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Application of basic fibroblast growth factor gene-transfected bone marrow
mesenchymal stem cells in denervated muscle atrophy

BACKGROUND: How to avoid denervated muscular atrophy is a key factor to improve the therapeutic efficacy

OBJECTIVE: To study the effect of basic fibroblast growth factor (0FGF) gene-transfected bone marrow
mesenchymal stem cells against denervated muscle atrophy.

METHODS: bFGF genes were transfected into rat bone marrow mesenchymal stem cells using viral transfection
method, and then MTT, immunohistochemical staining, hematoxylin-eosin staining, RT-PCR, western blot, and
ELISA methods were used to detect the transfection efficiency and product expression. Thirty-two
Sprague-Dawley rats were selected to make animal models of sciatic nerve injury, and subjected to multi-point
intramuscular injection of bFGF-transfected bone marrow mesenchymal stem cells (experimental group) or cell

culture fluid (control group). At 2, 4, 6, 8 weeks after transfection, the gastrocnemius muscle tissues were
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0 35 Introduction

JE R PR3 i, HL ST I B LA AN T G b A
E45. HATHIBI S kR B AW ARE: — 2K
PRI AR, T S SRR AR AT i 28 A1 B Bl e 28 T
&, I H Sl W& DI RIS AE, B
IEFNGEZE AN WA i A T A, By 1R R R L2
MRS RRE. FRAMES A LA SRR
T HEHE LR B IR, DR # VLR ph 22 22 4 B A
JEFEMEEGE, UL R ZES . KRS R,
H NI 5 R AR E A e i AR AL, S
KR40 AR DR A e, Szl By £ TR A 0N
[ A 1 £ 4k 4l B AR K IR F (basic fibroblast  growth
factor, bFGF)JE A Je N OK fUBHE ) 78 T4 i, SR75RE
FRSER A DFGF ) 3 17 78 00140 H , 385 Jey v 3 7 vk
TR AR TT RAPEE fa 240

1 #ElFNAE  Materials and methods

1.1 &3t s st

1.2 BMAME ST 2014453 ] 2201546 I 7EILIH
B 22 Bt B Jeg mh o B 8 o S50 5 5 Ao

1.3 ##

1.3.1 SLE  fEERAESD A 33 (A R, i
Fi32 1), MAIE150 g/iti, MEREASBR, e E R
1.3.2 255 AR bFGF B (U 4 A= 4), 4t e
PR ELISARFI G (G EIR&D A H]), bFGFiH & ( L
HP YRR A, FA01598B), bFGFHiA (X
444, BA0259), PCREIMIH 1A 7l (Fa it 4 ik B
FAH R H), cDNAZ —&E A ik 7 & (3¢ [ Thermo
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harvested to detect action potential, residual wet weight, and cross-sectional area of muscle fibers.

RESULTS AND CONCLUSION: The bFGF gene was successfully transfected into bone marrow mesenchymal
stem cells using the viral transfection method. The residual wet weight, cross-sectional area and residual action
potential of the gastrocnemius muscle were significantly better in the experimental group than the control group
(P < 0.05). These findings indicate that bFGF gene-transfected bone marrow mesenchymal stem cells
transplanted into the denervated muscle can retard the development of muscle atrophy.

Cite this article: Yu N, Wang YS, Qi CP. Application of basic fibroblast growth factor gene-transfected bone
marrow mesenchymal stem cells in denervated muscle atrophy. Zhongguo Zuzhi Gongcheng Yanjiu.

Fisher, K1622), Taq DNA Polymerase(Z[E Thermo
Fisher, EP0405), PCRX (£ EABIZA): #41% fikAX (b
HONTT), BERUSALGERE BIOATH]), KAMGE(H A
SHIMADZUA W], UV-2450).
14 ZR7%
141 RECEBER 75T T4 RSNy S IR S E W
R MAESD KR, 1 g/Lit /K K B30 min5 , B Siab 4L,
MR 5, AR BN TE% LI 5, FIEH ., W&
TR BOSANBE el B REE K42, DMEM
BAEIEYE, HS R Pm e aa v, 2Eadiis. H10 mL
S A DMEMB TR e B i s, Aph i, R
AT, R EE, 1 000 /minE020 min, B0
210, HEaRIRiEg, BT 25 mLB B FHm T,
37 C. AR B B%COMMNRE S0 PR TR, T8
FrJ5 W B3R M BG FEU, 15 41 V5 £180% 0, F B EE 1
WAL, %1 2460
1.4.2 JENEQS 5w R0 et 5.
P s e 40 A FEE Ry 1107 L) 4N M A8k 6L 40 M 5 A
L INA800 pL4i il &, BEALINA200 pL ENLS, 5
R LRI 1x10™ TUIL, FESLINAPolybrene % £
R NS mo/L, BFE12-24 h, 445 K.
AL IR (5. RT-PCR. Western blotting.
ELISAYE K MTT v A6 M bFGF 3 PR 55 G- 6 W) 76 5+ 4m i
(R S =it Rk .

FAIEG-FLIRE: K806 728 5T 40 MR s
40 g/LZ 5 FH I ] 52 v 52 30 min, A — A% J il LT
Pett5 min, WF A0 T H20 s, WF = I
40 s, WRFIPYSE YR P Y02 min, IR EORPERL B
il Bk
110180
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AL o
1 fREELHIE SD AR B EEE 7R TR (x200)
Figure 1 Morphology of Sprague-Dawley rat bone marrow
mesenchymal stem cells before and after viral transfection (x200)
PAvE: B A SRR T RE R 78 5 T4 B O bFGF #4451 7
BEIMFE BT AN C e g m AR A T IR ARG - A et
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Figure 3 ELISA detection of basic fibroblast growth factor content
in the cytoplasm and cell supernatant after transfection
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Figure 5 Western blot detection of basic fibroblast growth factor
protein expression in bone marrow mesenchymal stem cells

FBRAMNRE: ¥ iR 78 0T 40 R 40 g/L
2R PR 2 w30 min,  EFEA, 30 BE A Y 0 2 il g
50-100 pL, =W E 20 min. M —Hi@ : 10
F¥)50-100 pL, 37 CHFE2 h, MG A50 L, =i E
30 min. 0 A 2 IgGHiA-FabB-HRP £ % {450 L,
#IR37 CHEE30 min. DABWW WL, B4, Wik, &
], ek LUFE e (A oRoh 1B 4L, DL G B4

ELISATIbFGF 2 &: 73 il W7 I FL (bR HE S AR BRI «
FRAESL AFDURE Lo 7ERERRELARAR b FRuE S SR DUFE S
U HERG N N 100 pL. FHE BB G 37 CilhE
90 min. K5 20ff A 4 Ui M 28 1R /K 205 70 R o 4 H o
ek, BT, ERESIR, MAEYFREPUATEL 30/ YA

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

R Wit - bEGE 41

B 2 REHELEEENGEMERTHEMIE KR F(bFGF)RIE(x200)
Figure 2 Immunohistochemical detection of basic fibroblast
growth factor gene expression (x200)

PvE: EE AL AN AT A0 M A I 7 S R PR i, 0 M R
BT A AT R

0.8
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iz
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E
0.2 4
O T T T
EH [SEREEEdi bFGF 41
4 RT-PCR #ill &40 B & 8 72 R T 40 B R B MR T 4 4 B A K
F(bFGF)MRNA Fix

Figure 4 RT-PCR detection of basic fibroblast growth factor
MRNA expression in bone marrow mesenchymal stem cells

SERANIEENS 2 S A NIVE S 4 18

AN N5 6 )5

YRGS 8 i

E 6 &R THEmBEREITHIFR(x200)

Figure 6 Growth and migration of bone marrow mesenchymal
stem cells after transplantation (x200)

PEIVE = S ALAS R AN 7] B T 5 PR TR U R A UK R D0 e 906 S s T
ARSI bR 0 E BE ) 7S BT AN, BE I () S, Arid B B 78
AN LI > o

B WFRE, FEFLINANL00 ub, =5 LR AR o FH 3B A daf
WG 37 CIRE60 min. Nk, Zf, £k, PEEfLif
%, 450 N KA I S AL . DU L 1 TR
NIEHEA, DAY AL

RT-PCR#2bFGF Ze1: 1 4l ki I AN 1 mLTitv4 1
Trizol, ¥ 315 mLE.OE P, HUES min, fIAH%IRE
HEAEWTEANE . MAEV, ZEFHE3 min, K5
2 000xg, 4 CELL5 min, FEWAA3IE, TR LEK
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A R AR A R 2GR, AN IR IUG
FIEKAHE 2 0 — 205, ISR RS, BRIR
A, ZIRFHE10 min, 12 000xg, 4 ‘CE.010 min, /MO
ZER LW, AL mUAFR 7 B 70%I1 L7, 12 000%g,
4 C.010 min, J1A30-50 uLitJERNase/K B fRRNAYT
W, -70 CHA7. H(5 pL RNARES 51495 pL 1xTE Buffer
d, WEREE7E260 nmA1280 nmif (e, I RNA)
WIE, G HCDNASE—#E, HEAT BNR R Ak R . DL
Yoo TR IE 8 AL, AR R Y B E4L. 519741 ) PCR
=) K/IN: Rat-GAPDH primer (352 bp): Sense primer: 5'-

AAG GTC GGT GTG AAC GGATTT-3’, Antisense primer:

5-AGA TGA TGA CCC TTT TGG CCC-3’; Rat-bFGF
primer (345 bp): Sense primer: 5-TCG GTC TCT CGG
CTT CAG G-3’, Antisense primer: 5-ACA CCC AGC
GAG AAG AGG G-3,

Western blotting 22 /bFGF 24 14 40 i B fit s
ML, IIAN200 uLyK A 24AE g% v, RERRS mini i
%105s, 4°C, 13 000xg&L>10 min. 4 i, .
BCAVLIR I EE M E , W58 FF fh AIFRAE 5 72520 nmig &
(IR EIEME o MR B (I bRUE Sl IR FERRUE N 28, THE %
LM AWK . SDS-PAGEHLVK, BE UL, A
IxTris-Gly[F IR MR, Hivk, NCHEE, H0. KBk
AN —Pi(HWestem— BB R FF L, 4 CHREIR
P B LR W3, FH5% i e ks AR Pt
FEIMPERIRG N2 ho e, W G:BOX chemiXR5
18, Gel-Pro324K A5 45 RdhAT A BE S #r o LARE G5 11 it
RO IER AL, DS G h 112

MTT 2GR 585 77 - WU G I o5 344 M Fn oK i e 4
JH1BA2x107 L 40 ok S5 (100 pL )2kt T 7596 4L4k, A
EH ARSI 10%IE 4 MIE IDMEMES 72, B T4
I HUNB%CO,y 37 CHUFIME 4 F PR TR, A0 fiRE =,
B R[A) I (A S — B IR AR, SR MT TSR TR I
DA (] Ry Aty WROGREAE N, Zeibil i AR th 2%
1.4.3 SEEEYIBIR ST A4 SD K32 - BEHL S
I SER AR BRA, 21163 o 1% 5 3 T b 24l g s v S5
ORI, SR e By B AR TR, DITERME, 4r e
JEEFBILPA S g AR B AR, FRUIRILF St LD, #h ik
Uiy AR a1 4, dzs v S AT G 1L T LA B, i RCAR i i 28 2k
PRZE SO IL P ZE A2 o 3 A0 R 20030 5 40 0.2 mL
(Ax20™ LY TS5 4l sh A M BERm L P, 3538 59 A4
(1.8 mL), VESEHEZL min, LABIESHR R . 4]
K RIRE T A A D PHE P JUL P9 3 S At M 5 7 . R R4
FARUIO, G AERRKER, P& KRGS
F6S R B 4y S 5% o
15 EEIRIAT
151 HHiN AR ARG EKIIBEN B
2, 4, 6, SFEMUF (AN ] 4 5), BT A1205 A,
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VKD R, Tt BB 40 i A KT RS S U

152 —RIEHME KRR KRMES. P&,
i) 4=k

1.5.3 K NLES) S AL I LR B A, Bt G 2,
4, 6, 8HNHSIHZESAOTE PHASISHLHEAL, FH 5
B H R AR 5 JHE P LT B F A 8 e, SR M e K 119 20
AN, HOLPIIME .

154 HHNWEFREKAER B2, 4, 6, 8FRKIKG
PR BSOS AE, JRnT e HE S SR A I, AFEC R L
WANE IR, DG R s 45 9. ML F & 1)
WUHEA L, KA SR 5 L RO AR i T R A7 2 =
TFARAEAT PRI 5T 5/ AT AR ERAF LA 5T Fx100%
1.5.5 JHEMIWUILET i i A AR VL AT e i i A2 B dd
J52, 4, 6, 8, WHUT LRI RS BN 2 5 P
W e, MHOEBEBREMK, A, 1THRAR-r
Jett, Mallory =t guta, T UG o BT G s LT 4R
TR RILET 4 40 i A%

156 HMEgllEA SR BiEE2, 4, 6, 8/, HUHmIL
4148, BCAILNMEE1H.

2 %R Results

21 KRG ERLER

211 ARG IR B T e JE i B IR 70 T A0 ) 5%
WiETg R WELA, B.

2.1.2 R YL R BE IR 0 0T A ML AT R AORS - P AL g
AL SRR, MR, AL, oAl
B SR 4 (. (B 1C)

2.1.3 AN MbFGFRIE B F o] DL J 41 Rk
bFGFE P, FLRIATAIIE M, 40 MM 2R G et
EHE A AL EKIE, WE2.

2.1.4 ELISAKIMIbFGF#& &  bFGF#: 4t J5 & i M) 78 it
T4 sk FbFGF 45 48.03 ng/L, L35 bFGF & &
5.62 ng/L, 1L 440 % HHbFGFZ &:40.2 ng/L, k
TEWIN0.18 ng/L, [0 40 M2k - bFGF % 54 0.45 nglL,
W 40.28 ng/L, WLE3.

2.1.5 RT-PCREIMbFGFRiLA IEH 4IM X RE=EN
0.33, BHME4IAIXFIEE H0.34, bFGF4LMIX £k N
0.73, bFGFHEREW] W m T IEH 4L LBrEA, WEA4.
2.1.6 Western blottingfMbFGFEE F1381E  1E % 41F1Y]
PE4IbFGF R [ HIXF %14 5 40.00, bFGFALAIN &IE RN
0.85, LE5.

2.1.7 MTTIEATIAN Mg s g ) difRi /524, 36,
72 h, bFGFRIEA WO S5 WIvEAI Lbie, 2257A Wk
X (P <0.05), W%l

22 FHFEER

221 SEMECESNT 321 SD K RIHEAN 45 R4
Mr, IR -
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222 SERBPRAABEE AR O I ZH N S 2 S L
WAPIERE, FEAIRD, AR, BRAME, POKECD
ML . IERESR, &N P POKZHTE T 1E
W MHAHLEETR, HORMELOKRI 735 KIS
A I, Bz b IF A i R . SEB 20
TEW B Do

F1 MTT il bFGF RiXASIAMAMAIETETE N (xS, A fH)

Table 1 Cell proliferation activity in the basic fibroblast growth
factor and negative groups detected by MTT method

245 24 h 36h 72h

bFGF #ik4l 0.020+0.022° 0.200+0.023" 0.240+0.024%
X WA 0.0100.021 0.1300.024 0.150+0.026
VE: HXIRAE, *P <0.05. bFGF: Bl R £F 24 i B KB 1o

223 EHHEMAMTHRBEGEKTIBHEN Bi)S
%2, 4, 6, 8, HULIRA S X FALMEAIUILIA L2054,
T VKR UL 98 BT 5, I S50 4L MR bR A
AT GRG0, JHE I UL R 1018 1) 76 0140 e 2-8
JE Wk, WE6.

2.2.4  JHEWANUVLIA BV ARSI JHE S L 2R 25 4 48 S0 E
Jeis S A5 0 R AT AR B 1 I Bl A 9 AR
HL, RPRRAE, SEIGAL S A AT B AT, AT E
PIAEARJGAS N —HFF KR, MG BT IE R %,
2, AJWIA R SCI A LU RSN i, 6, 8IS
2 50 IR 22 e Ay B PR (P < 0.05), W32,

FT2 BEHRAAALAZNIERA (x£s, n=16, pV)

Table 2 Action potential detection of the gastrocnemius muscle

AR H2H %44 ECRE %58 M

S 453.83+23.67  377.72+21.32  280.83:22.45%  221.06+23.87%
XA 340.94+22.32  284.06+24.67 189.28+23.72 113.39+22.13

Fnk: S, °P <0.05.

225 HERNUVLPA TR AAE 3 R i ) e 1 4 A2 A
JE A S 6 2 TR B WL S B A 0 5 0 B 4 B 22 AT
BEVERY(P <0.05), KRN BT 0 AL BAEKE
8 1) 78 J5 T 240 L A A%l 2 2 25 28 SERC UL A ) 28 4 i
JZ, 258 Je I S 28 PHE P W L Jo i B A 3 g ) R A L A
AW MR X (P <0.05), LIl it Tofal, k3.

F# 3 FHEMBAERRIATREZRTE (xts, n=4)
Table 3 Residual rate of wet weight of the gastrocnemius muscle

415 28 $ak %6 4 58
sS4 1.85+0.01° 1.57+0.01° 0.96+0.01° 0.80+0.01°
X4l 1.10£0.04 0.82+0.02 0.59+0.04 0.37+0.01
i HxM4ltig, *P <0.05.

2.2.6 MBNIBAETAR KA R E A RSN 7 BT 40

FEHEL i o5 4 J ST 560 28 I P IR A i AR B 40 i LA 0 T L

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

iz 2 BEMEE X (P < 0.05), LW BT X
Ao FEHE I HE ) 70 0T 40 M BB AT R RE 27 2R A 22 UL DA 22 4
PRV FEE , 558 TIN5 56 21 JHE M LR Ak i R A 4 M T4 B 0
M 2R BE TR (P < 0.05), S22 B WAL T 56 e
41, WF4, 5.

R4 ZAMRZAANAHEEEERR (xts, n=4, pm?x200)

Table 4 Cross-sectional area of gastrocnemius muscle fibers

AMn H2H 54 e 55 8 i

SEHGA 1 864.64£31.56° 1942.82+34.32% 840.43+36.21% 615.92+35.33°
WA 1021.46423.21 785.64+23.78  475.41422.65 332.72+24.11

FiE: SRR, P <0.05.

#z5 REMBFIMATHEMER
Table 5 Gastrocnemius muscle cell diameter

(xS, n= 4, ym/x200)

415 %2 %4 %6 )5 %5 8 )i
St 4]  55.86+8.23% 53.68+9.44% 37.40+8.67% 31.5749.10%
MR 33.12+7.56 31.89+8.23 23.33+8.86 18.22+7.89

HeyE: HWIRAE, *P<0.05.

227 MWW E =T H S R 70T A M A S
A S AL R LR (1 i S 0 B A b 2 S Sk
Y (P < 0.05), SLIGLWIRALT 0L, 8 I sEKdl
HER LA (M R S A A b 2= g BB X (P <
0.05), sEEGZHA AL TX 4], W3k6.

%6 FHEHFAZKIAZARE (xts, n=4, ug)
Table 6 Quantitative analysis of residual gastrocnemius muscle
protein

4 2R Ey 56 )4 5 8
Y2 4120.8455.7°  3834.7458.3°  3470.8457.5" 2 943.0+56.9"
XHHE4l 2331.9455.3  1868.1#55.7  1615.3+56.7 1326.3957.1

HyE: HXAE, *P <0.05.

3 it+i® Discussion

AN EAZAT G, T2 TR LA I B SRR T
Wi, SRS, SIEBRIER, BT . XA EE
A B A I T HERS T N T, 0 HAS AT S, Zeife R -
R EE B BRI B RN E TS A,
T 3 A S () ML VA A SR T FIvR 7 RPN S 4. B
SRAESNW) S P AT T — 527 3%, (R T Rl 2 AT BRI
JR g G, BRIV S, MK
B 1 AP LA 2R G e L, Bl X RN T T AR
HIAWIRN, LT & P8 5= R 1 e 3 a4 B 3 45
(177 R TR MG T SR A 28 DL 45 1 a7,

BRI T A R B R RGP R E BT
Mg, B 2R IR JE R 2 IR 2 R YR 2H 2341 B A4k F)
fie s, BASRKM R R, B TARsM Ry 1
JANERE R e fn Rk, B HER R NVIES, R4l T
FEFNSE (R TR B BR AR AR A4l i o ' AMRT LA Sy B A,
T EL 38 W7 L i 4 0 R A A £ ek A L
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DFGF & Jl T 4 40 i 2 K R 7 SO (M FE A R 7%, o 22 Pl 4t i
(KI5 3TR . LRI PR B R S R DY,
P L N SE e WA b 6 P SR e e i [ i e |
i A KB 78 AL 1R AN IR S ) A R T
. R KRR, BN IR ot 52
56030 1ok DF G F 3 R G i 6] 7 S0 40 M, i 2K Aol
Y INAE =2 VR 2w s i PN R e 3 N SN S i
R A4 ) 78 0T 40 B AN A RESE e P oA S5 1) A Ak i
HEIVLAH M, BT I 2R i 22 2R 40 TR

173 B 2 A i K e 23 2400 Al 2y 244N e, BEAE H 1
SR A 2 B0 N M FE DR 20 A T SE IR IR AL, B RS I R DA
B, m Al s N Z RO R LR, so6 ]
—U M IR, NG ERE R RN, AR A
PR DA E =y o S50 R FH s 15 7 G 19 7 VAR i
BEAE A0 AR, H R R RERR e stk 4y B —1AR. JEH
bFGFILD, S B e 7, e e N5 IR 1K) B 4
() 7 o4 b o S 25 SRR, T8I R G UV,
AR PTG o ve B, AMUAETEAS B 5 Jemi Jo e e
ZEG o G A Y 0 2 R, B YLl R A bFGF 2 FH
R AEMYE . TTTWestern blotZ3 444 L4 i 32 By
YIREARY) HBUR SR 4671, 5 bFGRAIN 21 AN, 1
TEH A R IR LA RE A TG B e 1k 2%ty th L, vT DA i bFGF
B Y N BE I 70 T AN, R e A B E ) 7R T
0t P 75 B IR A T SRR A o G B 1A 78 0T 40
ANEN2, 4, 6, 8JF, BEMTHIEK:, SLitdl KA
BUVLRRE IR R B, JDUBRERIIAR . UL M B4R S i A kAT
SRR R o SEIR A NLAT A R AR RE P B R AL, LA
(R FULET S A T RPN AR At HR ALK o S 201 AR [V UM i 1)
MEN2, 4, 6, 8JAIN LKAz RAT WA MR (P < 0.05), 5L
WA RN, WURR LARE SIS, WL 240 10 R A AN rT it
G, VISEATAT IR 5 80 4 B SR DA 28240 (1) R AR NI, sk
LR TR o B e G gl RN K SR AR LA A P,
RERARUEE . HERAIUNL R T A7 JHER VRS AT X
A B B BRAEMERILBNE A DN AR ARSI, P ek
LR ZE AR TR E , AR an el B i A T I R], Gnfe p [) FEAth 25 o
BUF IR 46 1715, AR,

TEETA: FHBHALTEA, FHRFE-RATT, FEFHE
AXEE, FTHUREAFFHE.

FUZSMTE: BRA M4 2 FIATT U AR £ A 509 K.

EEEEE: Ry EZNMEFRMET CSERFAZRA
HRERAFEIAE, FRDWERSTHRITHAFR, HR—
WH A RKIEEIB Y LI FHERET.

NELE LFHMRITCLZE CNKI R 25 Lkt 4 it
T3 REE,

XEHE: KFFATRGINFHE, LFLENPNEATINE
ERFM, HEATERTE.
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TEZFERG: X F 5 A st A AR 618 X b B I4Y T3k
AT HARIRTAE, WX T AR B R« SIB(Q4E T FAEIE &)
RRBMARCIEBH AERA. 2 FFHE, THEIEE,

B T HRET R E S AR BRARALE T R
A8 K X
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