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[(HE] OG- HWELUEZEXALEA(EGFPDAE S FR X WG EA R4, %L R F# A LR T %8 (BMSCs) , WL &
b ERE BMSCs BT HERBEEANR NN RER, Fk: M EEHLMH PCR & A4 & insulin IRES-EGFP #1
IRES-EGFP % £ )7 7 , 4 B 3£ 16 F 3 4 5o & K pMSCV ¥, 23t/ % @ PT67 & % 5 # J /N K BMSCs, Kt B #E
MEH %G EGFP Mk % ;RT-PCRERIM#E L E R G E R BN kA, 42T WA AN BMSCs ¥ 5% 5 2 S HE N 4 5%
RABERNRGA NELA AL RA D BER AR ELEHETN T FUEFTARANRENR, R RIBWEZHFH
pMSCV-insulin-IRES-EGFP,pMSCV-IRES-EGFP; | E K X B M SE TWE 2| ¥ L BMSCs A BB 2 W& 6K b5, #
% 7 pMSCV-insulin-IRES-EGFP # BMSCs # 4 € &k bR MR & £ 3L, 4 2 5 /N R 4% 91 B K T % % pMSCV-IRES-EG-
FP 41 (P<C0.05) B & T E% A B4 (P<<0.05);: % %5 35 dE R EW L & T # % pMSCV-IRES-EGFP 4 (P<C0.05), #
K EMW insulin EGFP it ¥ RE B H W TR . EEGFP W XX T ¥ MR G Z L AN EL I B 2RO ERAW AR
BMSCs # 4 36 37 % & @ /N BT DL30 & % #F /N BB RO JE R .

[XEiR] FHENAR TR HBEREX LT REMRE Y Z

[FEHES] R587.1 [XERER] A [XEHS] 0258-879X(2008)12-1455-05

Transplantation of bone marrow mesenchymal stem cells harboring fusing gene of enhanced green fluorescent

protein and human insulin gene in treatment of diabetic mice

FAN Xiang-jun,ZHOU Yuan,ZHU Ming-yan, WANG Zhi-wei”
Department of General Surgery, Affiliated Hospital of Nantong University, Nantong 226001, China

[ABSTRACT] Objective: To construct a retroviral vector carrying both enhanced green fluorescent protein(tEGFP) and human insulin
gene for transfecting the bone marrow mesenchymal stem cells (BMSCs) ,and to observe the treatment effect of transfected BMSCs after
transplanted into diabetes mice. Methods: Two gene segments of insulin-IRES-EGFP and IRES-EGFP were obtained by overlap extension
PCR technology,and then the 2 segments were cloned into retroviral vector (pMSCV). The vectors were used to transfect BMSCs after
packaged with PT67 cells. The expression of EGFP was observed by inverted {luorescence microscope and the expression of insulin gene
was examined by RT-PCR in the infected BMSCs. The transfected BMSCs with 2 viruses were transplanted into diabetic mice
separately. The blood glucose levels and body weights of mice were examined in 2 groups,and the results were compared with those of
normal control group. Results; The recombinant retroviral vectors pMSCV-insulin-IRES-EGFP and pMSCV-IRES-EGFP were
successfully constructed. The BMSCs infected by both vector stably gave out green fluorescence under microscope; the cells infected with
pMSCV-insulin-IRES-EGFP also stably expressed human insulin gene. The blood glucose level of the mice transplanted with BMSCs
transfected with pMSCV-insulin-IRES-EGFP was significantly lower than that transplanted with BMSCs transfected with pMSCV-
IRES-EFGP (P<C0. 05) ,but was still higher than that of the control group(P<C0. 05). Thirty-five days after transplantation, the body
weight of the pMSCV-insulin IRES-EGFP was significantly higher than that of the pMSCV-IRES-EGEP group(P<-0. 05). Conclusion;
The insulin-rEGFP recombinant vector can be traced easily, and the expression of EGFP does not affect the expression of insulin.
Transplanting the BMSCs transfected with insulin fusion gene can partially relieve the symptoms of the diabetes.
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B BE 7] 3T B T 40 Jf2 (bone marrow mesenchymal
stem cells, BMSCs) J2& 4H Jfl % A V2 Y7 114 3 AR ol 48 Jfd
N7 FH 28 56 PR Bl st -0 188 5 (1 BMISCs 1 SRy 2748 41 it o]
L fife DR M 0 32 (AR S 8 R A [ L 94 R 4
PR 1 (EGFP) F hy — Fiog 8L i iz 15 6 L LA 98
JeMEBTRRE R AR B JC BRI A O WA A S
I O LA A ) . E A P9 A BMSCs B AR YT
W PRSI 38 42 2 B HE . L AT RSN Rk
FRBERL S 3 A Hod B R U AR
FE s RIME S Z B B & %)% R S UG
P14 ) 8L 5 1T 3 PRI A6 A 925 B A A e b 3R I R, 2 H T
MRS B, b AR R ES
FEAf PCR 2 A 7 8 41 kL (pMSCV-insulin-EGFP,
pMSCV-EGFP) , # ¢ BMSCs, 7 #| J§ EGFP fEfa &
K B (0.5 A R A5OSR 2 Y I 20 B 1 2 K1 O
BPIRITRCR

1 MBFFTE

L1 EZ&MAAKA  PCR NI & DNA
Marker., 5t % /) 7= 1 $2 3L 7] & . DNA Ligation Kit
Ver. 2. 1 #4200 & BRI M N U1 (EcoR T . Bgl
1) % ¥ B R 3% AW 2% w5 5 Il il ) & T H
Qiagen 23 7] ; pMSCV-insulin 96 %% 5% 9 8 804K i A
SCI 3 M HARAE ; IRES-EGFP #4K W [ Jb 5t K 3% 5k

*x1

A TREABRAF .,
1.2 ETw@mkEett
1.2.1 E&FHEMPCREAKBAXEEHRF K  Insu-
linr IRES-EGFP F Bt & i : PCR #8441 %t Tvs, insulin,
IRES.EGFP % 4 BJ7 41, 43 5l 2l Ak a1 Wi, I 3847 a7k
ST . EEXE EIR 4 BN 5 % T R S AR
I GGR DLW H B iR TRA ARG K
Hrh P2 5 P3,P4 5 P5,P6 5 P7 WY EA & H AN,
P1 5 P8 4 & EcoRI (GAA TTC) #1 Bglll (AGA
TCT) BBV 5 (£ 1, FRIZ) ., LLA B insulin,
IRES, Ivs EGFP M4, L P1.P8 A 5| 4 i 8 & 4t
fiff PCR §"#43E 5 A B insulin-IRES-EGFP,

Ivs-IRES-EGFP Jr Be& i Ivs 95194 P1 F
P9,.IRES W51 %~ P10 1 P6,EGFP W51 ¥ K P7
1 P8.PY 5 P10 )T HI B AN 1), DL B IRES,
Ivs .EGFP A A, P1 5 P8 by 5| ¥l i & & 4 fif
PCR ¥ H#§ 5L A Fr Bt IRES-EGFP,

S 554 : 10 X Buffer 5 pl.25 mmol/L MgSO,
2 pl BEAZ 1~ 100 ng, P1 20 pmol, P8 20 pmol,
dANTPs &3 0. 2 mmol/L, Taq B 1. 25~2.5 U,
I ddH, O B R R B 50 pl, 06 R &1 95°C 1
min,94°C 30 s,55°C 30 s,72°C 2 min,30 MEH,
JG 72°C 7 min, W5 pl RHT 10 g/ L BUIEBE
EE AT HLUK .

514 FF 5

Tab 1 Primer sequences

Primer Base sequences
Ivs P1 5-GGC GCC GGA ATT CGT AAG TAT CAA GGT TAC AAG AC-3’
P2 5-GAG GCG CAT CCA CAG GGC CAT CCT ATA GTG AGT CGT ATT AAG-3’
Insulin P3 5-CTT AAT ACG ACT CAC TAT AGG ATG GCC CTG TGG ATG CGC CTC-3'
P4 5'-GCC GCC CTA GAT GCA TGC TCG TCA CAA GTT GCA GTA GTT CTC-3’
IRES P5 5-GAG AAC TAC TGC AAC TTG TGA CGA GCA TGC ATC TAG GGC GGC-3'
P6 5-CTC CTC GCC CTT GCT CAC CAT TTG TGG CAA GCT TAT CAT CG-3'
EGFP P7 5'-CGA TGA TAA GCT TGC CAC AAA TGG TGA GCA AGG GCG AGG AG-3'
P8 5 -GTA GAA TTA GAT CTT TAC TTG TAC AGC TCG TCC ATG-3'
Ivs P9 5-GCC GCC CTA GAT GCA TGC TCG CCT ATA GTG AGT CGT ATT AAG-3’
IRES P10 5-CTT AAT ACG ACT CAC TAT AGG CGA GCA TGC ATC TAG GGC GGC-3'
1.2.2 E4ARFHENME DNA EBILH &t IRES-EGFP #il pMSCV-IRES-EGFP, %5 % ¥k 17

73842 W43 ) 28 2ok B 1k N U0 i XU 1) Y 2 Pk
pMSCV 0. 13 pg (0. 03 pmoD) #l insulin-IRES-EG-
FP J¥41 0. 072 ;g (0. 3 pmol) LA} IRES-EGFP J¥#
510.072 14g(0. 3 pmol) W IEFR 53514 8 pl. imA
RPN T4 T 1. AR, 16°C R
B 1 h, K85 = WAL R IG A DHb5e ¥ 38 85
%, I 21T OURE DT, 2 4 2R M 2R pMSCV-insulin-

— W Y

1.3 A BMSCs #932 B ZT@ R A eg 455 B
BT 28 Ab i 1 L 4 W0 BE T R g i 4, B 3 AR 40 A i o
A MOAG I, B 2H 3 SR R AR & PT67 4l it
B J5 o B g BMSCs . H 78 98 6 (5] 8 5 i Bs T 0L
SAMETE S B A, RT-PCR 3K I 1B 5 & 1
B SR U ST e S AR Ol X IR A
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1.4 #4)5 BMSCs # #76 J7 #8 JkJm AL AL /N |97 2%
ML

L4.1 ARKREAERFEANGZET C57BL6]
/)N B H R R 27 S 2l ) O AR O IR IR TSR 0 3
Yoo br bR R, DRESE 12 h AR,
FHEE IR A 1 % (STZ) 140 mg/kg — U1 I 18 9 7 5
AR 2 hy T 72 b B R HRL  fal R i S A U
25 AR, I K OSF 5 13,9 mmol/L 354 5E 3 d
DL b R R

1.4.2 % %5 BMSCs #4367 88 & 57 B0 &
HURE PR BE AL /N 20 3, BEHE A IR BEE 20~ 25
g BEML o P 4, — 41 i# 47 pMSCV-IRES-EGFP-
mBMSCs #% i, 75 — 4 # 47 pMSCV-insulin-IRES-
EGFP-mBMSCs #A4# ; 1E# @ /N 10 AR IE W
PR, FH 1% L 240 (50 mg/ke) M8 I 13 5 iR
i /NER , FARFERE B BMSCs LA PBS H & (1 X10°/
0.1 ml ~2X10°/0. 1 mD) .7 A BRERALIE T s B At I
B R0 345 21 /1N U IR ZKCSF- | I 375 e 5 ROk P K
JoT g 4 A8 A L 5T W58 O PR R AR 9 A5 Ak

1.5 itz asm®  SURBEL 2 £ Ko, N
SPSS 13. 0 Geit B #eA7 Bl db 21,

¥

29

2 &5 R

2.1 PCRy¥Fo%EesER % PCRY MM
Ivs.insulin , IRES,EGFP iX 4 B35 b #E T8 &
TG WE BRI AT ILES 1~ 4 YKIE2r 30 Tvs(230 bp) .
insulin(378 bp) \IRES(656 bp) \EGFP(754 bp), 5
T H B EEHE—B0E 1D,

bp M I 2 3 4

2000 ——

1 000 —
T5() e
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100 —

B1 ERRFRILEE
Fig 1 Identification of original gene fragment
M: DNA Marker DL2000; 1:PCR for Ivs (230 bp) part of insulin-
IRES-EGFP; 2:PCR for insulin (378 bp) part of insulin-IRES-EG-
FP; 3:PCR for IRES (656 bp) part of insulin-IRES-EGFP; 4. PCR
for EGFP (754 bp) part of insulin-IRES-EGFP

2.2 mAARARBEBEELTER G Ivsinsu-
lin-IRES-EGFP J£31 K /N2 1 927 bp, 5 HEH8 F
Hl—F (K 2A) ., A Ivs IRES-EGFP ¥ %1 K /N2

1 591 bp, 25447 16 M, 5 B FFIA AT (E 2B)

B 2 BAEREHE insulin-IRES-EGFP(A) .
IRES-EGFP(B) M % &
Fig 2 Identification of recombinant fragments
of insulin-IRES-EGFP(A) and IRES-EGFP(B)
M. DNA Marker DL.2000;1-14: insulin-IRES-EGFP or IRES-EGFP products

2.3 FTURABMRGMERMIELER SFWED
pMSCV-insulin- IRES-EGFPHIpMSCV-IRES-EGFP & #i.
4T EcoRT.BglIW Y] PCR %2 (K 3), I gt — &
A 5 2 TE S

bp M 2 3

B3 EARNHEBIEE

Fig 3 Identification of recombinant

plasmid after endonuclease digestion
M:DNA Marker DL2000;1:pMSCV (6 400 bp)-insulin-IRES-EGFP(1 927
bp) ;2 pMSCV (6 400 bp)-IRES-EGFP (1 591 bp) ;3:The vacuous pMSCV

2.4 BMSCs #94& BAAEZER WAHK
il 45 R & CD34 FIEFEN 7.16 % ,CD45 FRikH
H3.96%,CD29 FILFEH 99. 2%, Sca-1 KIKF Ny
98.3%,CD44 FiKHK K 87. 1%.,CDI05 KiEHE R
42. 8%, S5 FIREFE AN = 2R ik CD44.,CD29.
TR SEAIE 55 I 1% 3% 19 40 Mk /N B BMISCs,

2.5 ETARZKFAHZL DR BMSCs 9% R

2.5.1 HAEEHMETHEE L EH BMSCs &8
TG B T W58 K B, % Y T 4 3% 5K TR (pM-
SCV-insulin-IRES-EGFP/pMSCV-IRES-EGFP) J5
() BMSCs 1] L1 8 8 A 4 (098 6 28 i A5 S6 1
20 AT 8K S W M HE B L BB AR A AR E R ek B 5L Ry
JE M LI AR HE T R AR ERAE A (B 4)
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Fig 4 Morphology of BMSCs after transfection B5 HREARMEBMSCsREFRERNRELER

under fluorescence microscope Fig 5 RT-PCR test results of EGFP-mBMSCs

A Transfected with pMSCV-insulin-IRES-EGFP vector; B: Transfected transfected with insulin gene
with pMSCV-TRES EGFP vector. Original magnification; X 200 M:DNA Marker DL2000;1-4; Insulin mRNA expression was detec-

ted in BMSCs on the 151,7", 14™,and 21" day after transfection;5:

Control group(insulin mRNA expression was not detected)

2.5.2 RT-PCR &Ml 4NIR MR & & 2 H B XK

RT-PCR H1 Uk 45 5 (Kl 5) &KW, % J pMSCV-insulin- W R o R T /N L RS R 2 OB 2 19 BMISCs
IRES-EGFP 5% 1.7.14.21 H,BMSCs # 4 4MESE M — E 44555 K T s RIS 21 d. 525 ki Y« BM-
JBe i 2 mRNA #YRIA, M5 G 25 Kk pMSCV-IRES-  SCs A8 241 /) BUH [, B 4 pMSCV-insulin- IRES-

EGFP f 40 g ] & Ui 55 2 mRNA R IE &7, EGFEP ki 4% gt BMSCs 20 /> B il B 7K 7 B 5 F %
2.6 #FJE BMSCs #% 0% 57 ¥ Ak % s B9 97 & (P<<0.05) B4 & FIE & ¥ 4L (P<C0. 05, % 2).,

/N BRI 9 25 il A 7 49 7K 7 S (4. 46 0. 85) it BREXT R 2 /)N B o it e b T 5 28 R A e B A
mmol/L,{E4 STZ J5 72 h, & BB BT &, 458 20 322 A% ; T pMSCV-insulin-IRES-EGFP [ ki
it 13.9 mmol/L, B 7 HEF (B MK, BIZE 2 e BMSCs a1 AN R, 1 R iRz 4
F 0 &) 5 IEE XN A B PO AR NER L .35 d BB a7 28 kLR U BMSCs B AE 4l . 0
B K- 8 25 TF R L A 2 (21, 4543, 48) mmol/L, B A T X B2 (P<<0. 05,3 2).,

F2 BEWMESHEHNE EREHTUL

Tab 2 Changes of blood glucose level and body weight before and after transplantation in each group

Time after tansfection ¢/d

Group —
0 7 14 21 28 35
Blood glucose ¢/ (mmol « L™1)
Vacuous pMSCV 21.83+2.36 21.4642.77 21.51%3.02 21.2641.99 21.484+2.84 21.844+3.11
Recombinant plasmid 21.52+2.654 18.38+2. 214 18.0742. 584 15.8342.04*4  15.5243.03*4  14.57+£2.49*4
Normal control 5.32+1.76" 5.38+1.43" 5.5 +1.66* 5.43+1.27" 5.35+1.58" 5.424+1.71
Body weight mp/g
Vacuous pMSCV 21.54+1.54 19.33+2. 14 18.23+3.01 17.45+2. 44 16.83+1.87 16.1 +1.25
Recombinant plasmid 21.124+1.95 18.7942.314 19. 6541, 994 20.23+1.884 20. 4243, 054 20.7242. 242
Normal control 23.23+1.76 23.47+2.58" 24,1541.47" 24,934+3.22" 25.634+2.04" 26.4341.65"

* P<C0. 05 ws Vacuous pMSCV group;® P<Z0. 05 vs Normal control group

S F B T oI WA Bl i BT E B B

Yo A WA H SR A A — R L R TS B Y T

FALEM PCR SRt TN T BA AR DIFIE SO B2, S A X e £ S

(514, 6 PCR =8 0 T B dE, WTTAER)S A9 BRI P 50 A 5 IR 2K fil 5 02 T DU AT B AL A

P70 B i S e B A SR RN FOR IR A PR ORI A I R A R S T L IR AL

hBEGSDHEGE K, AR oK £ DNA R B PCREMEAES, F I, HH AR 8Ok B £ 1 5256
LTI A R AT, SOE-PCR & =M ZMNH,
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IRES 2" Z HE T — S EZAME A mRNA 5
Joa B 3 N 41 B i — 2R ST I A T T L 2 B4R
FH O3 5 55 A% WA /NI L 45 A T R 3l 508 JE 4Kt
FrR R R EAMIFSE Y R N TR 3
PR 22 35 PR I LR AT B2 B L N & 7 51 & A 1 R

Tl AT A I 6 P 5 19 4 0 BT 450 T mR-
NA R I RE P A T B AT — 0 B I R

AR B9 D RE U 51, T R 3 5 R A% BT ) | A A
K v SN L TR N S ) R g 3R K

PG HE AR 0 B IR T 45 Ok T K B — B
T ML 7S B AR, BoA By TR I S i | ) LS
LT A0 0L 5% AR AR 0 S A T LU GFP
HE DR B B Bl b I 20 M Y G 6 A i R A5 R E R
S s SR AV DO TR G R R AvE ] (B & (DR TS TR ) e
TR S I A I RPR A 3 SE BRI 40 M mT LA i
POt I B LS T AN B R, A
i 3 52 2% B B A AU 2 a3 T WA bR g 10 A
WA B AT 2 1) o0 AR RE L B A0 T Al A A I AR
e

W 1 i R R A A T 40 LN L 3k ] G 5
3 A B B 2R 43 W A0 M L P R AHRE DR s 8 A AR
PG J7 B8 PR . B AT T R OR9 e R N T S,
Moriscot %5 F A1) ‘B 48 $2 5 I) 5 /55 1 400 i L DA

o BE AR 2R AT TR e e G A L L AT AR A
AT BB B A AR DG HE R, Lu S50 DR Y J5E 5
?ﬁl%)\}\ﬁ" fi [ 70 50 40 D L e T4 I 40 L mT DL AR,

A5 3 5 R 5 DR BORE B e TR H R

gL BMSCs J g% [A] B F2 E % 35 EGFP F insulin
PR S DR L AN 52 ) 78 DR VR T R DR Y
[F] B A H EGFP B A 7 B 7T LA sE 43 1 i il 2
AORFAE B AR R M e I ) e ML LA R % A 240 B AE 1k
ARSI RE RN 43 A, Ay 1 — 20 I 5T i TR e B RR T
BEREE AL T — A R A9 B . AW 5058 o i X 5
Y 2 BB R BT AR AT T R A W A0 A O A b
PRI /1N BRASE TR rh A T I 3 AR T RO L T S B A
B LA B ARIBTT B IR S — AT s . R
e 4 M AR IR T S R AT RN R AR A
R U S e HE e U PN GOPA B 4 L (E R B R
XF T 20 BB 5% 0 A BT R AL R Y T AR R T
% ot T R b R IR OB R R R
wmH,
(Bt XARXBEFRAFHEEYF R
EHFREARKFHEE KGR EFHREF Q5%
BRHBZWAS I FMBE A — R TEHD
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