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Cell Co-culture Technique in the Medical Research of Stem cells

Zhan Xiuqin*, Jiang Zequn
(School of Basic Medical Science, Nanjing University of Chinese Medicine, Nanjing 210023, China)

Abstract Cell co-culture technique was developed in 1970s. Different kinds and different sources of cells

have been cultured in the same system. Great progress have been made in the cell species, conditions, methods of cell

co-culture in the past thirty years. Among them, the bone marrow mesenchymal stem cells co-cultured with the other

types of cells to be induced into different kinds of cells is the most common. This paper will focus on co-culture of

bone mesenchymal stromal stem cells and different kinds of somatic cells, which have clear significance in the re-

placement therapy of nerve, bone, cardiovascular system disease, to provide reference and help for the future.
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HOR, EATRAT W] BE ELANAC AN o S SIEUE ],
SRR s e K 5, e TR
RO WA 1R ARSI T AR AT
B AE R RN, # 2 N IR s

UL EEFR (K SE R ST TR A K B O S0k
20 AN B LR L AR 50 55 o 4 i 22 1) 0 T i
PLABAR™, 32 BEOCTE A0 1 18] X9 AR B AR T B0 B 40 i
JRAARR AR T FEIR W . 752 )5 K AERT TR
FUHR, RN TR TN ML S A 2 TR TR . AR
RZa, A TR — s — 2 2k, LR IR i
o5 | 38 280 4 0 PR AR ELAE P B L S i PR 5
e FAT, JEEIREOR CAE 2 AMIEITT 1) 52 21 HEA,
EHERF A0 MO D BE RGP 42 40 0 1 5 R 43 A
e 1t 5L YT 1) A 7 LA R 3 e A A 7 5 T AT
I R R i

1 HEFHK

AL IR A LR AR — R
A HAE A O IR 12 G S R N AR 4l
AN, DRIAE AR P9I 20 A e ml i e e PR B
S JE F M THE 2 55 A M 42y s A% s A M IR - A
B, R IR R A I e R, AR IR 4
ML A ASRIRES; 2R S Az A H
AR, i 2 R IR 5 B TR R AT K S
LA o 18] (RO IE TR, A I A 4 L9 A 2 A e — 3k
7N

FE_ B R IR AL b, JETF R T —
S0 S i AL IR R R S BB AL A PRIR S (0 ST 4K
BRI T, TR T I A W A0 AR SR R
[H] 78 5114 }fd (bone marrow mesenchymal stem cells,
BMSCs)JLE TR 0B HLZUE AL, LU St 4
B JENERY H 2 K% I oK 41 2 = 2 S 3 JR
UG5 2 JHEL R U ol 2T 4 4 R PR 9B 5 400, AR ok e I s
T ECOELF A I 7 1AL L B SR

2 HIEFMBRR R

2 J LB TR RO B 1 20 N T 2 R e
A, (HHETC Y B 2. Mgk,
LR SL B IR AN AR AT A0 R A 0 i R L
I ANFIFSE I e gl LR TR0 e dn iy 5 44
AT TR B A IR IR S oA 4
B2 S 38 5 U2 L S AN TR RS R AL 230 g 3K s

%’%[14-15]’%@0

FE BRI IR I A0 RS, 40 AT 5 o
P AR ML I E B TR T 5 A ML AR % Al I E 8
FRPRAR R, A0 AR L A1 4 T A A,
A A SIS IR, S Al R R nl 3 I 5 140 g
(¥ R B I A, 35 S T A ) SE T 1) 34K
TG0 A A AR R K B TR A R R 2
LB R MAEERE. MLiraa s, K
TARIGEfE B SUFEAE L bR a7 458 i PR Uk
AHETZ RN TR

3 TYmAE S R4 R S iEFR B A2 A
3.1 ATmMEREMEE

e P ok LA I L P B 4 i (brain
microvascular endothelial cells, BMECs) /415 /& 5
i D o o O N - RN T I ER 22w )
WG BN 2. A, S 2 g X e R
B A A R RO L 57 AR T ) DG . X1 g A
¥ K BMECs 1 A BMSCs 5 84 8 1fl 14 fi 1t 5 15 9
FHBMECsJT b (1) 995 # A2 BEIR S 14647 [B) 422 R0 4 3L
IR, RINBMECs{\ it 55 73 WA 4 i IR 5 A 2 LL s
FBMSCs7ft., BMECsHE % i 1o 4 M B e 8zfh i 3
LR FRBIBMSCs Inl 4 B2 4o 3 Ik oy i 4 i 1) 5%
i, A1 R I B A AE U5 5 BMSCs I W B AL it
FErp R BRI, oA S T B ILE IR BMECsHE
755 5 2 [1IBMSCs A SIS - 7] N 52 434k, b 1l 518
EROIBER 2N

EAB A W50 R IR, B A 15 7% 8 g A A ik
BMSCsf170 . Fili 4550k F BAT 132 6 110 4 3
Tt 25 G 6 FLAR 1 AR B2 A 3L 8% 557 O 0% ABMSCs A
N IGEH VK N S 40 iR AT 3685 7%, R IIBMSCsZe A\ Jit
K P R A0 5 5 S RE A I P R 4 e A () R i
bR CD31HIVWE, I B ] LA i 40 i 2 3905 K il
SCHRFR Y L R M2 . X —4 KU, 5
N IGEH VK P 5 40 1 DL A4k o7 XL 8597 J5, BMSCs
WL REE AR 7 ) P B 40 1 534

R IRBIF ST A T A R EUR RS IR A AR AN TR,
SR AN TE A — B H AU SRR SR AT LU, N
J 20 e A EBMSCs|r) P B2 4l it 434k, 1X— 451 0
BMSCsfE A N i 7 F12H 23 1 F2 0 B 1y Bk - 40 e
Pt T

LAk, 76 8] 78 5140 i (mesenchymal stem cells,
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MSCs)-5 4 57 41 g 385 77 44 R v, MSCstif P 52 41 fifd
(R BE B ANGE S R T IE R . M550k
NG Bk P9 B2 4 A0 Bl 15 5 10 N IR A MSCs R &
TR 1P R KM, 5 SRR B, NI ik P 5 4 i )
AR AGVEK, A7 W A S T ],
h R AR S R R A2 TR 1 100 A 1) R L
T AMEBEY R 7. Zhang 5 R BIF 5 QI 52
TMSCsX A B2 41 e i) 1E ) 1 E R . ARAT TR IR, 75
GAR SRR, IR IR AR L, RIBMSCsHL & 411
I 5 Bk P B A0 P TS R L TS RN A BTt 1
I, 4n MR T A B R B, i EL, BRI N R A R
K ) 41 2 X - SDF-1o. VEGFAIIL-6f#) %35 1.
3 M HEWE AE I LR T fiE S BMSCsBE 73 34 K 5 1) 4
LR, 5 K P R A B ) A A R, X — BT
B SKIN BRI TT A AR A S EH .

T o0t PA_E P9 R 4 i ATMS Cs L 1% 97 1A 194>
FTRIN, IG5 4 ) v, RIAUR JLRE 73 44
AR — 5 4RI AR KRS AT UL R, (HE 1R
ey, FEILRE IR R R P AN IS A B A ik 5 MSCs,
526 7 1) H BRI e ), AR KOR S  s
FEARLCIS R A T AR Ak, LA A2 038P 1z 40 i
MSCsHift . KB —NEZERE. Kk, @ilfr4
JE IS TAE S, RSB N, Lk &
(1) 240 LB X T [ R 43 LR, B i 4 T b sz e 4
L1 JLSE AR AR RS, X SR i SE R BIE S RTI R AIT 5T
s HAe SR .

3.2 XTFBELARGIEE

IR HOE A ME L EHLR, 1
B IR AR EE TR EBNL A, AT IS A 1 3 R P R,
HOGW s gl A 2202, — B Ay, JL@ o
NAEHEABR, S RE 0 5 18 5 3 B 4
S S B, AR 22 BN A X R R AN B A 52 4
BB E, — B kA R R AR AT AL
BT Al MR T R B SR — FR AT AT S IR T
T3 15, AR H A1 B JE AN A2 7™ H I 4 T G R 2023,
DA A2 B 4 M S 7 40 B, BORA SAE S2 B, R
I I e A, AR IR T 5 SN 22501k
TsuchiyaZ > H] ABMSCs-5 21 4K 1 41 i 42 A~ [7] LE A7)
TRA AT JERT IR R I, B 20 i 1 1 e 5 0 44
AN TR A S BMSCs I EE 1] S IE A 9%, IR, 3%
BE TR B A0 R An I PROd S, T e 3R
I, BN AT A K 7105 5, ikt

B T AR A 5 R 50 Al M e S AR AR R R M 5 [k
(R 1 A 2 A R0 25904k, TRIEBMISCs FHAC B 41 i
FERE TR AT KT 41 B35 v e A2 — b s FH 1)
HEM o

[F A, AT AR, 7E L85 IR AR 2 v s Al
J 7R e A FEBMSCs 1] 1B 41 Ml 43 4k o LisEIDL 2
AR 5 4 .t Y (poly-laetide-co-glycolide,
PLGA)N 37 2 7 37 111 2 BMSCs Fl #H 41 i S5 15 77
RE, 4 BRI, B a0 W A7 A8 ] L EBMSCs
) 1 4 A3 Ak, (AT T ¥ 5 — Bl Transwell /)
FE LR R R P (I BMSCsHI 4% & B H AT 1) B 4
L3 AT g, T R 5 ) 2 A RS RE IR A7 AR 2 BRI
BMSCs ) 8 41 i 40 1L #1156 1, {H Thompson®529(F)
S S5 A T — MR R A ) R 7 6, BRI ILRE
TR Z A R AN M LA R T 20%, 1T LU AN A
B

HE— 25 (W AE AR B 5T AAIE 1], BMSCs A 4K 1 4
VR A LB SR R A E RO e T Re. Wi
T SCFEP TR I, BN R L R AR T RE
A A AL Hh [{ BMSCs A1 4 i R 4% A2 KO 30|
FEGREE LR, 55 8 B v A I 40 RN
Ja KB R, B E AR ST T g R,
BMSCs it (it 12 51 4 f 38 06 A, 440 0 301 4 i R
Fr I AR DAL ARIREL, A 38018 O B b o

B T Be ARG 3O M2 S 4h, MSCs 5 HiAth 41
A LR FRAT ST ROME [ 3 8 R A3 8] T 3%
WEM . AR NS, ) AT A A ) (]
P B 5 0] DU HEBMSCs ) 307 B 2T 4 41 i 4314,
[FJ I, BMSCsITR, TS fie J5 2 (LRI & 32 -C I
BN BB BMSCstE )& 5 bt B A HE 7R 1)
FIME, 1324 4L TR B0 A7 40

I R _E 3 A — e O iR B b3 i —— M (] 4
IBAR, R HAR o A [A] 4% 38 AR 1 & JL A e 7 0k
S 0 IR AR (VA ) 55 AT AR 2B 5T M TR 45l A
JZ A 4E 3R (annulus fibrosus, AF). W HBHI8ERZ & b
MR . AEMETR SR BRI, AR AEY)
A F R 7 B ANAT T EAR, 4EFFRVE ZAFIK 58
VA AR RO, kAR 5 SRR T ST R N,
BMSCs 5 AF4 i 3L 55 77 B (i E AR AN 36 4. 1%
TS e BRI 2 11 22 K 9 7 &2, W BMSCsif i #fE ]
REARAZ R AT BRI T U o

LILAb 40 AR L, B dil AR X B, — A S
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B A28 B AR, DhRetaxS s—, e
SRR K R /b, 5MSCsALRE RS AR
PO Hezh, a8 AN A B A S50 5 1) 9 R 4 i 5%
FRIK, A O S AR S0 Tk S o W] ATRUAL,
B A0 M LR TR ORI AN s, K S5 70T B 40
Pt 40407 RHE TR) 285 18 AR 5 BT IR I R . FH 7 1D
AAT N AT
3.3 BF. BEALMEENENRIAT

TET-20 U ZH 23 40 () L3 TR &R T, 41434
Mo rT AR RET- A 04k . a0 N i Bl K U5 22 BE A
FELAA g B AT o) 4 B 53 A7 B2, bl T L HOR 7 1,
AILCR BB B 5, oA R RO, JATE IR
I A, PRI A 52 B A JH 2R TR 3 1 1~ 4
KUR, Jy I B I A R R R IR R
AR SN N BE RUE 22 R AR 4 T S N T i R
LO27EAR AN R & 5 L5597, 5 dJa BV n] BLR Dy 4
53 1) BG4t 5[] 234, B os FRAT T3 et 4t g
FERGFRBORAT B A K I 8] P36 2 I R VR T £ 2

2449 P S50 SR B A A S R I 2
JR PR 22—, Ferp AT 254t Wea 55 Jr 250 B 45403 A8
I R T AE A BE A L, 1 0% B BMSCs 5 I 41
107 5 09 /N B R 40 Jfd(human kidney epithelial
cells, HKCs){EAR SN IEAT LR 77 5 (A L 1S 57,
RILAE P AP R FEA 0N, HKCsE 23 W 0 3% &, f
HKCs I T 40 IR ) B AR e LR 97
Z1rh, BMSCsid ] T 1 % 70 4 1M 4% 22 WHK Cs, 1M1 7
() 42 3 8% 7% 4 P BMSCsAS B A # # 43 tt JHKCs,
AHREIE L 73 Wb 4t i DR 1111 & 45 0 HK Cs IR ORGP A H
Togel 5P M e B, 2 1k B 2 /I Bl ABMSCs i
SR D RSO0 A B W0 2, (HBMSCst AT %
HAHKCs.o il i 55PN 41 281 41 il (kidney stem
cells, KSCs) Al 4 175 FTHK Cs A Transwell /s % (1) 7 74
AT AR LR 7, 45 FAB U] T KSCsfig L4y i
4 it BR 1~ 14 77 S ES HK Cs R R4 7R

Hess 557 okl 11 AE (1) /s BB R 3R, MSCs
REIE I 7 A= 4 DS 1 SO BE R 1) 5 2E .- Galli
ZEPSIZEMSCs R T 0 LA B CR 3 4 F B F 5 rp s
I, MSCsfit % 3 if 43 #AbFGF KX HGF i i 1t 0 JJL .
B FEAE AR O R e . R SR,
MSCsHE S 1t ik 55 73 WA 40 L DAL -1 i A 4R 3 E

Al LB ) 2, TG B ARk, 302 R 4%

fi, MSCs#S ] LU ik 41 2R3 5 40 L () AR, X412
MR R FERTE- . Mk, BF. B ES E MR
KA K, H A w ek TR, 5%
M, HABHE G0 N 7 25 IR HPTHE R SOV 259
DR, MBS N B 3R B A A 2 o 1) 2 A AR KO A
AT, JORE A ORI R B - E, — B,
sesiik— R gidr. N ERESORE, BRI
ATESX — H bR A A 4 R B &, HAR 2 S0 45 1
CAULH] 71X — HbRSEEL AT Gek . BHIEA D1 1 s
(1) 32 B R A 10640 M o AL S R B 4 AR e e 4
BAR, AR N B SEEAET, RTh f  o Ae n f 3
B, AR T M A — N, AERES
WEFCHIAWIERN, FIRI AW 8, 40 M1)€ 7 4y
WG REAE 2% B A A AU R 4 B R TPE ]
3.4 EFHEME

X1 8K ZEBUH] Transwell /) % #4) i BMSCs Al AL ik
TG IR BE S AR P 2 e IR IR IR R, S5 Rk
I, PR Al 453475 00 8 o0 4 i 1% IR AL 26% A 48 T
FEiE, I FR AP TCIAEIE A B51%, FA3E
RFE 5. BT RS 2 B U AN 4 To B
TMEAR SIS SE A A, XA IR TS AT
K (AT f & 0 AN AT VT 2 M1 PR A g, PRt
fATTHEMI BMSCs AU F i ph 22 T H A H 78 X
Fro ORIIPE, T Hak v ge A2t T A2 w4k 4
[ A2 TC 340 . BonnerS5 ML IR B 13X S8 i 44 4 Ji
HA 4 he, /EBMSCsIERT, w120 A0 15 18
FHETT

L ARMSCs #2870 41 i 8 ph 28 115 44 40 i 1 A
B IR0 TAETF AN 22, (B CSEA A5 1R K B A
NFAAE . AT F8 0, A28 40 B Dk 26 K 23 4 4
— HZ 4, A ReA WIS . AR T R4
TG JA) Bl PR A 28 17 4 40 B B 08 o In) A kg A 22 4 i,
WY ER T A 2 5 3 ) 22 A B AT A BR T
BMSCs* il 28 i 44 40 M R A2 25 A A FH 0T ot 8 i 4
S M (%) 5 1) 73 AT A A AR OR A A H
3.5 KRIEIMINEERYETHLE

BMSCs Ak 1 i st 0 55 11 F B AL B oy, A0 1.
40 AR K R S T TR B AR Y, AR AMIUE SR S
BMSCs ] 38 it 73 W4 0K S 1) 440 it R~ [) 42 1 448 a1
20 0 A K B3, 4 1 40 i A 25 -6(interleukin-6,
IL-6). [ Ifil %95 47 ] 5] ¥ (leukemia inhibitory factor,
LIF). K040 L & 4 7% )3 8 - (granulocyte colony
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stimulating factor, G-CSF). i F4% ZR 7% il P A 1
(granulocyte-macrophage colony stimulating factor,
GM-CSF). [ W 41 i 42 v ] 3% X+ (macrophage
colony stimulating factor, M-CSF). fms#¥ i 2 R ¥4
it 3 fit 44 (fms-like tyrosine kinase 3 ligand, FL). T4
o AE K X (stem cell factor, SCF). & 54t Hofir 4= [A]
“--1(stromalcell-derived factor-1, SDF-1). L5 N JZ
2 M9 4 K [ -F-(vascular endothelial cell growth factor,
VEGF)Z:1, b4k, BMSCsFR 2 b4l B X141, ik nf
T 3 0 i R) 1) T B Ak 5ok R A AE . Noteh (s
TG Z MR N A I TR, 7R 2 A A
ZUEK. A S A ) A B AR ] . L)
Y 1L 4F i NotchZ & (Notch1-4) K SFIHL /A (Jagged 1+
Jag 2. Deltal . Delta 3. Delta 4)if il 41 Jfa ] B 51k,
PR 2 H UK AR, 0 T LR K Hes 1, R4
HE DA 1) 3% A& Noteh {5 5 18 2% 35 A IR AR 2512, 3 ofi
ARG, A T 40 s 2R A Noteh 7y -, 1 3 L
ARG TP I B A 5T 40 % K PRI Noteh L 441344, —
R IE 5 I RO BAE I YERF A DU IE B i 1M 2
fE, 45 W FIA I AT B P 3G B R R

JI% ¥ MSCs(UC-MSCs) 5 Jif 1. CD347 it IfiL -+ 41
Jifd (hematopoietic stem cells, HSCs)# [fil 17 {FNotch
BT R RO AR R IR, A SRR AR 3L
B FR, AN AE 3L 1 97 44 & b in ANoteh 5 - BH ¥ 771
DAPT(y-secretasefll il 7)), & I ALK 7% JFHSCsH 1)
Hes I [ 455 W1 84 0105 N NDAPTJ& Hes 14 K 4
R ARAS W O, U /EUC-MSCS S it . D fig
Hh, 4 A ) R i Noteh {5 5 ] BE R 345 B
M.

DA F A5 A DA T 42 A 4 R0 ) 4 0 45 A 7 T
I B T MISCsoX 3 L4 i A= 4 S G B 1R 5 M), 56 3
MDY RERT AL AL T 70 7K B SCRE, s il
RGP YT PRAL T BRI Al .

4 FHERERBEBIERAR

B T 4 R A PR, BORE R A, A A AN BE
e K e AMEYX — W, BN BT T 271
HRZ

AW E BRI T A AL 2R 141 g 1 m]
Re A, an AU AH T 25 &y (00 NG 107~ 4 A 55 Rl A4 4
BACE B HE T 20 M. GronthosZEW g s e W 4 335
FEAN ML )R AR BT TR B, IXSea i B AT 5 s

MSCsAHABL )2 T BT I ks, 3 1 BF T I S 05 4 i
ITAAEAEMSCsHREPE IR 4 i, FR A i 7 2 2R+ 4
o S SEUNERT TR e LR IR 3 o K
B A AT A2 B R HACKH A R i
17 =40 g S ) A v 4, T DT 40 e R i
O3 A L T KR 0T A o s IR T e L, 24
Ji il i safranin-0 4% £, FH R i i e €8 IR I it A
P AL 2E JL A FIRT-PCREG I, GiE 58 T 200415 35 1 i
I 440 10 fie 3k R A R A ) 40 I A R o, i ]
NEWT 140 22 5 iy an M 3L 35 5% 05, v] DA 500 3K
BRGM.

BRit 2 A, Ba i AE 3R MSCs IR 2 —, B

B FRfbiAr, WREBL 1T Rl (6 1 PAC L i 350
AT K DR AN TR A A B 1 40 I T 5 s
%, LA A0 BN L A 1), ) 42 S50 Gyl
1oL Ay B B R B PR i B IR K U
BEMSCs, 71 2 S340A, OS2 40 i Ik 15 Ja S8
Ir, KL T3 3R A 1 R of S A K Bl BEMIS Cs 1
FR AR RAF, ARA BT, UESSZSRAN L
FEJEPERRAR . AR, VR A H IR K B H BEMSCs AT 7
PRAIE 1) 5 5 70 A FSCE i 1S AR s 4 i, phe o
AN 2 M 55, R W2 17 7 AR I ER 3258 . 3X
4 A1 R YFEAS AL T R PR B2 1 — AT i {E 1Y

AT

5 T8RNz A Y PR HI FAXURG

40 M A5 5 T 85 5 1 L FE B, A IR BE IR
AT T B 25 B, Wi Song 5B W g 75 31 A5 iy
8] 78 J& T 41 Hfd(human adipose derived adult stem
cells, hADSCs), K H Transwell & 4t [a] 4 4L 55 7% 4%
¥hADSCs 5 B 1 I8 07 40 L LAT:5. 101, 2:1815:1
() B A9 L B 5%, K ThADSCs 234k kA28 i 3 i) flig
0 40 L () 9 e . 45 SR 808 dal20 dIL Rl R 7R RN,
hADSCsH A &1 2B A7 68 71, 18] 78 00 40 i % 1 bR 12 )
CD105¥ 1k~ [, 2 W IR 7 18] 78 T+ 41 i v] LA 53
B — e R, AEANRE 2340 A9 B AR I 40 D o

WEAR, AR5 A I 40 M e A A 85 5 e B rp i
o B A R . AR I, BMSCstt 5U266
6 R 4l i L B 7R )5, U2661% $BMSCsHGF Al
DKK 1A 2, i W] J A IE B I{BMSCs, AJ LA
7E B BEIR A U bk U2661115 5 T, Hh Bl BE R &
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FBMSCs ) i AP+ 32 i 87 i # BMSCs (1) 5+
WA . RGN BT THLERAE S, Al
I H Transwell 55 724 &, K 1E & B BMSCs 7 7l 5 &
697 41 L PR U266, RPMI822641 i 3L 855 %, & b
BRI 41 R U266. RPMIS8226fE /5 S BMSCs EphB4/
ephrinB2 A 1) 1 1, 1T GEIE it BMSCs 8B B 7%
MRS, 25 E BE IR B I AR

6 RE

29 T AT AR AR TR S S R R
A5, 1020 36 o D0 FH Akt 5 1 40 A 401 40 1) 4
2, WREMARA Ba@pemi. 5 ANIRIGT40 fAd L,
MSCsA W S B PR 22 P A AG BE ) L, H ] LA A3
N B 55385, WAT Fo 41 e (1) Tn) B, 85 7% LU AL 4,
RN YN ki) R

5 [ ) Osiris Therapeutics 2 &) JT & H 7 PiF A
X BSE R PR 40 M Prochymal #1Chondrogen,
I A [ Prochymal & — FFMSCs, H A #5 il 2 ik
i 1t 1 2P A I FBH R s R B s B AE . B AT
Prochymal 8¢ % H 00 I 95 & AE J5 O LA 2UiE 2,
DR ST RORE PR 8 AR N B S 4, ARk ST
JIti S 0 s N EAT A 2B 5 . 1K = AN
B4 BN IR 56 B o

SR, 511 22 B 1) AUE A L, MSCstif 4t
AR B, <22t B AR i —
AP, o, AR ) B — R R ORI
BLn) R, A0 VA TT A 2 AT 2 T B0 I ) S
A Ay R OGTEE  I il T PR AR R A RS T
SEAIMSCsEEA ) WK JiE, MIAEMSCsifyr 7E A A
(R W LASE I

S22k (References)

1 Lawrence TS, Beers WH, Gilula NB. Transmission of hormonal
stimulation by cell-to-cell communication. Nature 1978;
272(5653): 501-6.

2 s, A EL ANRICEITREOR IS . p [ 2y
42245 (Zhang Qian, Jin Ruomin. Cell co-culture technique
and its research progress. Chin J Pharmacol Toxicol) 2011; 25(3):
330-2.

3 FOEAS, B B 25 W0, T/NAR. AN B A A S R R
KBl E HEMSCsIERTF7 Ko A IR 0 Bt o [l 21 23 R
9% 5k K BE & (He Junren, Yang Ziquan, Li Gang, Wei Xiaochun.
Coculture of bone marrow mesenchymal stem cells on acellular
cartilage scaffold biomaterials and in vivo biodegradation of
acellular cartilage biomaterials. Journal of Clinical Rehabilitative

10

11

12

14

Tissue Engineering Research) 2008; 12(27): 5230-4.

W B A, ARG, KL AN AN X I R B 5K SR
F R = Yl L8 I7 0 R b O I e 2T 4 A0 0 2 S AR R .
fili 1. % 9% A% & (Yang Min, Miao Yanyu, Wang Luya, Du Jie.
Effects of macrophage on cardiac fibroblast transformation
in 3-dimensional nano gels co-culture with Ang II treatment.
Journal of Cardiovascular and Pulmonary Diseases) 2013; 32(4):
493-8.

AR, A OME FORR, BB I SR BTEBI LR
53 1V SIGALE U0 40 /T2 L G B FRA L e A . 50 =%
[% K %% %% 4 (Li Ming, Wang Yiqin, Li Yan, Tao Guangli, Pang
Qi, Yuan Fahuan. Costimulatory molecule VSIG4 exclusively
expressed on macrophages inhibits proliferation and activation in
T lymphocytes. J Third Mil Med Univ) 2011; 33(22): 2335-9.
Doumba PP, Nikolopoulou M, Gomatos IP, Konstadoulakis MM,
Koskinas J. Co-culture of primary human tumor hepatocytes
from patients with hepatocellular carcinoma with autologous
peripheral blood mononuclear cells: Study of their in vitro
immunological interactions. BMC Gastroenterol 2013; 13(1): 17-
28.

17 i, 5L ME K. PD-L1-PD- 145 5 3 i 76 1 /N 1 4
i Jurkat 40 J6 5 5% b A L b 4G BR 27 2 S (Ding
Hanlu, Wu Xiongfei. Effects of PD-L1-PD-1 pathways on the
cocultivation of human proximal tubular epithelial cells and
Jurkat cells. China Journal of Modern Medicine) 2010; 20(12):
1781-5.

FEMLIR, 2= 55, JE KM, Y 8, IR BE. PD-L2 flva 22 106 £
Y AT TN IR FR BRI £ H . R 11 5 B2 27 2% 35 (Du
Guanhuan, Li Qin, Zhou Yongmei, Shen Xuemin, Tang Guoyao.
Effects of PD-L2-Ig in the co-culture model of keratinocytes and
T lymphocytes. J Clin Stomatol) 2010; 26(6): 337-40.

FOu, S e, Yk SE, WAL UL %, TNF-AXS A 40
055 B A/ L A L % 5 A AR IR K B R R R TR 1 5
Wi, YT 75 B Z4(Lu Shan, Ma Xianghua, Shen Jie, Ou Honggin,
Shen Haijun. Effects of TNF-Aon the expressions of diponectin
and leptin in the co-cultured system of human adipocytes and
monocytes/macrophages. Jiangsu Med J) 2011; 37(6): 647-9.
Jiang J, Nicoll SB, Lu HH. Co-culture of osteoblasts and
chondrocytes modulates cellular differentiation in vitro. Biochem
Biophys Res Commun 2005; 338(2): 762-70.

Chan ME, Lu XL, Huo B, Baik AD, Chiang V, Guldberg RE, et
al. A Trabecular bone explant Model of osteocyte-osteoblast co-
culture for bone mechanobiology. Cell Mol Bioeng 2009; 2(3):
405-15.

Anderl JL, Redpath S, Ball AJ. A neuronal and astrocyte co-
culture assay for high content analysis of neurotoxicity. J Vis Exp
2009; doi: 10.3791/1173.

Jones EV, Cook D, Murai KK. A nuron-sstrocyte co-culture
system to investigate astrocyte-secreted factors in mouse
neuronal development. Methods Mol Biol 2012; 814: 341-52.

fif iy, R, SMERE, b A REUR, R, A NRECR
AN 1 BUE B AN IR TR AR AME AL b R MA I IR
22 IR IR BE 4 & (Xie Shihai, Chen Zhigiang, Ma Pengcheng,
Bu Jin, Zhou Wugqing, Cui Pangen,et al. Establishment of the
in vitro model of the melanocyte and keratinocyte co- culture
system and observation of melanosome transfer. J Clin Dermatol)
2006; 35(5): 286-8.



1184

20

21

22

23

24

25

26

27

CISENE G 3| R R S 5 o {97/ M W B S U RS
20 55 g ) T 40 0 I R B SRR T 2 R
2% & (Zhang Yuan, Guo Wei, Hu Yinyan, Zheng Guiliang, Zhai
Suogiang. Co-culture of hair cell progenitors and mesenchymal
cells from rat cochlea. Journal of Audiology and Speech
Pathology) 2007; 15(3): 205-8.

ARV N S S8 N N D NSl S L AN W L T I RER D
20 M R L8 I 19 AMSCs 23 AL IR 5% . 55 = 28 B2 K27 4 4l
(Liu Kaiming, Chi Luxiang, Lu Xianghui. Effect of brainm
icrovascular endothelial cells on differentiation of co-cultured
mesenchymal stem cells under hypoxic conditions. Acta
Academiae Medicinae Militaris Tertiae) 2008; 30(7): 610-3.

Wi 2, 33, BROK. SEEii IRk 3 N #EMSCs Il Y
Fe ANy ok, o 410 TR S S IR B 52 (Lu Jun, Huang
Wei, Chen Xinxin. Inducing human bone marrow mesenchymal
stem cells to differentiate into endothelial cells with indirect co-
culture. Journal of Clinical Rehabilitative Tissue Engineering
Research) 2008; 12(38): 7435-8.

W W B BUAGE, BROOR, A T A S Rt
JAS TR (0 N R BEMSCs 55 15t 5 Ik P9 1 40 i 52 45 B R 10
P 5T, v & 52 AM Rl 2% 5 (Yang Jing, Xiang Zhou,
Wei Daiqing, Huang Xiao, Gao Yu, Gao Bo, et al. Comparative
study of composites cultured with human placenta-derived
mesenchymal stem cells and human umbilical vein endothelial
cells from the same and different individuals. Chinese Journal of
Reparative and Reconstructive Surgery) 2013; 27(8): 914-20.
Zhang B, Yang S, Zhang Y, Sun Z, Xu W, Ye S. Co-culture of
mesenchymal stem cells with umbilical vein endothelial cells
under hypoxic condition. J Huazhong Univ Sci Technol Med Sci
2012; 32(2): 173-80.

Jiang YZ, Zhang SF, Qi YY, Wang LL, Ouyang HW. Cell
transplantation for articular cartilage defects: Principles of past,
present, and future practice. Cell Transplant 2011; 20(5): 593-
607.

Niemeyer P, Koestler W, Sudkamp NP. Problems and
complications of surgical techniques for treatment of full-
thickness cartilage defects. Z Orthop Unfall 2011; 149(1): 45-51.
Ishimoto Y, Hattori K, Ohgushi H. Articular cartilage
regeneration using scaffold. Clin Calcium 2008; 18(12): 1775-
80.

Kobayashi T, Adachi N, Deie M, Ochi M. Regeneration of
articular cartilage. Nihon Rinsho 2008; 66(5): 966-70.

Tsuchiya K, Chen G, Ushida T, Matsuno T, Tateishi T. The effect
of coculture of chondrocytes with mesenchymal stem cells on
their cartilagenous phenotype in vitro. Materials Sci Eng 2004;
24:391-6.

LIJW, Guo XL, He CL, Tuo YH, Wang Z, Wen J, et al. In vitro
chondrogenesis of the goat bone marrow mesenchymal stem cells
directed by chondrocytes in monolayer and 3-dimetional indirect
co-culture system. Chin Med J 2011; 124(19): 3080-6.
Thompson AD, Betz MW, Yoon DM, Fisher JP. Osteogenic
differentiation of bone marrow stromal cells induced by coculture
with chondrocytes encapsulated in three-dimensional matrices.
Tissue Eng Part A 2009; 15: 1181-90.

T30, W E, NI WAL S AR, sk WL S
HEMSCSHI 1 4 i 685 77 B 1 240 M0 45 i L2 1R P 4
ik b I 220 T R E S 5 I IR BE 52 (Feng Wanwen, Lai

28

29

30

31

32

33

34

35

36

37

38

39

Zhejun, Li Xiaomin, Chang Lingwen, Xu Yulin, Zhang Li,
et al. Characteristics of co-culture of autogenic bone marrow
mesenchymal stem cells with chondrocytes as seed cells and in
vivo chondrogenic activity. Journal of Clinical Rehabilitative
Tissue Engineering Research) 2008; 12(3): 442-6.

5K, BRERIW, Nguyen Tran. 154047 BZT 4k 40 i [A) B LR R0
KB HEMS Cs i J5 a2 A AN RIRG 3R -C R RS2 . LB 2 1
Fi2# 24 & (Zhang Lei, Chen Huaiging, Nguyen Tran. Expressions
of type I and type III collagens and tenascin-C in rat bone
mesenchymal stem cells co-cultured with ligament fibroblasts. J
Biomed Eng) 2007; 24(4): 846-51.

Lee IC, Wang JH, Lee YT, Young TH. The differentiation of
mesenchymal stem cells by mechanical stress or/and co-culture
system. Biochem Biophys Res Commun 2007; 352(1): 147-52.
Roughley PJ. Biology of intervertebral disc aging and
degeneration: Involvement of the extracellular matrix. Spine
(Phila Pa 1976) 2004; 29(23): 2691-9.

WA, SN, BB, M, R, OE ) S LT 23R
20 AN B HEMSCs LB IR W12 BE 9. AR R 2 2R R (B
Jiz )(Zhang Fuyong, Wu Xiaotao, Wang Yuntao, Bao Junping,
Zhu Lei, Qiu Yunfeng. Primary study on the coculture of rabbit
bonemarrow mesenchymal stem cells and anulus fibrosus cells. J
Southeast Univ Med Sci Edi) 2008; 27(3): 195-8.

Jiang Y, Jahagirdar BN, Reinhardt RL, Schwartz RE, Keene CD,
Ortiz-Gonzalez XR, et al. Pluripotency of mesenchymal stem
cells derived from adult marrow. Nature 2002; 418(6893): 41-9.
FLAL AN I YN I BNPNEL Y 1 QTE A D LS RSN R
JH AR b T4 ST 5% ) BT AR 40 M 2 AL R SR E 5. ) AR B A
(Jiang Zesheng, Gao Yi, Mu Ning. Guangdong Medical Journal)
2007; 28(2): 202-4.

E 92, WS, &%, B EMSCsIL B J% w4 B
B0 N L Al e A . b IR B A B 2% 7 (Wang
Jun, Huang Fengxian, Yu Xueqing. Protective effects of
bonemarrow mesenchymal stem cells against the renal tubular
epithelial cell damage induced by cisplatin. Chinese Journal of
Pathophysiology) 2008; 24(7): 1378-83.

Togel F, Hu Z, Weiss K, Isaac J, Lange C, Westenfelder C.
Administered mesenchymal stem cells protect against ischemic
acute renal failure through differentiation-independent
mechanisms. Am J Physiol 2005; 289(1): F31-F42.

WO, FERER, T o5H, 5 =, BOEERE, AL 4, AR B AL
JEORE A AN L B A B A 05 48 S A T b R 2 A (B
2%h)(Wen Jing, Cheng Qingli, Ma Qiang, Qi Yun, Zhao Jiahui,
Du Jing, et al. Protective effects of kidney stem cells on injured
human renal tubular epithelial cells. Journal of Peking University
Health Sciences) 2013; 45(4): 619-24.

Hess D, Li L, Martin M, Sakano S, Hill D, Strutt B, e al. Bone
marrow-derived stem cells initiate pancreatic regeneration. Nat
Biotechnol 2003; 21(7): 763-70.

Galli D, Innocenzi A, Staszewsky L, Zanetta L, Sampaolesi M,
Bai A, et al. Mesoangioblasts, vessel associatedmultipotent stem
cells, repair the infarcted heart by multiple cellular mechanisms:
A comparison with bonemarrow progenitors, fibroblasts, and
endothelial cells. Arterioscler Thromb Vasc Biol 2005; 25(4):
692-97.

SR, IEARHE, B M, SV, O AL R AR R AR 52
H BEMS Cs X 58 47 5 8 i 28 70 AR A T 56 100 v 1K) 2 H L o



7555 TR EARAE L 2RI (1 H

1185

40

41

42

43

44

45

46

47

48

49

mﬁ@#’%%ﬁ(uu Ran, Fan Dongyan, Jin Peng, Fan Hongxue,
Wang Ping. Effect of bone mesenchymal stem cells on survival
of spinal cord neurons after injury using co-culture system.
Chinese Journal of Rehabilitation Medicine) 2011; 26(2): 116-9.
Bonner JF, Blesch A, Neuhuber B, Fischer I. Promoting
directional axon growth from neural progenitors grafted into the
injured spinal cord. J Neurosci Res 2010; 88(6): 1182-92.

Zhang X, Hirai M, Cantero S, Ciubotariu R, Dobrila L, Hirsh
A, et al. Tsolation and characterization of mesenchymal stem
cells from human umbilical cord blood: Reevaluation of critical
factors for successful isolation and high ability to proliferate and
differentiate to chondrocytes as compared to mesenchymal stem
cells from bone marrow and adipose tissue. J Cell Biochem 2011;
112(4): 1206-18.

Chiba S. Notch signaling in stem cell systems. Stem Cells 2006;
24(11): 2437-47.

Jiao Z, Wang W, Xu H, Wang S, Guo M, Chen Y, et al.
Engagement of activated Notch signalling in collagen II-specific
T helper type 1(Thl)-and Th17-type expansion involving Notch3
and Delta-likel. Clin Exp Immunol 2011; 164(1): 66-71.
Gomez-del Arco P, Kashiwagi M, Jackson AF, Naito T, Zhang
J, Liu F, et al. Alternative promoter usage at the Notchl locus
supports ligand-independent signaling in T cell development and
leukemogenesis. Immunity 2010; 33(5): 685-98.

Mirandola L, Comi P, Cobos E, Kast WM, Chiriva-Internati
M, Chiaramonte R. Notch-ing from T-cell to B-cell lymphoid
malignancies. Cancer Lett 2011; 308(1): 1-13.

i B R 2, KEE, 5k, R 5E. Noteh 5 5/ 3 ILE 57
J5F it MSCs Al M40 i B9 AH HLAE H. 40 b5 3 1 S i 2 2%
#&(Shi Rui, Xu Man, Su Yongfeng, Zhang Bin, Chen Hu. Notch
pathway gene expression after co-culture of umbilical cord
mesenchymal stem cells and hematopoietic stem cells. Chin J
Cell Mol Immunol) 2012; 28(8): 793-6.

Gronthos S, Franklin DM, Leddy HA, Robey PG, Storms RW,
Gimble JM. Surface protein characterization of human adipose
tissue-derived stromal cells. J Cell Physiol 2001; 189(1): 54-63.
I X B B T, B, R, . A
A 5 40 ML o P A 5 2% 2 5B 5. 1)
16 = % B 2% #k (Jiang Tiny, Yang Zelong, Liu Kang, Chen Zhu,
Bai Yiguang, Li Lingyun, et al. The study on inducing adipose-
derived stem cells into chondrogenic phenoltype cells by co-
culture and identification in vitro. Journal of North Sichuan
Medical College) 2013; 28(2): 99-102.

Fukuchi Y, Nakajima H, Sugiyama D, Hirose I, Kitamura T,

50

51

52

53

55

56

57

Tsuji K. Human placenta-derived cells have mesenchymal stem/
progenitor cell potential. Stem Cells 2004; 22(5): 649-58.

Longo UG, Loppini M, Berton A, La Verde L, Khan WS,
Denaro V. Stem cells from umbilical cord and placenta for
musculoskeletal tissue engineering. Curr Stem Cell Res Ther
2012; 7(4): 272-81.

JiH, R, B, AR, BRSO, R R A
KB HEMSCsIERE 77 K 2 1) 73 AL eSS 52 RN K2 223
(& *# Jf®)(Zhou Jun, Yang Huilin, Cen Jiannong, Li Zhenjiang,
Chen Wenming, Chen Zixing. Co-culture and multilineage
differentiation potential characterization of allogenic rat bone
mesenchymal stem cells. Suzhou University Journal of Medical
Science) 2007; 27(2): 196-201.

Song KD, Li WF, Wang H, Wang H, Liu TQ, Ning RM, et al.
Investigation of co-culture of human adipose-derived stem cells
and mature adipocytes. Appl Biochem Biotechnol 2012; 167:
2381-7.

WO, B Ak, SR, Blas e, B, RS, AT SRR
20 1 S 5 R IR0 1) S A L 2 3 DKK I HTHGF ) 54 1.
B LB BEK 2 2% 4B SR B % JR)(Tang Yu, Lu Hua, ZhangG
Guanglian, Lu Yilong, Hu Huijing, Li Junxia, e al. The “cross-
talk” between bone marrow derived mesenchymal stem cells
(MSCs) and U266 cell line dysregulated the expression of DKK 1
and HGF in MSCs. Acta Universitatis Medicinalis Nanjing:
Natural Science) 2011; 31(5): 612-6.

Corre J, Mahtouk K, Attal M, Gadelorge M, Huynh A, Fleury-
Cappellesso S, et al. Bone marrow mesenchymal stem cells are
abnormal in multiple myeloma. Leukemia 2007; 21(5): 1079-88.
Garayoa M, Garcia JL, Santamaria C, Garcia-Gomez A, Blanco
JF, Pandiella A, et al. Mesenchymal stem cells from multiple
myeloma patients display distinct genomic profile as compared
with those from normal donors. Leukemia 2009; 23(8): 1515-27.
Todoerti K, Lisignoli G, Storti P, Agnelli L, Novara F, Manferdini
C, et al. Distinct transcriptional profiles characterize bone
microenvironment mesenchymal cells rather than osteoblasts in
relationship with multiple myeloma bone disease. Exp Hematol
2010; 38(2): 141-53.

E X R 2, Bl A, I, A0EEk, 45 S iEMSCs
‘#7741 i 3L 85 I7 I EphB4/ephrinB2 3k 5 . B 5 R R
K2 22 4R(E R B 2% [)(Wang Huan, Li Jiao, Zhu Yan, Lu Hua,
Tong Shanshan, Yu Xiangiu, ef al. The EphB4/ephrinB2 axis is
dysregulated in bone marrow derived mesenchymal stem cells (MSCs)
after communication with myeloma cell lines. Acta Universitatis
Medicinalis Nanjing: Natural Science) 2012; 32(2): 177-82.





