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RICHHE

H B BRFEN C57BL/6 /U #E 5 S 372 A 78 540 il (MSCs) 5 N BT
R4 i (EPCs) FF55 480 17775, FF9RIT EPCs 45 1h 85 974k ) EPCs fE A fil 3L %
FEAR 2 BN MSCs B3 (1] 54
Fid: Lo/ RUEBEAN IS O R ZE I IV RV 7 B, DL 48 h WAL, 48 h A IEE
Mtk s 3 AUGATICE R E . BlRa il 3k, MR (FCM)
MR MARIL; 48 h W AR ARMEEAN L, &5 3 AUSATIME TERSES:, 64 5
51T CD31 e 5Ot M Je (a5 5, FCM AG IR ibrid .
2.} MSCs 434 0 EPC-CM 41 CRH LG-DMEM #35%) . 50% EPC-CM 41

(XM 50% EPC-CM+50% LG-DMEM #53%) #i1 100% EPC-CM 40 CEH 100%
EPC-CM }:9%)

3. HUifs 3 48 MSCs Al EPCs , % 1:1 (40 EL 53R N Transwell L% 9%
ARG, LUR E M MSCs, =48R0 EPCs Ry SZE gl o ] i 58 i AH ) 28 i Pl
MSCs R T FE XA . K MTT EGf EdU %6kric ikl MSCs
X EPCs 45 g 7 111571 o
5B 1 FCM Kl % 3 48 MSCs ik Sca-1. CD29, fk#i%x CD45. CD11b;
25 S0l R R S IR T 4k FCM RN ES 3 48 EPCs K IA CD34.
CD133 1 VEGFR2; {4l %LU 96 fLIEFEt ] TR LS FE S50 . 26 5 AR
48 h J5 W REAH oy e PR R TR CD31 2 MRk

2. MTT Lb iy gh B W oR 5 06 B2l AR LE 3, 50% EPC-CM 41 A1 100% EPC-CM
2 MSCs H4%E fig 77 B B 5, H 2R EEHOBE (P <0. 05) o

3. MTT Lk EdU 98 thric ik g B 7m0t A AH LU A, S5 240 MSCs
(KL AE 70 72 h J5 B (P <<0.05); AbT DNA & B 140 i kb s 5
FEWZ (P < 0.01),
ghie: R ZE N EEE AT [ 2 s alifk 3% MSCs Ml EPCs, EPC-CM fgfididk
MSCs {358, EPCs 7E5 MSCs JEH A LR F=m REfE3E MSCs [FH45E .
BRI (M 7e a0 PR RTARAR B A aRdts ARt s, A s



Abstract

Objective

To establish a method for simultaneously isolate,culture and identify of C57BL/6
murine Mesenchymal Stem Cells (MSCs) and Endothelial Progenitor Cells (EPCs)
from bone marrow and to investigate the effects of EPCs conditioned
medium(EPC-CM) and co-cultured in non-contact co-culture systems on the
proliferation of MSCs.
Methods

1. The cells were isolated by modified differential adhesion method from murine

bone marrow and cultured for 48 h. Then the primary adherent cells at 48 h were
cultured in LG-DMEM and the non-adhered cells were collected and induced by
EGM-2MV complete medium in human fibronectin-coated dishes. Osteogenic,
chondrogenic,and adipogenic induced multi-directional differentiation potentials were
performed on the primary adherent cells, their immune phenotypes were detected by
flow cytometry (FCM). Tube formation experiment on the matrigel in vitro and the
expression of specific surface marker CD31 determined by immunofluoresence cell
staining were identified for the subsequent adherent cells, and their immune
phenotypes were detected by FCM.

2.The MSCs were divided into 0 EPC-CM group, 50% EPC-CM group and 100%
EPC-CM group(they were all cultured by LG-DMEM).The effect of different
concentration of EPC-CM on the proliferation of MSCs was detected by MTT
method .

3.The passage 3 of EPCs and MSCs were harvested and placed into Transwell
co-culture systems at the ratio of 1:1, MSCs were placed in the bottom and EPCs in
the upper served as experimental group. Meanwhile, only MSCs were placed in the
bottom at the same concentration served as control group. MTT assay and EdU
fluorescent assay were applied to detect MSCs proliferation co-cultured with EPCs .
Results

1.FCM results showed that the third passage of MSCs were strongly positive for

Sca-1,CD29 and negative for CD45,CD11b and had the potentials to be induced
differentiation into osteoblasts and adipocytes and chondrocytes. The third passage of
EPCs were cultured on Matrigel , resulted in the formation of tube-like
structures and positive express CD34,CD133 and VEGFR2. The expression of the
passage 5 of the subsequent adherent cells specific surface marker CD31 was positive.

2.Compared with control group, the abilities of proliferation of MSCs 50%

II



EPC-CM group and 100% EPC-CM group were increased(P<<0.05), which presented
a percentage-depended manner.

3.Compared with the control group, the ability of proliferation of MSCs in
experimental group was significantly enhanced after 3d (P<<0.05) and the proportion
of MSCs in the stage of DNA synthesis was higher as evaluated with EdU fluorescent
assay ( P<<0.01).
Conclusion

The method of modify differential adhesion can simultaneously isolate,purify
and amplify mouse bone marrow MSCs and EPCs.The ability of proliferation of
MSCs is promoted by not only EPC-CM but also co-cultured with EPCs in non
-contact co-culture systems.
Key words: Mesenchymal Stem Cells;Endothelial Progenitor Cells; conditioned

medium;non-contact co-culturing;proliferation
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Medium
EGM-2MV endothelial growth medium B 40 i 5 77 3k
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CD cluster of differentiation AR &Ny S
FCM flow cytometry A AR
BTE bone tissue engineering AR TR
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d day AN
h hour /INE
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L litre It
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1% P 52 AT R R B 3 18 78 o T 4R AR A AE 0 RS20

B 5
H MR (bone tumor) FLig RAETEE I ARG SFIHLR MG« Wi 42,

NEWTHZA . i A 2R PR A SRR A4 IR IR P Bl 5 R S5 5 R 1) R 32 g D
RNEE M R E MR AR I Rm R A8 1. 11/10 )7, 2k
1.06/10 J7, 244G 2%~3%, K. P2 AR 1.9:1. R R A
AR, WiE Rifs BYEE MY (malignant bone tumor) £ 40%, &1L
FAITAHAR, W R AR, R ORI B, TG AN B R
1) 3= By BRARF m0A I Rg 40 M 1) e TR s AR 0224 T R B AT BRE i A B AL R A
PE; FEIGREF SURE R (B0 I B, DR AR D) ek 55 .
TR IE,  H HT0S By R 0 DRI 003 B8 1w AR WA, (HK 22 B0 50k W i i
TR SRR 220 . IRt SR A 1SR O . BEE N
JihEg A P 2 A ) AT S RN T 8, LAAGHT A BT (Rt e, RS i 52
B MBS WEOR, YENETT KA NGITTERBIR R, A MR ARER T
PR AN TARARM R S BRI O 55, ARG T /321 1tk e, Hiar, X
T M ey 77 20 RIBRT DOk ERmG T F B TT ), B e
PRI AIEE] 90% LA™ o (RIB AT A G Al 53 1 AR S i 193 AR B4, 5 AEAE
e B 60%~T70%. (HIE M Sk, A RBETFARRTZ N H A
HAEARREER, ARG RER A AR B R EFHaAY . b, Fiina
I I i A DX ) A A AR T S R A

TRl R an A S IR S A e 2k T — 295 0T, TR R AT BR,
PR B AR (bone defect) o B MIRIRYT Ja P BUE AR A Ly G, G [E &
FHBh 2 TR PR RGEGY WA IR RS S B R T B 40 S 2 Ptk
hiE o ARG BRI T T AR E B RIR SR A T BmEssE, b
TV BARTE S SER AN R VG T Th s T — 5 7 R, (R R AE A8 Jm) BRI
TENGPR N FHIN 52 21— BRI B ACE B S i o e 20 S pnil, (LAt AR YR 5
e B FIR AR E AN G B, (R Z BRI H i R NV, A
TEB R BB R iR, B R =

HA T (bone tissue engineering, BTE) & —F4 VG IT 1L EAR
X &5 T TR aRl ey, s 4 AR oER: BRAatk Sl Bk
B AR T AEREAA RCE R A2 TR 0 A B e 2 ()i
PENOT U R AR AT ML 1L AR AN B A K RS OR S TR TURE AR R
BE AT R Ih I S B ) T E 0 ARITT, WL B R B A (R AR, RN
0.1um, WIRFFEILRGHELE 0. 75 mm (53 008 75 2L JF H, SN
B4 ML TR E S AH AU PR B PR T 200 wm DL MY, B G /oA 2550 B A0 L KA
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1% P 52 AT R R B 3 18 78 o T 4R AR A AE 0 RS20

AL 2. 0-3. 0 mm' (¥ ARG N JE st CvEAEE o B2 213
KB, B IR BSOS IEWT FRACEaSy, DLECT- A 0] B LR
Bo BRI, A2 TR LA A AT TR I i 22 IROHME R o A4Sy 2 1) ML 47 3 2 7 a1 4
MR % S 2 G AR 7 B R E R SRR, B2 80 T3t & K -F, 86
ESN BRI A AR EL IR, X5 b 2R A A5 5 i i
WS )2 o< . B ARSI (B L ZUS F T A, BT R T 41 i
BRFGLUT JLREK: (D) ARG I RE ) # S e oK, 38 B s MR
MAESERE. (2) el itt, L8umtt, HIMAES . (3) RaEpsd
HABRAERIRI A M. (4) B G ReE AR S 52 XSS, 4 Vs PR . (5D
REfS il I o 1 AR R EAT IE DMEA, Al B A B = I PR AR k4 v D g
[17]

WFFTUE I, B 10 0 A2 G 8 T A AR S 1) AR R R 4
e FLA B 0 T M P g, LB OB B B RE ) iUk 0 AR, R
B A2 T 400 ( Mesenchymal Stem Cells, MSCs) ™™, H-B 86k yE M E %4
RN AR B SRR AL TR PRI T AR IR A T4k, BE ey
FEHERT/ArARgI i, n s W ) a4l e (Endothelial Progenitor Cells,
EPCs) , fE I FF A i s R P 7 SE 2L (6, IX W AR 41 i vl DASE ) b i
fEE™

MSCs & 1 R U i HAT v B EVFR BB 3B B8 J) M 22 1m) 2044 7 RE 1R IE 4
BET4ni ™. fERFEctE FREMEE « Bl « BRI fhedlgl o Btk .
WA « 2 FLL WIS R 24 ™ ™ AN B 78 T4l i R A7 e T8
BEH, JERKIMIERTAZ. . . FeE. 30 . d . LI
h A A T DASRERCH R ™™, LU AR I i SR 5 L b 43 B 3R A
PRI R MSCs 2 iy 4 Mo AL [ (R0 Sk 40 L, Py DASLAE A 2R TR 18 S R A () i
B FRSEE, FCBESNHTIRKS. 2001 4F Quarto 2" ffif MSCs 41
TR FR A — ) S5 1 B 3 G AT IR RS2 56« Al 107 5538 B i SRR 1)
MSCs ZARANEFRY 38 e i 2] 2 SR IEBE KA S RL b, SR TG R 1 21 i 5 A4
WIIIE S T HAC T, BT o KINE SR BREF. AA, Wakitani &5
SN PE ST R I BE TR Y MSCs,  ZARANE IR 5 Ak AR i
SRR, B R BB T AR B, S RRIRE 6 AL L
TR BRI AZ, 42 FJEER R A 6 0] D& BB FE I AL Z0E 5
Krebsbach % FIH /N RJE MSCs &5 T /N RUTH B EAR 5 mm (14 Be5t. 2003
4 Alhadlag 25 M IGEBE 20 B H MSCs, A& A6 o040 by Bl 41 i Fn
WE MR AN SR, BBV, 8 AR AL K
T A KT R T AR ST R IR 454 . 2006 4F, Hasegawa 25K MSCs
R T B RFE AN R A i B SR A oy, 6 R A8 1 40 AT /s AR JE AT
WS R IAT 2 R A5 X P8 A R 40 38 2 ok B TN AR TE MSCso I 2RSLES
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1% P 52 AT R R B 3 18 78 o T 4R AR A AE 0 RS20

T 2009 4E4% Li H 25" FyaRkig. LA LMWITIRIER S UE T MSCs 1E
AT FEM T B AT ) RN R 5. H4E, WF W R RIS RS K MSCs
PR R AN B IR R A 855 R = 0 B 97 S T B A S PERRAIR, DhResz 2
PR, B Re BB N . B CLanfal il i s 4] TR AL e R A 1) S5
TN SO FR SR DA =y MSCs T 40 s P AIE =2 is ] MSCs el 23 T2
B PG SR B R T AR e

EPCs 74 ML ARG ff ¥ LA 1) /U kT e EPCs B R F A 23 TR
BRI A ) DL RS 7 SR S LR SR M 4l i Dh g, X
MR TREEE S KRB SR G T 7ok T Hi A 8. EPCs 2 —HERIE T IR Z,
HAWERE, FTRUR & R0 I/ BE N 7 40 (1 R AR 4N i ™ . EPCs J@ T
PSR- M, A 5T RS A T B o 0 v 1 I 1 s i A BRI B o AR A BT DA i
BB AL L A SR R o AR . IR ER KL EPCs YT,
SN A EPCs E 2 g 8EH 1 I 41 ( haematopoietic stem cell,
HSC) 23k . IEH TGO T, SMEMA K BPCs BrRAR >, 14 0.01%.
EPCs AT T-4I B AT P4 B 41 B IR R ARE I, ][] o 328 1400 B PR 52 400 G g A O
Puls . EXEIGS ARE B AR BPCs R HF R HiRE
PEAFREEE AR T, T LAB) 53 B RE RN AR L, U TR X kA8 B A ) A
", EPCs RL A5 1Ak BT GHT AR I, BT IR G A R AR
FITLL EPCs 7524035 Jel i 32 453 1 A S SAG SA A ks IO DR ™ 0 EPCs 23 5 1L 4 T 1
B2 AW R 1) 14 &4 (vasculogenesis) , JEFREHEHEYE EPCs B,
S I AT . 2) I3 4Bk (angiogenesis) , JEfR{E OV ML M 2%
SERIRAERL b, kR B A T A . WA, B R DRy R EZ
It A R0 o I A B4 B R B i S . BPCs Bh BINANE I,  FEAE 1k A
TIAVER P ARG AL, AMUS HIERMAE N R, 30T DU ZE7 4 b ol 53
PR Y4k, BPCs B HAT HERH B AR K, BACERIIN R 41,
TR N AL

AW FIRBRAE s, RIZ5 4 EPCs 7 B LA AR D50 S R 85y T Ft) el
Pe#h, Rk EPCs X} MSCs $E3EAW) %47 Ay AL s ma f Ll gep Lk, hidt—2
P MSCs fEi Mg P 38w teid v 1 A2 508 2 Re ) 29 BES JE A



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

Pavad

¥

1 # #

1.1 R34

Dfk

CI6— /NER MSCs By E. EFN.

a4y /NER MSCs. EPCs B9 E. 1=EHRLTE

T

s

4~6 JHEE C57BL/6 /N () H 3T 88 B R R 2 S0 B ) L B ) A RS AIE

SCXK () 2011-0001,SPF Z4d7%)
1.2 LWFERFT

LG-DMEM
FBS

PBS 211
B Bk

J 2 11 1

B HHER
DMSO

MTT
LRI R
HiFE KR

B -H i R A
(i AR/S o
ITS
AT 1
24 1R
TGF-B3

B ) 35 W kel
Jv ] AR ES (IBMXO)
JE iR
b2l
WL O Ykl

Gibco, 3

Gibco, E[H

Gibco, FE[H

Gibco, FE[H
Sigma-Aldrich, 3£
Gibco, FE[H

Sigma, £ [H

Sigma, JE[H

Cyagen Biosciences, 3%
Cyagen Biosciences, 3%
Cyagen Biosciences, 52 %]
Cyagen Biosciences, 3%
Cyagen Biosciences, 32
Cyagen Biosciences, 32
Cyagen Biosciences, 32
Cyagen Biosciences, 3¢
Cyagen Biosciences, 32
Cyagen Biosciences, 32 [%
Cyagen Biosciences, 32
Cyagen Biosciences, 32
Cyagen Biosciences, 3 [



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

EZ Ll el
PR 2

Hi/NVE Sca-1, CD29, CD45 1 CD11b

1.3 LI FEMNE

AT R AR

YJ-875 MFTAES

{55 AH 72 BB I G R AR R 4t
B

6 fL. 24 L. 96 FLEFFRM

60 mm. 100 mm 4240 AR 770
Pl IER B 92 RS IS

2 7 &

2.1 RS EFIESF

(1) B 4~6 JE#s ) CS7TBL/6 /M 1 H
(2) & H KRG F AR 55/
WK ZHZR 55, & PBS .

AR, R
Sigma, % [H
eBioscience, 3 [H

Thermal, 3[H
IR,
Olympas, HZA

Sigma, J[H

Corning, 3 [H
Corning, 2%

BD, [

BIO-TEK, & [

NI, T5%P KRS S min,

BT B, U A -5 vy IS B 14

(3) ANy —HEE, BEKEMurEdh, LL Sml yEH 2 10% FBS
] LG-DMEM (&8 241 100 U/ml FI535 25 100 U/ml) , BEgadlin
Iml VESE A Sk R Ervb e E EE R E, A EET 60 mm BFEML

s

(4) AT 37°C ARR R 5%I1) CO, MRV & B F2 50 W B 7
(5) 48 h J5 ¥ Je RMGEEAN B,  In A B3 10% FBS 1) LG-DMEM 3ml,

LU A 48 h #uili— K.

(6) fR'E BB P ENAZ, AR 80~90% HlifnS, 1%

122 LEBEACRT IR

2.2 MTT X&) 48 h NG E=ZM Bl By 1 5H RE

(1) BUEE 24X 48 h WIBEAI Y, 2.5 g/ JHRAE AR Ak, 3~5 min, WA 40,
1000 r/min &> S5min, 7+ i, PBS WYL 2 .

5



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

(2) LG-MEM };FRIE 4841 s 2 2 X 10° LR T 96 LI Rtk , &
bt 40 DL, BEFLIMA LG-DMEM B5753E 200 1w L, B4 gbd
G IEp L B

(3) JUN 37°C . RF R 5% COL MR FE B 40 W 55 9% .

(4) 12 h 5 B RE gL, ERFALA A 101 L Smg/ml ) MTT ¥,
¥ H 4 ho

(5) 4h 552 MTT ¥, FRlfLEE4LIMA 150 1 L DMSO.

(5) #ERED 10 min,

(6) BEICARARTMAAE 492 nm AL, F IO E {H (absorbance, A).

(7) B 5 ML, ELNE 8 d.

SCHCE R 3 IR

2.3 SRMBAIE AT 48 h WRLEELAPEEY R EFRIC

(1) B 3 ARUEF B K I 48 h WIERELNM, 2.5 o/L BRAR A RN AL,
3~5min, WM, 1000 r/min &0 Smin, 3+ [, PBS &L 2 .

(2) AT 3% MH2F M) PBS AN, HAEAN S 2 1 X 10%ml, 1K
F13%95)5, skeanEt, ®E 100u L.

(3) 20 BN B 3258 e s (9N Bl Sca-1-FITC 0.5 L, CD29-APC 0.5u L,
CD45-PerCP-Cy5.5 0.125u L, CDI1b-PE 0.125 0 L & - 25l InAA
) 42 9¢ e bR BN Bl IgG-FITC 0.5 L,IgG- APC 0.5 u L,IgG-
PerCP-Cy5.5 0.125u L, IgG-PE 0.125u L & M [A Bt . i e
AR N AR I

(4) ZHIFE 0.5h, & 10 min BERH—IK.

(5) 1000 r/min &0 5 min, W5 FIEW, PBS JHUE 2 b DAL 2 oKk bsid B
k.

(6) 10 g/L 2 W EE A E 10 min.

(7) 4 B ARSI 2 A il R A T 0L
MSCs LAiRERiA Sca-1 A1 CD29, fik3K1A CD45 F1 CD11b AiliE 4 %

2.4 48 h INLEEAMRREI R B S SDLThEELEE

(1) HUEE 2 4 48 h WIWBEAI AR, 2.5 o/L JBEER AW AL, 3~5 min, YEEZ
fitd, 1000 r/min 20> Smin, 7+ [, PBS #&VE 2 i

(2) LG-MEM K52 3L RN M Z LL 3 X 10%em® Befl T 6 fLESFRM, T
AN 37°C. AR ECH 5% CO, WIURIE 55 250 W 595, 4F 48 h #ui
ﬁwﬂ\o



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

(3) FEHIE 15 SRR, REFRIEH S 10% FBS 1) LG-MEM £ 774,
10 nmol/L HZEKAA, 50 1 mol/L HLIAMAR , 10 mmol/L B - JHI iR M

HH
(D FFA AR 80%~90% i I, AR E 1K S 773E . £F 48 h
1R

(5) %S 21d Ja, BUH 6 FLHR, W Lig, PBS /NVOMEDE 2 i, £l 2 min,
Fih T 4% 2 W E 30 min, WFFEMEER, PBS /NONEYGE 2 i,
S E
(6) MNP ZE L0 YL, WEEIREE B Y. 30 min J& W5 Y49, PBS VG 2 i,
BN WSS PTARTE I Dl -
UL LG-DMEM $£5FRIERE 720 28 U6 . DUESTRR g o s 2 G Rl g b 40
M BH 5 R

2.5 48 h AR EES S UIBEERE

(1) HUES 2 48 48 h Y IEEESN I FF 80~90%4HiiIN:, 2.5 g/L B8 FAREW AL,
3~5min, WM, 1000 r/min &0 Smin, 3+ [, PBS &L 2 .

(2) LG-MEM }; 7L 1340 f 25 FE LA 3 X 10%em® R T 6 FLETIRI, i
A 37C. KT ECH 5%I1) CO, MR EREFRA N 15 9%, &F 48 h
—e

(3) FCHIRE 2o F e, B9 M & 10% FBS ¥ LG-MEM K557
JE£, 10 nmol/L HhZEKFAREFE, 50 wmol/L HiAIMEE , 1mmol/L A
RN, 1%ITS, 50 mg/ml 2R, 20 ng/ml TGF- B 5 21 /.

(4) FPAMMAKEIHE 80%~90%)5, MM E S LB 738 7% .
48 h HHill—ix.

(5 FHSF21d )5, WH 6 Lk, WsF L, PBS /NCHEPE 2 i, 4l 2 min

(6) FEWL T 4%Z BB E 30 min, WIEFEEW, PBS /NOnEVE 2 i,
W 57

(7D IUNBTAR i Gy, BT L R WY 30 min W FT G, PBS MRYE 2
i, BiF
Pl LG-DMEM #5235 55 0 2% 0 fR . CLAH M4t ST 1 i e ) e
B PE 25

2.6 48 h ANGEMAERI AR E SR LINEEL E
(1) HUES 2 48 48 h YIS EESN i 45 80~90%E/iiIN;, 2.5 g/L ik FI g AL,

3~5min, YHELIH, 1000 r/min 2.0 Smin, 35 3, PBS JE¥E 2 i,
7
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(2) LG-MEM }; F 5 44 5 BE LA 3 X 10%em® #5R T 6 FLIEIRI, I
AN 37°C R HUH 5% CO MIRNE FE RS TRAE W RS 7%, 45 48 h 3l
—W\o

(3) FCHIRAR S S e R 3E, K5+ 10% FBS LG-DMEM , 1u
mol/L #iZEKHA, 200 w mol/L WW3EF, 0.5 mmol/L IBMX, 10 u
mol/L Ji & 25 2H ik .

(4) FPAMu A KA R 80%~90%)5, MBI TR FRERFE. 48h
Bl — IR

(5) HUIRT T s IR % 3 4, LG-DMEM ¥5583E, 24 h i 3
Rrgekk, T8 3~5 1k, FELLLG-DMEM #5733 9% 3 d. /a4l O
geth,

(6) Jest LRSS 7L, PBS UL 2 i, 4F#E 2 min.

(7) T 4%Z P EEE 2 30 min, WLFEMEEW, PBS /NOyEVE 2 i,
ISEDR

(8) WFECUF (2T YeE S 10 min, UEEBRTUEY . AWML O Y9,
i N EDEGL A 20 min.

(9) FEFuher, PBS VL2 i, B N E AR gL b i
DA LG-DMEM #5783 55 97 0 2 O . DU B AL O JuRl g b4l s
M BH &5 R

2.7 FitFAE

P S U0 B 3 I S0 Hdls LA B v ZE( x£s) Ko, Hdl ] SPSS 17.0
ek AT o A

3% R

3.1 RS IER

JRARA B 24 h JE P AR AE, WEREAIIR 2 RARRE, IRAEESE 3d A,
WarMIES 22 A, AN (1A o ERRERSE 6~7d, AMITFH
HaE, SEWERIRAEKIFE A A, A2 RO . RS, 40 MR
B, —M3~4d ARG R, BG R 80%~90%, 4 A iR RO
RHEF, TR MSCs HLgiffuf2. 818 Bist P g, LR MSCs, 4ii
TRMENKERE (B1B) .
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1 48 h WNLEEABRZ 7S FEh7ASMER A A /W/R100um; B ARNZR200 um

A 48 h NIEEELN M2 14CER2 d JEA A —; B. 48 h NIEELN M5 34C5R6 d 1Sk

Fig.1 Morphology characteristics of the primary attached cells at 48 h . A, bar= 100um;B, bar=

200pum

A,The passage 1of primary adhered cells at 48 h present spindle shape but not uniformitarian at
day 2; B, The passage 3 of primary adhered cells at 48 h present uniformitarian spindle shape at

day 6;

3.2 48 h NNLEEZMARIETE AE

T 26 3 48 MSCs B45E A8 7 IR &I, 40 i A 745 e ) 3 am, v AR 3
Pk 2d, & 3~5diEBREAEKW, 6~7dEHENFEE M, K sk 2
7 “S” T (K 2) .
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0.8+

0.4+

A value(492nm)

0.24

0.0

1 2 3 4 5 6 7 8

Time(day)

2 48 h RNGEELMARAE Kl 2
Fig.2 Growth curve of the primary attached cells at 48 h .

3.3 48 h ANLEEZM AR R EFRICYD

R 25 R R 5 34X 48 h WIiEEA Y Sca—1, CD29, CD45 1 CD11b FH
PEZ Ay i A (98.30+0.75)% , (97.47+1.32)% , (1.8740.15)%F1 (1. 03+
0.71)% (Kl 3 A) o Sca-1 F1 CD29 X PHME# Ty (75.77+£3.13) % , CD45 H1 CD11b
XUPH M (0. 674£0.53) % (B 3B) .« &5 3 48 48 h W IEELN A 2B Sca—17 CD29
“CD45 “CD11b ™ BEASRAE

10
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2 & ] 2]
=2 & &
T 2] 3 CEET
1.E% = 0.9% 3 0A4% isolype control
g
=2
.'-Eﬂ.‘“n‘]‘“n‘rnnsr II:I!FII--?]‘I “.:2”“_.“]'”:;!'."“-:151
2 It FITC 190 PerCP-Cy%-%
[L=]
2 2] H 7]
2 2 e e
1 3 % b i
21 2 2] 21
E - 1 0.3% 0.7% surface marker
2] 2] 3
‘mq DL PRRLL SRR :_., - L,,,, Yo : TR T T
w ot owt Wt R b 2 D D C A
Sca-1 FITC CDI9 APT CO45 PerCP-Cy55 <110 FE
o] B0.2% e | 0.98%
i —
) 1‘3—- 1:'_-
LT W =3
% : o 3
o ] = ] i
oL = = o
o 3 21— 2
L T LLL PRAALL REILL R
1w®  w? 107 w* o ot 1n®
Sra-1 FITO CD4A PercP-Cye-5
Sca-1,CD29TH == CD45 , CD11b TR
double positive rate of Sca-1 double negative rate of
and CC:2g C45 and CC11b B

B 3 531048 h ANLERAAERY REFRCHYIPAME R RN LR

A. 5534848 h WILEESN U Sca—1, CD29, CD45F1 CD11b Fik/K F; B. #34848 h Pyl EELl ffy

Sca-1, CD29XPHMEFN CD45, CD11b XUPH ML IA K F

Fig.3 Cellular surface antigens on the passage 3 of primary adhered cells at 48h detected by flow

cytometry

A,The expression levels of Sca-1, CD29, CD45, and CD11b; B, The double positive rate of Sca-1

and CD29 and the double negative rate of CD45 and CD11b.
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3.4 48 h AMAEERARIEIFLE . AERE . AUBEHRRS 1L

55 3 /048 h WIEEAN e B - e B S R ARNE, 755 2 1
I 0] WSR3 A /M TS5, 755 21 d S 471 Lo TR 40 P W % 25 A0 i &5
), ZERARAROEAEE 4 A). TAXNBIHLE LR, ARegEre
R 5 34K 48 h AU REAN 20 )l i 5 E AN IR SR AT, 5 21d
JEATRIAMBTIE R, B R AT WL AT R R A R e A ek 1 (B 4
B) o A% FN AN RER B A A 0 28 3 40 48 h WISEEAN il 28 IR 5 3 5 TEAS
ARAKN, FR AR A MERE G S 21 d R/ MIETRRLNG BORIRR, 20l
20 Gett, IR A (K 4 C) o 28 N TG IR TE B AN BERI AL O Hefh.

& 4 %3148 h ULEEMBIES UL ESER A B, C /U100 1 m

A. 48 h WIWEEN AL E V5 3 GV SR ALY (B, 48 h Py W BELN R B 5 S BRI T i e £
C. 48 h AU EELN L B I 75 4L 0 He

Fig.4 Identification of the the passage 3 of primary attached cells at 48 h  differentiation into

osteoblasts, chondrocytes and adipocytes visualized with light microscopy Bar=100pum

A,The differentiated osteoblasts were cultured in osteogenic medium for 21days, and the
mineralized nodules were evaluated via Alizarin Red staining; B,The differentiated chondrocytes
were cultured in chondrogenic media for 21days , and the cells were stained with Alcian blue;
4C,The differentiated adipocytes were cultured in adipogenic media for 2ldays,and the

accumulation of numerous lipid vesicles within the cells were identified by Oil red O staining.

12
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4w w

1976 4 Friedenstein 219 VM EH 8 43 25 H MSCs, AR T e 414Uk,
HHET I MSCs S oy FE, HEAe SR Har, MEsE 3 MSCs
W7 EAT . A B RENG R SRR B O AR v, Rl AR
NIRRT VA A A TSPV, JE BRI T v B AN R R A v, {HUE BT MSCs
FEA B BE T LIRS, BALR A PR 7 A3 MSCs /b, Iz A
m FARKE BAEEE, M B, S A B, I B 2%
A ) B, I ) AR KRR PR T LN o N BRI R D TN R
K UEE, SR B0 B B O VR R AT () A A% A B i 35 2 i LA B T g v 3k /2
Oy DA 53 B VRUAS B 06T 401 J 1 B A FH 8 2 0 40 B 1) A K 234 = 2B 5 o BT DA ARSI
KR MSCs 2 I I B (R PE S IR 8 v i IR T 3 20 B ok, (L RAT T HE K
(PIIEIARE )] o SEIGUESE MSCs WHEEI TRIRCHL, 2~4 h 247 RIATIUGRE, (g 22 ]
BEMAN SRR A B 4%, 456 2 AR LR s gl o AEseiont b, X
I M TS S AN MG A e AT WS, RILEE =AW MSCs Bt i, 40 pig
Ve, BOREAE R, 5SSOI AR A R AR S0 3k £ 55 — A% MSCs
VE TR S

T MSCs LA TCE: It L4l AR BOESIEA—8, Frils
MIEAZE DT HAS AT BEXT I R4 T %5 o MSCs B A A RS i % % Sca-1.CD29.
CD73. CD90. CD105. CD44 [AIHERIATK AL CD45. CD11b, CD34 %55,
T4 i piR-1( Stem cell antigen—1, Sca-1) s&/NR ly—6( lymphocyte activation
protein - 6A) PURFKIEN— 2, Sca-1 JLFAERTHAL. B E T/ Brdgn ok i
Fik; CD29 &k 778 NEILIRAL | BB SHBE R A, AT 4 N E
P PRR IR, A7 12 A N BUBRBERE AL, AT T 4. B 400, Hf%
M MDA RN R AR, RIS E BB, W5 AR a BRI
SR IR AR CDAS S B R 1T 2 R I PR I M 1) 52 A R 11, 30 T34 1t 40 g,
JUFITE B A A 3148 CD11b 43 & K/MA 165KD, 1 CDI18 A1kl JE L
Mac-1 LR, FERETRAME. PEAME. NK 400, HEEH> 7103
figs B CD45 F CD11b it i 4 i R ki 4, Br LA 50R A Sca -1 F1 CD29
FHPEZIA T CD45 5 CD11b FIPERIAM 4L & KA MSCs 1R HbRIC ) 13k
Ko SUEARXS, MSCs [F13 AT R AL 2V e, 7EAN R 4L SUOR 55 1
1D R ) i e a2 D R R A e A K O [ = e O P = et )
FUR G40 B 7 4 & MSCs =N EARL 717, HETCAE A AN T 5w
MSCs 7L T HE I Th AE %58 1 4 bruE B> o ARszid Br 7y B 7510 MSC 4k
K2k 5 57 MSCs %31 Sca-1" CD29 "CD45 ~CDI11b 4 fEAAR1E, 5 3cik
G2 Thae % g5 MSCs Al [ H 4B SR an i IR0 4n a5 1) 43

)

for=al
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b, 5 SCHRIRE R AT,

b A g N o R 22 I U B VA 2 T AT AN i B AR S v 0
Ficoll 43 B0 4 Jf 1) 458 35 SRR BRAR T AR 70 (R RAS, Bl L 23 5 1
MSCs, ZIEERY¥EE. RIREVERE. ALY E il it MSCs

s

SRS — /R EPCs KIS, IEXRKLTE

1+ #

1.1 38z

4~6 JEIE C5TBL/6 /N (W T s B 22 S0 sh W) o0, )& UE S : SCXK
() 2011-0001,SPF Z4d7%)

1.2 LI FEIRT

EGM-2MV Bullet Kit Lonza , ¥fi+:
FN Combrex, 5 [F]
Matrigel & ke BD, %
Pt/ CD34-FITC. CD133-PE. VEGFR2-APC M |6 X eBioscience, 3%
Pt/ CD31 £ v Pk SantaCruz, 3¢ [#
SR bR A PR 1gG AL e, T E
TSN IR hAZEE,

FAR 2GR R] 52—

1.2 RIS EE U

CO2 [HiLiF4H Forma, &M
YJ-875 WFTIES M), P
{5 B AT 2= W hBE Olympas, HA&
Fer i AL Sigma-Aldrich, 3% [H
-20°CUKH R,
WG IBE Olympus Optical, HAS

Foax RIS IR 5 —
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2 7 &

2.1 48 h ENLEEAMBE O B . 1E5F

(1) syt /N EREA N B rikAses—) .

(2) 48 h Joiir e ah i ge i, WARRIGEEST L, 1000 r/min £§.0» Smin.

(3) UL EGM-2 MV 55536 il S 4 B 8 A% 2 iise o gl N4 S 1Y 60 mm
BRI

(4) TN 37°C AR ECH 5%I1) CO TURIWEE R FR 46 N 4k a1 7%

(5) 48 h JW R IHRE 7= I RR NG EE 4l BT i5F EGM-2MV 555384k 41557

YNHAE 48 h i 1 Ik
(6) JFACKEFRIN 40 IS 80% ~90% i 42 1 & 2 44X,

2.2 MTT 3£ 48 h f5 NGEELH B Ay 1L 5E RE

(1) BUER 2 40 48h JaMBEAN I, 2.5 o/L BRAE (IR AL, 3~5 min, WCHE40 M,
1000 r/min &0 Smin, F+ 7, PBS #5¥E2 .

(2) EGM-2 MV B3 FL 34N 2 55y 2 X 107 4LEF T 96 fLESFRIR T,
FLERE 40 4L, BN EGM-2 MV B59838 200 1 L, #BHAFT IR
A g o 225

(3) N 37°C ARFY BN 5%I1) COL MRS R F- 40 N R 5% .

(4) 12 h FHOPrERE IR, EAFMALNIMA 10 v L 5mg/ml 1) MTT &, §¥

25
5 4h,

(5) 4hJaFrE MTT W, FellfLEEfLINA 150 u L DMSO, #6EY 10
min.

(6) BIR BRI AXAE 492 nm FAAL, ) (absorbance, A) fE.
(7 BRI 5 AL, EZME 8d, LR HEE 3 K.

2.3 FENLAREAIE T 48 h [ENLEEAPARY R EFRICHD

(1) BT EAE KIS 310 48 h 5 EEAI A, FR410E 80%~90%4f i
5,25 g/L R4S R4 3~5 min, 1000 r/min &0 5 min, & i, PBS

TEYE 2 .
(2) PBS F 40, WATIA), SN2 0 11X 10 O/ml, F455535 100
p L,

(3 RN EHAE 2 ehRC P/ i, CD34-FITC. CD133-PE.
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VEGFR2-APC % 0.5 v Lo Z3 sl INAKH A B RO AR C Pt B
IgG-FITC. IgG-PE. IgG-APC % 0.5u L 5 KA. e B
U AR FRIC -

(4) 4°C W¥H 0.5 h, 10 min #4% 1 X

(5) 1000 r/min Z5.» 5 min, PBS JEL 2 P2 K brid LPiik.

(6) 10 g/L Z B EE A %E 10 min.

(7) VR4 ARKM EPCs (2 HARIC Y 2RI 100 .

48 h o W BEAR i LLIA) i 250k CD34. CD133 Al VEGFR2 Aiim4h B, 2ot

23K,

2.4 48 h [RMGEEZMAEMRSM AR I & 5 N BT RELETE

(1) FERBAEVK L, BT 4°COKFE Bk s v i

(2) {E-20°CUKFETIYA 96 FLEFFEMCRT 200 u L #i3k, VK EERAE, &L 4H 100
w L EFURE, RN ] ARSI

(3) A 37C\ AR ECH 5%1) CO, WANR LR FRAA NI E 0.5 h, flidLEE
Il JSE JZ o

(4) WALF XA RKIAMEE 3 48 48 h J5IWEELN I, 140 i 80% ~90% i
I5F,2.5 /L R4S FI G 4L 3~5 min, 1000 r/min &0 5 min, 3% 3%, PBS
VL2 .

(5) EGM-2MV 15 72 5E01 i b 4N Sl , Al #2 1< 107 /FL40 Mo 2 i 42
P TR b, AT, AT MR A

(6) JAN 37°C KD ECH 5% CO, WAEE R FRFT NS .

(7) 31E BB sh A ME/INE T Bl i o

48 h J5 W EE AN B AAEAR AN E T e LT NS A 40 A i g R . S0 AT 3
Ko

2.5 48 h FENLEEApF R RE MR CD31 R R EBLETE

(1) HUEE 548 48 h Ja MG HREAN B A5 41 i 80%~90%5Hii i, 2.5 g/L iR (A BN
1t 3~5 min, 1000 r/min &> 5 min, 3+ 3, PBS i&VE 2 .

(2) EGM-2MV B 325460 i g Mo 8, it %, LL1X10* 4iffg/em® %
Bl T 180CA T 25 37 11 24 FLARG

(3) TN 37°C MRS ECN 5%I1) COL LRI R FRAH P gk a5 57

(4) 40 80%~90% iy, PBS ¥k 3 WX, £FIK 2 min.

(5) 4%Z W[ % 30 min, PBS ¥E 3 X, /X 2 min.

(6) 2001 L i =F 1 =36 41 1 h.
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(7) Wihn200uw L fehi/hil CD31 ZrckEdifk ( 1Ht, W 1:100) , 4 C
R

(8) PBS ¥t 3 X, %X 2 min.

(9) ¥hn 200w L B PFAFRCHEY%R 1g G ( 1T, #E 1D 100), =iEEE
& 1h, I PBS ¥t 3 K, HHK 2 min.

(10) [RI A FEAR R, A T t, H PBS AR, b IRET.

(D B SEER, Hhd .

(12) I WmBE T WL, M.

48 h Jo WEEELN it 5 O G 0 LLR IR RE e PE R T TR CD31 i 4 R . 5K

KER 3 K.

2.6 GitFaE

PITAT SER A2 3 U S Bl LA B = AR ifE 22 (- x s ) Ko, Bl HI SPSS 17.0
et AT o

3% R

3.1 {RABRS TSN ER

EE BB T AT IR 48h Ja Wi BEAN AT A5 (B 1) o HFl)E
1~2h, AIMEEIFFGEMGEE, FFiG2 LETEEER M 2ERE. 1~2d )5, ATLLW
SR AR AN, LI R ] SR KAR T A0 M 1) S0 S5 TG RN R AT o B i 40 463
PRIEIEGT, 4d A0 WA REETR B K. 10d 2247 0 n] ik 3] 80% ~90% 4l »
AL T AV A 40 P S I 4, TSI IR R AR 4k, DASRETE A2 A 40 i A
Fo 12d W, B ES N, LR EAERS S, AREAS RIS Al
7 SR N
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1 48 h R SFEHMEME A brUR100wm; BFr 200w m
A. 48 h JEUSEELH A 140552 d RKAMIE; B. 48 h NIGBEANAE5/0A510 d BAR KA AE

Fig.1 Morphology characteristics of the subsequent adherent cells after 48 h.A, bar= 100um;B,

bar=200um

A,The passage 1 of subsequent adherent cells after 48 h became strip-shaped at day 2; B, The
passage 5 of subsequent adherent cells after 48 h proliferated rapidly and arranged a typical

cobblestone-like structure at day 10.

3.2 48 h NNMGEEL i TE RE

XS 3 A 48 h YV EESH IS B A T (AT A L, AR A A M B RE D A
5k, WERIZI00 2.d, B 3~5 d IRBDHEUE R, 6~7d RG], BRI
P “S” B (K 2) .

0.8
0.6+
€
c
o~
S
=z 0.4+
=]
™
>
<
0.2+
0.0

Time(day)

2 48 h EMLERRAE 2k
Fig.2 Growth curve of the subsequent adherent cells after 48h
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3.3 AL 48 h FIMEMEREIRICYIRIZER

AR I 25 R R 5 3 48 48 h S W EEAN e CD34. CD133 #1 VEGFR2 FH %
KAy 0 (88.90 £ 1.18)%, (92.734+2.90)% #1(87.63+1.79)%(K 3A). CD34 il
CD133 XUPHMER A (76.67+£1.10)%, CD34,CD133 Al VEGFR2 =B K (70.17
+1.21) %(KE 3B). & 31X 48 h o iA=L il 23 CD34 " CD133 "VEGFR2 " Bk
fiE

=7 =1 =

3 =] LI

ex 2] i

] -
s ] = ] ]
=4 3.3% = =k B
N 4 2.8% ] 3.2% .

o3 ] ] _— isotype control

=all =
&= 2]
= T 1.
= i e
e I|I'I|| ||.||Ii I II|I1' |||r||:| 1

wt ot ot 1w
IgG FITC IgG PE IgG APC
bt
- =

2| & & g

2 . =8

o] o o

2 p— 157 ZEECH

¥ S—.: surface marker

ZD34FITC COM23PE VEGFRZ APC
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1I:I5
150
1111?

i

(x 1.,000)
00

7B 5%

1IZI4
150

Ll ) -

CD133PE

0

88C
ot 0

&
-”'_-,:'I ”I-:Ill" T ”IIF
CD34FITC YEGFRZ APC

CD34,CD133HE %= CD34 , CD133,

double positive rate VEGF R2—HtEE=

of CD34 and CO133 three-ply positive
rate of C034,C0133,
and VEGFR2 B

B 3 2531%48 h RMGEMMEYRERICHPRMERTERENER

A, #53/848 h JEIEEZN A CD34, CD133F1 VEGFR2ZEIA/KF; B. #34848 h J5IGEE41 i CD34,

CD133F1 VEGFR2—FHH: ik /K1

Fig.3 Cellular surface antigens on the subsequent adherent cells after 48 h detected by flow

cytometry

A, The expression levels of CD34, CD133 and VEGFR2 of the subsequent adherent cells after
48h; B, The three-ply positive rate of CD34,CD133, and VEGFR2 of the subsequent adherent

cells after 48h

3.4 48 h [FNLEXLMAEAY A I0 2 Th BE
% 34X 48 h JE W EEAN UARSME LS R gE i) B P %S, 2~4 h J5 41

MARTER K, 6~8 h AMTREERE, wReME, TWRIE RS, 10~12 h
B THIE(E 4) .
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B 4 F3f48h FREEEMAAIIRIM R METNRELELR b5/ UR100 1w m

Fig.4 Tube formation experiment of the passage 3 of subsequent adherent cells after 48 h

visualized with light microscopy Bar=100um

3.5 48 h IFMLEEZMAR CD31 RIB R IEE

55 54048 h R BN 48 e o e At R AE w G BT N LB A5 R o,
WA R R PR CD31 St tah FHIERIE (K 5), [N BT R
%

5 2£5K48 h [FMAEEAR CD31 R RALTELER A1/ U400 um
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Fig.5 Identification of the passage 5 of subsequent adherent cells after 48 h by CD31

immunofluorescence cell staining Bar=400um

44 it

1997 4F, Asahara %5719 oA it 43 85 Y EPCs, R 5 BF5T3IE S EPCs
PETEREU OSSO He A SURYEAIAN RS, BB I EPCs & BAHIN A Z, HLA
A BRI AE U RRER, HOAT M EBET B EPCs AR A
FEIG B | % R BR B B 00vE . S BR 7y By Tl PR 3 v 8l i 5
gh 01 SR T B AN M L A R, B2 T EPCs 7R A E BEh EL
IR PR AR X R O 135310 EPCs B /b, INZ A . BRME. BRiE %
B, KTNSO, B d A M 5, T I T 0 A ) R, Ik ]
IRKFESE LBREI T HN A AR EEEE > T A KRS, RHA%E
Pof 55 5OV S RAS 1) AN A 40 P 50/ i LK T g Tl 500 DA R ) 5 VAR
X AN IR B A AR 2 0 Al M () A= K A = AR s i o BT DAARSEEG R MSCs 5
EPCs 2 I Ui B (R MDY A — 43858 b — VMol W R 4 it 20 85 1Sk, e 9 o
SHAT, WEGRT IR A R B0 S I A R A E G, B KRR ELRAE T MSCs
HIEPCs AR 77 BITOAES, ol R R e B ST RE ) o 45 SR I R Y
EPC WiBERNS, S /ey BERS I 48 h i WA AR BE AN i 573 47 & F R R 3 5 9%,
A LUK K MSCs Al EPCs 43 55 H 2 22 I U BE (R A i Jle e s, 5
UAEAR LA B 418 i 40 R 4%

HT- MSCs 1 EPCs 41 o J& & AH T 3 B[/ — P40 fl e A R B BOB & IFA—
2, BT UL TE S22 7 THAS AT BEXTX PR 40 Mgk AT % 2 . H A [ P A5 3 45 5 4
o R T bR S YN0 Mo Ak T sk %8 . EPCs A K mi#iA CD34. CD133.
VEGFR2P 1L fEAY — AR FHURIAS B AR e, 0 CD34 o] [A I 7E7g
AN, PR TR S Al BRIk, R VEGFR2 nl R B4
YA 5 i T4l B X 4y Tk, i T 40 AR 1A VEGFR2, i VEGFR2 X ][]
235 1 A B A0 M R Rl S LA P 2 4 i, CD33 W S ] 2 i A 41 i
FSCALAE P R A DX TR, Y R RT AR L8 CD133 T S A 2 AH 41 i A3
1Ko FrUAASZEG R A = A PR IA KA EPCs IR AR I RIL KT 5
PRAGS, 1% EPCs (RS A% i f 2 B 7 3 5L T B 5 fls B 5 iy 501, s
I P B IR 2 m AR 45 s 615 CD34. CD133. VEGFR2, 5 CiikdRiE—
£ ThAed e g TR 48 h JE WG RESN M v] 7558 ke LB B SRR, 4N
G d8 DGR A TR A B Al RE e P E R T AR iC 4 CD31 RIEMHYE, 5 SCHRHRE A
o

BB R g5 e AN ZE N Ry g v LLII I 43 25t MSCs AT EPCs,  Jf
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IS EE . RINRSWEE . Thag% e k& €M MSCs Hl EPCs.
A [ idE 57 MSCs A EPCs 41l R 17— Flofr vk, HIR il mdoise
WEEVEL, )R EEEIUEROE T H AN, B8 T AR

23



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

SE_#R4 EPCs X MSCs 1&%EEE 11 BYS200

o

SCIS—  MTT b€ 3E4&M EPC—CM =% MSCs X HL 158 gk

A
1R
1.1 RIE
[ 25— 543 S
1.2 R FEiRF
MTT Sigma, [H
AT IR 25— S 6
1.3 LW FENUES
Transwell /N=E Corning, 3&[H
PEFEER: £ 12 AST N 43¢ Beckman-Coulter, 3 [E
-80°C¥k4 WK,
e B O L Kubota2100, 74

R

H AR R B — 30 S5
2 7 &
2.1 EPC-CM HY#HI&

(1) BUZ 5 % 52 J5 1 85 3~54% EPCs L1 X 10 N4 il 25 /& B: 1 4560 mm k3210
W, 10 RE48 h e IR TH B R

(2) 2 000 r/min 5.0» 5 min, HEIHFWIMAL0% FBS B % EPC-CM., TR
&, HEAE.
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(3) & 0. 22um JEPFLLYE, WAFT-80 C vKFH#H .
2.2 MTT Lb&a3E4E M EPC-CM 1235 MSCs 185E RE

(1) LS 24X MSCs, 1L FI80~90% iy, 2.5 g/L JRE AN L3~5 min,
1000 r/min 205 min.
(2) H¥510% FBS [f] LG-DMEM $57=JEI 4 A Mo B, L 5X10"/ml 40T
96LILFEMR N, BESLINAL00 1 Lo
(3) TIAITC. AT S E0h 5%I1) COLMLRINE FE 1 F2 A N 5 7%
(4) HgR12h 5, WEREFREE, IS 10%FBS M AN[HW & EPC—CM f#) LG-DMEM
Ri7#3100w L,
(5) LK Hy: 0 EPC-CM 4] (XFIE4]) . 50% EPC—-CM ZHA1100% EPC-CM 4,
FFHES DR AL
(6) JAN3TC R A 5% COMIFINE BERT TR0 N QR ELR5 57
(7) H53%48 hJg. RHLIIAL0W L MTT (5mg/ml) , }5774 h 532 EIEW
(8) HHALIIAL150 n L DMSO, =¥ Ki#E%10 min.
(9) BEFRCKTI 492 nm 9% K AL FIWO'EE (absorbance, A) {H..
F I AT A I g e U SR 0 S B0 AL . B e LS E Sl A
A%, LREH 3 K.

2.3 it FAHE

SR AR 3 K. SRS SPSS17.0 43T, Ve TR DAY £ bRtk
( xEs) Kowo WALEILECRHIMOLFEA t K. LA P<0.05 NEFRAGRIER
X

34 R

EPC-CM Xt MSCs 1858 AE 11 220

B FRACETIN 492 nm A HZ5 R 2R : SER A 50T TE 24 h 4305 2 (0.247 +
0.025), (0.23940.032), (0.243+0.026) ; 7E 48 h 73 54£(0.252+0.027), (0.248
+0.027), (0.259£0.029) ZRBLgeit = e L(P>0.05) o f58hiks 24 h 43
SZUG A S BRI A B 2 1) H2(0.422 £0.025), (0.365+0.031), (0.42410.019) ;
(0.55740.038), (0.457£0.028), (0.553+0.034) ; (0.655+0.047), (0.577+0.037),

(0.652+0.041) ; (0.745+0.023), (0.657+0.043), (0.74940.029) ; (0.778
+0.035), (0.667+0.032), (0.77240.031) ; (0.779+0.026), (0.677£0.025),
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(0.775£0.028) . 3 d J5SE5dH A HH B & TR, ZRWHESEi#E (P
<0.05) , PN AREEmILER RIS EPCs fE B & ¢ HE MSCs [K13454 .

1.0
- 100%EPC-CM
= 50% EPC-CM * * *
0.81 - Control
=
lE' 0.6
a ;
S
5
=
g 0.4
< NS
0.2
0.0— - . : . .

1 2 3 4 5 6 7 8
Time(day)

MTT EbasERMIE1EFE EPCs X MSCs tE5E &2 4E R
E: HxHEALLE « P <0.05

Fig. Results of MSCs co-cultured with EPCs (MTT assay )

note: vs.control group *P <<0.05

4 it it

EPCs nJ 7 WA Ifil & N & A2 K A (Vascular endothelial growth factor ,
VEGF) . JEJR4Npf7E R F-1 (stromal cell-derived factor,SDF-1). JiE % #FEE
KK 7--1 Cinsulin-like growth factor-1,IGE-1)!Y | 3¢ fz A= K: X1 (epidermal growth
factor, EGF) . 4TF4Ediiu =K KI-F (fibroblast growth factor,FGF ) . 4l
"z K- [A 1 (hepatocyte growth factor, HGF)!'™ | %Ak KX - B 1 (transforming
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growth factor- B, TGF- B ' 2L R A KN 7, X4 KA %t EPCs A 51
LEi0 - HEEAAA (R VR T, b U 9 00 TR A 1 ot A R R
VEGF. FGF Rl HGF; [a) #7511 AE K A 1A 55 . TGF-B1 i % A4 e %1,
AN, WL R IGF-1. FGF. VEGF. TGF-B fefeut o 4nstsag . /r1bhe
R L 5t 8 (A el 02107,

TEARANBEAT 41 B SE 561 H (1) 502 A5 B 43 21 40 B R SMITF 5T 1) 25 2 AE AR N )
REMICSCILR, Rk, HAA UARSMA R IR A B 5 0 9 SE 2 Iy, 40 e Jre AL MR 1
DNREA ST LS o A A — i A0 IR 5y — P 4 7 A4 55 i = B2 0 ao L 5% 23 A A
s BTDARSNEE IR0 EPCs — & 2 T8 1 55 4 WA 1 K 41 IR 1 43 i 3 85 9 0k o
LG 55 43 W A I MSCs 1521, B ] (1) 7 vt 2 A 7% EPCs 73 W aliAt
W9 EPC-CM. 1EH T- MSCs, WAL MSCs AHZC DI RE M 520 o AN SEH K H
MTT LbEEERD 0 MSCs H9TE K320, 230 25 R W7 EPC-CM 1] LU 2 MSCs
[F)3E5E R4S EPC-CM W FE 1) 38 LA 9 5E 7 FH S i &, BRI BEAOM

LIS " Transwel | [B)#Z3LIZEFRIK AR L1ZFE, EPCs X MSCs 1%

SERE N BYF N

1 # #

1.1 R EhY)

Zl

%*E §J\9§ A
1.2 R EERF

EdU {71 & Bitd,
TritonX-100 pate,
i B,
H i it
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H AU R 73 S

1.3 LI FEMNEE

Transwell /N Corning, 3 [H
WO IR AL B s zeiss ISM510, {5
& K B AL Beckman, & [%
B DL Kubota2100, HA

AL [F) o — 3 0 S2 6
2 F5 ik
2.1 3857 EPCs #AMSCs Transwel | |g)3EiZFIAKR

(1) 2 2 48 MSCs 1& 2 80~90%l i 2.5 g/l AR FABEI 1L 3~5 min, 1000

r/min 50> Smin.

(2) F& 10%JJ4 M35 1 LG-DMEM 85 7= 561 4 A B, LA 1X10% cm?
R TG B A 553 A 16 24 £L Transwell 575N =, ARG AL
LG-DMEM KiF2 304 600 1 L. FL8eFh 6 fL.

(3) N 37°C AR BN 5%IF) COL MIFNIRIE R -4 W R 5% .

(4) %5 2 /R EPCs 122 80~90%pli 5 I, M4 3~5 min, 1000 r/min &
L Smin, FHE 5%J624- M35 1) LG-DMEM 5% 3% 545145 41 o &, LA
1X10% em?® AT 24 1L Transwell 35350 %, R J54E/N%E LG-DMEM

SIREENA 100 L, %R 3 4L,

(5) LA =R EPCs N4 MSCs RS2t 4, DI N S8R MSCs 2
POiERAE

(6) TN 37°C KB BCN 5%IF) COL MIFNIR S R =M W R 5% .

2.2 EdU #Frid

2.2.1 BEE 50umol/L EdU 1EFE
H] LG-DMEM 41l i35 57 354% 1000: 1 LLEIFRE EdU JRE W G5 AD
#1450 u mol/L EdU 5553,
2.2.2 EdU 1EHEEE
(1) EPCs. MSCs 7L Transwell [HJ#ILE5FRK R E55F 72 h J5W 5T IHR R,
PBS {1k 2 i
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(2) NI 50 1 mol/L EAU K57#%E 500 n L, S 37°C. KF 5 h 5%
(1) CO2 WIFINR G FRAH N EE IR B 4h
2.2.3 MiEEE
(1) PBS VG 1~2 K, K 5min. I 200 0 L 4% 2258 H 20 o [ 5
W, FIRMEE 30 min, FEMEER
(2) BRI 200 1 L2 mg/ml H 2B A2 B EE,  (RUE G s B AR
A, BORKIFE Smin 5, 77 HZRE W
(3) LI 200 v LPBS, WiafERiEDE S min, 3% PBS;
(4) BEFLIA 200 v L $33i%57(0.5% TritonX-100 ¥ PBS) i (AF%KIF & 10
min; PBS #E¥UE 1 ¥, 5 min.
2.2.4 Apollo %8
(1) Pl Apollo®HL ([ W 5 ml
i sl Y -
(1) LETIK 4.69 ml
(2) Apollo®J W gl (511l B) 2501 L
(3) Apollo®f bW (7] C) 50 L
(4) Apollo®7 YR (71 D) 15 L
(5) Apollo®Z i st (5 E) 44 mg
(2) LA 200 p L [£) 1 X Apollo®Feff s Wi, G, =i, Moz
RIS E 30 min J5, FE4L RNV
(3) MIA 2001 L 3% 5(0.5% TritonX-100 1] PBS) M taiwKiGsE 2~3
W, AR 10 min, FBIE;
(4) BESLEFRINA 200 0 L FEEEVERRL 1~2 IRGEME LARRAR GRS 5t
KEK 5 min;

(5) PBS #E¥E 1~2 &, IR 5 min.

2.2.5 DNA :fa
(1) HEFET/KIZ 1000: 1 [FJECEIFGRE PL 2658t & iE Qe B,
BESGLRAT 5

(2) BEFLINA 200 1 L 1000: 1 PI B A3, G = Bl 4% K% & 30 min
Jo, FEYLE RN
(3) BEALEFRINA 200 1 L PBS 350k 1~2 RKAEFIK 2 min.
2.2.6 ERIREUKE 2 H
WO R WA BN S8 N 9 S U IR 5 AMLEF( TRy 3. 64 9.
12 AL E)H M, 55 H Aim Image Examiner #4470 4T 40 B k% G (6 55 & 1 AR L
i o
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2.3 Zit=4biE

JITA SER 25 IR AT 3 IR SEERHE ] SPSS17.0 3, THE BRI DI E 45
HEZE( xEs) Fone WA ELECRHIMNIAEA t Fi5e. LA P<0.05 JZERA G

3% R

EdU 7% JehRic 544Nt 255 EPCs X MSCs DNA & A A9 22N

WS R A BB AN R 8 WS B AL T4 B 19 5 BT R DNA & R
MSCs 4l HuA% B Je ek €, 10 AT A MOA% B G e 21 €21, R — 40 B A an SR 5
Ja it , 25t Aim Image Examiner /150 45 2R [FIAF & 72h K5 5%,
SIS A ME T DNA & I L2 (86.00+£5.60) %, SFIEAIKSE (73.00+£3.58)
%, ZRAHIFENX(P <0.01) , $#EndEEfldtEEsE EPCs i 22 £ 1f MSCs
(¥ DNA & .

EdU Pl

oyl

B
50 ym 50 pm
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100 *%k

2801

ReEES @MAAEEH (
e (=]
S ©°

)
b

XFERLH SAL g4 |

EdU 3834710554 32 5% EPCs XF MSCs DNA A BRI R
VE: SRTRALLLE P <0.01

Fig. Results of MSCs co-cultured with EPCs (EdU fluorescent assay).

note: vs.control group **P <<0.01

4 g

TranswellJ& — iz HRF IR 3L 85 5% T 23T 40 LB - S sE 0 B, Al
FH I8 32 1 SCREAE ARSI RE SR AL A5 40 B T LATE 50 AR AR 1k 4% 11 AR K AT
FC, [ R T 40 B IR KT, ARSI E K 4l Mo 7E TE S A T R 15 4 el
RN B . AR SEEGAE Transwel 3E8% 744 R LR F5 5 BEVEMSCSFIEPCs, 2R )5
FIHEAUZE G iU 5¢ EPCsAMSCs DNA S S AE ST I52 0, M ZE 2> T /KF
WMEZEPCsXTMSCSHIFE fit 71 151

EdU (5-Ethynyl-2’ - deoxyuridine, 5-ZH4t3E-2" A JRMERE AL T ) & — P i
PRI IE K% IRALLA, e 1 20 i 19 L P S A i s g (T 33 A IEAE S i1 DNA
Gy, I I TEAU HApollo®% it bk HRE S s M B TdAS: I 40 BRI DNA & il v
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Mo I AEEACBrdU I SRASIIDNA S ] & 40 B i . Fric A0 M il FE 5 41
B YEA O, Mg R SR TER <", BT LA S I MR FEMSCs ) A K i 2%
IEEUAL 5 BUE K A B TR 9 . RO LR A BB i S, BRI an
FALEdUTE 412 H Image-Proplus #AFRTHEAE MSCsIIETE A, WIRTHISH
—E RN, T3 AR R 2 KA M () A0 P A R g e T ORI A R A U BT /N
G, XN ] oA = W A B R AE T C VAT, BT AIRATTR A T Adm
Image Examiner #X{Fi18 H ZEA DNAS W IEPCs 4l A% AL it 2 i 4 b &k (o
IR ML G AL, IRIETEE T AR R EaR O M TR R 5 P A 9 4 Bar
0BT R TRIRRURT () B A5 DL SIS MUIMSCs IR BE RE )T o G545 R on, 5x 41
LU SZEG A FRIMSCs Al A% g G 4R IR 73 BE 22, 156 W] S5 2 FIMSCs [DNA B i
IR, X 5G40 M BE ) IOMTT b (345 38— 80, W 24MSCs S5 EPCs
FLRG IR I SL RS BE RE ) 9
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1. I Z= T R v v DA JR] B 23 25 a4k g 14 MSCs Fi EPCs, Mt MSCs &t i
FRic e S0 Sca-1"CD29'CD45 CD11b 4l R BEAAKFIE, Zeid Bhfie % 5 v |y
BCH AN PRTAnie . B s m a4k, RILZ R ighe; EPCs &R
PRI % L9 CD34'CD133 " VEGFR2 "4l MU REAASRAE, 20 Ty fig % 7 A 76 3 5T
JBE E T B A S 1), 280k 20 i H 3 5 0\ 248 E 8 N B 2R 4 IRy e M R T i
CD31.

2. MTT ELEa3LM 45 5221 EPC-CM 7] LU iE MSCs 3558 Jf-Ftilg EPC-CM K RE
(R N IR B FEAE NS, IR i . 3278 EPCs 553 4 i AE K
PRI 7- 85 A 3% PR S5 mT UG MSCs ()38 38

3. MSCs A1 EPCs 75 ARt I 0k R ILHE IR I 2L DNA A plche s ag, ALkl
MG TERE T MTT L kg R —30, M viEH 24 MSCs 5 EPCs 3557 0)
JLHETEAE ) S

33



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

22 3Rk

[1] &0k, DUACHR 2% I . Edfg: R HORSA R, 2000, 1361-1363.

[2] Veth R,vanHoesel R,Pruszczynski M,et al.Limb salvage in muscu-loskeletal
oncology.Lancet Oncol[J].2003,4(6):343-350.

[3] Lindner NJ,Ramm O,Hillmann A,et al.Limb salvage and out come of
osteosarcomathe University ofMuensterexperience.ClinOr-thop[J].
1999,358:83-89.

[4] Nishida J, Shimamura T. Methods of reconstruction for bone defectafter tumor
excision: a review of alternatives[J]. Med Sci Monit,2008, 14(8) : RA107-113.

[5] Rozen N,Bick T,Bajayo A,et al. Transplanted blood-derived endothelial
progenitor cells ( EPC) enhance bridging of sheep tibia critical sizedefects[J].
Bone,2009,5: 918 -924.

[6] Yan F,Yang WL,Yang W. Repairing femur defect using biomaterials and its
features evaluation[J].J Clin Rehabil Tissue Eng Res,2010,16: 2963-2966.

[7] Mohd Janurudin J,0zeki K,Aoki H. Preparation of a hydroxyapatiteand hydrogen
peroxide composite for tooth whitening[J].Biomed MaterEng,2007,2: 69 -75.

[8] Brandoff JF,Silber JS,Vaccaro AR. Contemporary alternatives to synthetic bone
grafts for spine surgery[J].J Orthop Am,2008,37: 410 -414.

[9] Maier SSL, Pelin I, Bulacovschi V.Study on an injectable biomimetic
Hydroxyapatite--atelocollagen composite[J].Rev Med Chir Soc Med Nat
lasi ,2007,4: 1079 -1083.

[10] Cancedda R,Giannoni P,Mastrogiacomo M. A tissue engineering approach to
bone repair in large animal models and in clinical practice[J]. Biomaterials,
2007,28(29):4240-4250.

[11] Berthiaume F, Maguire TJ, Yarmush ML. Tissue engineering and
regenerative medicine: history, progress, and challenges[J]. Annu Rev
Chem Biomol Eng.2011,2:403-30.

[12] Lovett M, Lee K, Edwards A, Kaplan DL. Vascularization strategies for
tissue engineering[J]. Tissue Eng Part B Rev,2009,15:353-70.

[13] Jain RK, Au P, Tam J,et al. Engineering vascularized tissue[J].Nat Biotechnol,
2005,23(7):821-823.

[14] Kannan RY, Salacinski HJ, Sales K,et al.The roles of tissue engineering and
vascularisation in the development of micro- vascular networks: a
review[J].Biomaterials,2005,26(14):1857- 1875.

[15] Shieh SJ, Vacanti JP.State-of-the-art tissue engineering: from tissue

34



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

engineering to organ building[J].Surgery,2005,137(1): 1-7.

[16] Borges J, Mueller MC, Padron NT,et al.Engineered adipose tissue supplied by
functional microvessels[J].Tissue Eng,2003, 9(6):1263-1270.

[17] Logeart - Avramoglou D, Anagnostou F, Bizios R, et al. Engineering bone:
challenges and obstacles[J]. J Cell Mol Med,2005,9(1):72-84.

[18] Quarto R, Mastrogiacomo M, Cancedda R,et al. Repair of large bone defects
with the use of autologous bone marrow stromal cells[J].N Engl J Med,
2001,344(5):385-386.

[19] Schimming R, Schmelzeisen R.Tissue-engineered bone for maxillary sinus

augmentation[J].J Oral Maxillofac Surg,2004, 62(6):724-729.

[20] Marcacci M, Kon E, Moukhachev V, et al. Stem cells associated with
macroporous bioceramics for long bone repair: 6- to 7-year outcome of a pilot
clinical study[J]. Tissue Eng,2007,13(5):947-955.

[21] Hibi H, Yamada Y, Ueda M, et al. Alveolar cleft osteoplasty using
tissue-engineered osteogenic materia[J].Int J Oral Maxillofac Surg,
2006,35(6):551-555.

[22] Lee J, Sung HM, Jang JD, et al. Successful reconstruction of 15-cm segmental
defects by bone marrow stem cells and resected autogenous bone graft in
central hemangioma[J]. J Oral Maxillofac Surg,2010,68(1):188-194.

[23] Connolly JF, Guse R, Tiedeman J,et al. Autologous marrow injection as a
substitute for operative grafting of tibial nonunions[J].Clin Orthop Relat Res,
1991,(266):259-270.

[24] Hernigou P, Poignard A, Beaujean F.et al. Percutaneous autologous bone-marrow
grafting for nonunions. Influence of the number and concentration of progenitor
cells[J].J Bone Joint Surg Am,2005,87(7):1430-1437.

[25] Fortier LA, Barker JU, Strauss EJ.et al.The role of growth factors in cartilage
repair[J].Clin Orthop Relat Res,2011,469(10):2706-2715.

[26] Pittenger MF, Mackay AM, Beck SC,et al. Multilineage potential of adult human
mesenchymal stem cells[J].Science,1999,284(5411):143-147.

[27] Chang F, Ishii T, Yanai T,et al.Repair of large full-thickness articular cartilage
Defects by transplantation of autologous uncultured bone-marrow-derived
mononuclear cells[J].J Orthop Res,2008,26(1):18-26.

[28] Tateishi-Yuyama E, Matsubara H, Murohara T,et al. Therapeutic angiogenesis for
patients with limb ischaemia by autologous transplantation of bone-marrow
cells:a pilot study and a randomised controlled trial[J].Lancet,2002,360
(9331):427-435.

[29] Rafii S, Lyden D.Therapeutic stem and progenitor cell transplantation for organ

35



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

vascularization and regeneration[J]. Nat Med. 2003,9(6):702-712.

[30] Higashi Y, Kimura M, Hara K, et al. Autologous bone-marrow mononuclear cell
implantation improves endothelium-dependent vasodilation in patients with limb
ischemia[J].Circulation. 2004,109(10):1215-1218.

[31] Umemura T, Nishioka K, Igarashi A,et al. Autologous bone marrow

mononuclear cell implantation induces angiogenesis and bone regeneration in
a patient with compartment syndrome[J].Circ J. 2006,70(10): 1362-1364.

[32] Reyes M, Lund T, Lenvik T,et al.Purification and ex vivo expansion of postnatal
human marrow mesodermal progenitor cells[J].Blood. 2001 ,98(9):2615-2625.

[33] Yasuhara S, Yasunaga Y, Hisatome T,et al. Efficacy of bone marrow mononuclear
cells to promote bone regeneration compared with isolated CD34" cells from the
same volume of aspirate[J].Artif Organs. 2010,34(7):594-599.

[34] Ghannam S, Bouffi C, D jouad F, etal. Immunosuppression by mesenchymal
stem cells: mechanisms and clinical applications[J]. Stem Cell Res Ther,
2010,15;1: 2.

[35] Marie PJ, Fromigué¢ O.Osteogenic differentiation of human
marrow-derived mesenchymal stem cells[J].Regen Med, 2006,1(4):539-548

[36] Heino TJ, Hentunen TA. Differentiation of osteoblasts and osteocytes
from mesenchymal stem cells[J].Curr Stem Cell Res Ther,2008,(2):131-145

[37] Matsuda C, Takagi M, Hattori T,et al. Differentiation of Human Bone
Marrow Mesenchymal Stem Cells to Chondrocytes for Construction of
Three-dimensional Cartilage Tissue[J].Cytotechnology,2005,47(1-3):11-17.

[38] Im GI, Kim DY, Shin JH,et al. Repair of cartilage defect in the rabbit with
cultured mesenchymal stem cells from bone marrow[J].J Bone
Joint Surg Br, 2001,83(2):289-294

[39] Gao Y, Xue J, Li X,et al. Metformin regulates osteoblast and
Adipocyte differentiation of rat mesenchymal stem cells[J].J
Pharm Pharmacol, 2008,60(12):1695-1700

[40] Ookura N, Fujimori Y, Nishioka K,et al. Adipocyte differentiation of human
marrow mesenchymal stem cells reduces the supporting capacity for
hematopoietic progenitors but not for severe combined immunodeficiency
repopulating cells[J]. Int J Mol Med,2007 ,19(3):387-392

[41] Abouelfetouh A, Kondoh T, Ehara K, et al. Morphological differentiation of bone
marrow stromal cells into neuron like cells after co-culture with hippocampal
slice[J]. Brain Res, 2004,1029(1):114-119.

[42] Mezey E. The therapeutic potential of bone marrow derived stromal cells[J]. J

Cell Biochem, 2011, 112(10):2683-2687.

36



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

[43] Li H, Fu X, Ouyang Y,et al.Adult bone-marrow-derived mesenchymal
stem cells contribute to wound healing of skin appendages [J] . Cell
Tissue Res,2006 ,326(3):725-736.

[44] Sasaki M, Abe R, Fujita Y, et al. Mesenchymal stem cells are recruited into
wounded skin and contribute to wound repair by transdifferentiation into
multiple skin cell type[J].Immunol, 2008, 180(4):2581-2587.

[45] Qihao Z, Xigu C, Guanghui C,et al. Spheroid formation and differentiation
into hepatocyte-like cells of rat mesenchymal stem cell induced by co-culture
with liver cells[J]. DNA Cell Biol,2007,26(7):497-503

[46] Chivu M, Dima SO, Stancu CI, et al. In vitro hepatic differentiation of human
bone marrow mesenchymal stem cells under differential exposure to
liver-specific factors[J].Transl Res,2009, 154(3):122-132.

[47] Silva GV, Litovsky S, Assad JA,et al. Mesenchymal stem cells differentiate into
an endothelial phenotype, enhance vascular density, and improve
heart function in a canine chronic ischemia model[J]. Circulation,

2005 ,111(2):150-156.

[48] Yang MC, Wang SS, Chou NK, et al. The cardiomyogenic differentiation of rat
mesenchymal stem cells on silk fibroin-polysaccharide cardiac patches in

vitro[J].Biomaterials, 2009, 30(22):3757-3765.

[49] Yan X, Lv A, Xing Y, et al. Inhibition of p53-p21pathway promotes the
differentiation of rat bone marrow mesenchymal stem cells into
cardiomyocytes[J]. Mol Cell Biochem, 2011,354(1-2):21-8.

[50] Bianco P, Robey PG, Simmons PJ. Mesenchymal stem cells: Re-visiting history,

concepts, and assays[J]. Cell Stem Cell, 2008,3(4):314-9.

[51] Shi S, Gronthos S. Perivascular niche of postnatal mesenchymal stem cells in
human bone marrow and dental pulp[J]. J Bone Miner Res,2003, 18(4): 696-704.

[52] Seo BM, Miura M, Gronthos S, Bartold PM, Batouli S, BrahimJ, et al.
Investigation of multipotent postnatal stem cells from human periodontal
ligament[J]. Lancet ,2004,364(9429): 149-55.

[53] Zannettino AC, Paton S, Arthur A, et al. Multipotential human adipose derived
stromal stem cells exhibit a perivascular phenotype in vitro and in vivo[J]. J Cell
Physiol,2008,214(2): 413-21.

[54] Kuznetsov SA, Mankani MH, Gronthos S, et al. Circulating skeletal stem
cells[J].J Cell Biol, 2001,153(5): 1133-40.

[55] Kogler G, Sensken S, Airey JA, et al. A new human somatic stem cell from
placental cord blood with intrinsic pluripotent differentiation potential[J]. J Exp
Med,2004,200(2): 123-35.

37



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

[56] Kim BO, Tian H, Prasongsukarn K, et al. Cell transplantation improves
ventricular function after amyocardial infarction: A preclinical study of human
unrestricted somatic stem cells in a porcine model[J]. Circulation, 2005,
112(S9):196-104.

[57] Quarto R, Mastrogiacomo M, Cancedda R, et al. Repair of large bone defects
with the use of autologous bone marrow stromal cells[J]. New
England Journal of Medicine,2001,344(5):385-386.

[58] Wakitani S, Imoto K, Yamamoto T, et al. Human autologous culture expanded
bone marrow mesenchymal cell transplantation for repair of cartilage defects in
osteoarthritic knees[J]. Osteoarthritis and cartilage,2002,10(3):199-206.

[59] Krebsbach PH, Mankani MH, Satomura K, et al. Repair of craniotomy defects
using bone marrow stromal cells[J]. Transplantation,1998,66(10):1272-1278.

[60] Alhadlaq A, Mao J. Tissue-engineered neogenesis of human-shaped mandibular
condyle from rat mesenchymal stem cells[J]. Journal of dental research,
2003,82(12):951-956.

[61] Hasegawa N, Kawaguchi H, Hirachi A, et al. Behavior of Transplanted Bone
Marrow—Derived Mesenchymal Stem Cells in Periodontal Defects[J].
Journal of periodontology,2006,77(6):1003-1007.

[62] Li H, Yan F, Lei L, et al. Application of autologous cryopreserved bone
marrow mesenchymal stem cells for periodontal regeneration in
dogs[J]. Cells Tissues Organs,2009,190(2):94-101.

[63] Urbich C, Dimmeler S. Endothelial progenitor cells characterization

and role in vascular biology. Circulation research[J]. 2004,95(4):343-353.

[64] Reyes M, Dudek A, Jahagirdar B, Koodie L, Marker PH, Verfaillie CM. Origin
of endothelial progenitors in human postnatal bone marrow[J].
Journal of Clinical Investigation. 2002,109(3):337-382.

[65] Brunt KR, Hall S, Ward CA, et al. Endothelial progenitor cell and
mesenchymal stem cell isolation, characterization, viral transduction[J]. Methods
Mol Med,2007,139:197-210.

[66] Martinez-Estrada OM, Muoz-Santos Y, Julve J, et al. Human adipose tissue as a
source of FLk-1" cells: new method of differentiation and expansion[J].
Cardiovascular research,2005,65(2):328-333.

[67] Yoder MC, Mead LE, Prater D, et al. Redefining endothelial progenitor cells via
clonal analysis and hematopoietic stem/progenitor cell principals[J].Blood,2007,
109(5):1801-1809.

[68] Rafii S, Lyden D. Therapeutic stem and progenitor cell transplantation
for organ vascularization and regeneration[J]. Nature medicine,

38



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

2003;9(6):702-712.

[69] Zhang ZG, Zhang L, Jiang Q, Chopp M. Bone marrow-derived endothelial
progenitor cells participate in cerebral neovascularization after focal
cerebral ischemia in the adult mouse[J]. Circulation research,
2002,90(3):284-288.

[70] Peng H, Wright V, Usas A, et al. Synergistic enhancement of bone formation and
healing by stem cell-expressed VEGF and bone morphogenetic
protein-4[J]. Journal of Clinical Investigation,2002,110(6):751-760.

[71] Kunz GA, Liang G, Cuculi F, et al. Circulating endothelial progenitor cells
predict coronary artery disease severity[J]. American heart journal,
2006,152(1):190-195.

[72] Henrich D, Seebach C, Kaehling C, et al. Simultaneous Cultivation of Human
Endothelial-like Differentiated Precursor Cells and Human Marrow Stromal
Cells on B-Tricalcium Phosphates[J]. Tissue Engineering Part C: Method,
2009,15(4):551-560.

[73] Zammaretti P, Zisch AH. Adult'endothelial progenitor cells'
Renewing vasculature[J]. IntJ Biochem Cell Biol,2005,37(3):493-503.

[74] Schatteman GC, Dunnwald M, Jiao C. Biology of bone marrow-derived
endothelial cell precursors[J]. American Journal of Physiology-Heart
and Circulatory Physiology,2007,292(1):H1-H18.

[75] Peichev M, Naiyer AJ, Pereira D, et al. Expression of VEGFR-2 and AC133 by
circulating human CD34" cells identifies a population of functional
endothelial precursors[J]. Blood,2000,95(3):952-958.

[76] Friedenstein AJ, Gorskaja JF, Kulagina NN. Fibroblast precursors in normal and
irradiated mouse hematopoietic organs[J]. Exp Hematol,1976, 4( 5) : 267- 274.

[77] Lee OK, Kuo TK, Chen WM, et al. Isolation of multipotent mesenchymal stem
cells from Umbilical cord blood[J]. Blood,2004,103(5):1669-1675.

[78] Morikawa S, Mabuchi Y, Kubota Y, et al.Prospective identification, isolation
and systemic transplantation of multipotent mesenchymal stem cells in murine
bone marrow[J].Exp Med,2009,206 (11):2483-2496.

[79] Kode J A, Mukherjee S, Joglekar M V, et al. Mesenchymal stem cells:
Immunobiology and role in immunomodulation and tissue regeneration
[J].Cytotherapy,2009,11 (4) :377-391.

[80] Kagami H, Agata H, Tojo A. Bone marrow stromal cells (bone marrow-derived

Multipotent mesenchymal stromal cells) for bone tissue engineering: basic
science to clinical translation[J].Int J Biochem Cell Biol,2011,43(3):286-289.

[81] Casamassimi A, Balestrieri ml, Fiorito C, et al. Comparison between total

39



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

endothelial progenitor cell isolation versus enriched CD133" culture[J].J
Biochem. 2007,141(4):503-511.

[82] Dezawa M, Kanno H, Hoshino M, et al. Specific induction of neuronal cells
from bone marrow stromal cells and application for autologous
transplantation[J].Journal of Clinical Investigation,2004,113(12):1701-1710.

[83] Ishii M, Koike C, Igarashi A, et al. Molecular markers distinguish bone marrow
mesenchymal stem cells from fibroblasts[J].Biochem Biophys Res Commun,
2005, 332( 1) : 297- 303

[84] Lee JW,Gupta N,Serikov V,et al. Potential application of mesenchymal stem
cells in acute lung injury[J].Expert Opin Biol Ther,2009,9( 10) : 1259 - 1270.

[85] Wu X, Pang L, Lei W, et al. Inhibition of Sca-1Positve Skeletal Stem Cell
Recruitment by Alendronate Blunts the Anabolic Effects of Parathyroid
Hormone on Bone Remodeling[J].Cell Stem Cell,2010, 7: 571-80.

[86] Li Q, Wang Z. Influence of mesenchymal stem cells with endothelial progenitor
cells in co-culture on osteogenesis and angiogenesis: an in vitro study[J].Arch
Med Res ,2013 ,44(7):504-513.

[87] Asahara T, Murohara T, Sullivan A, et al.Isolation of putative progenitor
endothelial cells for angiogenesis[J]. Science,1997,275(5302):964-967.

[88] Murohara T, Ikeda H, Duan J,et al. Transplanted cord blood-derived endothelial
precursor cells augment postnatal neovascularization[J].J Clin Invest,

2000 ,105:1527-1536.

[89] Asahara T, Masuda H, Takahashi T, et al. Bone marrow origin of endothelial
progenitor cells responsible for postnatal vasculogenesis in physiological and
pathological neovascularization[J]. Circ Res, 1999, 85:221-228.

[90] Cherqui S, Kurian SM, Schussler O, et al. Isolation and angiogenesis by
endothelial progenitors in the fetal liver[J].Stem Cells,2006,24(1):44-54.

[91] Tongers J, Roncalli JG, losordo DW. Role of endothelial progenitor cells during
ischemia-induced vasculogenesis and collateral formation [J]. Microvasc
Res,2010,79(3):200-206.

[92] Eggermann J,Kliche S,Jarmy G,et al. Endothelial progenitor cell culture
and differentiation in vitro: a methodological comparison using human umbilical
cord blood[J].Cardiovasc Res,2003,58:478-486.

[93] Weber A, Pedrosa I, Kawamoto A, et al. Magnetic resonance mapping of
transplanted Endothelial progenitor cells for therapeutic neovascularization in
ischemic heart disease[J].Eur J Cardiothorac Surg,2004,26(1):137-143.

[94] Khan SS, Solomon MA, McCoy JP Jr. Detection of circulating endothelial cells
and endothelial progenitor cells by flow cytometry[ J ]. Cytometry B Clin Cytom,

40



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

2005,64(1):1-8.

[95] Medina RJ, O'Neill Cl, Sweeney M, et al. Molecular analysis of endothelial
progenitor cell(EPC) subtypes reveals two distinct cell populations with different
identities[J]. BMC Med Genomics,2010,3:18.

[96] Palladino M, Gatto I, Neri V, et al. Combined Therapy with Sonic Hedgehog
Gene Transfer and Bone Marrow-Derived Endothelial Progenitor Cells Enhances
Angiogenesis and Myogenesis  in the Ischemic Skeletal Muscle[ J ]. J Vasc Res,
2012,49(5):425-431.

[97] Dimmeler S. Regulation of bone marrow-derived vascular progenitor cell
mobilization and maintenance [J] . Arterioscler Thromb Vasc Biol,
2010,30(6):1088-1093.

[98] Sen S,McDonald S,Coates P.et al. Endothelial progenitor cells: novel
biomarker Andpromising cell therapy for cardiovascular disease[J].Clin
Science,2011,120: 263- 283.

[99] Sahoo S, Klychko E, Thorne T, etal. Exosomes From Human CD34+ Stem
Cells Mediate Their Proangiogenic Paracrine Activity Novelty and
Significance[J]. Circ Res,2011,109: 724 -728.

[100] Navarro-Sobrino M, Hernandez-Guillamon M, Fernandez-Cadenas I,et al.The
angiogenic gene profile of circulating endothelial progenitor cells from
ischemic stroke patients[J].Vascular cell,2013,5: 1-7.

[101] Urbich C, Aicher A, Heeschen C, et al. Soluble factors released by
endothelial progenitor cells promote migration of endothelial cells
and cardiac resident progenitor cells[J]. J Mol Cell Cardiol,2005,39(5):733-742.

[102] He T,Smith A, Harrington S, et al. Transplantation of circulating endothelial
progenitor cells Restores endothelial function of denuded rabbit carotid
arteries[J]. Stroke,2004, 35(10):2378-2384.

[103] Doyle B, Sorajja P, Hynes B, et al. Progenitor cell therapy in a porcine acute
myocardial infarction model induces cardiac hypertrophy, mediated by
paracrine secretion of cardiotrophic factors including TGFbetal[J]. Stem Cells
Dev, 2008,17(5):941-951.

[104] Nomi M, Miyake H, Sugita Y,et al.Role of growth factors and endothelial cells
in therapeutic angiogenesis and tissue engineering[J].Curr Stem Cell Res Ther,
2006,1(3):333-343.

[105] Parekkadan B, van Poll D, Suganuma K, et al. Mesenchymal stem cell-derived
molecules reverse fulminant hepatic failure[J]. Plos One,2007 ,2(9):e941.

[106] Mayr-Wohlfart U, Waltenberger J, Hausser H, et al.Vascular endothelial growth
factor stimulates chemotactic migration of primary human osteoblasts[J].Bone,

41



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

2002,30(3):472-477.

[107] Nakajima A, Nakajima F, Shimizu S,et al.Spatial and temporal gene expression
for fibroblast growth factor type I receptor (FGFR1) during fracture healing in
the rat[J].Bone,2001,29(5): 458-466.

[108] Kiel MJ, He S, Ashkenazi R,et al. Haematopoietic stem cells do not
asymmetrically segregate chromosomes or retain BrdU [J].
Nature,2007,449(7159): 238-242.

[109] Zeng C,Pan F,Jones LA, et al.Evaluation of 5-ethynyl-2'-deoxyuridine staining
as a sensitive and reliable method for studying cell proliferation in the adult
nervous system[J]. Brain Res,2010,1319: 21-32.

42



& N BT AR AR XS (8] 72 R 4R B 5E AE 1) IR

BRERRTHES BEFEERENZIFY

LRk W3 I RIR #R

e BEgR. BB ABWERtE. AL SR AT SRR

R TR TN, s BiTE ZRoMEEE EWERRE HER,
PP ik

Abstract: With the progress of studying in stem cells ,bone marrow mesenchymal
stem cells (BMSCs) have became the hot topic in the basic and clinical medicine
study both in China and abroad. This review gives a brief overview of the
concept,biologicalcharacteristics,isolation,cultivation,multi-directional differentiation ,
homing and immunoregulation of BMSCs.

Key words : Bone marrow mesenchymal stem cells;isolation;cultivation;

multi-directional differentiation identification; homing ; immunoregulation

[7) 76 0t T- 41 i ( mesenchymal stem cells, MSCs) &9 ERIEREAG =
B BT R M2 n) Ak e 2 BT 40 0. 1867 AR 45 [E i B2~ X Cohnheim
TERFSTT 1 G I B IR B B TP A7 A0 Al 40 B R0 R, i e £ 4 B4 g
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T

2 BMMSCs N BIZHKTE

2.1 BMMSCs 9 B1=3

BMMSCs {EFHETH & ARk b, 29 i i EL A i 0. 02% s Bk, @ar—
P ELALY) BMMSCs 73 B AL AN AR Sh 47 1 44 2 e 0 AT k2 S ARk AT
R EER . HATH 3703 BUMSCs VA 24 4 Fh: i aeis/ Iee
JRIEIE S RERR S B O it s 0 B R AN S B R 7 e v A2
BEVL NS JEh I B it N o

2.1.1 & BFENLEEE"

2 E BRI RELE A A BMMSCs B A 71 9 R} 2H 23 55 5% 448 0L v Ul B A K I R
MEFAT B, ETE— R E DR K RARYE, Tow A1 N ERUR R,
ICBE DMEM $5FR3ph a8, 207 big, BLE L0%6 45 I (P EpE DMEM £55%
WA RYTIE, 1X10° LR R, T 37 C. A O 5% CO, MU FINE fERE
TR TR, 24 h PR, DGR 3 d sl 1 k. fIWREG ik
F| 80%~90% Fh&/5, 1% 112 LWL, D RElEai R R, 2T 53R,
AT ERFIR AR B AL o 177557 5100 BMMSCs 638 —, 40 is ok, Y67
Jiag, JFACHI I RS AT T~10 do HTHZEEE A BMMSCs R S G B
X ICREAT 20, A M ) AR AT AR KT B RS R ok A T S AR AR i I A i g,
TZIEAEAR KRR AR T 4R BMMSCs A KIRES, & 147 T4 KN T R e 55
B AR E T BMMSCs R BE A K
2.1.2 BEBEBELZE"

ZVE e R BMMSCs 5 Al 41 i (1) %5 B AS [R5 K B Percoll 4 250Xt
BMMSC BEAT RSN B ARG % $i SCikiiiE, BACPBRIT: ¥ RASE, TE&l:
NP EEAUR B, BUBCE AR, R DMEM R5 Rk HE e, B0 g BiEw, i
4 ml F 10%IG4F My RS DMEM 35l kgl i, ARG MHREZASE AN 6 ml
BEEK 1.073 g/cm’ B Percoll 205, 800 g 2.0 20 min J5, HUA[A) &4
OINRAZ 241, PBS 2t 2 W, LA L0%HG A= i (M DMEM 3% 7% 2 &
DUGE, % IX10° L' WREERM, T 37 C. B 5% CO, Mo FG & B 7740
iR, 5d EeE, LUSEE 3d EHW 1 K. FRGEEA AR 80%~
90%FE G T, Hi 102 ElMEAR. B FERh RS Lo 3k A3 1) BMMSCs 4l AR e
RS B A0 PR 5 R /L, Al AR KA, SRR, AR M k&7 21d LA
o XAREE T B R R 2 IR E DA, 403 BUMSCs I K, A
KX TARHE BUMSCs  JUTRE [ — 2824 K R 7 S AR ZE P T, 3%k T s R A 1
TOEREE, MM %20 B 1) BMMSCs A= Kol B i 4 i BB G BE g o A, B5
s B B OV AR IS FRIN T 343 1K) BMMSCs  HUAR b 4 B i vkl 5 v, (REEABA S
Al IR R, FElEfr 3~4 LG . 5% B B OV, A iEhE
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WG RERAE D TR T B, WERAA T Do A R385, S TG 9bl s, A4
%, FLAr B0 BMMSCs MyEER R JE, HE5EP, 41idiEZ, SAERE R,
HWGT R J5 1 BUMSCs 2l afis 95%LL ", o4 B il i se vk —Fh 5
In a7 BT 2K BMMSCs 49 85 71
2.1. 3 NPT 1T EFNRIBHATR K%

it M 53 36 92 0 G 2 B R 53 B 0 e N A o) AT 3R TR A 1A (1 B A
TTHEAT RSN 3 B Al AL BAR o Jorp i 40 B o 72 2 AR 8 BMMSCs AR F/IN, AT
e/ SO (1 1 AR P S Sl RSO, BMMSCs EAT 4016 o 17 G2 WA R 43 VB v A
P BMMSCs 2RI (1) 5E L 41 A 2 [ b i E AT W B MR s L 36 1 6 R IA 1 P IR kAT
Guorik ™ o KPR VE o B AN M S B A g, {HUR T BMMSCs 75 4 i v EL Al
R, BRAESR X B R V53813 09 BMMSC $i /b, SEHAR; I X B 7 v
A, HORME, BRAEEH, AN AT RO, 1 BUWMSCs Hifsi, Hi B
BB 55 ) B, X SRR () FUAR KRR E R T X P RR 7 VL R N o

2.2 BMMSCs BYX&E

H A6 T+ BMMSCs  FAFAE I R AR S I 0k, 1 N Ab 2238 W oK 48— I E
Wo BRI HER 78 T4 F 418 CD29.  CD44.  CD90. CD105 %5FH
PEAR G, M0 AN IR B T 3 1 40 4 T (5 52 BTt CD34. CD45. HLA-DA
SEAYERR G 2006 AF [ BilA) 78 5 M 4H 23T 40 0 2% 5145 (The Mesenchymal
and Tissue Stem Cell Committee of the International Society)ifliid SZiGHT
FOEXSEH T = A e brvE R e L BMMSCs = 55—, AFYRRLRE 7 L P4 W B A=
K, e MR IR b B IE, BARIBaEmIR AR B, WO RIA R
PUJs CD105. CD73 Lz CDIO BHAE 11 73 K551 95%; [RINIRRIA R I HTR CD45.
CD34. CD14 8 CD11lb. CD79a &Y CD19. HLA-DR 4 F-hr:&EH), BHMHE R L IE /N T
T 2% HRAKIE; B, EESMARIZANIE ST, 2H A n s 40 i
1 P 40 B 6 40 B 1) A RO P BB o B e A A7 ) T 1 i 1) 78 5T 40 i T e
SWRIE R — 1, AR T2 F A AR AC Ui -

3 Y4

3.1 BMMSCs BYFZIRFOABILLEH

JRAREE TR BMMSCs TEASZHE, FE 404 =FIEas: O40 15 Y7 HEE ok
B, BERLD, QMR R TIR, ZME, IREAR, HELKREZ, O
BIEWISI T, B, RN T, 2R ag i o AR
BMMSCs JEAAN A 5256 = 4RE A FIASA > N BMMSC 535 5 FiBs T BN P
ANFEFIERLE A ORI ROC, MEE, 05 1 M,
RIS, MR AN /D @4 TG R IU 0 40 D - 4 AR K T4
ARG, SRS, & 2~3 M, BB, RirhaEEm
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AHuas, WORZBEAR. btk I B, RREER SRS, SRIZA I A
SN AR TS R RE ST, R HRES iV E 2 AR D AERF B 5 AR SRR I
T2 L L (1 A5 A At AR AT AT A T R LB S A R L R e
L RGE PAYRSURE AT LR (1 SR B, S RRUIAERE N s AT T A0 R PR3, HZ A0 )
PRI RGE R, AT R A A, AR, B A, BMMSC
() G2 SO BB s HAT 0 A R A I RE D, BB RE T 9, 0 AR RESEAR . F14
BT BUMSCs SEKARTE . MBBIRHES, RINHVFZMAE™, SHARIIAEE
BRIy UAREST R, ] BHBOK RS IRV DL IR R A KB TR T

3.2 BMMSCs B Z [ LEFiE

HATCAT SRR UESE, AR A& IE T,  BWSCs o LU A IRIG . BUHE . K
B BRI DL JVURESE VAR, T ELIE Ay R I S O SR,
AT SN AN, G AR R B AR . S34h BMMSC 12 1) )AL v
RERA MBI IR PE, A 3. Ry Ry RERURVNEL, LA 8800 BMMSC
BT AL £

3.3 BMMSCs BB “)F&E"” 4F4

BMMSC HIHEI G, JLHALH RGN fEARN, MR MSCs
A DAEAR N B AR B IVE R T, 3B e A o0 A A R 2L 2R 40 . Jiang
SECETRAGARIC I BMMSCs 2R B IR N St Lo UL I AR 28 P K AR Y, ARG A
LBk 4L R R LT BMMSCs Zr AL 1o LA e, Ua A N[ BMMSCs JH £
(homing) ZESZFITALIEIIAE A CoLAN AL . BABUIK &5 SR v LAAE L8405 ™ L i
PSR 2 A rh LB, RN AP SEER ISR SE BMSCs BAT ML 27 5 b 2 4
e, BUEALEAR I RE S, RAMSIG " Y B AT BMSCs 7 AL 85 %I, BMMSCs
5N A 30 min JEIEARIRAZRN, 2h 58S AR A0 M2 A
TE—L, XUELE TR, YSRIEARSN BMSCs tHn] LA 2% (40 Mo Fn g oz fuk, HL
THEITHEZE N ) R i AR REe ™, BMSCs it EIKEZ AR, 2h 5
R TCN IR IR P P 2 4 B P 5 5 3% 42 /N IsE, BMSCs ] LU P 2 40 A HAE S, 30
min JGEAEH BB T RIKZ 30% M4 e ok iz 4ni, 60 min J5 K4 50%
AMzE sk, I BE A I R) S 2 i R 4 B BRI £

BMSCs H Mgt bRz 4 i, BASZHIMAL, BARNLEIMATE 2, (HEH
A BESE 2 I 2R IA R 2 I SR B LA fE 2E BMSCs IRIEAE i BRI 1 21454
P21, sk an [m) = 40 i ) 2 PR 2T o #a Ak R 152 AR R A DR - PC A4 11 40
IR A BT, fdlifE BMSCs RIH AR IL T IX 01 L an il 15—
AN FRE R RO, FURZ YA SR, S A, g
A MERAEMBE M. BN 43% —70% N #E BMSCs RIHFRIALN
Retk#atk - CCR1, CCR7, CCR9, CXCR4, CXCR5 F1 CXCR6™. i) —4Hilid
M PCR M A S5 N WK IE R & CCR2, CCR8, CXCR1, CXCR2 Al
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CXCR3"™ . Ponte Mt f¥) [R5 W57 3iF 52 BMSCs ik CCR2, CCR3, CCR4 FiI CXCR4,
M H TNF-a ®JLLhn CCR2, CCR3 Al CCR4 FiATMiAJE CXCR4. [AlH:, BMSCs
KisZ ML 7324k, REWREA M, (HIELF T BMSCs M2k, X
& BMSCs [F—MRFse F5 b, IERA MSCs KK L Z Rtk K 7321k,
BMSCs A W] LA AN A 2RI A, i 242 52 2 40 A SR ek G2 Mgt 980 I N AR o sk
5 CCR9 [ MSC nJ LLERERI/NE, 8iKIE CCRL ) BMSCs nJ LLEHERIE RAEM)
R B A R i 41 2K

WFILIESE BMSCs RIMFXIESFR, 8RR, B2 A BUSCs Hifl
WrPR S B B AT g A R RR A U R A AR R, S AR g i
EERERIRIREAAL, (HE A X . 2 TORIGIESE ™, BUSCs 4T
H PEHERRIE, M LIEHEREMN E-EFERREAKHRBIEARIE, BOANNTE
IA] BMSCs fEMLERERBNM B Pk B R ELAER- . W51 BMSCs RIE LA
TRARRIZRE 7 FIVER, DU AP SEBAR A 9% BMSCs it 34T, X4
fiff MSC SCHFAZRAE, BIEBALERIG, TR VERNE N, DL X 2640 i ff:
R I B DR R A BRI RE

3.4 BMSCs BY%IZiIAT1EMH

BMSCs J& T A BAM A T4, H 5 GBS, [RIF AR s THEF
RN B RS, AEANEIN 2, BRI A2, E S, Rk DL R AR
J LR 52 32 F S B S e Y R LR LR T B S REHA RE R T 2 UG
JLI SRR R I HLHEIAAMEL, BMSCs ANk 5 A A 41 il ( HLA) PRAIAH S
(R [ 938 7> 1+ B7-1(CD80)  B7-2(CD86) LA M =42 4H LA 21 B & 44 (MHC)
1255571 HIA-DR 7F=4)% . BMSCs Aefig4lh] T 4001 NK gifufTaizhfe, 4
BMSCs SN2 T AU LB FEm SHEASTE T MRERLE, RimaSWE T 40
FRBESE, WESCUESE T R0 PRGBS A B AE GL BB, IAAE T BMSCs [
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