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[FEE] HOBY  WE™ B R BULYE RN B 88 (8] 72 5t T 40 i ( BMSCs ) iE & fig 1 248 4k, #9
PI3K/ Akt {5 53l % 7F BMSCs 4t R P /ER . )38 @™ d e s R BUBEAY , i 28 b 475 K BRI o
O HARFL 51 10% (1)e45 K BRI HI#4 BMSCs 21 g A [R] st 8] Ji5 , Transwell /N2 A5 BMSCs 4i i iE 58
fiE 7, Western blot £ U] BMSCs ZH i P4 W 2 1t p38 (p-p38) FIW MR fb Akt (p-Akt) FiEKF-, @55 M
BMSCs I BENLS> A 4 21 XFREZH (7 10% BG4 107 ) e L35 41 (& 10% B4 K BT ) pe i
+ P (% 10% et R BUALTE +10 wmol/L [y LY294002 ) befii i + PLah 4 (& 10% Befh KB
M7 +200 ng/mL [y IGF-1) , Transwell /N R4 H AT RGN . &5 OFehMiFEEH 0.1.3.6.
12 24 h i}, BMSCs IR E 3 0.1.0 £0.7 14.6 +4.6 45.0 +6.4 .82.8 +8.3.122.2 +11. 4,
3 h i BMSCs 41 HH BT F ,6.12.24 h iif BMSCs 44 £+ 3 h(P <0.01) ;B f Mg /EH 0.1.3,
6.12 .24 h i}, BMSCs 4l p-p38 7K F4r5141.02 £0.50.1.11 £0.17.1.04 £0.23.1.02 £0.20.1. 16 +
0.22.1.00 +0.19,p-p38 ik 1.3.6.12.24 h LB HERI G, 22 FIG 1242 L (P >0.05) ;1
p-Akt 7K 43514 0.59 £0.08.0. 65 £0.06.0.83 £0.22.1.10 £0.21.1.22 +0.19.1.62 £0.30,6.12
24 h WHEEAER O h B CIn ALY 5 BRI 2 ) 7K SR 48 25 (P <0.05) 51224 h B4 3 h IFB B3 & (P <
0.05) . QX HEZH Be 75 135 40 Be A5 ML + 9l S04 Be i T + Bah R 485 3% 24 h 5, Beth i 4H
BMSCs 4fi fif A5 B IR 2 (P <0.01) , SR 05 35 41 L3, B3 3 + B sl R 4 BMSCs 4l g
EBE G Z (P <0.01) Bt g + 30 5 4140 O A B B a2 (P <0.01) o 8518 ™ E R
K BRI A I PI3K/ Akt {5530 % {2 i#F BMSCs i il if 7% .
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Serum from severely burned rats promotes migration in rat bone marrow

mesenchymal stem cells through PI3K/Akt signal pathway
Li Maohua, Teng Miao ( Department of Burn and Plastic Surgery, the First Affiliated Hospital of Chongqing Medical
University, Chongqing, 400016, China)

[ Abstract | Objective To observe the migration ability of bone marrow mesenchymal stem cells
(BMSCs) after the treatment of the serum derived from severely burned rats, and determine the role of PI3K/
Akt signaling pathway in the process. Methods After severely burned rat model was established, the rat
serum was derived. (1) After the BMSCs were treated by rat serum at volume fraction of 10% for different
time periods, Transwell chambers test was used to detect the migration of BMSCs, and Western blotting to
measure the expression of intracellular phosphorylation p38 ( p-p38) and phosphorylated Akt ( p-Akt).
(2) BMSCs cells were randomly divided into 4 groups of cells, that is, control group (treated by 10% fetal
bovine serum ), serum group ( containing 10% serum from burned rats in general rat serum), serum +
inhibitor group (containing 10% serum from bumed rats + 10 wmol/L 1.Y294002), serum + agonist group

(containing 10% serum from burned rats + 200 ng/mL IGF-1). Transwell chamber test was used to detect
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cell migration. Results (1) In 0, 1, 3, 6, 12 and 24 h after burned serum treatment, the quantity of
BMSCs cells migration was 0, 1.0 £0.7, 14.6 +4.6, 45.0 6.4, 82.8 £8.3 and 122.2 = 11.4
respectively. Cell migration was observed since 3 h, the number of migrated cells in 6, 12 and 24 h was
significantly larger than that of 3 h (P <0.01). After burned serum treatment for 0, 1, 3, 6, 12 and 24 h,
the expression level of p-p38 was 1.02 +0.50, 1.11 £0.17, 1.04 £0.23, 1.02 £0.2, 1.16 0. 22 and
1.00 £0. 19 respectively, and no significant difference was seen in the expression levels among these time
points (P >0.05). The expression level of p-Akt was 0.59 £0.08, 0.65 +0.06, 0.83 +0.22, 1.10 =
0.21,1.22 £0. 19 and 1. 62 + 0. 30 respectively for 6, 12 and 24 h treatment, and the levels were
significantly higher than that of 0 h (instantly after serum adding, P <0.05), and that of 12 and 24 h was
significantly higher than that of 3 h (P <0.05). (2) In the control group, burned serum group, the burned
serum + inhibitors, burned serum + agonist group after 24 hours’ treatment, the number of BMSCs migration
was larger in the burned serum group than the control group (P <0.01), in the burned serum + agonist group
than the burned serum group (P <0.01), and was the lowest in the burned serum + inhibitor group (P <
0.01). Conclusion The serum derived from severe burned rats promotes the migration of BMSCs by PI3K/

Akt signal pathway.
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FY G B A, B RROR YT PR B TR IR T R I
W9 A I 28 R i ek Mg D77 1) 72 51 1 40 it ( ADSC) 73 5%
S MR /N BUA N, AT BEAR I AL FR R EKF,
PEFEPT R K- IL-10, COX2 A= %, $0 il 12 4 K -F~ TNF-
o JL-12 B, X5 1 e A /)N B O 43 403 A O 4
FIY . T MSCs 3R Je B AR VA 7 1 56 6 , MR MRS AL 1Y)
MSCs & [n] 1T 4% 31 32 40 20 21, 3 3 43 Ak ok R 1Y) 4 i
P RHOAEE , A RS A LB S A A, R A
A B AR SR B AR AT A2 - 1o (stromal cell
derived factor 1 alpha,SDF-1o) ] 3 13 S 0GB EAIL 3-
1M E#Z 538 1% ( phosphoinositide 3-kinase , PI3K/ Akt ) {i¢
it MSCs 3RS PIBK/ Akt it 2 552 (A5 11 41
Ji PR B S ) R AR, T R 2 A 4 T P AR AR D R
WO, BAA AR B R R R 40T RS AE A
G EZ R AEY D68, PIBK/Akt {753 f§ 2 & 76
FEE BB T MSCs 128, HAj M AERE., A

WFFER AL™ B e 0 R B L 5 77 BMSCs 401,
WLEEH6 BMSCs 20 LI 15200 , )25 4R 1) PI3K/ Akt
A A R P AR AW I RAZ A BMSCs 3577
JEEREA O L B PR AR

1 #MB5EFZ*
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SD K BMSCs 4l #k & BMSCs 243535 5L (T
B AW B A BR 2w, G 4 13 (FBS, Gibeo,
USA), p38. Akt B 57 BEHT IR ( Abcam, USA) |, B 12 1k
p38(p-p38 ) FIWEMR 1L Akt (p-Akt) H 3¢ B Bt 44 ( Cell
Signaling, USA ), HEkR i 4 fE40 B (HRP) 7 3260 11
Pt — 31 ( Proteintech, USA ) , LY294002 ( Santa Cruz,
USA ), IGF-1 ( Prospecbio, Isreal ), Transwell /)N 2
( Greiner bio-one, Germany) ,HEPA Class 100 % CO, %
46 ( Thermo, USA ) , Fusion FX7 %t I8 BAZ 70 ¥ R &
( VILBER lour MAT, French)
1.2 =g KR Fed &

AT 200 ~280 g M SD KB 30 H (55 =%
B RS g shy oAt ) , 2% Sk (6], i 40%
TBSA (i Ml EE AL REA, 155 6 h 7E TR #AE T il i
5 E Sk, EIREEI 4 Cad R, (i i Sk R e i
M H M, 4 °C 5.0 (3 000 r/min) 15 min, B | ¥,
56 °C fin#4 30 min DUKIEAMA, B354, -20 CUR
25 o
1.3 ety i #1380 T BMSCs 0 ituif 45 # A 4]

HIF Transwell /N5 44 1 BMSCs 4 g 7R M 1T #5465
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24 FLM T2 00CE 0. 6 mL A ARFLA %L 10% 545 1.
T BMSCs 4 Rs 77 &, /hE FE3F1 0.4 mL 1 x
10°/mL () BMSCs 40, Bt A 37 °C 5% CO,}5 7744k
gergs . lF 0.1.3.6.12.24 h A, B Transwell
NE K D E SRR, AR A L = i dn i,
PBS EEUE— K, HF/NE BT 4% 22 R Wb 2= 5
E 20 min, PBS JEE— K B/NE A SRBET IS , 5% 45 i
YL 30 min, PBS JE 7k, BB T AR HEGE RS F
/A TR AT BMSCs 41, Rp 415 B8 R 22 47 v bl
HLEEHC S ASPLET B 5 AN 1005 20 it 6 85 3 B 1740
VT, LIGE RS 5T 26 1 41 Bt 1~ B0 35 B0 /s 40 g
HIEFERE T, BEASEF ] S N AL,
1.4 Western blot 4| ¥& 45 oo 7% 4 % T BMSCs &8 it
9 p-p38 .p-Akt & G K ik

FHEARFS 80 10% 47 17 19 BMSCs 4 i 8% 3%
FEH% BMSCs 21 g, % 3 O (I A 58 49 1 38 )5 BRI
Z0).1.3.6.12.24 h 6 A-EF[a] 5 Yo 45 s ] o5 400 g
AT B OO UL , F22 85 4R O] & vl B B $ 4 ) O ik
PEICAN B (1, R A BCA & @ & vk B, L
40 peg/fLE H 17 10% SDS-PAGE, ¥% i J5 248 5%
BSA =i £ 41 2 h, 2 B A bt K B Ak Bk
(1:500) .p38 Hifk (1:2 000) . p-Akt HLiA& (1:500) .
p-p38 iR (1:500) ,4 Cib i ; Ik H, TBST PEEE 3 1K,
JIA 1: 4 000 5 B 9 BAR 13 S L Y HRP 419 A9 L
FHRDT,37 CWER 2 h, WAL A7)
5, ARG, Fusion FXT SERE AR 1T R G AT K
T, G5 L p-Akt 5 Akt p-p38 5 p38 JKEE{H LLIE %
TNo SLEHEE 3 K.

1.5 Transwell # @ LY294002 . IGF-1 4£ ] /5 BMSCs
o el it A5 RE A

s 3 ARARKORES R 4 BMSCs, 5250 BEHL 73
4 21 X IR Be i 2H B IE + S0 2 L be
M5 + Wsh gl . X REAL .24 FLAR R E & 0. 6 mL
4 10% FBS [f) BMSCs 5323 /NeE 254550 0. 4 mL
1 x10°/mL f¥) BMSCs 41 il ; 8 147 i 3% 21 : 24 FLAR F =
B 0.6 mL S RFLAME 10% B2 45 1037 (1) BMSCs 4 i
IR NE FEREM 0.4 mL 1 x 10°/mL /1 BMSCs
A M BE 5 TS+ A AL A B i A&k
10 pumol/L f# PI3K/ Akt {53 4 411 1 71 LY294002
AR e i g 4L 5 et G + PBh 4L 78 L= InAZ%
W 200 ng/mL (1) PI3K/ Akt {5530 & 84 2h 7 IGF-1,
RIFFEO M A, 5557 24 h, AFEJ5:0R] 1.3,
1.6 %itzod

THEEAE DL x =5 Rox, RH SPSS 17.0 GiitH#ds:,
Z 2 ) LA R B R 25 7 22 40 B, PR AL L 384T LSD—

WV o

2 HR

2.1 BEAf fn ik k)% T BMSCs 2m fé st 45 6 Ao )

PG INIEVE 0.1.3.6.12.24 h F, BMSCs 41 il
FERBEEMH0.1.0+0.7.14.6 +4.6 45.0 £6.4
82.8 £8.3.122.2 +11.4,3 h i} BMSCs 41l fifd JF- 4 H: ¥4
iT#,6.12.24 h if BMSCs 4 i &£ T 3 h(P <
0.01), WA 1,

A~F.: 23 A4m0.1.3.6.12.24 h
1 AERHES BMSCs A EBER (LH%EEE x100)
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2.2  Western blot # | ¥ 4% £ /& &% F BMSCs 48 &
p-p38.p-Akt & & & ik

PR IIEVER 0.1.3.6.12.24 h i, BMSCs 41 ity
p-p38 KA HR 1.02 £0.50.1. 11 +0. 17 1. 04 =
0.23.1.02+0.20.1.16 £0.22.1.00 0. 19, p-p38 &
F IR TE A ] 25, (1.3.6.12 .24 h) fb AR A &,
ZRTG A L (P >0.05) ;1M p-Akt K435 K
0.59 +0.08.0.65 +0.06.0.83 £0.22.1. 10 £0. 21,
1.22 £0.19.1.62 £0.30,6.12 .24 h BH44/EF 0 h B
K- 2 3 (P < 0.05) ; B 45 i 7EJH 3 h i,
BMSCs 4fijffirf p-Akt 85 AR TR TR ,12.24 h B4
3 h PR E (P <0.05) , WA 2,

1 2 3 4 5 6

3
pp38— —43x10
p38— ' ] —42x10°

1 2 3 4 5 6

p-Akl*’ =3 T — - ‘ i —60x10°
Al @ «~56x10°
1~6: 53 A4M0.1.3.6.12.24h

2 KEGmiEIERARATHE S BMSCs 40k p-p38(A) |
p-Akt(B) EHKRIE

2.3 LY294002 .IGF-1 4/ /& BMSCs #m it iF #% 48 7

X HREH BA5 i 4 et v + PB4 be s
ML + MHIFI LR 5% 24 h 5,4 100 50908 T BMSCs
AN R R 4 ) 2 81.0 £8.3.109.0 £10.9.152.0 +
11.7.52.6 £8. 3, B i il 15 41 BMSCs 2 Ji i 4% 3 2 ¢
XTRRZIME Z2 (P <0.01) , 506007 10038 41 FL 35, 540 1M v
+ W BhR4] BMSCs 4T B A £ (P <0.01) , k%
A0 LT -+ 90 ) 550 2 40 B 8 5 B 02> (P < 0. 01,
K3),

e

R S i C soe D)

Aty fe i + BB A4 B RS dn i + k) A4 C L s

Ao ;D s pB

E 3 PBK/Akt {55 i #&Xf BMSCs 40 BT #% B0 8210
(¥ HEeE x100)

Wi

PR R A A AL IR AE AN R RE A4
Bio WFFTRIA, Befii i 3010 ULZE 23 BT s 3™ 2 ) B
I BAEAE , S BOL DI RERERT , InE R R v, Th 2 |
RZ4E YIRS 25 5 1E (MODS) , [HIt, 42 475 H 14
ST BT B O WU B RS e, LA 05 )5 0 LY
PE PO NI RE , W SR B B Bl G
P E IR A EEME L. TSR E—F
BRI i AFSE R BB 8] 78 5 40 A (hUC-
MSCs ) REfiE i Mbe i 2 D Re ik &2, H H i MSCs
O A IR TSR i A ka7 Ok Y . HRTRIESE
%3 hUC-MSCs B )5 , BE I $51 495 0 T A B8 HL 32 224
A5 TR SENE S dFA1 i @ G, {H /2 hUC-MSCs #1453
BT RS HLT] AR TS 2T . KR R IR
MSCs i eGSO WUEFEIX | K iR R 3 e i X100
PR B AL S A8 A, T MSCs 44 A #0170 3T B
JE IR ENIE PRIA YT 10 = 850 AN 28 4k () S

F 5% 4 BLAN AL X - | R fb 7 55 AT 2 0F MSCs 1T
MEHR AL, S AR AR ™. 17
MR YT ORI, St PIBK/ Akt {5538 B0 71 A &
2%k PIBK/Akt, Al 34 MSCs JRY72CRE , 2 i 0 U
FEANML B A0 PIBK S — i M P W s 1 L 9k
it , AR AL R ) A ARl o] LA 43 =38, b T Y
PI3K 2 5 A= K PR 1 R4 DR S 10 15 5 3 s o 225
T B T 400G LR AE B A S A e T e
JEERE ), p38 WA I ) SB203580 fE kR fIK.Cr LA
Jd TNF-o 5330 , W55 0 UL 20 B 363 405 , 410 46 e 493 5 | ke 114
D IIBEN 4, p38 J i 8 420 Bl T A b 43 )5 o0 L4 i
PG AL E R 2 B R LR 2 —" . Mg
BT A 0 LA LS () PI3K/ Ake %42, W]
i e it A LR B T B R BRI T A
KA HEI R MSCs 394518 I BB 1 L 17 1t 757 PN Bz 41 i A
F R AMAMES . K MSCs 41 RS AR a7 e T,
p38 il PI3K/Akt i 2 Z% {5 5 1 J2 WA 5 H AR 77
KA LA (HAHET

AHI 5T 45 R WoR , R 35 10% e s i 35 1
BMSCs 4 AN [F] o 8] J , 6 — 7 B[] 31 P61 o, B 1R
FHBFRIZE , BMSCs 41 i i % £5 2 48 fin, H BMSCs 4
JL p-Akt AKCT-HE 5, 7645 B ] g FRak i A T 22 575 AR
LA ML AT TG p38 5 -l %, {H 45 i [H] A5 p-p38 AR
fEANBA i, BMSCs 4 i i 4% il PI3K/ Ak {5 553 fi% 11
AL A 7% BMSCs 40 i #% 5 PI3K/ Akt 1 % n]
AEAFAE—E I, I, ARBFSE 204 PI3K/ Akt 1 % 417
HF A Sh R R, BMSCs 40 Jift 3T 7% g 1 25 4k, 4%
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R, s IGF-1 /T, BMSCs 41l # fig
5, MO LY290042 Ji5, BMSCs 41 il 1T 7% fig
N R, DU, fE " E R I EE T,
PI3K/Akt /7 T BMSCs HJiTH

LY294002 5 H fif b 1) 2 19 PI3K R PR il
F, 30 3 A S P 3 ) PI3KpLLO 7 B4 () 4 Ak 1% 1, B
T3 T W PIP3 (7 A, i i B Ak TR TR A . B
1% 4 K K -1 (insulin-like growth factorl , IGF-1) &
JBR 5 ZAE AR A R GG I — iy, S 3E A N 43 | H A3
S B A P A R T 2 Bk, AR R W], IGF-1
AL O A 324K 4 (55 3 MSCs i iE %, i
PI3K/ Akt {5538 [ Al fig /2 IGF-1 155 MSCs iR 5
5T mae, A, ICF-1 e R B A B E
YEA, Wlad i PI3K FI MAPK {55 538 B% 8 15 A\ 28 2L i
JEE A AR MCF-7 194 J& 36 5 2R (1 88 ( matrix metallopro-
teinase, MMP) 15 3y, H. IGF-1 {55 3@ g ih 5 TGF-B {5
T A HAE T AR AT A0 il bk MCF-7 {228
I b Fz 4k (epithelial to mesenchymal transitions ,EMT) ,
Pt e B g & —Fh A Z RIS M E S,
FETEAE VR I 7 e Ak A K R -B (TGF-B) . 1L/ M
fiitE K (PDGF) (IGF-1 & Je A K (EGF) 4%
AR ASSZEG N IGE-1 J& , BMSCs 4H i % fE 77 3%
W, Al R TR NG T IGF-1 ZH - 245K , T
PG T BMSCs 40 g PI3K/ Akt {5 53 i, 4 #2 HL 3k 1
AL 32 ik 35k, (R gk A%, $2 % BMSCs 4i i #%
R, 25 BMSCs 1 IGF-1 31k, fE 5@ 1 PI3K/ Akt
{5530 B, (e R 0 R 000 LA 3 A 18 5
— 5 .

S

(1] BBRAE. Beti)a RO IR E SBG 1], ke
&, 2008, 24(5): 369 -371.

[2] Hare J] M, Fishman J E, Gerstenblith G, et al. Comparison
of allogeneic vs autologous bone marrow-derived mesenchymal
stem cells delivered by transendocardial injection in patients
with ischemic cardiomyopathy: the POSEIDON randomized
trial[J]. JAMA, 2012, 308(22) : 2369 —2379.

(3] 2=, Wi, TMEAE, S5 NRMNG )58 5T 140 M % be s
REAE /N IES AP RI LD 1. ARk fiiZe ik, 2013, 29
(3):249 -254.

[4] Abazov V M, Abbott B, Acharya B S, et al. Precision meas-
urement of the ratio B(t—Wb)/B(t—Wq) and extraction of
V(tb)[J]. Phys Rev Lett, 2011, 107(12) : 121802.

[5] Chim H, Miller E, Gliniak C, et al. Stromal-cell-derived fac-
tor (SDF) 1-alpha in combination with BMP-2 and TGF-betal
induces site-directed cell homing and osteogenic and chondro-

genic differentiation for tissue engineering without the require-

ment for cell seeding[ J]. Cell Tissue Res, 2012, 350(1) :
89 -94.

[6] FB%%, WERA:, BMEIC, 5. XL p38a H R FL Je Xy i 4
AR ML AL B O LA R PR TRk [T ] 3 =22
BER2m2a 4]k, 2004, 26(23) : 2097 -2101.

[7] Leclerc T, Thepenier C, Jault P, et al. Cell therapy of burns
[J]. Cell Prolif, 2011, 44(Suppl 1) ; 48 - 54.

[8] Maxson S, Lopez E A, Yoo D, et al. Concise review: role of
mesenchymal stem cells in wound repair [ J ]. Stem Cells
Transl Med, 2012, 1(2) . 142 - 149.

[9] Strauer B E, Steinhoff G. 10 years of intracoronary and in-
tramyocardial bone marrow stem cell therapy of the heart:
from the methodological origin to clinical practice[ J]. J Am
Coll Cardiol, 2011, 58(11): 1095 - 1104.

[10] Chen L, Qiu R, Xu Q. Stem cell therapy for ischemic stroke

[J]. J Nanosci Nanotechnol, 2014, 14(1) : 976 —982.

[11] Gupta N K, Armstrong E J, Parikh S A. The current state of
stem cell therapy for peripheral artery disease[ J]. Curr Car-
diol Rep, 2014, 16(2) . 447.

[12] Tto H. Chemokines in mesenchymal stem cell therapy for
bone repair: a novel concept of recruiting mesenchymal stem
cells and the possible cell sources [ J]. Mod Rheumatol,
2011, 21(2): 113 -121.

[13] Hare J M, Difede D, Heldman A W. Use of stem cells for
ischemic cardiomyopathy--reply [ J ]. JAMA, 2013, 309
(14): 1458 - 1459.

[14] Cho Y H, Cha M J, Song B W, et al. Enhancement of MSC
adhesion and therapeutic efficiency in ischemic heart using
lentivirus delivery with periostin [ J]. Biomaterials, 2012,
33(5): 1376 - 1385.

[15] Scrima M, De-Marco C, Fabiani F, et al. Signaling net-
works associated with AKT activation in non-small cell lung
cancer (NSCLC) : new insights on the role of phosphatydil-
inositol 3 kinasel[ J]. PLoS One, 2012, 7(2) : €30427.

[16] Ballard-Croft C, White D J, Maass D L, et al. Role of p38
mitogen-activated protein kinase in cardiac myocyte secretion
of the inflammatory cytokine TNF-alpha[J]. Am J Physiol
Heart Circ Physiol, 2001, 280(5) ; H1970 — H1981.

[17] Rfess, W/, 507K, 4. PIBK/Akt {5 5 ik A2
Pt 5 R EUBRM GO LA T[T ] 28 =2 R
4R, 2009, 31(1): 52 -55.

(18] &k, fl/hEe, ReEMy, 45 et R R 7 & B fEl
FE T340 34 A 2 B 240 LT I A P B A0 M Y S 56 0T 5
[J]. I EY4RE:, 2004, 29(8) : 652 - 654.

[19] LiY, YuX, Lin S, et al. Insulin-like growth factor 1 en-
hances the migratory capacity of mesenchyamal stem cells
[J]. Biochem Biophys Res Commun, 2007, 356 (3):
780 —784.

(H#5:2014-11-12;f&[H :2014-12-08)
(i K %)



