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WE 8 AR T 9k (mesenchymal stem cells, MSCs)Z2 — & BLA $e&) it A 45 M4 09 B £ 5078 4m
o, MEIGIIRSL T 69 £ KB F Ao te LB T 7T a2 MSCst) £ M FAT A = £ R F %7, [2MSCs /& ¥
TR F 6 M FAT A R R AL F RFE., AR T KRB @i F 5k
(conditioned medium from hepatocellular carcinoma cells, HCC-CM)*F X &, 18] 70 /% T 41 i (rat mesen-
chymal stem cells, rMSCs)3% 74 &9 %70 B H AL . AR & I, HCC-CM A8 B E 12 3t rMSCs 8 3 78 A 2K
Ji #7 % B F-1(stromal derived factor-1, SDF-1)89 & 31X, Western blot#& | £ 3, HCC-CM /215 min £
2 h3) 2 % EArMSCs ERK1/2%5E4%, PD98059 T 7. 4l FRHCC-CM 53 49 ERK 1 /255 BR AV, 5T [F) A L
BTHCC-CM#5 3 #9tMSCs#§ 74, #1b B F C-X-CZ 4 4(Chemokine C-X-C motif 4, CXCR4)47 4| 7|
AMD3100F 44 4| ERK 1/255 B b, F] B L2653 %] T HCC-CMARrMSCs#% 74, £ R4 7 T HCC-
CMATTMSCs38 74 44 %5 7k vA ZERK 1/243 5 4 F #2SDF-1/CXCR4£HCC-CMAELrMSCs3 78 1L 42 F ¢4
YR, He@ T EMSCsIE &1 6 PTG IRF T A M F AT A e TAHAEE T T Aml.
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Effects of Tumor Microenvironment on Proliferation of Mesenchymal

Stem Cells and Its Molecular Mechanism

Qin Xiang, Luo Qing, Zhang Bingyu, Shi Yisong, Yang Li, Song Guanbin*
(Key Laboratory of Biorheological Science and Technology, Ministry of Education, College of Bioengineering,
Chongqing University, Chongqing 400044, China)

Abstract Mesenchymal stem cells (MSCs) have been demonstrated to be a promising targeted antitumor
agent. The various tumor-cell-secreted cytokines and chemokines may have a significant impact on MSCs. How-
ever, the changes of MSCs cellular characteristics as well as involved molecular mechanism under tumor microen-
vironment are not fully understood. In this study, we investigated the conditioned medium from hepatocellular car-
cinoma cells (HCC-CM) on proliferation of rat mesenchymal stem cells (rMSCs) and the possible signal molecules
in this procedure. We found that HCC-CM significantly promoted the proliferation and the expression of stromal
cell-derived factor-1 (SDF-1) in rMSCs. Western blot showed that ERK1/2 was strongly activated following the
stimuli of HCC-CM from 15 min to 2 h. PD98059 significantly inhibited HCC-CM-induced rMSCs ERK1/2 phos-
phorylation and proliferation. Moreover, AMD3100, the inhibitor of CXCR4, partially disrupted phosphorylation of
ERK1/2 as well as HCC-CM-induced proliferation. These results demonstrated that ERK1/2 molecule and SDF-1/
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CXCR4 play a significant role in the HCC-CM-induced rMSCs proliferation. This study also provides an insight

into the molecular mechanism of MSCs proliferation in response to conditioned medium of tumor cells and lays a

foundation for fully understanding the cellular characteristics of MSCs in the remolded tumor microenvironment.
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Ji TR A A B A B 1 M ) B R A R A, i
A0 J B FC A S Y B g e 20 R A0 PR A R T DA K
AIE G 50 5. (8] 78 5 T 48 Jfd(mesenchymal
stem cells, MSCs) & — 2 1] 57 21| [jf 8 4 o 43 1 1) 41 it
DRl ¥~ B A0 TR 140 552 08 1) 3% 21 i Rg 2 1) 22 e
YUY, MSCs-5 e 48 M (1) AH ELA'E P 23 35 28 e ik
IR, T 5 SR 4 B AIMSCs 2 2 (1) AR W) AT
AR IR ) IR A S RE T I MSCs 1) S % 41l
11 Ty RS B 9 4 L 0 2 e e WY, ARk e 4
PR FA; ST i BE Wt S i, A0 IR 41
(1) 38 HEUS; 10198 BRSO R T iR 4 A 2R A
A KP4 o HE 28 ) R IO SR X MSCs A
FRIE R REm I ANE 2, AL M B 7.

MG SHFEW ARZIE S TIME R
4, ERE A EE T B G S O eSS, B
AR K — Z 5040 B o B2 22 R 5 AL B A
W (mitogen-activated protein kinases, MAPKs){&
Ty B 52 DA MR b Sz AR AR I8 TR R 1S B
Hedt— 20 Az WA ) e 70, R R i A
2k, AMME 5 R T R 1/2(extracellular-sig-
nal-regulated kinases 1/2, ERK1/2)/&MAPKsZ %)
F B 1, ERKIAERK 234, 7 75 2 R4 2 TR
R (Thr-Glu-Tyr) — 2% 25 My 38k, 245K 5 % 3 2
b A2 K PR s e U, L A ER R S0 R I8 I Ras-
Raf-1-MEK1/24% 3% {5 8 # 4 HHERK /215 51,
ERK1/21% 5 (1) 3475 5 MSCs 1) 1% 48 % ) #H 5%, Liang
SR TE AR T & L 5 R U TMSCs ERK/21E 5
fREFIGTE . B T BRI, b e R R
AN A5 5 8 I ERK /257 T 52 WrMSCs 19 5E, 4 il 41
e i A4 K K] T-2(fibroblast growth factor 2, FGF-2).
FGF-4RFIfIL /M A7 4E R F(platelet derived growth fac-
tor, PDGF)& ', DL BT U6, 2 Rl R I W] g
FWeMSCsi¥ 658, HiZid#2 SERKI2M5 5 7> 1%
VILEEE

SDF-14& — fh ] 5 CXCR4 1 7] 75 FH I 1 T 9

hepatoma cells; conditioned medium; mesenchymal stem cells (MSCs); proliferation; molecu-

FEA5 5 IS FRANM i B A, FESNERE . T,
EBEZE SR G EENERY, R
SDF-1/CXCR4¥; 8 %5 15 5 il B N\ F 1) A €, {HX 3L
B 9538 3 AR N . ERK1/242 it 3 52 SDF-1/CXCR4
155 M EE(E S0 1, Gaol 738 1 4h I i A
(*JSDF-1i8# i ERK 1/215 5 18 % £ #EMSCsil #%, H
SDF-1/CXCR45ERK 1/213 5 4 7 75 B4 58 77 TH /& 75
AFAE IR, IX A S IE A H A PR . AR SCil i KRR
S L 26 P 15 R B (HCC-CM) RS RrMISCs, 37 8
Y 5 MSCsHLAF I BEA AL, 1 17 B 5T HCC-CMY
rMSCs i () 5% i UL J2 ERK1/24% = 43 F FISDF-1/
CXCRATEILISFEH I/EF o

1 MRERE*®

1.1 #8

1.1.1 45w SD(Sprague Dawley)kf 14 &
W T H RS = R KA S AW o, 2H
150~200 g. K ft AT 4 R CBRH-79190 T~ Hf [&] &}
Bt b A A RS TR A i B R G, KR4
MIBRL-3a b 1 # 2= FF R 2 Ab 5 A 22 = e K 2R 28 1
AR,

1.12 &K%  DMEM-LGILHiE;F:%:. EDTA
% & [ M (Hyclone A #]); Percollifk B2 41 Y 73 &5
7% (GE Healthcare Europe); % 7 #E ifi 2 Ifil i& (== /M
R AW TR A B 2 &), MEK/ERK1/24 i 5
PD98059(Z = K “E W) 3 A B 78 T); MTT(Sigma’Zs
w]); EQUZH A s A 77 S O M Bt A= B
B2 7]); RNAFERHCA A G L 5 B R A EAR A
B D), 519 (Invitrogen A ] ); W% 5 & . PCR
#H 5% 77 AISDS-PAGE#E fixt it & i 77| £ (TaKaRa 2y
]); CXCRA0 | FIAMD3100. 41 A FLCXCR4$T
& (Santa Cruz A 7]); %bi K Bp-ERK1/2, Hfi K
t-ERK 1/2$0/£(Cell Signaling Technology /A ).

1.2 75

12,1 @mfesn & 53R R2 ] iSDRRIRSALIL,
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TCBE A T BT K RS AR, FH K I EDMEM-
LGH; 75 B B B, DA TI 26256 1.073 g/mLitk 2
Y M B B O E . e B R B O A
KBS 8 (8] 78 51 T 41 i (rat mesenchymal stem cells,
tMSCs), #7355 153 2| flIrMSCs B T & 7 10%/14 4 1fiL
7 LK 100 U/mLE 2 R 1100 png/mL%E 5 & 1) 58 4
B R b5 9%, P2-PAMIMSCs H TSk 3a it 7t . KB
JHT- 96 24 s CBRH-79 191 X B3 1T 41 ffu BRL-3a% 35 %%
{E[EIrMSCs »

122 FHERAGFE KE IR FRICBRH-
TOI9HPBSIE PR3 IX, Z G MAN L ILIE 7 5L &
24 h, W T e 4 Bt 2% A4 1% 7% % (conditioned medi-
um from hepatocellular carcinoma cells, HCC-CM),
1 500 r/minf50»5 min. Y€ 532520 °CIRAF & H -
[F) B 1 7 1) 46 K BRIE T 41 s BRL-3a sk 14 35 77
% (conditioned medium from rat normal hepatocyte
cells, NCM).

1.2.3 47 %|ERK1/2i% 7% vA ZSDF-1/CXCR4/Z 5 44
¥ MEK/ERK 1/2471#1 77|PD98059 FICXCR4 /)N 43 - 411
#] 7| AMD31007% fif T DMSOH, 20 °CIR 1%, I
#1236 R, PD9805S9FIAMD3 100 T 1E ¥k B 43 5l
950 pmol/LANT0 pg/mL, I 77 7 4L BL1 h,
TEAHIFNAFEAE M HCC-CM X rMSCs ERK 1/27%
P& Ak DL K 38 5 1) 52

124 MTT#R  H4rMSCsHEFT-6 7L+, 24 h)E
YU AL BE24 h, 2 J5 73 A0 N1 000 pLJgG i i 55 77
H. HCC-CM. NCM, 4k 4:5 3724 hj in A 100 pL
MTT(5 mg/mL)§H5 h, F MBS ESLIIAT 000 uL
DMSOJA fif FH B8, WL 150 pLZE96FLM, FH B 4 928
R4 490 nmip K AG IR AE -

1.2.5 EdU#m  BrMSCsEEfr 1244004, 24 h
J& ULk b FE24 he BC B & 530 pmol/L EAUES 77
JE, T I3 55 77 AR T B4, 10% 103 56 42 35 5%

FEA AR NPT B 2. 40 i AE % AHBAUES 77 3 vh
% B 24 h)5 il ik 4% % 5 R [ 2 41 . Apollo®Fl
Hoechst333424 Jjl % 38 AE 48 M #% DA K 4 30 240 B 1%
BEAT B, O A T ST D %, A H Im-
agel 2%} 45 AT 4 T Ak 3

1.2.6 RT-PCR  ffi FHRNA$EECR 77 B4 B2 o i
RNA, R 5 sl St A B HAT 0 R 5% . 7ERT-
PCR% ¥ 1, SDF-1. CXCR4HB-actinft] 5| ¥ I ¥
W21, PCRY 12 1F N 97 °CHIAE P43 min; 97 °C
AF P15 s, 55.5 °CiR k30 s, 72 °CHE 4115 s, SDF-1 .
CXCRAMS-actin(PIEHIREL 5> 711 429 331215 72 °C
FEfH7 min, PCR74if it Gold View% & He ke 4 i)
1.5%35 J5 B8 B I WUk 70 B8 . LAB-actinsiy N 2 VEY
SDF-1FICXCRAKE R /KPR IE K14k o

1.2.7 Western blot W& A & H B 77 LA
T T 400 1) 77 V62 A D URIILIY) 240 o 284 v B B B 1, T
110% SDS-J& A I 1k iz 4t Jie L Uk (PAGE) 73 5 2
Ji, HLIK G HL % EPVDFE. 5% IR =g A
1 hJ5 4 i 5 CXCR4. R LERK1/2(p-ERK1/2) Al
MERKI1/2(t-ERK1/2)fifk4 °Cit & 1L 7, 5 Bhitid 4
g bRC ) —Pi(LEPiR) IR E 1 he ECLK
J6 R )5 3B g Bio-Rad B AR 0 M 1% . LA
B-actiny A Z 1A CXCRAZE 17K T I R IE Ak, DA
t-ERK1/2°4 4 Z ¥ p-ERK 12 [ KBB4k

128 itadr FdEdE i Excel 704, LAFIME
5 UE 2 (vt5) K 7. tMSCsTE I 55 4 Fi 40 1 4 2
mRNARIE Z AN H L IEZF I8 LN100%, P2 [E]
BL 85 K FH ok 36 43 T, P<0.05% 7 FLA i M 2 5,
P<0.01F78 AR B E %5

2 #ER
2.1 KGR BT 40 B &% 14 45 5 B (HCC-CM) R i3
rMSCsi&5E

%1 RT-PCR3|#)
Table 1 Primers used for RT-PCR

HH LB -3 TSI —3") P B (bp)
Gene Upstream primer(5'—3") Downstream primer(5'—3") Length(bp)
SDF-1 TTT GAG AGC CAT GTC GCC A TGT CTGTTG TTG CTT TTC AGC C 104

CXCR4 GGG TTG GTAATC CTG GTC ATG ATG TGC TGG AAC TGG 446

P-actin CTG CCG CAT CCTCTTCCT C CTC CTG CTT GCT GAT CCA CAT 398
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B MTTE 46 % B, HCC-CM 3| 3 rMSCs
24 hJ5, HCC-CM4b # 25 AH bl X HE 21 3 5 %6 (2 2% |
W(P<0.05)(E1A). EAUK I /& B, HCC-CM4b ¥
rMSCs 24 hJ5, #4:rMSCs (5 4 #irMSCs 1 H 1) 2
= m T R (P<0.01)(EIIBFIE1C) . A 5256 [
I} %% 3, NCMSF T-rMSCs 3458 77 22 4E H, HA )2
HCC-CM/ErMSCsH B R i 5%
2.2 HCC-CMEEERKI1/215 S1R#rMSCsi5E

N T i EHCC-CM 2 75 B8 I8 i ¥ 7S ERK 1/2
15 5 % S rMSCsH¥ 4H, Western blotfs ] 7 HCC-

@ \ , ©)

Proliferation (% of control)
—_ 3]
S S
S S S

Control HCC-CM NCM
(B)
Control HCC-CM
o -
- -
- -

CM #rMSCs 15, 30, 60, 90, 120 min ] % # 1L,
ERK1/2(p-ERK1/2)% ik, 4558 8o, 76 5% Kl i
B8] fp-ERK1/23 18 8 A7 bboxf [ 2H 25 2 35 38 (|
2AFIE2B).

#F 9t & B, MEK/ERK 1/23 ] #|PD98059 b
FHHCC-CM# ¥ ArMSCs )5, ERK1/21% 2 1k 4 58
2 (E2ARTE2B). %45 R4 RHCC-CM BTG
rMSCs[FJERK /215 5 i@ #% . [A] i, PD980594 X
] T HCC-CMiF 5 rMSCs 5 (KI2C AT K2D) .
Al I, HCC-CM A #ErMSCs J /& 18 i ERK1/215

350
280+
210+

140 -

70 ¢

EdU proliferation (% of control)

Control HCC-CM  NCM

NCM Positive control

. . .
. -
. . 9
. -
. o o
- . . .
’ .

¢ '3
o
-

[ p— —

A: HCC-CMARErMSCsH5, *P<0.05, n=3. B: #4404 i k% 5 4 NEdU, Apollo®Je (i & 410, Hoechst33342 5 JL4l Mo AZ i K 6 (br R=50

pm); C: EdUPFHCC-CMAZrMSCs#i 5, *P<0.05, **P<0.01, n=3,

A: induced proliferation of rMSCs upon exposure to HCC-CM was detected, *P<0.05, n=3; B: EdU was confined to nuclei and labeled with Apollo®
Dye, dividing cells had incorporated EdU (red) and counterstained with Hoechst33342 (blue) (scale bar=50 pm); C: induced proliferation in rMSCs was

detected using EdU proliferation assay, *P<0.05, **P<0.01, n=3.

1 HCC-CM{ZrMSCsiE3E
Fig.1 HCC-CM induced rMSCs proliferation
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T T SEIAT . J8 21 iR CBRH-7919 DA Az K B IE &5 AT 4 i BRL-3a
2.3 HCC-CM#|HrMSCs SDF-195R1A F WEIA(E3A). {HIEHCC-CMA T, rMSCsH

i T RT-PCRAS M| & ¥A., SDF-13% R 1E K &R SDF-1 mRNAZ 1k 47 b xf 18 20 5 2% b A (EI3B AT

(A) HCC-CM

Control 15 30 60 90 120 (min)

- - - - - - p-ERK1/2 (-PD98059)

— — — ——
— —— - - s p-ERK1/2 (+PD98059)

L2 2 2 2 3 R
- — — — — .,

=

200 ¢ I HCC-CM 200 ¢ :
[_JHCC-CM+PD98059 ‘
@ % w3k ek s |
= *
g 150 I = 150 }
o g
2 =
2 S
Q I I e
Z 100 I < 100}
5 E
& g
°© &
g 5 507
2 &
)
<
I , , ,
30 60 90 120 (min)

Control HCC-CM HCC-CM-+PD98059
Stimulation time

Control HCC-CM HCC-CM+PD98059

A: PD980595E 4= i il HCC-CM % Ff)rMSCs ERK1/2521L; B: PDI80SOMIHH|HCC-CM i FrMSCs ERK12B R AL GE 1T 55001, B EF2RE
HCC-CMHI#rMSCs i, ERK /2 B2 A6 AR LL I (75 X IR AL 2 R, *P<0.05, **P<0.01, n=3. H{BE{CEHCC-CMIIAPDI8059)H, ERK1/2f
PR A5 56 B 2L (T I 75 I N PDO80S9)AH LL JE i 2 1 22 5, n=3; C: PD98059 % % I HCC-CM %5 5 [rIrMSCsHi B (b5 /X =200 pm); D: PD98059 I
HCC-CM % FrMSCs B M ZE 11753 r, *P<0.05, **P<0.01, n=3.

A: PD98059 completely inhibited HCC-CM-induced phosphorylation of ERK1/2 (p-ERK1/2) in tMSCs; B: the densitometric analysis of HCC-CM-
induced p-ERK /2 with or without PD98059. Blank bar chart represented the percentual increase of p-ERK1/2 expression in HCC-CM-incubated group
over untreated control, *P<0.05, **P<0.01, »=3. While white bar chart represented the increase of p-ERK1/2 expression in HCC-CM-incubated group
with PD98059 over untreated control, n=3; C: PD98059 significantly inhibited HCC-CM-induced rMSCs proliferation (bar=200 um); D: the densito-
metric analysis of HCC-CM-induced rMSCs proliferation with or without PD98059, *P<0.05, **P<0.01, n=3.

[E2 HCC-CMIBIZERK12155 5 FIR#rMSCsitiE
Fig.2 HCC-CM promoted rMSCs proliferation via ERK1/2 molecule
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3E). SDF-1 Z i i H 57 /RACXCR4 K £ 1F H, B 9% & B, CXCRAH 1] 71| AMD3 1005 43 1
B AT — 25 % 7E THCC-CM A& 75 5 M rM SCs HIHCC-CMi%E 5 AYrMSCs ERK1/21% B 1h(K4A
I % KCXCR4H) £ i&. RT-PCR(E3CAHI E3F) A1 4B), i BHERK /215 5 1l GE & H L F5CXCR4
Western blot(E3DF1 E3G): Ml 45 & & 7, HCC- TEWN I 2 B2 AR 8UE 5 70 0 3 TS 5 8 %

CMASFZITMSCs CXCRA[1 Ik . Z . [AI, AMD3100# 4 74 FrHCC-CM i 5 (1)
2.4 AMD310038 5 #lH|HCC-CMiE S HIrMSCs  tMSCsil 5 (F4CHIE4D). LA 45 547K, SDF-1/
ERK1/2#F8 (L Fn185E CXCR4#E 4> HIEHCC-CMAErMSCs 19 5
(A) (B)
CBRH-7919 BRL-3a Control HCC-CM NCM no RT
= e practin
Control HCC-CM no RT (D )

Control HCC-CM NCM

CXCR4

. * (G)
150 r F

150 ¢
I ’ 150 ¢

100 }

CXCR4 protein expression (% of control)

SDF-1 mRNA expression (% of control)
CXCR4 mRNA expression (% of control)

0
Control HCC-CM NCM Control HCC-CM NCM Control HCC-CM  NCM

A: CBRH-7919RIBRL-3a4liffl N F A SDF-13%[H; B: HCC-CM_LifrMSCs SDF-131%, n=3; C: HCC-CMANRMArMSCs CXCR4JE K /KPR 1%, n=3;
D: HCC-CM AR IiIrMSCs CXCR44E [17K P14, n=3; E: HCC-CM L HrMSCs SDF-1 mRNAZKV-EILHIGiit 5501, *P<0.05, n=3; F: HCC-CM
IFMIMSCs CXCR4 mRNAZKFERILMGi 1245741, n=3; G: HCC-CMANFEMrMSCs CXCRAE 17K FRIEM G 24007, n=3.

A: no mRNA expression of SDF-1 was detected in CBRH-7919 and BRL-3a; B: HCC-CM induced the expression of SDF-/ in tMSCs, n=3; C: the
expression of CXCR4 was not altered upon the presence of HCC-CM in tMSCs, n=3; D: the expression of CXCR4 was not altered upon the presence of
HCC-CM in tMSCs, n=3; E: the densitometric analysis of HCC-CM-induced SDF-I mRNA upregulation, *P<0.05, n=3; F: the densitometric analysis
of HCC-CM-induced CXCR4 mRNA expression, n=3; G: the densitometric analysis of HCC-CM-induced CXCR4 protein expression, n=3.

3 SDF-1/CXCR4KIFIKIE SR
Fig.3 The expression of SDF-1/CXCR4
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(A) HCC-CM

Control 120 (min)

— - - - - ‘ p-ERK1/2 (+AMD3100)

B) 500 - B HCC-CM ).
[C_JHCC-CM+AMD3100
%k sk * *
150 " i 150 F

100 100

50 50

Expression of p-ERK1/2 (% of control)
Proliferation (% of control)

. . . ’ 0
30 60 90 120 (min) Control  HCC-CM HCC-CM+AMD3100

Stimulation time

Control HCC-CM HCC-CM+AMD3100

A: AMD3100#5 73 #IHIHCC-CMi% S HrMSCs ERK /2 1k, B: AMD3 100354 ##H/HCC-CM % FrMSCs ERK 128 BRALHI G i 240 M. BE (1
FLAFRHCC-CMAIHMSCs i, ERK1/2BERR (AT ELTC ML X M4 535 B3, *P<0.05, **P<0.01, n=3. HEREAEMAAMD3100/5, ERKI/Z@%
P AL AR EL 0 2B (TE 375 DN AMD3 100) /5 448 i 1 25 5, #P<0.01, n=3; C: AMD3100&% 23 #IH HCC-CMi% S [IrMSCs3 5 (Fr R =200 pm); D
AMD3 100343 i HCC-CM i FrMSCsIE JA 14 1122 43 T, *#*+P<0.01, n=4 .
A: AMD3100 partially inhibited HCC-CM-induced p-ERK1/2 in rMSCs; B: the densitometric analysis of HCC-CM-induced p-ERK1/2 with or without
AMD3100. Blank bar chart represented the percentage of increase of p-ERK1/2 expression in HCC-CM-incubated group over untreated control,
*P<0.05, **P<0.01, n=3. While white bar chart represented the increase of p-ERK1/2 expression in HCC-CM-incubated group with AMD3100 over
untreated control, #P<0.01, n=3; C: AMD3100 partially inhibited HCC-CM-induced rMSCs proliferation (bar=200 um); D: the densitometric analysis
of HCC-CM-induced rMSCs proliferation with or without AMD3100, **P<0.01, n=4.
[El4 SDF-1/CXCR433 53 EHCC-CM{ErMSCs ERK1/2%5B2 {4 I & 1458
Fig.4 SDF-1/CXCR4 partially regulated HCC-CM-induced rMSCs p-ERK1/2 and proliferation

3 g AN S T AR 2 AT N, AR HAR B4R
it R A PE 85 AE T 4% b RF 4 L FTMISCs ) Y ¢/§2 CHLEE, L5060 2 R, ASLi R
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I, HCC-CM i 2 {1 #ErMSCs ) 18 8, 5] I NCM*%}
rMSCsH 5t B A 1] . BRL-3a%) WA 14 i ) ity
[A-T-(multiplication stimulating activity, MSA) % H:4%
PEES IR 3 Hp 0 XA fiE R NCMARErMSCs 3 5 1) Ji
%

L 471 SR e S TR e S R B R A R I S
50T AR A 52 Y. MAPKSsE 5 43 T RE il
b T 2 DR 3R OA 5 ) 0 AR 3 ) AR ) 2 AT NP
C-JunZd, & K Ui ¥ B (c-Jun N-terminal kinase, JNK)
&5 51 p38f5 5 4 T MERKI/2ME 5 7> 3L (A
HEMAPKs(E 5 K . INKIE 55 F1HERE. 2
Ao VTS Ty Ty A B A ) R L
B DL R A il R, P3RIE S o TR R
i AT ANSEE T T AR F C o AT V2 B el
YEAMAPKsHH i e h) 2 FERK /245545 7, BE
TEMSCsIT #% #3456 7 T B A7 H 2R U728, L Rg
W TTMSCs H IR B 54T AP0, fEAR LIS
i, B SAPD98059 i 2 H1I | HCC-CMAErMSCs 4 4,
{HHCC-CM{ErMSCs3 5 25 S I A 58 4= B 48 % H
HIKFo ZERIER, HiWES Tl ges 5 T U
ERK1/2445 5 AR RIErMSCs 5 i 2 .

CXCR4JE 4N - it 5 SDF-145 & AL 185 5
() 3 B 52 A, ERK1/2 2 55 % I <115 591,
I 4% 1 SDF-1/CXCR4 5 ERK 1/24y T 15 34 54 75 Tl
FIE FE e A B . — B PR, A1 ACXCR4
J& SDF-1 ) M — 52 ARCY, {H T 4F 5K 37 52 fRCXCR7i%
Wi AN AT EF . HartmannZ5EB2RE 52 22 fh 2K A 4
JifL AT ERK 1/278% 2 4k, 72 38 i3 CXCR 745 5 %2 44 58 1,
{E 45 ] I8 5 HHCXCR7 R A5 78 5 Ho A 52 4K T i —
RARK A4 B8 RIEVE S, A8 70, fEHCC-CM AL
TEEAEE R, tMSCs SDF-1 mRNA i A b ot i 26
w3 B, (HAHSDF-1/CXCRAA R 78 4 BHTHCC-
CM/ErMSCs#é 5. [A ik, FATIN NHCC-CMH 4
tMSCs H 77 #:SDF-1, i 1fi 3 43 il i SDF-1/CXCR4
I F IS5 R MSCsHi 7 .

AMD3 1004~ 1Y §& #l #ISDF-1/CXCR4/5 554,
A5 S R R B AMD31007] fg /& CXCR7 1] 48 ¥4 18
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