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Abstract MSCs (mesenchymal stem cells) are pluripotent stem cells with the potential to maintain self-
renewal and multi-directional differentiation, and have the characteristics of low immunogenicity and high portabil-
ity. They are an important source of ideal seed cells for tissue engineering. A large number of seed cells are needed
in tissue engineering, so it is very important to amplify MSCs in vitro. The in vitro culture of MSCs is mainly based
on traditional 2D (two-dimensional) culture. However, in the process of traditional two-dimensional culture, MSCs
often occur self-differentiation, which causes them to lose stemness. The stemness of MSCs can be maintained by
3D (three-dimensional) culture methods such as bioreactor, ultra-low adsorption surface, hanging drop culture or
scaffold culture. This paper mainly starts from the 3D culture method, and describes its stemness maintenance ef-
fect, advantages and related mechanisms on MSCs.
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AN PRAMGTERE 0. AR N S RETT 52 A1
PR B 2 SR 5 Y, [B] 78 5 T4 MY (mesenchymal stem
cells, MSCs)s& MR ML Z Re T4, HA YERF
H ISR e ) A Z 1 Ak g e, H AR
92 D PR (S A MR PR R 5, B T I, MSCsUNTR YT
Z P ZURAT PR I ER AR L, O TR
IR SHAME. i, MSCs] LU T6I7 B R 1 4,
R 2 56 5 BCE PR AR M R SRR 0 (A) 78 5T T 4 i
(bone marrow mesenchymal stem cells, BMSCs)nJ LA
I I i TR e i B 1 N B 1 o 22 R T B AR iR
(extracellular matrix, ECM) .7} ()15 K& H iR 1T
PHHME ] 5L, =4k (three-dimensional, 3D)#] E[J H 314
W7 TR K B Jie S 2R 1% 9% BMSCs it % S22 i iy 4 43 %
JE P,

DRI 2H 23 TR 5 S K i 1 40 i, T B 2 L
FIMSCsEUEE AR, DAL 75 20 Hdh A7 K& s
. SR, MSCSTEMRSMT SG I AEAE 25 L 204
R, R, g HAHR TEYNH. %8
FIMSCs) 2 fe P (F 1) o B H] - 4 24 TR ) £/
b, DRLE AT 4 RF LAR S A i OR B MS Cs T2 i
TR 23 TR I I P i A ) ) S B o

LG 4EFFMSCs TR 7 1R 2 5 T — 4E(two-
dimensional, 2D)1% 7%, {H & 1% Ff 7 5 To vk AR U b s
AR N RAEE, HILF VR R RORAE . TR, 5
BAIT 00 5 T2D8s TR AT 2, R — SRR R
BRI 52) v] e F T 4EFFMSCs i) 1. HOR-
CHAROENSUK % B, T il 2 BR (— ok 2L v
URARS ) B 0] F T MSCs i J BRI IR 12 i, 4

S B MR N R SE, HOE TR 4E RS, DA
HAEFFMSCs THERBE I AR« hAb, Bkl 2 1k
P52 W], MSCsHT Ab 1) 41 B S P 53 76 7 'E MSCs 1) T+
PRV D7 T S o EEAE ), 3DRE IR A8 8 T 4
BEADL 20 f S PR 855, V0 0T DS 4 i 2 FFMISCs I T
P, A E AT 3D TR TR R -

LA A B A B — 23 %%, fEMSCsIE i —
AN3DAH I A FH DA R T 1. ZHANGEEUE Bl
HIJEMR LT R T —Fh LA R T 2k
ARARTE B T7 7%, DA 4EFF I 107 T 41 il (adipose-derived
stem cells, ADSCs)f) 1. Bl LD BRI K
J&, 2B AR T B 1 AR A RS 4 i it
173DREFE DA S X Lo A e 1 PR 4R R . LI

B84 12 nm 475 P 49 K KL 1 (bioactive nanopar-
ticles, BNP)F 8 iR £h/1H Jig 7K 4 Jie A= W 55 /K i 473D
AT ERLALR BEMSCs 1

ST, ASCEFNIDEEFE A K, AUAH
YERFMSCsTIEIIPER . L34 BAR L, IX sV fg
8 9 A 2 TR AN P A R A A U R i A =2

1 3DIEFARNEFMSCsTHERIAR
WM, £ 2DRHRINEM T, A KTl

U g A UL TR R R R e 5 UGG SS AT DA
L E— 5 I YEFF MSCs T IPE R, SR IR 28 7147
ARG AR ZEREBEERNEZL. HH
ODFFFRAALL T 3DREF7, VAL B S i AR K A8,
TR R RANXS T 3DRG IR — e B U0, fr LA
SFA VI UE T 3DEE TR 5T K SN MSCs 1
YERF. 3DYUAES I 5 33 B4y N TE R4
AR R AL T SR Al B s 72 21 i 2R
ERNT A ZR07 2, A RN R TR, 8
IR B 3R THT S 77 ), By s % PO BEF SR Ab R
(40 M 5 721 Bh T A0 Rk sl
1.1 Y% R estEFF

A2 ) S L2 B A B, A P ) 4 K
[, BEi I A M A%, B FH Sk 2 3D 48 H (1 4
M Az KR, AR ) J B4 3% AR ) B R ] 3
BV R B P, e A BLAE PO EE
W SE )A€ 5 S Wa s /) - d A Ty 7 E
AR BLEE PO . R R NS R T E
TRV HE 7= A 1R BY 1) 748 4 B sk, A8 1T 240 PR xS
B R, DR b A ) s B 248 5 ) 200 P i
%211 R )1 5% 7 s W =X /)3 A < B3 il o i
AT HoAh U A SR B o e LR I N
T Ik V0 BIR ) s B 2K A e I8 B AT B B ER I H 1
P T A AR AT o B R A W RN R AR A
FET AR FHFSRFETERYE. A5 KY
A A HBR ) B2 B ER g AR s R A RT DA S B
KIS = 2% FE (A A s 7%, D BYDIR ), I3
TNAHHETE 7153 W50 R B, TR 1AW N s 5 97
ADSCsER R T DU 5 F 10,
1.2 BIRWMREETT

FEE AT TR PR 22 490 368 5 2 A FH U A A 4 e R B A
WA AL 4D 490 i 355 % TIL K 4400 ) 200 P sl BR A FRT B, 41
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I, MR 05 40 B H 42568 kR BT, 5 O
RIS B 218 B R E SRR B, N-CBt R 2 —
W 55 SR B4 . WUSE PR 1 BN 10:1 1) N-#2
T V% BS (N-hydroxysuccinimide, NHS) 15
REL G 7 1 2 H oy L RWIR I, Z%IR)Z 7T LA
/D BT 2 A A AE K K- 2(fibroblast growth factor 2,
FGF2) [ &5 & A s (115 B R 1 30 i e J37 ) e 22
152 SEREAL 2 (T 5 NHSEE A, A B T IR 5
IR ADSCs I R 46 1% , (5 EAFFEBRARTE B3R AIG
HME DL B DA K 35 5% I (] (17 &) R 1041,
1.3 BEiER

T B TR A — PR B I B TR O Hh R R A
J, A AT A% E YT JE 8 2R 4R I T 3D ER A 1 4
Ao T BT 77 BE 08150 4H f T2 R 52 A 240 o Bk A4 5
HAmEIM, RIZER O 2 RS, iR
FH, B FRIMSCsKIE 1 5 m 7K1 1)1 AH ¢
FH [K(Oct-4 Sox-2F1Nanog)*! . 1H 2 K% 77 1) 5% 77
TH RS 7 RN, 2RI 40 7R AR
N, S AEANT-PUAE M5 0 T HEAT R TR IS IR 15
AR PRIAE; TGy il 40 Bl /R AR R /D, 75 458 AR R 1)
FEFRAR, AR B il
14 HEFIESR

TEML R RE TR R G, MM KR (magnetic
nanoparticle, MNP)JE& 140 i 52 21| 405w 1A s T
GRAE—E R R AL AR B, A SR AR AEAH [R] (1) =
e LI, ARl AE BRI IG5, S B R R T
TERGERARET X o 2 5 | S 2 B 141 ) AT AR Ak 5
Rt 4 < TR PR, AT 5 B0t A s d SR Rk T
FRERAAR I AR PR S MR T R Y, WhE R
HESRUE R 18] 78 5141 Pl (dental pulp-derived mesenchy-
mal stem cells, DPSCs) 1] DAGERF -1 B, i B 45
FR7 FONARE ST | RIFHIEE IR R G0, Ao i
IHATE . AU (R B A OV T e Al s 7R 2k
LR 2 PR A5 A PR R R 8, K G s PR T R
FORAET ARG TR R
1.5 ZHER

SCHEMERE AT DUASE FI— Fh il S 40 B2 i A0 2
W2 5 AH ELAE FH BOTOABE, P 4R R ET . TR K
AB8AE 5 A PPV A A E S 22 07 AL AT A
SCHEMPRHRE R Iz, WAL B SCEE L i 4
ANFETR . BRI LAY, KBRS, X SR RS E
BAEWIREW H] T 4EFFMSCs T,

151 AMAELEIR THAEEERHHELT
RINEAA) . Tt SRR B . IR Sh S5 i 4
R BB, O E B A) L4EREMSCs 1. LAL-
WANIEECR B —FhoBr s i) B B R 2 51 R ) A B
J7iEE 7 HA = LB #(80%~85%) LA S R AL ALAE
(20 nm~300 pm)f¥)3D FLEE FIT %2 BE ik 40 K 45 S 48, B
FEHAE N TEE o KSR 4R N EMSCs T PRI 12
NEMSCsH 38 1RE 1, 45 R R CER ERKIAY 1
JADSCsfr B H TR A, B KM 2 [ a1k
e 77, EN3DHLAE I 2 BE R 40 K & S 28 0] H T4
BEMSCsUA S AERFMSCs T SR 1M JEHLAR 2 S 28
DRI UM e 22 o WA K ) i) RG22 LA g B
LY ERANCY/E SN

1.52 plampestiim W4 s L5 (decellularized
ECM, dECM)i i 2 2R 4f i A L, K2 f AR I
EEZHE, WEOANREREESAR, B —EL
FRIVIDEE ), B4 JRECMZS 1), AT 12 1 B H A
5t 0, LATER R AR TEE AR o ] £ i 2 B f 2 o 2
f H AR B2 3DA5 4 (1 ECM, 72 H E 3597 AN JE MSCs,
S5 R ER 1% dECMAE WS (12 2 MSCs H FHE Hr iR 1 4k
FEFZ Bt PR B o LIAE (00 it 4t ff ik A2k 47 1740
b, TR T — PP A A B A 7%, R R FE
M2 B T A ARl o), RIS CREE T RS ECM,
AT R EWAE /)N BV 1l B 4 i AT 442 (mouse embryo
osteoblast precursor cells, MC3T3-E1)>KJE ] dECM_I-
7R 0 BMSCs H A i i VA O EE R ik . SR,
JIt 4 L &1 5 o A A A 1] 5 0 R AR 2 HARFE R = 1Y)
JF I

153 #wgady  EHHYLaqERBA
R S LR AN BL A R I AR AHZS
PEEERE TR 2 N . THALASE S 45 22
A% 5 & N EE 72 ZEBE (polycaprolactone-chitosan,
PCL-CHT)ZH K £F 4E3D S A4 H AT T 7R MSCs, H
H, SCBAMSCst At 1 Ao, i RO A
Wy T e Al A0 BAEF, AT R MSCs TR iR 1, i
MSCsEA RIFiT1. 3T 2R (watercress
extract, WE) 5 C N i 5 £ I (polycaprolactone-
olyethylene glycol, PCL-PEG)H.j 3 4L 4 BH 1] LA
itk ADSCsHIHEAE , 4ERFHLAVES, ST, H Y22
FRAEAIEAE T A G BEIEEA 2,

1.54 KREIR  KEURMEIGERREL . IR, RIRE
I1IZE B JoT R A5 )10 R AL R B AR AR A, X
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AR BERYREBA BB, H e B
RIRECMIP) W 2 2544, 372 T A = 2 FI A 21
THREH, fE 20 4k 85 H K&k E AR 455 72 ADSCs
A PLgERF L Z e PER), CHIENZEUOR] H 4l f it 58
(GFR Bl S k) 7K 3 Ji v LA 55 44t i 286 P P A R —H
IR K4 R (Arginine-Glycine-Aspartate, RGD)JI
286 DAF2 1) 20 PR 0T JEC D ) S R0 g ) DR B, AR AN R
J£(5 umol/L 5 mmol/L)IRGDAE A ) 58 (R 2 il =%
W) /K it B - 5% 37 ABMSCs, 45 3 kK IIRGDIK % M
5 umol/Li, 4023 ¥ i3 DERAR, B A B 1 i) 141
R, TR RO A

AHEEG T SCBR R T R TR A B 07 7%, SCBR N FR 48
0 BE REASADL SR AR N BA T, DL A A 4 i 4 i —
FEJR 2 A AR . B9 B, AR RE 25 1K
J¥(2.59 ng/mL) 5 A 1] §E 4k FEMSCs ) T 1, LIZ&M
FEBMSCs% #2115 2% 1 BNP I #E 1R #h/0 I £ ) 2%
KR, FFH3DFT BN E AR il 2% 1 5 1R #h/ W e SCER (1A
1), 38 I A= VDA R IR A ) % e ok 3 282 U VT T 4 BT
P, 45 R B 7RBMSCsTE1Z 3 48 3R I H B 1 1
FER IR K o B NVRADSCsIAF4E R 90K 24—
375 B o R 0 P A T I i 4 1) T PR 4 e (112) 70

AL, SCEI R AIAL S R PR A5 G g 2 26 A (BL

BMSCs

O
O
Alginate-gelatin hydrogel

PRRRIE . REJESE). RIS 1S T4, XIMSCs
TP A AR . LN VO3 5o {8 71 I 95 R 5 1)
Iy T Ca® B BEFF 7 — P B W] i ) b ol
RIEFERNK R R4, BEFCRIL, A LLERGER 7
Favith (CEEEHAZI N 50 )RR JRa st (13 A2 N
500 s), 212 SR SR FIRA S-S HAZ) 41 800 )
BA R T 4R MSCs 1 . RENZE Ui o A48
AH Jo 8 11 21 R ) 4 B A TR WL 5 B 11 7K g P
CHE, SESRINUGE B E 200 PaZi 47 (F7K B R4t
BRI T YeFrE 2 I BMSCs T BT 5 JL
TR )] SR K P e T DA B i B (i i3k ADSCs 1)1
PR EAFRIL TS ST BRI (B K 2548t mT DA
MSCsHT14:. PANDOLFIZ: K% | B A 4K 45 F)
(1T HL T A WS, 1S5 R RE A A AEFEMS Cs 1) 12
BRIz A, — e 9 B Y ()3 1 o R A E B e %
BRORAEMSCsII T . BAA 1%ERESF 1 %R
U B B8 1) R 5 G K B R m i R T B T
(2.59 pg/mL)FEE 27 (20.20 ug/mL) P [ #EBMSCs
S AN T VR AERESL,

Mz, R Aoy, dEREMSCsTHE
5B 2DE FEABDRE 77 07 (K1) 2DE:FE 7
B INAEKEFEEA .. SREKER TR B,

Bioactive glass nanopatieles

V4

Stemness I

El1 3DITENZEBMSCsHY & BNPHIEEL &L/ RRRL ST R (IR1E S SCRR (11112250
Fig.1 3D printing of alginate/gelatin scaffolds containing BNP loaded with BMSCs (modified from the reference [11])
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Cells encapsulated CNF-HA microbead

/ TEMPO-oxidized

hADSCs
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Fig.2 Cellulose nanofibers-hyaluronic acid microcapsules load

Tonic crosslinking

HO

Hyaluronic acid

CaCl,

AR RS AR (AR HESE ST 7511220
ed with human ADSCs (modified from the reference [75])

1 2D, 3DEFFRUEFMSCs T4
Table 1 2D and 3D culture methods to maintain the stemness of MSCs

53707 TEERE 71 v 2% R
Cultivation methods Stemness maintenance methods Deficiencies References
2D culture Growth factor High cost, dose-dependent, security risks [17,81]
Protein or small molecule/drug High cost, dose-dependent, security risks [13,17]
Conditioned culture (hypoxia/ [17-18,82]
serum-free culture) Security risks, poor repeatability, many variables
Autophagy Security risks [17,19]
Gene transduction Complex process , short gene expression time [20,83]
2D biomaterials Difficult to simulate in vivo microenvironment [84-85]
3D culture Bioreactor culture Easy to damage cells [10,31]
Ultra-low adsorption surface cul- Low spheroid formation rate, difficult to recycle, long incubation ~ [40-41]
ture time
Hanging drop culture High cost, limited sphere size, difficult to mass produce [45-46]
Magnetic levitation culture Cell culture volume is small and medium cannot be changed [48,50]

Scaffold culture

[11,17,25]

SEA B T 2DAEMIR RS, 3DE IR U7 R H A
TS FR T 3, IR T AR ) R A S
B 37705 3, S IHEROB T SR B RS R A
X PIFRTT ARG TR I FE AL AT LAEMSCs4E RF L K 1Y)
Tk

2 2D, 3DIEFHFAIIMSCsT M4 580
[H:3%

LT 2D 3%, 3DR 3 AT LU 47 - BE 4 1k Py
AMHMOR S, IR, EEL, RGNS S
0 — 20 LAV PR ROV L 5 T L 14 25 s,

W R, 3DREFRAESERF MSCs T4 _E B A5 1R KA
#,

JHALAZE A 5838 B, #£ PCL-CHT 2G9N
KEF 2 B8 E B IR MSCs L BRIR , HAERE IR 56 SR
i B CD44 81 CD10SKRCHIBHPERIE, £597 10K )5
AR I T IR P L R ) v R IA 1T 2D 77 (1 2 i
B HPLIX R R R R 0E , RIS 2DREFRAA L,
3DFEFR e A I A 4EHF MSCs 1% . 5 2DR; 9%
NIBMSCs#HLL, 3D JE H H 348 EREFRAIMSCs
R B = T PEAE G R (Oct4 . Sox-2 Rex-1+
Nanog)ZRik , H =4 misi e (S I& Y B AT — R AT 4
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21 MY (colony-forming units-fibroblastic, CFU-F), JF-7&
7535 S tH MG SR I R AT A PREF T
TR S, 5 2D3EFRAR LG, 3DIEFR I AT (R 78 5
TG0 MO A7 A2 BRARAE AR Ah 0 1 42 2 B8 T 41 B A
EW) Nanog. Sox-2F1 Oct-3/411RIE K-, mRIE T
CD44, {33 1 1547 18] 78 57 T 40 B 1tk ) 4 RF % 7
RIS IR 3DFEFRIFAT T, 4R Z HIMSCst B AEAN
A A Go/G A, 1/ INER 2> MSCsb T+ SR Go/ MY
B ¥IRJLRJG, 3DEE TR MSCsZHMIAE SHIRT 7 70
bb S 3 T2 DS TR 1 20 B, 17T S A M (%) = 4y b
A AE 3D 5 SCHE b5 TR I 3 B B R R P,
MITTRESE LI : A L T-2D85 9%, 3DEEFR I MSCs IR H
THERFE.

3 3DIEF A RHIFMSCsTFHERIFE X HHI
2 H3DJE 32 42 5 = 55 FEMSCsHY, MSCsTE R,

SRR, A P 8 ) SR FE UG, AT AEMSCs ik
TERECRAS . TS UK A BRI, g0 fe % i L
R S A SO 7 AR KR A & R, KSR N A
By AR, NI 7 AR e B, 1 IR OB AR IR 9 Rl I
FR IR AR o AT i SECIR S B 4 R0 R AR S 5 ]
F-la(hypoxia-inducible factor-1a, HIF-1a)3 1A, @
WO g 0 RO IR G e iz R B . AR A AEA
R 17 AP il M ) B e s B R R P Rk, DA
I Pt ad A2, SEBI3DTE S 48R 77 07 00 40 i T
PRI o REOS00, BB A, HIF-1008 3006 g i 28 K 87
T S 2T 4 20 i A= K PR T (basic fibroblast growth
factor, bFGF)[f1 & [K, bFGF £ 4 ik W 1] LL4E FEMSCs
P OB R& oX. /)@ VA 5 i b M m ) SR g =
B AERFADSCs ) FPEM . fk &7 55 72 DPSCs 1] LA
WL HEFMAPKAHINF-«B/5 5 il %, JEMI4ERFDPSCs
H TR

WHFTR M, AR R A T AT DA A% i —
YIBRAE 5 (W55 S AMERRIE) AL 215 5 (i
EYEIEAE S D TAR), WA M MSCs T
PR EZAEH . AR SR 18] ()
AR AR B TSI T, T3 B
AR AL R Y i, SR MR IR A K
[X¥-BB(platelet-derived growth factor-BB, PDGF-
BB) H LA — B i Gl ki L 4 I e e f PDGFR . T
Rt AKT AR 1k Erk 1/2 (117K 7k {2 3 PDGF-BB
(15 5 % S0 4 R MSCs TP ), A 2218 M

TR 5t P A VR TR R 7K 458 fice 56 Jo J it | FAK-PI3K/
Akt-CDK1i&4%, 155 MSCs#E N F LR A, Aili4E
FEHA T, BURAUAGREE (200 Pa)fii% B i 2 /K
Pt 2 18 3 TS 22 W nt {5 5 0 B B-catenin ik 4E £F
BMSCsHTHEU, 3D H 42K ER(RADA16-)
SR B )N E T MSCs 1) P 4+ 1] 52 5 D Rg Ak
Y11 6 PR EC 44 (RGDSP. TTSWSQAI GFOGER)FIA
[ H4 R (024 a5, a6, av. BIAIBSIVIE)Z K 4E 4,
PLE B 5 A 5 1 ECMAN 2 i P UL 3h B (1 47 4 2
) (R BB 2R A % L1000, 5 25 4 i ok o7 e o 20 Y0 42
(cell-adaptable neurogenic, CaNeu)7K&EZ (900 Pa)ifi
I Yes#H 9% 85 1 (Yes-associated protein, YAP){K i 14
55 SUEREEPE I ADSCs T, SWANSON
SN TR B, FLAR R BE/IN<125 um) K 4T 4
SR T B AR B 3 M A BT A SR AR A S
R AL N TG BB AE I ORI I A S AL, 3R A R T
A YAPHE R 8 I B IR b (R3%), 11| YAP/TAZ A% B
A (HUREURAE 5 B OB T, T YAPII R I AL
KW, A BT 4ERFBMSCs T . 7K B 5 AE 1) 3
N2 YAP/TAZ % 5 Ar 34 Im 1031 1y JEA2) () A 7] 3
PEXTDNA H B RS2 M A KRN, PR, s i
ST 2 RO T 4R B B L =, 33 YAP/
TAZAE 5l B A AT AL AR 1k, 4ERFMSCs TR, &2
2., 3DH; 7% 7 A HE FFMSCs T4 1) A7 e HL il v LA
Z5n3%2.

4 RESRE
HHTHRLMHALBEE S HAENEETRE,
R RER a7 32t 73 faeg, £2<—5
TRIZC ) = 2, PR Al i e R R B IRE )
oL B . SR, T8 78 5 T 40 MR AR AT 4r i A T
HR TR FAEE PR BT RE JIA 2, EARIL
KEY W L PESE 5 ok R EUR L S AP 295
TeiRE 7. PR, 2= A T - R AN I R 4ERFMSCs
TR AR . EIFIRE, A8 /2D IR R4t
R IAE KA. 4YBE A, FEREFROC G B
BREE RS IR, WS E W DL KD RS HR T B YR
MSCsf 1. BEE XMSCs T KR 7T RN, Aib
T 46 R FH3DH: 77 R Ge it — 5 A $MSCs 1) 11 4
FFo ML T2D8: 7%, A 3DRGFRIEL AP ) B 2%
Rige. MR R 7. B IE. MR FRF%
AR S BR 8% R RE S A MS Cs P BY B 47 1 4, x4
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Table 2 Mechanisms related to maintaining the stemness of mesenchymal stem cells by 3D culture
3D AL 22530k
3D culture Related mechanisms References
Scaffold-free culture Activating hypoxia-inducible factor-1a [95-97]
Up-regulated E-cadherin [10]
Activating MAPK and NF-«B signaling pathway [50]
Scaffold culture Increasing the levels of phosphorylated PDGFR, phosphorylated AKT and phosphorylated Erk1/2 [99]
Inhibition of FAK-PI3K/Akt-CDK1 pathway [76]
Activating the expression of B-catenin in the canonical Wnt signaling pathway [77]
Increasing expression of 02, a5, a6, av, Bl and BS subunit mRNAs [100]
Yes associated protein (YAP)-dependent signal transduction [101]
Increasing YAP-related protein phosphorylation and inhibit YAP/TAZ signaling pathway [102-103]
T FEH A AN R . B BT 9 = . bral disc degeneration: bone marrow mesenchymal stem cells

BIREHEANTORIMSCs T i E WL 2EAT T
RIT, AHARRAA — L8 7 2% 8 OF — M7
JIAENS AN TR RS R A3 200 0 A 75 F AT [ ) 1R O
FERCR MANE I, @8 — KB TR EOR T BEXMSCs T
PRI R A AT IR, P B2 i 5 R BOR A 45
B 1 ] UG B — I TR 4R R ORI A AR
o OWFFURIL, MSCsHIF1E4ERF A A A K ¥/
/2GR FERE, (B F AN X e R i L i
AN, BZE— BRI . QYA RHESERFMSCs
TR Oe B RIS MRS
JUST AR B AT AR 5 4 R (4 1 30T Re A+
PEYERF, (HAN R BT (03X L2 500 40 i e iz 152
Wi A B AN — 3, [RLEE 4 S5 ) I B8 ot 2 B4 ) L B
AR AT IR ST Bz, a DU BIA
[l AR MS Cs )T HEAT 447, DMl AE AT
FEFP AT BRI
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