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TURIES

LR B BT OB P

F AL

¥ FHLH

FHE BELAE xR

O WAEER KRB —ERMZ A FL, AKE 050031; 2 WAL AR EN SN MMA R EIRE, A K 050031)

BE  HAMAPKEFTH#HFEARAETHRAR DL ERRESHET@ETLT GER
BAH. AEHAR @R RRZRAFET WL, HARFRE F I\ MAPK 15 544 Fi8 5%
F747] PD98059 (ERK1/2 :& 34474 7|). SB203580 (p38 i 3447 47| )#F= genistin (JNK &34 4| 7)),
TREBRFERKEEETLBERTEA e ZHBIR mILe et 455 BAR miefthE o
HATEQRMEF R, &R R NS TR0, PD98059 #= SB203580 L1442 T tm e -1k A 4 2
T BIAR, do 2R RR saRe s B3 &, & R AE 5 RS K IUE BE R e it ok b 24 IL4.
IL-6. LIX # TNF-o 4 # @B -F. ARLERB T HMEF @036 IL-4. IL-6. LIX # TNF-o
4 # e B ¥ 9T gif i ERK1/2 #= p38 13 T 8 @R AT 2 T @mpesy -1,

Ketin

‘B 8525 5 40 I (bone marrow stromal cells, BMSCs)
REMRENRNZRTHAR, RAEabiae HE
BEMRREIFMNEFRELARY. FEHRDUESE
BMSCs fer it ZHAREF, mBARNE -6
(interleukin-6, IL-6). H#iffI/ % -11 (interleukin-11,
IL-11). B ML7EHIHIEF (leukemia inhibitory factor,
LIF). 4l MEE 7% | # F ¥ (granulocyte colony-
stimulating factor, G-CSF)MT 41 i 5l ¥ (stem cell
factor, SCF)553 Ifil T B8 00 7% A 40 g B8 2 DA R o
425 3= K] (brain-derived neurotrophic factor, BDNF).
& Bz 42 K ¥ (vascular endothelial growth factor,
VEGF) 8, 4 &4 KT (nerve growth factor, NGF)
SWHEEFRFA—RRERTF, XLREMHH
W CAE SE BMSCs £e51% 3 i 2 T 41 M (neural
stem cells, NSCs)ZH 4 s bu il 4 7o, I Hi&F A
BMSCs 44532 # (BMSCs conditioned medium,
BMSCs-CM)iE S BMSCs 43 i Z 3 78 1 B0 40 e X 7
SENBEHYRAEX —SEPRETEEEHY. ™
LR EIMETCRAE L RNATIIGE, WRIER g
HRO%, H—PPFRE R BMSCs 5w ¥
Y R AT LA NSCs 40k B FE B R 40 A

R4 3488 R iS40 ] H BB8 (mitogen-activated pro-
tein kinase, MAPK) ¥ iR 74 T R IEB A IL3hY
EANZFHEYMRA, MAPKEARIMEEEEE
MA, NTiS 548 R EKR 4. 875740 kE 3
M pRAT- %53 E® ., MAPK {5 5% Sl LEE

MAPK 15 S¥ B #; HETHM; &HE RN ARET; B RHES ST

A K REBHEEPIAB S, MTMAPKE KK
25T ERERKETHRT, WRIEFEREGRZE

MAPK 15 5 ¥ Tl & 03 HI77, I XT NSCs 434k
& u B R R A, e X —dET
BAIEA TGS FEK%, 3 HX BMSCs-CM #1TH&
B BES 347, BERXS R ERARE T, 15 HR
it BMSCs i NSCs LIS S5 SHLE.

1 #ME5H*
1.1 RFFzhEY

B27 #3707, DMEM/ F12 (1 : 1) « Neurobasal
F1DMEM 35794 Gibeo 24 7 7= éh; B4 ILiE ki
VI3 5175 5 B A 4 40 B A4 K [ F (bFGF)
Hoechst 33258. HitEH<EH -2 (microtubule as-
sociated protein-2, MAP-2)Jitk. HiFURA 4R M:
# A (glia fibrillary acidic protein, GFAP)H FITC #xic i)
H/ R IgG P T Sigma 2 ;& 19 F AR RE
FHUES A A& B 3£ E Ray-Biotech 23 7]; fAFE
FF A& SD KR BRI ER K ZELZR PO .
1.2 BMSCs K& BIEFMEHIBRFRNE &

120 g SD KR BRBESSE, Lol &4 T EH KK
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fIR B R BY £ B, AR &R 2~3 1K,
¥ v HH BB B8 SO OB B IR AT HUK, B 4 L&
WBNECE, Ll 800 r/min HEE L 5 min, HE L
B, FAS 20 % fa4 &K DMEM E&, RITRH
B, FhFIEREA, ET 37 C. 5% CO, ¥i5F
FANRESE, HIERRESE. ¥ 3~6 LI BMSCs LA
1x10° 4 /ml B3 FEEFF T 80 ml B3R, A7 40 s
PSRN 85% J&, F I, FH PBS Myt 218
Ja, B#k 6 ml 55 2% B27 K] Neurobasal 55759,
BESF 24 h G E _EIEW, 2 500 r/min &0 5 min, b
B0 4 BMSCs &4 8552 (BMSCs-CM), — 80 'CHx
&R
1.3 NSCs 19 BEiEsH

S ROCERIEATH P i NSCs 4r B3R, B
B R BR H, AR, AR AR T R B i
&, ¥4 LR7E 300 H FAEMNEEM LI EE, &
BB LE, B AIEMS R BERE R ZERET, Hl
WA AR B, 800 r/min B 5 min; F&E LiF
B, TN 2 ml 3SR, ARE REWKIT, S5 H 400
H H40 Ha i SR 40 MBI, 2 et 4 AN 25 ml 3555
b, BEEWKAEH 2% B27 ) DMEM/F12 (1 : 1)
T iEEESRE, FMA 20 ng/ml FITRIE R 4EAEK
[A F(basic fibroblast growth factor, bFGF); ¥ 35523
BF37 C. 5% CO,EFEAAEF. 83 REW
LR, BIREHBEFRBHI—F; §5~7 REER 1K
1B RV BT, HBEERET . —RTE
S EIEFR T REA BAHI NSCs {8 A] S5 FE U ER 1% .
233 2~3 AERJE, NSCs MK E 24 100 pm K
BR1E, % NSCs BREUHE # T4 6 £ B ERR D 25 mm
RFEIMA, £F NSCs BRI EE 5 I8 =8, 31T nestin #5&
RAGe, KEDMHEIRA K4 HEA nestin P,
1.4 TR SEMBFHZE

2 REL3 ANSCs BRI S ME T B4 £ R
HE K 35 mm BFEM S, £ 30 min & NSCs BRILS
BE, EHIEFRE. TRILGH=H: H)NEA: H
BMSC-CM 537 NSCs Bk; (2)#I#I54H: Fi BMSC-CM
3% 2% NSCs ER, FF7E NSCs BRI BE i =] 4> BUANA 5

umol/L PD98059 (ERK1/2 15 5 ¥ T8 B HI), 4
pmol/L SB203580 (p381% 5% il B HIHI7]), 4 umol/L
genistin (SAPK/INK 15 5 ¥ F@ B MHF). EHER
R T REN R EKCRRAMESZEL. BFRTR
J&, BT e A Ak A e, WHER NSCs HI5HLAR L
1.5 HREMARILFREINMEARITE

A5 NSCs 43 #2 TC A1 2 FE I S 40 L 64
BE, #H4T% K MAP-2 1 GFAP 408 %Y ib 4
. ARIEBREENRE, BREREEAMEXS
W8, BN7E G f0 5 A2 A 3 5% I A R 43 IR AR I — B i e
Fi PBS 0%, HATFEAER], FHARSE X B A
RRVRLR . FEERE, EEEIRCEHER
(Nikon TE2000) F&fLLL “2.” FEH LT FREHL
E#E 10 MRS, 15/ ACT-1 K, NA
ImagePro-Plus 311 % MAP-2 1 GFAP FH4: 41 i
. Wit it¥ Hoechst 33258 ARidffiE B —HEF A
M40 i S 2, AR5 MAP-2 R GFAP FH M40 /e
AL BT I E B . K 3 RIS SRR 4 RS
FAHE KA SPSS13.0 St kb3, S E)K
FBEENESTHITEEET.
1.6 EBHRERMMEZEEFENERRREYK
ny

T A 55947 1§ B Ray-Biotech A & 7= i, #
dn AT LAR] A 19 Fh 4l LR F (3R 1), ¥ BMSCs-CM
LIRS L AB T NSCs SLERE™,
HHATEE B B RE R, ke ok 220 40 M 555 (1 JRV
LT HEAEERNNEA. SMERE 2RI, B
B ES R MTFMET. X HREFEBLE, ¥
IR b B E S R R 3 8 KBS TIFF & (
(I B Fy SCHHRAF . 3B4T ScanAlyze #84t, ¥ K TIFF
& 2P A 0 PR A A B RSO, W I IR AR SR
£ 4 Microsoft Excel 304

2 #RE
2.1 NSCsBoLikR
E 7 REF, ANEZH 518 NSCs 23 H AR )

Table 1 RayBio® rat antibody array 1.1

A B C D

E F G H
1 Positive Positive Negative Negative CINC-2 CINC-3 CNTF Fractalkine
2 Positive Positive Negative Negative CINC-2 CINC-3 CNTF Fractalkine
3 GM-CSF IFN-y IL-1a IL-1B IL-4 IL-6 IL-10 LIX
4 GM-CSF IFN-y IL-1c IL-18 IL-4 IL-6 IL-10 LIX
5 Leptin MCP-1 MIP-3 B-NGF TIMP-1 TNF-o VEGF Blank
6 Leptin MCP-1 MIP-3 B-NGF TIMP-1 TNF-a VEGF Blank
7 Blank Blank Blank Blank Blank Blank Blank Positive
8 Blank Blank Blank Blank Blank Blank Blank Positive
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AR (1) BMSCs-CM 4 404 KR R 4T, 40
MR /AN —. W, BOFBE. MAP-2 FHMER
METTEAHE, LHRE RERK. HExE
BT, 24 . GFAP FHERIE R F i
fR TR E A, Mfag K, 8o #L. (2) PD98059
ZHFNSB2035804H : 4 fiu A= KR ILES &, S5 BMSCs-CM
AL, TLEFHMAP-2 FHME R #ETTH IR, GFAP
MR AR ER S, AR K. Genistin 41
5 BMSCs-CM MRS R TR ZE R
2.2 FEAP NSCs L HHEZ TN E R AR
B EL B LA R G it 5t SR

K% 7 RJG, #HATH I MAP-2 A1 GFAP %%
RN LA FF AT VL, Sk S R B
PD98059 £0#1 SB203580 4 NSCs 4+t A4 JTLHI Lb
151 BH B AK T %5 B 4H (P<0.01), M genistin 21 5 % B £H AH
T B 3 M 2 R (P>0.05), EAE¥HE L 2.
2.3 BMSCs-CM EBRMMEIIRNER

BMSCs-CM HAXBA(EH 2% B27 1
Neurobasal 35570 KR A F FREELE 1. 1
S AR g5 SRR B, SXTHRZ4AHEL, BMSCs-CM 4
A IL-4. IL-6. LIX (lipopolysaccharide-induced CXC
chemokine) 1 TNF-¢. (tumor necrosis factor-alpha) 4

FhgE A Tk LW T 1.5 5.
3 g

MAPK 2 —RZER / HERE O WEE, i\

TET RIEEREELA I AL ITE A M My, B
FEYGRERARIMESEHEFERN. MAPK FE
A MM S 85 85 (extracellular signal-regulated
kinases, ERK1/2). c-jun &% 45 88§ (c-jun terminal
kinase, JNK). p38 MAPK % MAPK W&, FE /N4
EREX EEX, HEEAQ 2o MEHARAL.
MAPK {5 5 SEBREH LT RATERFH=&
BES R ERAEIE(E 519, MAPK 25 SEER IR A,
BMAKET. RERT. MEEHNZLHHBE
SWIE, BUEN MAPK B B BRILIZ R R T, @
MEREARBESE, SEMRNEE. Sk, ¥
LR FET-HEY . ERK1/2 RFTE MAPK F KR A
i B AR, T H 2 B EER, AN 54
FAFIETE . A ETIMEXRI, INK EEH#S
BRI SR N PR E B, H 4 A4 sk
MBS ST, BRI INK AR A RS R B s
(SAPK) 2, P38 MAPK ZERfE. N KNFEF
EEEH, MSAEESEHRMERE. MRS

AR H, 7ENSCs FIBMSCs-CM #3445 &
MA 3 # MAPK # S@EBMHEFE, RIAMA
PD98059 (ERK1/2 & #HHI7]) M1 SB203580 (p38 &
BIANHBIFNBEFE 7 RJF, NSCs M4 #2 TT i b 451 B
BAX T Xt 41(P<0.01), T genistin (INK i B 30HI7)
HEXNRAMLL T EEEER(P>0.05). NX—4;
AT LLHERT BMSCs-CM H AT 1% 4 F AT R 23 i

Table 2 The comparation of the percentages of neurons and astrocytes in different groups

The percentage of BMSCs-CM group

positive cells

PD98059 group

SB203580 group Genistin group

MAP-2* (55.52x11.35)%
GFAP* (23.26£5.60)%

(39.45£7.29)%*
(31.018.96)%*

(45.80+10.14)%*
(32.39+3.91)%*

(53.73+£10.73)%*
(25.09+6.20)%*

Compared with the BMSCs-CM group, *P<0.01, *P>0.05.

A B C D E F G H

Control group

BMS!

CM group

Fig.1 Protein express spectra of the two groups
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ERK1/2 1 p38 il B {2 3k NSCs [l #Z: 70 77 7 434k, N
NFNHIFJE, 1 P 4% 8 3% 0 S e 2R 15 45 BEL BT, R skt
ZUUKHBEHERK. SHERN, TEAMA
PD98059 F1 SB203580 &, £ ¥ 5 4t A i He 51 45 %t
AT H(P<0.01), T genistin A5 BAMHLLTLTE
M2 J(P>0.05), ¥iBH ERK1/2 #1p38 i@ I 7l fEiL 2
5 THHINSCs [ £ 78K R4 M7 19 4 e R
H T #E— 25 R 1)K & BMSCs-CM = B4 F 4 ik
i& T ERK1/2 1 p38 id %, A1 B A 8 BMSCs-CM
HAT T BB REEES 37

| RS R B S A, P g —
BHROEARGH, O LB SRR ETIE, T
DLIE S e 1 B 8 B S 3R SR AR A e IR, A
TSR EE B g, RE R guR S (7]
X3 pg/ml). RTEEFH A, £ B4
B F ) —F LR A AR 5. 3£ E Ray-Biotech 24 F]
A K R 4 B R Hi ARt A H R R DA [R] B R
19 MR 7, ZESCREREP R TRIELE R
M, TA TR [FI3EIK ) Neurobasal 52 35 5 1 10 A 2% B27
fEAST R, BARMMESISRER, SXTRAM,
BMSCs-CMAF4F 4 FHIRER FiR T 1.51%,
AR IL-4. IL-6. LIX f1 TNF-0.. HEEH X
BRIRIEUESE BMSCs A] P43 IL-6 21, LIX 1, TNF-
o4, IL-4 2—FMPrRMMEF, ks HAiE
5 BMSCs B /i IL4, (H DB L IL-4 7]
LLYA 7 BMSCs (43, w/> LIF B2k, 3 HEelR
33 A 41 B R 755 3 (1) IL-6 1 IL-8 ff) 43 uihus),

IL-62& —Fh{E #NE R MK F, Bef (2t 2 Fht 4
M e A, 3 B AT LB MAPKS 55 SRR
BOEREHAEH . Westberg FUIRKRA, M
iR T R A B oWl TL-6 & B3 %, IL-638 it MAPK
155 ¥ SEBF L T M AN F Stanniocalcin-1
(STC-1)38 %, AT hnfisi4n Moo B mo i 20 . %t
BRI BT E I R R 4 FHLRI R TR 7R, IL-6
AT LI T p44/42 MAPK & B (6 B #1631 24 PD98059)
AT INK 18 8BS (R 7E SRR T R AT 4 41 B
43U I8 P9 B AR KR 7081, TNF-on & —FhE 4 40 il
T, EMET LB ML A MRMET:, LaeE
1tp38 MAPKAE 5 ¥ S8 B3 A #9228 U440 f 73w
759 et 55 R i 1) 8 S IR G A R MR R A SR ik T 7
MCP-1/CCL2 1 IP-10/CXCL10 "), Luo ZUSIFF3T %
B, TNF-o BRBOE A 4R IR 40 B+ ) ERK ..
JNK #1p38 MAPK {5 5% S B ¥5 K SORE IR Y, T #h
R E H(HSP70) U AT LA A ER, F BRib R
RER T IL-6. IL-8 #1 MCP-1 4. LIX B2—4

Bk 5 4 BT B B 4 R BeE R BT,
Choong %U3NE & B S K I ML R P A7 1E
LIX J&, &3 ¥ % £ PCR U 55 LIX K5 Tt M 55 ST 4
Mo, T — 2 I R B LIX B A (e 8k R if 1 i 40 i
HERMER . BRCRE HFIEER S LIX fe%@E
E¥IE MAPK (5 5 SR REER.

FERTHASEIO P, g5 N .41 ) Neurobasal if
BAEHE—MEB S 2487 &K BMSCs 73 7
Fha M7, 43 3108 R 4E Bk R 7 -3 (cytokine-
induced neutrophil chemoattractant-3, CINC-3). HE#
R £ 3% [ F(cholinergic neuronotrophic factor,
CNTF). T#t# -y (immunoreactive fibronectin, [FN-
7). B4 E -1 (interleukin-1o, IL-10t). #4%
4 #4411 (monocyte chemoattractant protein,
MCP-1). &BEEMALZMEIN -1 (tissue inhibitor
of metalloproteinase, TIMP-1)F1 L% K & 4 K HF
(vascular endothelial growth factor, VEGF) 9, T4
BRI BT INANZ S5, K BLBMSCs 73U K1Y i
H5E2 A, 3275 BMSCs 7 IR 2%, H &
EAFERBEFRAE T WY RBSFAR.

M MAPK [ S FEBREETHRERN, i
S 25 B 5B H BMSCs MMM B R IR S
NSCs 7t A #0470 ) b H BRI 240 8 B TR R
o0 B B4R, I L4 F P A8 5 ERK1/2 #1 p38 MAPK
FEHIFEBA R, VIPHE/RT NSCs LG SH
SHLH, TSRS WA 2 KL BMSCs 7341
4 Pl E 7 P 5 B F ] LB MAPK 15 5%
SEBAIER, WHE—P e T XML ATEE.
A MAPK BB E P EHARERR KA. KED
RPN IE, THRESMHEERKE. K
FEHI S FHLE, ATTSKELA B (E 5 % S 80E BURE
FRFATHITERAEEME. MA T MAPK#E
B 7E T NSCs A LIt & Fr i fE F R S 3 A %
s, BfRT#—PEE.
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The Signal Transduction Pathway of NSCs’ Differentiation
Induced by BMSCs Conditioned Medium

Qin-Ying Ma'?, Ya Wen?, Ping Gu'**, Yan-Yong Wang!?, Ming-Wei Wang'?, Dong-Sheng Cui?, Li Liu?
(*Department of Neurology, First Hospital Affiliated Hebei Medical University, Shijiazhuang 050031, China;
2Hebei key Laboratory for Brain Ageing and Cognitive Neuroscience, Shijiazhuang 050031, China)

Abstract To explore the effect and mechanism of mitogen-activated protein kinase (MAPK) on the
procedure that bone marrow stromal cells (BMSCs) conditioned medium regulate the differentiation of neural stem
cells (NSCs). BMSCs conditioned medium was used to culture NSCs, MAPKSs signal transduction pathway inhibitor,
PD98059 (an inhibitor of ERK1/2 signal transduction pathway), SB203580 (an inhibitor of p38 signal transduction
pathway) and genistin (an inhibitor of JNK signal transduction pathway) was added in the conditioned medium,
respectively. Immunocytochemistry was performed to identify the neurons and astrocytes in the offspings at the
7th day and the percentage of each type further as worked out, then BMSCs conditioned medium was detected by
protein microarray for a further study for the mechanism. The percentage of neurons in the PD98059 group and
SB203580 group was significantly decreased, but the percentage of astrocytes was significantly increased com-
pared with the control group. Four cytokines including IL-4, I1.-6, LIX and TNF-a were detected in the BMSCs
conditioned medium. The dissolvable molecules of IL-4, IL-6, LIX and TNF-a secreted by BMSCs could regulate
the differentiation of NSCs probably via the ERK1/2 and p38 signal transduction pathway.

Key words MAPK signal transduction pathway; neural stem cells; bone marrow stromal cells; cytokines;
protein array analysis
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