BE ST ] 8 10 240 e Y B 2 AR K 154 14 d
JEIMEL O Y6 n] UL i B e s LT f8, T R X AR 2
BM-MSCs £1 A J5i 8 5% 44 118 8¢ 1) BM-MSCs
AR Z (K 4)
2.5 2FEELHE BM-MSCs EBESLE
MR TR e BM-MSCs J& iliE 7S 18 d 5 itfT
PERLIYLAD, 55 F o] WL B 21 (45, {H A X IR
L OB R Y T 127 #E 9 BM-MSCs 7= A= 1 21
gz (K s),
2.6 BREHLAME BM-MSCs 5 FHE RGN
R gL ol ¥y 3R Gk T MM OC 3 I LIN28A |
NANOG ,0CT4 , &N 3 ik SOX2, LV-OCLN F1 LV-
CD81 % YLt i) BM-MSCs Ji , NANOG 3£ [F mRNA
FiktEn ERAREN(P< 0.05),LIN28A X
mRNA KL TR, Z5 AR EM(P<0.05)
(E6),
2.7 1BRREREEE CD81 #1 OCLN mRNA ik
FIHER & N CD81/OCLN 1295 7% A 75 1 Yt
il BM-MSCs Ji7, CD81 Fl OCLN ) mRNA ik ¥4
KPR mRIB, ZFABEE(P<0.05) (B 7).
2.8 [B5%SR/E CDS1 #1 OCLN EAXRIE
Western blot %% % & 75 7 L 20 OCLN % H I
CD81 /K E PR A, 25 A 8 EF M
(P<0.05)(#8),
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A & CD81 18 E Ys BM-MSCs; B. & A OCLN 18355 4 BM-MSCs,,
B RS YR SOLE E R B (% 100)
Note. A. LV-CD81-BM-MSCs. B. LV-OCLN-BM-MSCs.
re 1 Detection of transfection efficiency of LV-OCLN and LV-CD81 by FACS using a fluorescence inverted microscope ( x 100)

© A4 OCLN AD4 OCLN
A S Gate: [No Gating) B _ Gateri
& oL V2R
24 77.4% 22.6%)
g g
<1 Eﬂ] 2% o-_ = 44
Se i | 5 -~ OCLN
Sq i | 8
g : j N 34 -= (D81
g : ! = =+ BM-MSCs
1 ZiE o
e —p====y====F g
16,777,215 w2 W W S P T2 2 ﬁi‘
FSC-A OCLN-A 2 14
1=
© eo? c[%mo inal AD5 CD81 g
= Gate: [No Gating] te: R1
C ~ D § Cj]af 0 T T T n T bl L 1
24 0.6% 1 2 3 4 5 6 7 8
g 81 -1- B i (d)
< &7 =5
o2 3 84 5 A . B P s e
3 s 3 3 & A CD81 Ml OCLN 4> T WM& i de it e Js
g g1 P BM-MSCs YL K ik
- Figure 3  Growth curve of tree shrew BM-MSCs

T T T e T Ty T T n
0 5.000000 10000000  16.777.215 w2 w5

s COEEA transfected with CD81/0CLN lentiviral vector
T A-B. B AIL AU LV-OCLN % Y3053 C-D. it = 4 {S0#s:
M LV-CD81 # YR
2 i M AR A Yo
Note: A - B. Detection of transfection efficiency of LV-OCLN by FACS.
C —D. Detection of transfection efficiency of LV-CD81 by FACS.
Figure 2 Detection of transfection efficiency of
LV-OCLN and LV-CD81 by FACS
-
TE:A. B IEZE B, LV-CD81-BM-MSCs;C. LV-OCLN -BM-MSCs,

B4 18RI T BM-MSCs J5 S5 555 14 KIFHLL 0 Yefa( x 100)

Note. A. Control group of adipogenic induction. B. LV-CD81 group of adipogenic induction. C. LV-OCLN group of adipogenic induction.

Figure 4 Adipogenic induction of BM-MSCs after transfection with
lentivirus at day 14 by oil red O staining ( x 100)
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‘é"ﬂﬁ, 2 ; ’ By
\ .
L » -
»
= # o -
. ¥ \ A
\:, -« - d‘ #
= Puds - b E . -.‘li’.:g
T A BUE X IRYL; B. LV-OCLN -BM-MSCs; C. LV-CD81-BM-MSCs,
5 MR EERE YR BM-MSCs J5 IR 7554 18 RIGPHFRLYLA( x100)
Note. A. Control group of osteogenic induction. B. LV-OCLN group of osteogenic induction. C. LV-CD81 group of osteogenic
induction.
Figure 5 Osteogenic induction of BM-MSCs after transfection with lentivirus
at day 18 by alizarin red staining ( x 100)
*x 80 000 7 ®%
BM-MSCs Z 60000 e EBMMSGs
Z cp8l 2 40000 = =R
Z 44 : *x = y
S = ocLN < 2200004 % = Soow
<~ é ) L ™ —
24 3 2E - E
ER=] 24 o 34 —]
5 = 24 —
= £ 11 =
<5 —
= 0- T
>
& &
s i 7 IR FEYLYE CD81 il OCLN mRNA #ik
6 MR RERL YR BM-MSCs Ji 115 PR RS . .
Figure 7 mRNA expression of CD81 and
Figure 6 Pluripotency marker detection of BM-MSCs
g P v OCLN after lentivirus infection
after transfection with lentivirus
A B
~ OCLN BM-MSCs cDsl BM-MSCs
C D *
0.6 —— —
. :
8 O
5 S
&) S
QC O

T A-C. MBATHE S0 OCLN 3Rk B-D. 1A #: e k) CD81 KA,
8 MIREEHE YR I BM-MSCs J5 CD81/0CLN H A i 2 1 3k
Note. A, C. The OCLN protein expression of BM-MSCs after transfection with lentivirus. B, D. The CD81 protein

expression of BM-MSCs after transfection with lentivirus.

Figure 8 CD81 and OCLN protein expression of BM-MSCs after transfection with lentivirus
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3 it

BM-MSCs #2 ¥ T H IR 2, B 1 ] LA ) 5% 5 4
Ji6L, B 20, O LA B, JFF RN ARG - Rz 40 i 45 vp IR
JZARRE 54k, TRl XA 1) S IR J2 B e 25 0 440 i A P
JVSJZ 1 I B9 [5] 40 B 43 AR 7 0. BM-MSCs AN ¥
TH 7 KA B A7 TR R) AL, LR 5 (e RSB 3% L
AR MY 6T, BR85S 2% P 2 4R IR 45 & i
TR EE R I Y | B BB AR F A B 35 PR i e 1,
W BE AL T e 3L

FE DR G ) 7 1A AR B B U B SR R
Yupifh, REREUA E A W SR RN T RN
T IR EN T U IR SCR N 2, &
FHE 12 EE AT UYL 4> 24RO 43 2400 40 i JER
YR R L R AR S T Rk L el E K
WIFIE I R, e iy, © T g T 1
10 e 1 o 22 1 O 7S 2 1 O R 1 O A e e
E ) O IR R S v R R
3 T3 A S L 2 L B o i R R 2 O AN A B e
W b, FBRIE ik IR L I, e vk i, i &R 1
Sl EARPER N 95 40 R IE 18 B R A
BEYe SD KBl BM-MSCs 038 i B AH G 75 75 s
BM-MSCs ( AAV % 4L 3 49.1% , LV & 4L 3 h
91.4% ), FRATTTE S50 H I 0 2% 12X FH Ao 25 444 F0
Lipofectamine 2000 A B {A& /13 4% YL 1} i) BM-MSCs,
E R S VR 35 (1) e G s8R RARARG i 78 FH A8 0 7 5%
el BM-MSCs B, & I B GL &2 %0 (MOT ) 24 100
f, LV-CD81 $5 Y33k 99. 4% , LV-OCLN %5 Je5%
H22.6% EARCF I = AR AT B 5 I AT By b U AR
KA K /NG 2 (€D81,711 bp,0CLN 1569 bp) .

TR BRI 2 AR T 5T 4 e 1 A R ) IR e &R
BN #5 e S, BM-MSCs , /& 30t JR e 58 K (8 f 34
BM-MSCs Wi BERE 18055 , #8540 i &4k FeT, i Y
BURTE 5% ~12% Z 18], JRGLSEHGE 250 B, il
AT R AZ B 52 M, Fealk B B EOh 100, 7EFRATT
BRSE H & B, ZEAS A B 4% 55 ( polybrene ) B | &
N OCLN/CDS1 15 5 55 5 A4 s YL A4 i) BM-MSCs F)
Bl B S ECR 100, DR S RAF AR I AE T 3
GRS R L B AR A AT LA AT
i [l v A GO AT R A I AN 2R B2 Ry
4 wg/mLI BRI, £E MOI 24 30 A, BV AT ik 2] 3
R YR (SRR 45 ) . MOL Ry 100 B, 364
& N OCLN/CD81 189 85 8K )5 , i) BM-MSCs 4=

K<k Bkt —2 {5 LV-OCLN 7Kg
PRI FE A%, 400 v] R 55 5 A B SR L A e B R
AKX,

2 oA aE I, Y T &% N OCLN/CD81
MR TR ARG W BM-MSCs 8RR IR BE 1] U Al
BTG, 055 0 8 7 4 R R B 20 L b R
Yes /b PEEHAE MOT h 100 B}, HZ ) 40k ik e 2
B —E WM, 2] o000 e Pk 5 R BT PR 4 4y
LR (4 LIN28A NANOG ,0CT4 SOX2) ¥ € Fik T
BAT Z ) A0 7 (%) 4B, X6 1 240 M Y 22 ) o34k L
APWTAER, HIR A A T 40 i 0 3 A iz i
R 240 ol AT A IR 9 % B, i 2 4 0 ) 1
KA [ S5 e D BEIRAR 2 7 HEI AT B
ST My T4 Fr A S 3L 3R 8 T R
KB Tsai BRI OCT4 T NANOG IR 1
AR MSCs [RIFE R 2238, M@ Bs OCT4 J& NANOG
K5, MSCs S E B o3 AR R B i 3 &M o
FEIRG B B3G . FRATRH PCR B ARTEAL 118 9%
FEARN T HCV Z RS OCLN/ CD81 %% et
B i) BM-MSCs N LIN28A . NANOG ,OCT4 . SOX2 F
BRI R T 0L, 45 S 78 SOX2 78 55 Y AR % e 4
Ji R SEAKG DA H oK, AT BES2 R BM-MSCs ARk
AR, OCTA Rk s AEFE Yo FUR S YL 4 it v 25K
BB EEZD, M NANOG 335k 55 Y 4 e R %
Judlmy , Rib A WEVEZE . LIN28A FEH Rk it
UL RS AR, 2 R A Wk, X R
BB AN SR 1 5 A SR BM-MSCs 141
ICFE PR ) ZRIRAT — 22 A 5 M), 3 S AR A Al [1] 42 5% i)
T HZ I RE

FIEERY & N OCLN/CD81 12975 1% B A 78 5 Y )
i) BM-MSCs J& , CD81 £l OCLN ) mRNA ik fl
HRIBHBR B Y A m 3R, A R 25, VLK
ARG 2 1) 02 5 2 284S B D) b 7 4 A B BM-MSCs
FFRIBFAMIMEREA 13X R T — D Y HCV 32
A& (OCLN/CDS81) ) #4 ] BM-MSCs | #£47 HCVee
AHOC R S g FR AL T BEAil

£ % XX #(References)
[ 1] Jiang Y, Jahagirdar BN, Reinhardt RL, et al. Pluripotency of
mesenchymal stem cells derived from adult marrow[ J]. Nature,
2002, 418(6893) :41 -49.
(2] FfE. HEeM 7R TARIGRB R R M. b, AR
A RAL, 2010.
Wang T. Progress in clinical study of bone marrow mesenchymal

stem cells[ M]. Beijing: People’s Health Press, 2010.



R E L6 B 2A R 2018 4 12 A58 26 #4556 1 Acta Lab Anim Sci Sin, December 2018, Vol. 26 No. 6

707

[3]

[5]

[11]

[12]

[14]

SBARSE, SRR, S, . DRI ES A CD81 MBS
BAR[T]. PEEBUEGEE, 2016, 43(05) ;1277 - 1284.

Shi ZD, Wuliyasu, Wuyahan, et al. Current research status of
tetraspanins CD81[ J]. Chin Anim Husbandry Vet Med, 2016,
43(05) 1277 - 1284.

i, WRIEAL, 2R, 45, PR 2R mE M 2E Al OCLN
HI CD81 ZERfM N PO LA ZHZUrb iy 43R [ ], Wil =4k,
2016, 28(01) : 44 -50.

He L, Chen ZL, Luo QH, et al. Distribution of HCV infection
related OCLN and CD81 in different tissues of Macaca mulatta
lasiotis[ J]. Acta Agr Zhejiang, 2016, 28(01) ; 44 -50.
Ando-Akatsuka Y, Saitou M, Hirase T, et al. Interspecies
diversity of the occludin sequence; ¢DNA cloning of human,
mouse, dog, and rat-kangaroo homologues [ J ]. J Cell Biol,
1996, 133(1): 43 -47.

Dorner M, Horwitz JA, Robbins JB, et al. A genetically
humanized mouse model for hepatitis C virus Infection [ J].
Nature, 2011, 474(7350) : 208 -211.

Tong YM, Zhu YZ, Xia XS, et al. Tupaia CD81, SR-BI,
Claudin — 1, and Occludin support hepatitis C virus infection
[J]. J Virol, 2011, 85(6) : 2793 -2802.

Ploss A, Evans MJ, Gaysinskaya VA, et al. Human occludin is
a hepatitis C virus entry factor required for infection of mouse
cells [J]. Nature, 2009, 457(7231) ; 882 - 886.

Fan Y, Huang ZY, Cao CC, et al. Genome of the Chinese tree
shrew[ J]. Nat Commun, 2013, 4.1426.

258 AURRAN, PN A, A, AR IR g T BT 48 B W A
HCV ZARRT Lt B[ T]. B2+ 0 5E, 2011, 32(01):97
-103.

LiY, Dai JJ, Sun XM, et al. Progress in studies on HCV
receptor of Tupaia as a potential hepatitis C animal model [ J].
Zool Res, 2011, 32(01) ;97 - 103.

REREE, 25e %, T30, A5 AR R ) 5 BT T A0 A Ak
BN IR BORME A A R[], h B R R AR 2014, 32
(01) :97 - 103.

Lu CX, Li XF, Wang WG, et al. Isolation, culture, adipocgenic
and osteogenic induction of Tupaia bone marrow mesenchymal
stem cells[ J]. Chin J Comp Med, 2014, 32(01) :97 —103.

Li L, Li Z, Wang E, et al. Herpes simplex virus 1 infection of
tree shrews differs from that of mice in the severity of acute
infection and viral transcription in the peripheral nervous system
[J]. J Virol, 2015, 90(2) :790 —804.

Feng Y, Feng YM, Lu C, et al. Tree shrew, a potential animal
model for hepatitis C, supports the infection and replication of
HCYV in vitro and in vivo[ J]. J Gen Virol, 2017, 98(8) :2069
-2078.

Li JP, Liao Y, Zhang Y, et al. Experimental infection of tree
shrews ( Tupaia belangeri ) with Coxsackie virus A16 [ J].
Dongwuxue Yanjiu, 2014; 35(6) ; 485 —491.

Fan Y, Luo R, Su LY, et al. Does the genetic feature of the
Chinese tree shrew ( Tupaia belangeri chinensis) support its

potential as a viable model for Alzheimer’ s disease research?

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[J]. J Alzheimers Dis, 2018, 61(3) . 1015 —1028.

Dreyer JL. Lentiviral vector-mediated gene transfer and RNA
silencing technology in neuronal dysfunctions [J]. Methods Mol
Biol, 2010, 614 3 -35.

Escors D, Breckpot K. Lentiviral vectors in gene therapy: their
current status and future potential [ J]. Arch Immunol Ther Exp
(Warsz) , 2010, 58(2) . 107 —119.

Matrai J, Chuah MK, VandenDriessche T. Recent advances in
lentiviral vector development and applications [ J]. Mol Ther,
2010, 18(3) : 477 —-490.

Cao H, Molday RS, Hu J. Gene therapy: light is finally in the
tunnel [ J]. Protein Cell, 2011, 2(12);: 973 -989.
IR, BCE A ORI S T AN T A ) 7
JB 20 M D e AR A B [ D] b R AT B S R
2014, 20(12) . 1117 —1121.

Su YJ, Zhao YM, Gu Y. Efficiency of gene transfection with
adeno-associated viral vector or lentiviral vector in bone marrow
derived mesenchymal stem cells [ J]. Chin J Rehabil Theory
Pract, 2014, 20(12) :1117 - 1121.

R, R, A, . RN SR RS A OLE R
B DR e Y S R 0D ST BT A M Y 28R R [T ] PR
TFEWFST 2018, 22(17) ;1 —6.

Wu CC, Rong S, Ren J, et al. Transferring adenovirus vector-
mediated enhanced green fluorescent protein gene into rabbit bone
marrow mesenchymal stem cells: effectiveness and toxicity[ J]. J
Clin Rehabil Tis Eng Res, 2018, 22(17) ;1 —6.

Boyer LA, Lee TI, Cole MF, et al. Core transcriptional
regulatory circuitry in human embryonic stem cells [ J]. Cell,
2005, 122(6) : 947 -956.

Darr H, Mayshar Y, Benvenisty N. Overexpression of NANOG in
human ES cells enables feeder-free growth while inducing
primitive ectoderm features [ J]. Development, 2006, 133 (6) ;
1193 -1201.

Barrand S, Collas P. Chromatin states of core pluripotency-
associated genes in pluripotent, multipotent and differentiated
cells[ J]. Biochem Biophys Res Commun, 2010, 391(1); 762
-767.

Sharpless NE, Depinho RA. How stem cells age and why this
makes us grow old[ J]. Nat Rev Mol Cell Biol, 2007, 8 (9) .
703 -713.

Chang HX, Yang L, Li Z, et al. Age-related biological
characterization of mesenchymal progenitor cells in human
articular cartilage[ J]. Orthopedics, 2011, 34(8) . 382-388.
Alt EU, Senst C, Murthy SN, et al. Aging alters tissue resident
mesenchymal stem cell properties [J]. Stem Cell Res, 2012, 8
(2):215-225.

Collins-Hooper H, Woolley TE, Dyson L, et al. Age-related
changes in speed and mechanism of adult skeletal muscle stem
cell migration[ J]. Stem Cells, 2012, 30(6): 1182 - 1195.

[WFSEHEA] 2018 -09 -27



