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2.1

Table 1 Orthogonal experiment of influence factors for the culture of UCB-MSCs

Group ID (x10~cells*ml™) Cytokines Serum Stromal Number of MSCs/(mm?, 96 h)
1 20 5 1 1 500
2 5 0 2 2 150
3 20 5 2 2 313
4 5 0 1 1 0
5 20 0 1 2 0
6 5 5 2 1 125
7 20 0 2 1 313
8 5 5 1 2 75
Ta 1128 1012 576 940
Ty 352 464 900 540 ID > Cytokines > Stromal > Serum
R, 194 137 81 100
SS; 76 750 37538 13122 21478 SS.=70998
f 1 1 1 1 f=6
F 6.486 3.172 1.109 1.815 £(1,6,0.9)=3.78
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Fig. 1 Morphological characterization of UCB-MSCs under different culture conditions
(a)~ (h): Test group of 7 to 8; x100, 96 h, black and white bright field.

2.2 $0 UCB-MSCs {K5MEFRRI MR FiZ
23k 3 RIMK:FE, £ 2 Frosi 19~ 8 LI 41
SRR AF YR M B = A A RI(E 2). A 2
R LR S, & 2b, d AT KR AT YRR 41 i )
AT, Bl 2e, f, g I h AT EIR 40 i 1) 2B AR
2b,d Hib, 1M 2a, ¢ HLPA DL SGET 4Rk 4n .
G LLSE I AE 72 h I BENLAL B A ERIE 10 5K 8 A
PR LT A 40 D P B (R A B A - T 2 K T A
P RCET A 40 I A S 20), R DO % 40 i BT R

UCB-MSCs A K52 M. 1EAS 5256 W) 22 F 7 22 9)
Mrei sk 2 Pron, 40 Md 8+ GM-CSF. IL-3.
G-CSF 1] LI #F UCB-MSCs ffIltisE K, 1fif SCF.
TPO. FL 17| UCB-MSCs [1] i BE 4= K. GM-CSF
HIL-3 & 52 M UCB-MSCs Ji A8 8% 3% (1) 3= SR 2%,
il SCE. TPO. FL 1 G-CSF %} UCB-MSCs ] 555%
oA B2 (P < 0.01). # GM-CSF 1 IL-3 %}
UCB-MSCs 2K It A FH 5 ok Ok

Table 2 Orthogonal experiment of cytokines for UCB-MSCs culture

Group  SCF(ug'L') TPO(pg'L") FL(pg'L") IL-3(ug'L") GM-CSF(pg'L") G-CSF(ug-L") Number of MSCs/(mmZ72 h)

1 0 0 0 0 0 0 184

2 0 0 0 15 5 5 651.3

3 0 15 15 0 0 5 10.0

4 0 15 15 15 5 0 4084

5 50 0 15 0 5 0 262.5

6 50 0 15 15 0 5 179.8

7 50 15 0 0 5 5 2613

8 50 15 0 15 0 0 165.1

T, 1088 1112 1096 552 373.6 854 .4 GM-CSF >

T, 868.4 845.2 860 1404.4 1583.6 11024 IL-3 > TPO >
R 54.9 66.9 58.9 213.1 302.5 62 G-CSF >FL > SCF
ss; 58325 9093.5 65713 90 627.5 18 3208 7688 55,26 105.5

f 1 1 1 1 1 1 £=6

F 5.73 8.94 6.46 89.06 180.04 755 £1,6,0.99)=13.7
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Fig. 2 Morphological characterization of UCB-MSCs with different kind of cytokines
(a)~ (h) is the group of 1 to 8; x200,72 h, phase contrast.

2.3 1IL-3. GM-CSF #ifaEFHIEERE

Z3k 4 RIWK:FE, £ 3 PR 1~ 4 LI 410
LR 1) LT e IR A0 M B AT DT A IR (T 3). AL 3
ALLEH, B 3a iR AT YRR 0 I ) o0 A
3b, ¢, d H AT YRR A0 B i A 3arh 2.
LRV R SEER AT 96 h I BEALAL B AR EE 1) 10 5K I T

PR LT A A0 PR A B (R A B A - U 2 K T A
N SCETYERE 48 i S50, Sk PE GM-CSF il IL-3
(RS N L4 UCB-MSCs ZE K2 M. IEAZ SE6 1)
J7 ZE R ZE oy T & 3k 3 Bz, 5 wg/l GM-CSF
F115 wg/L IL-3 J& UCB-MSCs 5557 it &

Table 3 Orthogonal experiment for cytokine dose of GM-CSF and IL-3

Group IL-3(mg-L™) GM-CSF(ug*L™) Number of MSCs / (mm?, 96 h)
1 15 5 548.8
2 15 15 316.3
3 30 5 285
4 30 15 216.3
Ty 865.1 833.8 15 wg/L IL-3 and 5 pg/L GM-CSF are the
T» 501.3 532.6 .
R 182 150.6 optimal results for MSCs culture
$8,=6 708
SS; 33124 22 681 f=2

f(1,2,0.95)=18.5

Fig. 3 Morphological characterization of UCB-MSCs with different dose of GM-CSF and IL-3
(a)~ (d) is the group of 1 to 4; x200, 96 h, phase contrast.
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SRR, FLRATRRAN L. b S AR B
AN L B (RIS DN 22 b R T SR A
SE AV TE T AR AR S . AR SORIN 45 2R 5 STkl
T e e T AR AR &, BT MSCs [ i
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Fig. 4 Immunophenotypic characterization of MSCs derived from UCB
These cells positively expressed antigens CD13, CD29, CD44, CD105 and CD166, but negatively expressed antigens HLA-DR, CD34, CD45.

2.5 IEFMEMNS RIFESN L

UCB-MSCs N BA W gty « 8w &R %%
J5 1) 43 A T e SRR A, KBS
ALP Jeti g AN 8] Sa o,  BOR 40 N R IA
ff) ALP 5 SR (0 W0RE, Bt 5 S I A] (0 42 K

Ry (0 JTURE 1) 38 57 BT FEAIG, 48 von Kossa 44 {1,
JCE S A ES T B B 5 o, A 1A
I, JLT AR W R 40 AN T TR, ABAEES
2. 3. 4 Iy, QRSN R E AT TR, (R
4 JIn Rk R % . ALP J2(0f1 von Kossa 44 {f

Fig. 5 Differentiation potential of UCB-derived MSCs
(a) ALP staining for osteogenic differentiation. A: 1 week; B: 2 weeks; C: 3 weeks; D: 4 weeks; bright fieldx100. (b) Vonkossa staining for osteogenic
differentiation. E: 1 week; F: 2 weeks; G: 3 weeks; H: 4 weeks; bright fieldx100. (c) Oil red staining for adipogenic differentiation. I: 1 week; J:
2 weeks; K: 3 weeks; L: 4 weeks; phase contrastx200. (d) Toluidine blue staining for chondrogenic differentiation. M: 1 week; N: 2 weeks; 0: 3 weeks;
P: 4 weeks; bright fieldx100.
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(Ko RnT LAE W, AT 55 7 00 A0 MO L AT o ol
Ti AR ). e ar g, 4n I n IR DT 5 1)
FI MRS R ¢ fros, AWK sc il LLE
H, FEEE 1IN, AR OIIRRIE R, % 2
FiS, MaAT DRI IR, 5 4 FIR, A
AREMLOTEWHER, FIEKT 50%, BE
PRI RE R, RMAREHAR K. 8RB
WY, BTG IR N AL AT T i R A i BE s . 4
SN i SR e R LA P I PN
Bl 5d frs, ME 5d e LUE Y, 4R i =
T SRR AT ke R PR ) AR o S L S
BT I T A AERS, AR M, R
RiLEMEZ 2. ARG 8 RT L,
PSR (K AR LA i) BB T AR PR

3 it it

h T BB UCB-MSCs AR R Th %,
AT FH IEAT SERG B T2k % 48 MSCs 3595 1 12
M EE. SIS RIL, R T AN R REAN, 18
B4 B R R R0 FH /2 MISCs D35 9% 1 DG
2. 7EAR4EE 9% MSCs K57 ik et I, lid
AN ¥ 1IL-3 (15 pg/L)F1 GM-CSF (5 png/L) Al
DU UCB-MSCs (1) AR 35 75 1 Ll 26 A% 48 715 1)
25%ZE AT $E T B 90% LA F(n=11). [FIN, Hapekd
oy BT RV T o A6 o BT OE B AR AR B SR IR
UCB-MSCs 1§88 - 545 41 ke k. LR IA M =
4L AH SR i bR &, 41 CD13. CD29. SH2
(CD105). CDI166 il CD44, i A~ % i& CD34.
CD45 F1 HLA-DR. it i A5 14 18] 78 5T 40 Jfd v
FIB PR TR & 5 B B AU 1) [R) 78 52 40 i 1 2 i
PR AH—3e 2 54, @il e, uFa
BA W Pl KRS 2 7 maeifae ). X
5 R B A R 1 18] 78 0T 40 B ) 75 5 0 A 5 SR AR —
ﬁ[z, 3,8,20,21,24~28]

M AN IEASSERG S5 T UG Y, 40
GM-CSF. IL-3. G-CSF A LLi¢ ¥t UCB-MSCs [l
BEA K-, 1l SCF. TPO. FL N3 UCB-MSCs ()
WEEAE KL H (4 LB AT DA S S5 507
TR0 LA RE

0 DS S B BOR TS BT, i 2
G 5T 52 AR 1) I A K B0 48 I R 3 12 A
IR PN S 4 G A5 S, bR A0 B AR
PIAEON. AT NSRBI, IL-3 Refd EHAEH]

T MSCs, 1fii SCF Heke a4 4EH]. Baksh 25124
T ST IL-3 F1 SCF 55 2 M e Hi%H S T CD45-
Fisqui, AR MroRER T CDI23(IL-3 2 4K)
F1 CD117(SCF 2 4) [ 3Rk . &5 Bk B n 1L-3
Jo, RUET N EHE CD45-CD123 4l i ff) ik B A
PR, SEEZRE, AT A R )
CD45-CD123+*CD117* 8}, CD45-CD123-CD117+4 Jfl
REMR L, tUER] T SCE a8 5T / .40 e it
TE BB A ] S ) 3% 1. SCF {5 S R H i S T
HSCs Jf 70 W K& 1)/ 73 -3 e ot #i MSCs
(R85 HAE HAL T GO . B4k, FL AfEsp
PR AR A0 M AR 7% 1 B R, R i P ) LA 4
[A°f-, 20 SCF. IL-3. IL-6 fil GM-CSF J:[a] & A AF
FHBO S AT e L B R A AT 4 FL i
MSCs H4FE LG, (Hn] DLHEN & 5 15 23 WA i i 18]
TS SR VE AT ¢, TPO 1y —Fh Sz #7368 i
40 SRR R AR R B R A AR K S A
A 1 1 S A, AR FIPLEE S G-CSF A A1
L. TPO. G-CSF F1 GM-CSF ¥J 4 H 43 W4 74 41 Jitg
K ¥, {H GM-CSF X} MSCs [/ 355 it £ 1 ) Wi fE
J, 1 TPO. G-CSF A2 5 s e .

Y4k, Liu Z54F IMDM 157836 1 kL im a7
TRl ofi 37 A 3 O\ L A 2B 7R SITE) M2 & Ak AT
(1) H2 5 6l P A 2T 4 40 i A= K R 7 (bFGF), flidk T
MSCs TG MLIH QARG TR 554, AT UL 2258 9
£, FE AR MR E IR T 17 2 4
eIRe )y, TREF T REFIF20 ke, EARATRRE
FeL M I ANE ST I MSCs 1 JEACKE 7%, IF HA
AT A R bRGF 1% A AR K R 125 5 3 i -4
WO (HSCs) ) s 1) 38 1L AH 40 i 53 A0, DR IEx  p A=
KR FANBE Y H 31 HSCs A1 MSCs P Fh -1 41 1o 17 [
I SEBOGR b AT ARA S A 2 A3 14
LS VS 0 20 M DXL Aty B PR R iR L, A
AT LAFE iRy MSCs AR EE 7R h %, (Rt mT A
ik HSCs ARSI 1Y, A [RlI 4 3 sk HSCs Al
MSCs PIFP-T-4i L] T R4 (1Lt

gr bpmik, A an BRI 5234 28 e 1)
SER AR, ARG R FE T E R A FE A
LA 7 IL-3(15 pg/L) A GM-CSF(5 ng/L)FT 1577
HE T8 £ AR A0 B oA I A ot R s ) 1) 78 o 4 i
(UCB-MSCs), F H iz 7k K KR T UCB-MSCs
EARE TR D%, ATH ST 90%.
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Optimization for Dissociation and Culture of Mesenchymal
Stem Cells Derived From Umbilical Cord Blood *

FAN Xiu-Bo", LIU Tian-Qing"™, HAO Yong-Jie", LIU Yang", MA Xue-Hu", CUI Zhan-Feng?
("State Key Laboratory of Fine Chemicals, Stem Cell and Tissue Engineering Laboratory Dalian University of Technology, Dalian 116023, China;
2Department of Engineering Science, University of Oxford, Oxford OX1 3P J, UK)

Abstract Mesenchymal stem cells (MSCs) derived from umbilical cord blood (UCB) can not only support
hematopoietic stem cells (HSCs) expansion in vitro as stromal cells, but also alleviate complications and accelerate
the recovery of hematopoiesis during hematopoietic stem cell transplantation. The ratio of successful isolation and
culture of UCB-MSCs, however is only about 20%~ 30% to date. Many cell culture parameters contribute to this
outcome and hence optimization of culture conditions is critical to increase the probability of success. In order to
improve this ratio and optimize the culture method for UCB-MSCs, factorial design were applied to investigate the
main influencing factors, including cell inoculate density (ID), combination and dose of cytokines, presence of
serum and stromal cells or not. The experimental results indicated that ID was the most significant influencing
factor for UCB-MSCs culture when P < 0.1. Higher ID leaded to higher probability of success and better growth
for UCB-MSCs. Then were cytokines, which could stimulate the growth of UCB-MSCs effectively. Based on the
high cell ID, the optimized culture condition was determined with cytokines IL-3 (15 pg/L) and GM-CSF (5 pg/L)
added in the traditional medium of MSCs. Then the probability of obtaining UCB-MSCs can be increased up to
90% from 30% with traditional culture method. Moreover, the characteristics of UCB-MSCs were tested by flow
cytometric analysis and multi-lineage differentiation identification for osteoblast, chondrocyte and adipocyte. The
results showed that the fibroblast-like cells expressed MSCs surface markers of CD13, CD29, CD105, CD166 and
CD44 positively and CD34, CD45 and HLA-DR negatively. Meanwhile the cells could differentiate into
osteoblasts, chondrocytes and adipocytes similarly to MSCs derived from bone marrow. In conclusion, an efficient
protocol have been developed to culture UCB-MSCs by adding cytokines IL-3 (15 wg/L) and GM-CSF (5 pg/L).

Key words factorial design, umbilical cord blood, mesenchymal stem cells, optimization for culture condition,
cytokines
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