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PR R R AAE,  DLAERR AR AR . RIS RIS S BRI SRS A0 2 TRORE R . 20 4T 50 4
X Yallow S5 N FHTBUR S8 0 B B R 1 20 R S BRI AL, e B SR MR & 3 /K- AU e A Jol ey Rk
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TNKERIG KRR S, 0 X BURE IR K677 3R

Bk I EHI T (AD.aFGF)/5 PEGFP-C3-BFGF Bt N B4R 78R T400, FIH 70 B
M PEGFP-C3-BFGF [1)5kik. 4% 80 X SD KR BN/ 4 L H X M . B RIm A . B dl J 3 R 4
A, " 20 X, FHAEREE R (STZ) MG 2 KRR R RS, SRS G T RAL T 15
FicE S AR B AR K, BRI S PBS Y, B AR A IS R S 0 ) 78 5T AN PR 1 miL, A
YL | HR K S S5 R 4 PEGFP-C3-BFGF [¥8 f7] 7 )5t T 41 Fid kv . F A RT-PCR 2G5 40 K
U S R B 4 B AR FI BRI mRNA RiA % KM SS 24 h, 3d, 7d, 14d, 21d &4 KR
MUFEKT; BAa G 3 AR ELISA A8 4% 20 K fil i 38 i &% 38 A0 WA /KT TRARE— (R 40 e L L ZR K L
Pl 2R B AR AL
HZR 5418 Ot BMENES] PEGFP-C3-BFGF #t N B & 78R T41H 48 h J5, EHLH IR M
FRiaarot; OBEE 2 BSX MAbE:, WRRANEREEEAN mRNA RIAHE NP <
0.05), FEHELL B I K % e o] 3 I3 4 8 25 (B mRNA (RIS EHE IRIRAL I T (P < 0.05); @BHE)E
ANTR I IRyt 5 4K LR Ll e, SRR G Bl <AE A A <BE IR ZH, (B SRR Y20 175> A (35 P < 0.05);
@RS J5 A ) I 18] 15145 2K BRI SR R 88 3R WA 7K B, 2 DR e > RS A A > B PRI AR, (H 3 DR A e
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Effect of basic fibroblast growth factor gene transfection on bone marrow
mesenchymal stem cell transplantation for diabetes mellitus

Tian Xue-pin, Liu Hai-ying (Department of Endocrinology, Chengde Central Hospital, Chengde 067000,
Hebei Province, China)

Abstract

BACKGROUND: Existing studies have shown that bone marrow mesenchymal stem cells can significantly
improve islet function in diabetic rats to decrease excessively high blood glucose level, which may be
related to the enhancement of differentiation ability of autologou pancreatic stem cells.

OBJECTIVE: To observe the therapeutic efficacy of basic fibroblast growth factor gene eukaryotic
expression vector (PEGFP-C3-BFGF) transfection of bone marrow mesenchymal stem cells in diabetic
rats.

METHODS: Recombinant adenovirus (Ad.aFGF) mediated PEGFP-C3-BFGF was transfected into bone
marrow mesenchymal stem cells, and PEGFP-C3-BFGF expression was observed using fluorescence
microscopy. Eighty Sprague-Dawley rats were randomly divided into normal control group, diabetes group,
transplantation group, gene transfection group, with 20 rats in each group. After modeling, rats in different
groups were given portal vein injection of normal saline, PBS, 1 mL of bone marrow mesenchymal stem
cell suspension, and 1 mL of PEGFP-C3-BF GF-transfected bone marrow mesenchymal stem cell
suspension. RT-PCR method was used to detect mRNA expression of matrix metalloproteinases in
pancreatic tissue of rats in each group. Blood glucose levels of rats were detected at 24 hours, 3, 7, 14, 21
days after transplantation. ELISA method was used to detect plasma insulin levels in rats. Pathological
changes of the pancreas were observed using hematoxylin-eosin staining.

RESULTS AND CONCLUSION: Under the fluorescence microscope, PEGFP-C3-BFGF transfected into
cells after 48 hours showed significant specific red fluorescence. Two weeks after transplantation, matrix
metalloproteinases mMRNA expression was significantly increased in the diabetes group compared with the
control group (P < 0.05), while it was decreased in the transplantation and gene transfection groups
compared with the diabetes group (P < 0.05). After transplantation, the blood glucose levels in rats were
ranked as follows: control group < gene transfection group < transplantation group < diabetes group (P <
0.05), and the plasma insulin levels in rats ranked as follows: control group > gene transfection group >
transplantation group > diabetes group (P < 0.05). Pathological findings of the pancreas showed that the
transplantation group was superior to the diabetes group, but inferior to the gene transfection group that
was similar to the control group. All these findings indicate that PEGFP-C3-BF GF-transfected bone
marrow mesenchymal stem cell transplantation can improve blood glucose levels and stimulate insulin
secretion in diabetic rats, which may improve the severity of diabetes mellitus by decreasing the mRNA
expression of matrix metalloproteinases.

Subject headings: Stem Cells; Mesenchymal Stem Cells; Transplantation; Diabetes Mellitus; Fibroblast
Growth Factor 2; Tissue Engineering
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1 ¥HRFNA%  Materials and methods
1.1 & BN RS sE .
1.2 B R s SEH T-20145E10 H 22015411 A
FEITAC S B4 52 56 55 50 o
1.3 A

i sh4: 80 HUMEMEASFR I SD K L, k&
150-200 g, W H ik r s s Rt A A,
YAl IES: SCXK(%)2007-0005. SDAFBEMNL 2 A 1F
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#5200, B TANE T H . RS R I BA %
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TR S AR R K @R PRI AL T T K S PBS;
@B AE LT i 551 3 0 70 T4 v 1 mL; @3
BRI %% G 20 1) o ik o St 45 3 %% YL PEGFP-C3-BF GF ¥ &
B 7] 70 0T 400 B

LI Y R FEJE: EGFP-C3-bFGF 5= 2 S 46 R
175 BREITENVIBEECOR 1« Hind 111, T,DNAER:EE(K
HEEEYMITHAERAT), TagDNAZ 4 it (BioLabs,
NEWENGLAND), %% EGFPHIE #% £ &% /K (pEGFP-
C3, Invitrogen, USA), Jukif24iidi) . DNA4A{L
A 7 & (Promega, USA), & bFGF cDNA [¥] Jii i
PBR322_bFGF (7= # b= % R bt - T i 9 22 )i 20 )
B 1% 5] 70 5T 40 fu(Cell Applications 22 7)), KJGHF
Topi0/F 7 & (ALK = f#47), 2 000 DNA Marker. 1 kb
DNA Marker( KiEELEM T RARA ). LA ZPSA
(Cascade’A7); Lipofectamine™2000/0 5 1444 44 1A 71
K Trizol(Invitrogen A #])s i ARG G4 (FE B S s B o
— BB s Bt A RIS S AR IR ).
14 Fik
1.4.1 POt Ybric # Yt PEGFP-C3-BF GF 1 & If]
T4 % H Lipofectamine M2000g i 4 Y vk
HATHRAE . O YLHT5.0-6.0 hiAT Fis R s i, ©
Y JBORL R 1 7] 7 0T 40 5 97 33 B T R EEPE T,
BRERY, HHBE, OFERIANKEFRILEE TEP
L, TR, SEETH; OKDRO. O
REBEAEAT RS, HESRTRE; ©% EL—Ph
FENFNR A BRI R LU S, oy
51 ©'8 T-37 C AR5 H5%COMHIR B Fe 40 55 756 h;
@3r LWk, $%E0.5 mL/FLIFRHELE 24 FLAR A i
5 O 7 0 40 s 95 2 1 1.5 mL/ L6 4L AR
ONEFE F) 70 00T 40 M5 9255, N3 miLeg i 1) 7 3 T4
Mk 75 T25 e B geiflir, B T 9-48 i s
®36 hA, XEAMFISHHBATIE. 25 cm e
FelPEGFP-C3-BF GF % 4% 42 i (] 78 o T4t i, 1%
7736 hJiF, 15488 nmi KA Xt 5¢ Ja )= A A el A T I 52,
IS BEHLARET, X 5 0 B 1 4 M AR 12 AL T vh 2
M ARBOEAT ISR, THEE IR DR AR I ) et
1.4.2 RIBREFEZSTZ)ERTY 2812 hE,
TR B A Mk AL B 0 5 i, 4R 4% FE60 mg/kg 7]
RPN SRR A R F, FRRCT S E, R
B R 9 R Y R 7 s . R 2 I A =
6.7 mmol/L, HEABERIE =2 —/DIEtk, REARER
Fras o, STZEERIG ST 5 T I 28 ki 124y
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F0.9%NaCl, #RWALTFIKIRTS T5EPBS, B
AL FOR RS T1 mL &8 R 78 50T 40 Ml (&
1x10" 1 4iffl), PEGFP-C3-BFGFZH4HHIki&1% T2
B YL PEGFP-C3-BF GF [t fifi 7] 7 Ji 40 ML B
1.4.3 RT-PCREZMIE G EECOMH mRNAKE B
WiJE2J8, 2 M Trizol Hh & 31 (1) SE 50 0 TR A2 K il JE
BHARNA. FERNATET RS, T3 210 =T
P R, HATCDNAS A W (1N 2 BE LA B-actin oy
HE. PCRATAHINSIYITS: 50048 & Al Lo 194
5-CTG AAG TGT CACAGC CTG TTT-3, Fili5I4Hh
5-CAC ACATGC GTG AAACCT GTA-3’; B-actin: I
W51k 5-TAT CGG ACG CCT GGT TAC-3', Rl
¥ }5-CTC AGC CTT GAC TGT GCC-3'. PCRX W 4%
fF: 94 ‘CZZ 11 min, 55 ‘CiEk45's, 72 ‘CHE{H1 min,
TEIR32JH G T2 CHEANT min, 5 R NI4T E LI
PE3IR o XHAZ BN L=l AT M52, T mRNAR L& .
1.4.4 W MEEACE. B MRS S N TG
24 h, 3d, 7d, 14d, 21 dxF5&% 20K B 2 B opE 2F
IR, FEXEE R REATOGTTIRE, MBI FAF
B T 857 0 SN, AT 2558 T 11 e 1 00 o

1.4.5 ELISAEK I R J 6 5 5= WK B
IT 3, CBERRIE & 20K B, 2 K R Esh ke,
B o I 5 42 5 8 ZRELISABRI S U B 1 1 vk, Dl
B BRI R R 8 2R B o AR B P R bR AR I
W BPUEAT A, PR ERAE D BN AR S A IR
FIFRIES, AN ZHt, TERGFRR BB ORI ORISR G
¥, N FITHRPARIC () Streptavidin, #3345 U B b (4
VELIRIMNRY, kR, BeFE, HmALZL
W, WSS, RIS CHEAT 25 B 5 2= KT ()
o M 2 S RAHCPURR R M IR =5 R B 22K
122 53547 I B = AP UIR AU U 5

1.4.6 HAKE-POROENEFRASHELNL B
R JEI R, Wl bR s K B R I 20UHE B F 4 2E I I TR 1)
ek Ber, dEAJERE, SRR —BeR G . B %
HRWIPRIRALR, L5 B R RD R, PAT
VIgt, PBSURIHIEY, AR 84% T EEBEATH &,
AT H A U . UL AT B 2K, JRR
K, RAVERR MK, HRKRE, LY,
FRUHT SB35 I Rt ] A3 . A R R 2R 211
AR .

1.5 F BRI WEIGR AR5 Gt PEGFP-
C3-BFGF ¥ H g [ 78 ST T4 s RT-PCRIZASINEE T4
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JEE AR MRNAR & KT, Ho i pE s
00 s ELISATEASIN A R MR 5 = 7 W A s AR -
PTG SR I IR 2R S5 3 AR AL

1.6 %itEo# RASPSS17.04: i At 4e it
CERIAT AT, PR R LixtsEoR, 4Lz
KHI BT 2301, AP < 0.05 2% 547 B TEE Y.

2 %R Results
21 FERIHHEEH5H ERIEH KRS0, 75 Hh4
4, SERLFRTMLR, DEHENGE RS,

2.2 RARRMETIEF M LR T e PEGFP-C3-
BFGF#) £ A% 4. PEGFP-C3-BFGF# 4t N\ i ) 72
JRT 4048 hiG, ROCEMBE T &R LT
PEGFP-C3-BF GF I F i [ 70 5t T 40 i 2 IR AR (0. 56
M A %% Y« PEGFP-C3-BF GF 115 i 7] 75 Ji T 41 M J5 &
ek, WE1.

2.3 RT-PCR#&M L f 4 /&% G B mRNAR L il
JE2JE, XML, BEIRFRAL. REAHL ML N A g A
WA E TSR EAMRNAEIL, S5xHIEAELE:, BRI
YL0FE T 48 B A BEmRNAZL IA B S50, BA 2 KL
T YL B T4 B AR I I mRINA ) 26 TR 50 B PR s 4L B 2 F
e, SRz 5A %R (P <0.05); WE2.

2.4 AEMERLER BEAE G AN R R) OB PR 200 1.
B KT B 2 o B, FER S e B AR 21 1 1M B 7K
PN EEMTRIRWA, R0 8EMHE(P<0.05),
FE DR G2l B IR K AT i T R AL, S AR b =
B EEEEN(HP<0.05), WEl.

2.5 M EE bt oL LIRS G (1A R
Bk B m TR A SRR AL, i s iR S
KRR SRR, ARtz 5 B R X
(P < 0.05); Z [RIE L2 1y = HE Pt 5 22 KT 5 TR
M, TR FEAPUIRACS TR R, & IR KR
FERFRpIe B s R A B EER X IP <
0.05); .32,

26 HTARFAM FLEESRBRALGREL
o BRARA I E NGRS A L, BRI TR
WL, FEE Y AR FRARAL, B TxfRdl. X
HUN B IRMRALLR, S5HVE T A R 2 I & 5 40 1
FIMER, RE AR, B, WAL E,
DA 9 VR AN BRI s RS AR A 9% T 0 st S5 i PR s 211
T FEDR A G4 28 VRGN MR W iR, Z 48
JE B WG R, SRR e . WS,

110180

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



HZ s, 5 BT YR AC ] TR R Eae X (R e A B 1 e I T BB 12 07 W AR @7 702 WWW.CRTER.org

F 1 SHXRRER 8 8 migxTE (xs, mmol/L)
Table 1 Blood glucose levels of rats at different time after transplantation

A5 24 hj5 3dJE 7djE 14dJ5E 21d 5

Xof A 3.411£0.459 3.379+0.458 3.417+0.457 3.388+0.460 3.405+0.460

B PR Im 4L 11.263+£1.833 20.99+2.878 22.044+3.489 22.989+3.598 22.988+3.682

0: 21k 7.654+0.974 16.235+2.673 17.170+2.041 16.735+2.256 17.969+2.457
BRI 5.593+0.626 6.028+0.423 5.362+0.364 5.967+0.421 5.236+0.364

Fuk: ANFIN ] A AL B R R TR (P < 0.05),

*2 BUTEREHRKFESRERMABHLE  (xxs)

Table 2 Fasting insulin levels and insulin resistance index

in rats
25 TG K JBE B B AHHUIR S
xo B 4H 32.21+£2.42 4.86+0.11
e ) Bl PR Jm 4L 20.311.71 20.730.16
Bl %5k R TSRS HIE 7 R T4 PEGFP-C3-BFGF i }
214(x100 BAEA 22.17+1.64 17.69+0.14
N(X

=(100) - PR 28.17+1.89 6.25£0.12

Figure 1 PEGFP-C3-BFGF expression in bone marrow

mesenchymal stem cells under fluorescence microscope (x100) Fk: BUTEERB KPR R BRI TE SR E R BE

EvE: B A hAREEG PEGFP-C3-BFGF 18 18] 78 5 T 40 X PEE X (H P <0.05).
AN 2 G, RS ERMIOLES: B MELRT
PEGFP-C3-BFGF Ky 78 i T4 il 24 a5 615 5 -

A B
2 1 2 RT-PCR#&MZFHXRIERE
MEA WA BME SRR N - EE BB mRNA Fix
_ e 8 Figure 2 RT-PCR detection of
EHEH 2 @ﬂf 1 a a matrix metalloproteinases mRNA
HE expression in rats
e Blie: Bl A ASALFEEEAN
mRNA Bk #i%; B BoRBHIAE KR
0

AR R E AR mRNA BIRIX

WL BRI ML R ‘
) b . B R ALY B F (P < 0.05).

B3 &HEXRE

Figure 3 Pathological changes of the rat pancreas (x200)

. [ A TER BRIRAIZR, Z5ME T, B BRI S 45 R BRI, C i RS AHAH S8 PEAH R b R s A R s Dk HE R i
ARV PR B, TR R BT, SRR BON R

3 it Discussion FE R T 40 RS A B R BE 4% LA e i P, B

AR, BRI IR AR AT VA B e AT AR B) 78 40 H 2 — R BT A E R G4 R, 7EAN ]
2, IR A 0 g T A AR R A N RERE 7 L A AN FIR AL A L, FE28 T 5 A
LUK T 40 MR R 25 7 sk i 7 M B 212, P g ) ST ST T R S Oy 1 404 BRI, a4k
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8 5 TR X ) 7 T 4 M 0 PR AT SR, 3 i )
A canfEk” M T EREETs A,
8 (R) 70 03T 40 I AN A7 70 RS A HE R RO A PR 2R 4
W, MIMTEIESEH A A, shah, cAHUE
SEE T 1) 78 5 40 mT A B 4 R PR K U T
RETK T B o0t mm ORIR A, X W] RE S B MR T 40 i
SRAL e A kB0 e A MR ZFIR TR Y, 7B
—EMIAAT T, B R 70T 40 i e % i R T IR Y T
R,

BRI T A 40 e AR K R R AR AR TP AR R
RGBT 125040 M AR BERT 52 40 M 9 5 1)
P O LR 4 LR S AN Bl M Rl 2T 4 4 i A
B AE AR 5 R A AR, sem L) 2 N . E B
LT Y40 Mok KB 7% cDNA DLk, AR S &k
UERE o SEEG R I NSNS AR 25 T Itk T 4 40 i AL
BRI I AT A5 51 B 1) 7 o 40 1 e S i ok, 5
EHLABREAR S SR EL KT, iy e AT 1 — i 1R
. P, 1E# i #2 PEGFP-C3-BFGF, 1§75k
U IR R I, BRI E R . Sei 4 R 8
7N: PEGFP-C3-BFGF % 4t [f)-# 17 78 i T 40 R B 4
i, 4 AKRIRMA TSR & Am mRNA ik, A
FAFRAL LR, BERALINES 48 B B mRNA &
RN, B R R R Y B A R R A
MRNA [ B0 PRI 2 T 2N B AN I TR i i %
IR UM LR IR ACE R BIAN FIFE s, IR — P IFRKR
i PEGFP-C3-BFGF il it 175 T i iR 20 20T AE M T
SRR R B AR A, MBS B 41 furhee, Fibn]
eIl PEGFP-C3-BFGF #% 44 1) B 7] 78 Jit 141 g - %2
EACHEER, IF B IBRG M S e R SOV . BFFTE R
IR AR I AN TR JR) a5, 5% 2 K Bl o e I 0 22 R A e
<MLL <WE AL, (RPN Jedd >0t A, 32
5 R A N AU A G BB IF) 70 0T 40 i mT LUR K F2
FE b S5 B s (B A 3R AR .

W5t 45 R 7R : PEGFP-C3-BFGF # Yy i i 8] 78 Jit
41 Mo B N PR DR B P, R A SR K LB A
-, fEHEE R R W, RIS A REEAA R
UFAEE, M HAT e B AN AR, . 5
DUILHUI T BE 20 el 55 T 42 8 2 Al mRNA 1R
eI DAL T 2 1) 5 K OB SR s AR AR B R A . R,
% PEGFP-C3-BFGF #% 4y & fifi [ 78 5 141 U B% #E N Bk
PRIGR BRI, AU RS B AR G (5 /A, i B
REIBE T 5y 7 A 0 (RO A P LB, 0 X B (4 (19 B ¥ 12 21
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-

EFE[EER: Yo H) M A R B ah BB T AT TR 64
R, HR—% A ZREE B L8R . BEfrs,

XELZE LFHRAT 2L CNKI R E| 5 kb
RHuiT3 kEE,

EHhE: LEZENDRATINF ERERGINF, &
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AT AARIETAE, WX PR REB N . B (EFEITE
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