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Introduction

Construction of a lentivirus vector containing Pax6 and its transfection of human
bone marrow mesenchymal stem cells
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Abstract

BACKGROUND: Pax6 gene plays an important role in eye development and differentiation, and to study
how it regulates the differentiation of human bone marrow mesenchymal stem cells (BMSCs), gaining the
BMSCs stably over-expressing Pax®6 is crucial, which is also the basis of stem cell replacement therapy.
OBJECTIVE: To construct a lentivirus vector containing Pax6 and detect the expression of Pax6 in
transfected human BMSCs.

METHODS: Pax6 gene was extracted using PCR. After its connection with lentivirus vector pHIV-EGFP, it
was then packaged by 293T cells. The human BMSCs were transfected with recombinant lentivirus
Pax6-EGFP as well as lentivirus vector pHIV-EGFP, which was considered negative control group. The
cellular morphology was observed by a fluorescence microscope, and the mRNA expression of Pax6 was
detected by real-time PCR.

RESULTS AND CONCLUSION: The recombinant lentivirus Pax6-EGFP was constructed successfully
with a titer of 3x10° pfu/L. After the transfection, both the green fluorescent protein and Pax6 gene were
expressed detected using fluorescence microscope and real-time PCR, showing that the method of
lentiviral transfection is a safe and effective way to modify BMSCs.

Subject headings: Bone Marrow; Mesenchymal Stem Cells; Paired Box Transcription Factors; Lentivirus;
Transfection; Green Fluorescent Proteins; Tissue Engineering

Funding: Basic Research Project of Knowledge Innovation Program in Shenzhen, China, No.
JCYJ20130401152829828

Cite this article: Liu JW, Ren J, Chen S, Li BJ, Liu SW, Qin B. Construction of a lentivirus vector

containing Pax6 and its transfection of human bone marrow mesenchymal stem cells. Zhongguo Zuzhi
Gongcheng Yanjiu. 2016,20(36):5338-5344.

PEHR 3 (0 PELAS AR B AE3X 7 1 BB ST 3R VF 2 ke«

HNGPE AL A 28955 4% (traumatic optic neuropathy
TON)Z M S B — PR & IF AT, & AIRe sUAE T4
Pala ik, Tk = S BURAIIR A N IRERE AR
LA IR . PR XA P R 2 0 A2 iR T
B R ERE R E  BAGR] ik R
PRAPFICL S AR AR, BRI LR AEIR YT 75 b
AT KRR, HE R ET R SR, x)
T A MR AR R, LA IR T
T F AT A AN B BEL 1k B0 0 s 4o 22 41 i 453 405 e 3y i
K, BN D) R R BT, T ER
Wi 25 A ) AR PR . T Al T R R A LA T
feit M B AV T AR R S, VR TT A AR 2 AR
AT —FRT DK .

B ) 70 5 4 AR 1) 78 0T 4 b Y e %
[P, TEIE 40 R BR T B R & B R) 78 B ZH 2R A
N, 3 BA A R 40 AL TR, BB ) 7S
JOC 40 M 22 1) 23 A7 B R A A G ek ¥R 9T % B MR

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

SRR HMF SR I ) S BT 40 IR AT A5 10 A R B B2 AR
FRAN ff 2 TR AR ML RE S 9 12 B2 A B R B 1) 78
T4 LAE AT Al A R AR TR, B RIEE Gt

B Bk KA B I I ST AN B ) B
T ik % i i 45 37 R, Tzameret5 5 Jiang 25 P14y

Sl R P P9 B R AR S 1R TV K TR AR
JETT 4 B NP 3R AT A RO 453 407 40 1 ) )
VIREEL AR, R ) A5 4 3R A R A Jif 1 T 45 30 4 5% A
e MAME KEIFRM, B8 R 78 5T 40 i ] 4y
K % RO A . 52 %0 Duan Mk o
N i 18] 78 5T 40 M 15 5 20 4 ol R O I 6 3 b B A A
M5 Kicic e Pl iz ok Bl 4 19 76 50 T 40 e o b Hh 3%
LR LD A S IR S AR e T b A R 40
" 4 1) 7 J5 T 40 L ) 9 Do) I Ao &8 T A 4 R 1 43 AL B )
L E P 5P, i e O s

Pax65k K /5 AR 1 F: 3% Bl F(eye-filed transcription
factors, EFTFs)z—, {fERBEFEN 2 RKE THRER&

5339



XEE, & [GHEHE Pax6-EGFP F R # 5N B HEIE 7% T

gt

&2 Www.CRTER.oOrg

A, R, PR, SRIA. MR . R, BE
WA LR R EL AR B3R BB, IR HES)
PN B AR B AT, SCkIRGE,  PaxG/EL
M AR S TP AL T B R RECRIEAL I A
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1 ¥#}FA3%  Materials and methods

1.1 30t A RS S SEE,

1.2 BFR AR SEE T20144E6 H 220154E6 H 4
DRI AR ARG Bt IR} 27 B A S50 25 58 o

1.3 R NEBE R 78 0T 4 M (R A R A
FR/A7T); APax6 cDNAZLE 5t fE 4 f£(Sino biological
AT 18R TR 2R pHIV-EGFP( 2 [E Addgene /4
wl); SBhE A, 52 8 /ApMDLg/pRRE, pRSV-Rev,
pMD2.G(3 |5l Addgene 2y 7] ); HEK-293T4 g (5546 =
HA); BREIMERDIEEXba I . BamH 1 &% T, DNA %8
f(Invitrogen A 7)); KAk DHSa(SEE %= Af); %
W 7 2= Ok $E BGR 77 £ (Qiagen 2y 7] ) s Trizol ik 71 «

Lipofectamine 2000(Invitrogen /s 7)); iR IR 71 &
(Takara/r)); DMEM. fig 4 IiE (Giboco A d)); 514
BT A (e REERIAF]) o

14 ZRFhik

1.4.1 Pax6-EGFPRIIE  LLPax6AE R A A,

Wik & COZAKIG 3 1 /7 41 Je Xba 1 #iBamH 1 F Y] fir
M R #514): Paxée Forward: 5-ATA TCT AGA
GCC ACC ATG GTC ATG CAG AAC AGT CAC
AGC-3’; Pax6 Reverse: 5- CGC GGATCC TTACTG
TAATCT TGG CCA GTATT-3', M APax6 cDNAZ: [
o0 £ 2 A pGEM-PAX6 ¥ 1 Pax6 H 12 K v Bt. LA
Xba 1 fiBamH T XEGYIY 3G IPax6/741, ik [FlHiPax6
R A B, [FIFRELIXba 1 fllBamH 1 XU pHIV-EGFP
@R ik, 4ifb)m, W AT4 DNAZERRE16 Ciks
W, FEALRRSZ A4 MUDHS5a, PhEUHLE F5 = 0 BH T
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WTEELBART R h i, 2 B2k N 3 3 Tk $2 L
R Ul B R AR PR IUTOR, HXba [ fiBamH 1 %f E 4
FURLIEAT XU Y], 07508, LU & Pax6-EGF P 5k
FA) B A2 A B o

1.4.2 18pistde BOSTHEA K293 T40 M, 40 il
EEIRRN60% /5 AT, HYHT2 nA g MRE SRR ek e
MIFE TR . 124015 mLF K EHEPEL.LE P & mA
500 pLfJoptiMEM, JFfHIAFTHl% i) DNA 84
(%f HE 21 pHIV-EGFP . pMDLg/pRRE . pRSV-Rev #il
pMD2.G ; 5Z 4 41 Pax6-EGFP . pMDLg/pRRE .
pRSV-Rev #1 pMD2.G) = # 5 min . ¥ 60 pL
Lipofectamine™ 2000 A\ % —4 1, 2595 min, IR
)5 FIDNAGE I LA S e e iR 4, %5320 min, TE%
PS4 . HDNASLipofectamine™ 2000384 ¥ i
N TG LT 85 IR B 203 T4 i, AR 88 SR FRE, 1B
SIDNA S SRAFIE A4, 55976 ha SE & Bl 4L
20% i 4 M35 1) 58 A B 9755, Y448 hJ510 000x g
05 minftdE i, 7 %605-80 CUKFHIRAT . TEHN L
213x10° pfu/L.

1.4.3 2R EROR YLy B #E 7 78 T4 i A iy
PR BIOTL AN S M (RETL1x10%4), Fra s & ik
70%HF, A1 mLpEE BISIRA 1 mLsg s A6 5L
AR, TR B IO\ £ J5 EK E h 8 mglL ) 5 Tk
(polybrene) e HHi #E Y, B X B 41 (pHIV-EGFP) Al
SL6 21 (Pax6-EGFP). B i & B4 B £(MOI) %=10,
20, 40, ELLEY2K, [8IE1d, 72 hja5e )t Embs
WEEGFPIRIATE o

1.4.4 sziFE EPCREIIIPax6 mRNAE L 185 5 &k
PeJa R4, R A TrizoliAFHEHUERNA, i H 24k
SCCEETHIEATRNAE &, FFRIERT-PCRIA & Ui B4
P [ % 3 licDNA, SEI E s PCREYIPax6 K1k, &
NI : 95 CHIZEME2 min, DUREAMERR AN
95 'C 1 min, 60 C 1 min, fi¥f40¥%k. 5|¥): Pax6
Forward: 5-GTG CCC GTC CAT CTT TGC T-3'; Pax6
Reverse: 5-TGT TTA TTG ATG ACA CGC TTG
GT-3'; GAPDH Forward: 5-GTT GTC TCC TGC GAC
TTC A-3’; GAPDH Reverse: 5- GGT GGT CCA GGG
TTTCTT A-3. GAPDH{ER WS, 2™y kit
AHXT 7 B4y HrPax6 mRNAK .

1.5 EEBULESRAR  OF 558 5 YeIn) 70 5T 40 i ) 3%
#; @RT-PCRYE HIMERRIEAK T @ 4 im40 i

P.O. Box 10002, Shenyang 110180 www.CRTER.org



NFFE, F. (G R Pax6-EGFP F# REZHN BRI T

@_fi—@? www.CRTER.org

2 %R Results

2.1 B9 E K EPax6sy IR WIS, IR
RS 4 B n E COZAK I 58 7 41 . Xba 1 Al
BamH 1 B 147 /5, M APax6 cDNAZEL A v [ 2 14
PGEM-PAX6 ¥ #iPax6Z& - f Bt, HiXba 1 fiBamH 1
WD), HIke R BaREYIE1 269 bpib A e 1
H R4, SHHIAHR, FPHIV-EGFP kR thH Xba
[ fiBamH 1 XUlgY1, Dilkait, WHE1.

2.2 12 5% & HARPax6-EGFP 84 % & AN F 45 R 547
FEYUFORIE R 5 H# L DIDHb oK 2 245, BhIE10 T %,
28 PR PCRI I J5 v W3ANBH P 3 7 (B 2A)» Hh4&3~FH
MR R TR, QREEPCR, Hyal WA A1 269 bp A
AR B(E2B), 5 HEEFPax6 /M EAR—F,

SR AL 510450 220 2 AR PHIV-EGF P-Pax6 1 [
Pax6/74I15 5., & 773 #1915 GeneBank H ZE A 7471 b
XTH(E3), RIHAME A100%, KR4,
23 EHMEBETAER@REAAZERLEL %
MOI=10, 20, 40[F|Pax6-EGFPI25 & & 4y i R 78 R
T-40u24 h, ¥yn] eSOt s AR R4l e HE R,
HR A s csss, ME1 dEEYL, 72 hjg gt hse
JCEE AR I 2, OEHETR, HrMOI=208 BH 441
MO R oS e . LIAHIRIMOME B AH IR B 25 1A
HIFATPHIV-EGFPA% 4, P45 i & T35 10 S35 (F4)
PRI (BS5) NS i R P2 A0 e AR
BRI, AMEEAR LSRR, S80S KEE.
PG RGBS BIZR O IERIA, B
B H30%, I HIEERGHA0RIO KA W,

2.4 RT-PCR%Real time PCR#: | &40 28 Ji% 7 Pax6
# &L 168 bplIGAPDHYE NN 2, 1% g e
PR AR E W WL H (45 . BUE T2 h)s 167 211 s
6] 78 5T 40 Mo 7 %147 RT-PCR, DLt ffiPax6 Real

&
& K
o < 3K O
@\%\Q@' @,&‘6@ Q'b.@ \e\\Qg’ @Q‘\‘g}
@’%’/ < N4 00
Q'b 0\/ @‘ @: 0\,6

1269 bp ~
~ 1269 bp

1 BHERE R Pax6 HREFNEE
Figure 1 Obtaining and characterization of Pax6 gene
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time PCR4 115 4RT-PCRIYSI4, 319741 %95 bp,
22 K40 min G BRI AR (O 82 45 R L6, TT LS
ZHAEQ5 bpZiAT BB TEAHE, Ao WAL AR AR 46745 o
FIFH2 538, LU IR h 2 bk, BIERIAKE
1, T A S g 2 B 1) 78 5 T 40 L P Pax6 2 (4]
FIXTFRIEACT, T WS 4 kAT B 2 i TR IR 41,
A EELEX(ET).

3 it Discussion

AR AT PR [ 0 AR 9k 452 5 KBS R 2
BHRAT L, — RIS I R ARt 40 A A A W
PRIGYT J7 8858 7 56, RTE 2Rk B R 0 e R
SR RO R E SR 45 S o TR R AT PE AR (AR SR
%, NEIRIESE, @ibenids. Hse, SR
£y NI S R NS I X b R L SRl |
Ja, RS BIRLRIE (3A8 . TBE AR B AR oY
T e ER R0, ST IR R TITT
H, EEACTAF B F201MEM A MR T NI T40
T T AR SC I B BE AR T R DAE R BB JR AN R
(I RS FFR I S W 32 ; Rl4 5 Takahashi
ISR H A BOR e, FH R B F T 6 5 kg L S el
ZHeT M, X B R S FUAT I hEER
TRLGE 403 1 5 P AR 4G 52 AU SR00 5 IR AT IR IR T 40 v
I I R P s () TSI PRI 5T RS BV 2RI %%
T Lk 0 ) 7095 400 937 400 D I, 3 0 A T g i R
RUGPA, AN, F0 B IR 705 T 40 N 2R PR 0 R T
AR, TR B AR . A S e IR VR T 11
AR AR R AR e AR AT,

A N@\@‘ B
+: PHPEERE ,\\(‘9
- Pt @
++ +
1269 bp-< :
1269 bp "

2 2 EHIK Pax6-EGFP Bk EFER

Figure 2 Electrophoresis analysis of the acquired Pax6-EGFP
Bl B A Dy B4 BRSSP DH5a 527, Bhik 10
ANERE, ZBIR PCR RN 3 AMAMEwRE: B 24 3 AFEtE
YERERIBURLEFAT PCR, BIW] WA A 1 269 bp A FH B,
5H R Pax6 KA —F,
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GCCACCATGGTCATGCAGAACAGTCACAGCGGAGT GAATCAGCTCGGTGEGTGTCTTTGTCAACGGGCGG!
100 110 120 130 140 150 180

GGCCAC TGCCGGACTCCACCCGGCAGAAGATTGTAGAGC TAGC TCACAGCG GG
160 170 180 150 200 210

3GGGCCCOGCCOGTGCGACATTTCCCGAATTCTGCAGGTGTCCAACGGATGTGT
210 220 230 240 250 260

CCAGCCCTTCGGTGAATGGGBCGGAGT TATGATACCTACACCCCCCCACATATG
1070 1080 1090 1100 1110 1120

TATGC AGACACACATGAACAGBT CAGCCAATGGGCACCTCGGGCACCACTTCAACL
1120 130 1140 1150 1160 170

170 1180 1190 1200 1210 1220

ITGBAACCTGATATGTCTCAATACTGGC CAAGATTACABTAAGGBATCCGECCCT
1220 1230 1240 1250 1280 1270

& 3 Pax6 FoItb3ER
Figure 3 Results of Pax6 gene sequence alignment

Primer: GAPDH PAX6

et
O 46 46 oW
§€§$ﬁﬂ%ﬁ
T
Pax6 F: X f B (95 bp)

6 RT-PCR F718§ GAPDH X Pax6 &

Figure 6 Electrophoresis analysis of the
glyceraldehyde-3-phosphate dehydrogenase and Pax6 in
reverse transcription-PCR products
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1B R HEE T 2R 75 (x200)

A

4 MOI= 20 B

Figure 4 Morphology of transfected bone marrow
mesenchymal stem cells when the multiplicity of infection was
20 (x200)

BliE: Ed A A4 pHIV-EGFP % 4e A #8778 540 i)
AMMFER; B ALIUl Pax6-EGFP % 4s A i) 7 i T 41 i i

5 MOI=20 B3 BIIE TR ERAEERIEEIR(x200)
Figure 5 Green fluorescent protein expression of transfected
bone marrow mesenchymal stem cells when the multiplicity of
infection was 20 (x200)

BlvE: A A CHZEAA pHIV-EGFP %4 A8 #EIF 78 T 41 B H)
OO EARIETED: B ASERA Pax6-EGFP 3 B HiIA]
FRITA ML 6 S B R R UL

P<0.01
100 -
—
) 4
w50
-'DT{
z J
< 27
P4
4
E 1 e w—
©
x
a
0

X AR Bl

7 SHEFRRTHET Pax6 EEMEX FikKFE
Figure 7 Pax6 gene relative expression level in bone marrow
mesenchymal stem cells of control group and experimental group

TN PR A AR T £ BT A A
RS T4 L, AR A T FoAtT-4n 0, R e in) 78 o140
e ) S 34 T2 OB | (1 B, Uk 9 1,
I B 3 BT S A ZUE AT B A I AN A AR 2R 2
Pe bR, IR RAC BRI TR I, @FMEAER )
TR AT HE L BB 0] 78 T AR SR R AL, FasE
RILMASE W TR s v, HANSEE A ik A4
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LU, P E AR, R R R 7S BT 40
J L RR TR P R R AT (ARG, JRAE RSN LR 7R
I 75 ARG R i R A TR 804 O i IR 7 o+ 4t
it 40 e e AR e, B 1 AR 2 ARSI 40 e R B T 2
LB 95% LA I, A 1a) BA e BT g OR sy 1t ISR
B TR R ORAT S D A 2 10 73 g RE o [RIE S0 1%
P 1 [R) 70 0T 40 M A A S

FE RN Y s A TR R R IA AP 1 B8 FH B, Hop
FEQTTEZRE, UL R AR IR B
P XA L A PR PR SR A /N B ATl R S Ry
PEbRiE. A2 TE IR BUARE G, BRI =k G,
{HRIEERIAR, FRELm&E, ARl RiE Paxe
Feoe gHARARET H s A FLVE R E 7 (8 AREEE. 2L
A, LAV R o e A A e 1 S R
(R TR R, ANOLRE frScHioRs B I R 4 5 B e
Yean oS RZlh, o BAT B R IR e R A A,
TRERFE AT RE B BHER . ANRIE, Haeat; Ha g
(G R MR TEIRAR, AN EREIZI RN O
WA SEANTEAE IR RS A a0 E A, BT EEW
AR T 40 PP R e F it B, %7 T A%
P20 B RGN B IE A

H AT A9 AH Pax6 75 S/ UG 41 i 7316
Jo Ay L 1 5 Ao 428 KL 0 B R0 DX 21 4 o Y,
{5 Pax6 & 75 BE % 1 s i1 ) 70 50T 40 H s 2 A mh 22 4%
iltivgae, RS0 B BE IR 70 00 T-40 M o Ak dvis (R
Ot/ 8 R/ R P = s N P s e S 181
T Pax6 FEETEEHESIIIR & B A2 b B
FH UL B e R E AR 40 M A Ak e 4 R A, @i FE R
Tskms, AR RIE Pax6 H A ) 6 1R 78 5140 .,
A B O ik — A B 9 e 4 v R o () 7 5T 0 L e R Y
R 22 440 i o AK BB T AR 2

Msgaegs TuT LLE Y, T8 2995 5 B A AR Y1
JERM— RN, UESE 3R R L Pax6 [1E i )
RN OAF 4% B 0055 R (112 995 75 5 41 T0RE
Pax6-EGFP, & T 10. 20 K 40 {555 Bae 53 50k
JE, SRR EEEYE Y 20 B, R R 7S 5T 40
M K&K W B2k, STRIBiER, 72h 5
2y 30%4H IR, VLI B A aR (R K18
FREYUTOR R YA, I B Y5 (R4 fR e 0 70
FFik, WS T2 @RT-PCR =¥ ik 4 R 2
5 B IR R R NERF G4, R R AT E] Pax6
cDNA; @ifiil Real time PCR #&ill, 15152464 Pax6
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mMRNA RIEACF BB IRA 76 g, ST
Pax6 FER I RIE. ZKLLRITIT Pax6 D8 U0 s mi
GBI R R AT S P e it e SR E 0]
Frhkhilo (AT BRI, ML Yt 2 A n U7
b, AR RS, WTE 24, FeR H
R RIS £ RUBLAT L A T 20 T AR R e 1l

Hl. BAEBRTIREHH AL ERRTETL
ERECR kiR

TEZ T TRt FR R X HE. 2. FE.
B, FRIPEHFME. NI, FTAREANHE, /£
. R, AHERL, RREFR, REOTLE R

FZEMZE A AE £ BT S A AR BAR % A1
SR,

EEEEER: A HARFAGIT AR R A A

XEBELE. LF A it CNKI R 25 kbl
FAMITIREE,

XEHE: LEZERNDRATIFERNGHT, &
SRTNAIETE.

TEZERT: BidE A 3t T A AedR 5 4936 b hILey
TIAT A AT AE, B PR RAEE K B (T
HAAEIE )i F AR CIRBAE RHERSG . Eh
%, THIZHEE.

XEMW: LFHRA 2 E S SR RBALE
T REARAR K W
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