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Effects of microcarrier in culturing human mesenchymal stem cells into osteoblasts
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Abstract: Objective To establish a method of acquiring seeding cells of bone tissue engineering quickly
in large scale by comparing the effects of Cytodex3 microcarrier and common flask culture in culturing human
mesenchymal stem cells (hMSCs) into osteoblasts. Methods hMSCs of the third generation were cultured un-
der the condition of bone induction on microcarriers in spinner bioreactor or common flask culture. The cultivat-
ed cells were taken at day 2, 4, 6, 8, 10, 12, 14 respectively to measure the ALP activity. The growth condi-
tion of the hMHCs was monitored, and the cell growth curves were drawn. The cell proliferation rate of the two
methods were compared. Results  After the inoculation for 24 h, approximate 90% hMSCs attached to and
spread on the microcarriers. In 3 days after inoculation, the cell proliferation sped up, and the cell density
reached a peak at day 9. The final cell density was 16 —22 times of that of primary inoculation. The activity of
ALP was the highest at day 12 without significant difference between the two culture methods. Conclusion
hMSCs can be induced into osteoblast and proliferate more quickly on the microcarriers, which can meet the re-
quirement of bone tissue engineering.
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FHIMABAAR B AR TS B A5 ) S 57 88 4 1% 3% hMSCs, DL
PR PRI BB AR TR T A
T2 o AT 1 A 52 R BB 45 ot % o 400 M P T

1 #HE5F*%

FRALE Aok A
B 4 L 7 B (#3644 T A2 20 W] ) , DMEM 40 8 35 3
FIHG% v L ( Hyelone 23 8] ) , Cytodex3 % fi 44 & ( Sigma 43
Al BEFE A ) SN 3% , R (B EDTA (Sigma A 5]) . HLEEK
#i(Sigma 24 7)) i3 C(Sigma 247)) , B H- B AL ( Sigma
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ACID RS, (EREFRAN1.3.5.7.9.11 13 d, TERERE BE AR A T Uk
1.2 Fi& DV 1 (B B AR B IOEE T IR A A B AR IR B A AR,
1.2.1 hMSCs /B 55 HHCRBTFRESESE. 2 MBI, FIETEREFEA1.3.5.7.9.11.13 d, FERERBEHRE

k[ 1], F&E MR, A& AFE 200 U 4 fELK
20 ml ST RSMEBUENBE 15 ml, IS BRI TEA 4 L F Sml i
A4y B A 10 ml BELCo, R AT B JE 5.0 (2 000 r/min x 20
min) AT 40 8] 28 1 2z SR I A DMEM . $5 35 5 58
# 1 7K (1500 /min x 20 min) , il A DMEM 5¢ 4= K% 5% 5k (&
15% Ra 4 17 75 % K #1100 U/ml BEFE 100 U/ml) , ATt
LI x 10°Zem® BB BEERN T2 ~ 3 i 250 ml BEEE S IR MR
48 h EUHL, LU 3 KBl WEHMEERERMN37
C,5% CO, MFIEE.

1.2.2 hMSCs f£{0Hs3%  FRANM I B 80% il fHad St 47
e, WRELES 37, D-Hank SR 2 U, A 0. 25% B F1 A
5 ml, ¥k 3 ~5 min, LA DMEM 5¢ & 8537 2 ep L b, B R
FTHERC , 20 B B30 B F5 M AL SO ml B0 4%, B0 (1 500 r/min x
5 min) JE#r3 FiEW, INA DMEM 52 4= 35 35 3%, % 3 2414
FUSWATICE, LA 1 x 10%/em® B 40 0 55 T 15 {C 15 9% SR 58 3
RAHHILL 1 x 107 /em’ 1511,

1.2.3 hMSCs EiH i SEFH0ME %% 3 {8 hMSCs L
1 x 10° /SR B B BEFERR T4 | 20 8 > 25 ml (185 K5 R, LA S
x 10* /ml/ R A 3 BE HE A0 55 2 41 3 1 25 mll (387 30 1% 3R 54,
AES I 15% M 1% &) DMEM 7 3 3€ K 44 107°
mol/L 44 # C 50 pg/ml B-H it AL 10 mmol/L 75 8 Z 4
100 U/ml 582 100 U/ml) ,37 C 5% CO, (755 AR
WA . A 24 /NEUCSE | AN, ST B, DUR [A] O B A
B, AN B N AR PR, 22 A Ko . 1o 2 2 S TR BE = 7
SRR B SR R L A R

1.2.4 hMSCs ¥ 1% S R mi e & ALP &l 51 44
%52.4.6.8 K40 M BV E 1 x10°/ml, 55 2 441
AT 10,1214 KB E 1 x10°/ml, B 1 ml,1 000
r/min B5.C> 10 min, # _FiHH, I A 2% Triton X-100 1 ml,4 “C K
LU RS B 100 pl 2R T 96 FLERA , ALP 17 & VR AR EX
SEREIN 520 nm [ A B, PFEH ALP 3EE, DL U/L i, R4 il
ALP 35 M2k, ALP {7 £ fERG I S K ) 520 nm iR LB
(AfH), BETHARTHE N ALP f9i5HE. Mkt (&
FCHA7/100 ml) = {52 B R LA/ fn B R G H = 0. 005 x 100/
0. 005,

1.2.5 Cyterdex3 B3k (& K Fz i 28 i) Fi b 71 #4 Cyterdex3
WERIA 0.5 g FH 0. 1 mol/BERRELZRE by (PBS) 100 ml( Py fm 2
it iR -80 ) 3231t i, PBS k% 2 Uk, @ K 30 min, A
DMEM 359k 2 K, IRiL T DMEM 85358 B T 4 Cik
B &, RN RS ML BE L 2. 5% fY poly-HEMA JG /K i ¥ %
VOB, LABY L 40 B B R (ks i R, Bk &k T, PBS np
Y3 WEHA.

1.2.6 hMSCs B IA R &7/ T H e v il 2 W8 3k
(2] ER1E 0.5 g f11 x 107 4~ hMSCs I ASEHE R 8, i
AR (& 15% B4 45 M % 69 DMEM 35 s 28 % 42 107°
mol/L 44 % C 50 pe/ml B-Hihi@eAEEH 10 mmol/L 5 EH
100 U/ml EEFE % 100 U/ml) F 50 ml, S 8% 4 T8 0 9748
P, fE 4 S R S HL IR 2 . B (A]FR 30 min SiEFE 2 min, 43
FESEE 940 r/min, 6 h IEFFEERE B, 0 H IR INES AR 5L 2 100 ml,
B H 2 R, E 0 AR 22 B BT U0 2 40t 7 BRI By A

FHRE L ml, 8 2, MRS, RO RS, A
0. 25% FYBERE 2 ml,S min f5A0A & I3 55 3% 5 bk 4k, AT
1 2 P AN PR (R % L B 1 min S, BOER AR B AR TTLRR L IR L
T R FE I BRSO BRSO 3 R =
HOfE R B Fe (], B R AR 3% hMSCs () 40 a3 S 12
1.2.7 hMSCs fE KRB iF S R S 15370 ALP 50 il
TR A RE S 2 4.6 8,10 12 14 FHURE I fh i 4 4 i,
VR AR v 1 x 10° /il )3 A B AR A ALP (R
1.3 %HitFam

FIGHARIILL ¥ £5 Fon, R A SPSS 10. 0 Geit 4K 21T ¢
L

2 R

2.1 #mBfe Cytodex3 A A 4k A 45 A KA L
FEFD 6 h 5 24 66% (Y 40 MUK BT Rk (R e, 2 HCR A ER
P BE IR 12 h 152 80% fY 40 UL Bt T iRtk (ke i, 28
BB . 24 h 54 88% 40 MUK B T (R R R T, 4R ML 7E T ERA 1
IR AT 25 A BN T B IR . RS RIS 3 K
FEb& A Nk, TR S 2 5O RIE , B4 8 ~9 K2 72% f#
A 3 TR T 440 A
2.2 hMSCs Zil & B 5 ik -F AR &R stk L
hMSCs il i B iE SR ES 6 ~7 REKBHE ML
£ TR TE , T iR 4 1% 3R 09 hMSCs 7E4EFP 6 h 5,29 67%
AL P T i ARk R, R R (E 1A) . 12 h £
86. 8% f 41 MUKGFH T g ik i, ZH0ElfE . 24 h J5 27 89.9%
F 440 L AT P 42 T, 00 TR FRlc R R Ll e ) TE A5 O AN L
W R OETE SO K BT  ERG RIEE 3 RIEAE KIFthnE, &
H10 ~ 11 KAk S EE, hEMHEREN 16 ~22 15 (A
1B) , 4 25 2 50 A 000 22 30 1 | 36 i) A 3 S04 40, ot
J5 4R AR (LA B . 3 A I R B A B B AR e e Y R R
PR PR EE Fe 0 5l s hMSCs 3B | UL SRR B TR A 1Y
YRR SRR 3.2 5 I EZ RN R EER(P<
0.01) . WfsEsE Iy vk 2% a] 549 hMSCs MR A% 1.

A B

A:6h; B:12d
Bl #WHEHBESEFRIMSCs (FREEE x100)
Fig 1 hMSCs induced into osteoblasts with microcarrier ( Meth-

ylviolet staining x 100)
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Tab 1 Proliferative speed of hMSCs induced into ostoblasts by microcarrier and common flask culture (¥ s, proliferative power/ culture time )

Culture time (t/d)

Group

1 2 3 4 5 6

7 8 9 10 11 12 13

Common
flask culture

0.47£0.03 0.49+0.04 0.48£0.03 0.49+0.05 0.52+0.04 0.520.04 0.42£0.03 0.50+0,05 0,53 +0.03 0.55+0.05 0.55£0.04 0.43 £0.04 0.50 +0.04

Microcarrier 1.45 £0.11 1.60 £0.10 1.59+0.12 1.67 0.13 1.69 +0.10 1.72£0,14 1.55£0.10 1.5920.11 1.68£0.10 1.71£0.13 1.76+0.15 .41 £0.11 1.66 +0.12

P <0.01 in comparison of commonflask culture and microcarrier

2.3 hMSCs 38 5 F & # F & B 3k eh ALP 4935 1

hMSCs 3 JRCA SR 69 ALP 196 PSS 4 KZ B 8, 78
#9012 d TV RCRME, (12,3 £2.5) U/100 ml, BRI S AL

HREFR ALP {H PGS 4 KAF 0520, 5 12 RiGdEk ik
{E(13.2+£2.1) U/100 ml, FEFPIRREEFE A hMSCs (1) ALP 3§
MR EEER(P>0.05) . PRI ALP JE L 2,

F2 BT E S W& B hMSCs i) ALP JE MR AME (x £5, U/100 ml)
Tab 2 The peak of active ALP in the hMSCs by microcarrier and common flask culture(x +s, U/100 ml)

Culture time (¢/d)

Group
1 2 3 4 5 6

7 8 9 10 11 12 13

Common flask
culture

Microcarrier

11.1£0.8 10.6+0.7 11.8+0.9 12.2+1.0 10.5+0.7 11.3+1.0 12.8 1.1 13.320.9 9.6=0.6 11.5£1.1 10.2+0.8 12.1+0.7 11.90.9

12.5+0.9 12.0£0.8 13.9+1.0 10.3£0.6 11.2£0.8 15.0+0.7 12.5+0.9 12.9+1.2 12,6 £0.8 14.9+1.1 10.6 0.7 12.0+1.0 13.1 0.8

3 g

A o I R R O A A R R B AL A
R VA D PR B 2 A R, JFE 4 S 4 40 TR 4 1 4
B AR TR T R AL T B AR T T B, FRAR Y Bk
BB E AR RL 2 [R] Bk B & B A R B S
e, B UM 1R 18 A R R A RE S LR 1Y
M, ENRF AN, BT AIRAY RS IR RS A
LTLREPARA IR, BB Al B 40 e Rk ok W5 A
I3t DX 45 % D R A JE FRABL A F T 4H M . Frieden-
stein % B S & BUIF I SCHBE P R T 60 o 1 40
A A7 L — ST LA [y A 40 MO 45 440 o o i A
241 M0 5 4 Ak 1) 4 T, B 96 U 75 R T 40 M ( MSCs)
WF T IAE B B 60 () 70 0 T 40 M, AS {0 LA 5 A 1 4 5
T RE R B 4 1) BB 4 4 Ak v R, EL I U5 4, T 1)
AL S A A B R A B AR AR R T R HE R
[, RERE T A A A THREWERMTEE, Hit,
MSCs 1 1B 421 Fh 7 40 i 45 32 56 1

UTAER, Bl B A 4 TRE AR M B R, #)
MSCs {1 Ay B 2H 28 i o 440 i 14 S 596 0T 9 8 76 K TR
FLBIY)E BT 15 E U T R CR T SR imi7E
F A AR5 B R 1 0 B e i S 56
WFFE A, B % b 40 B i hMSCs /)75 R Bk,
A 1 FF 1 ME LA AE S A ) P9 4 48 BT 9 hMSCs, [
e, Gn ] REAE SR A R ] PO 0 T R B R T 40 i
EHIESCHINRAR TRE SR AR TS E R

B ) OCHE . hMSCs |t T B A 8 1 2 0 i B v
BB, ELoAC U5 A 6, W LA 3 5% o 4 BB 19 1 B b 4 g 3
5, FHAE 7 40 bk o T G HER , T iR 41 4R T
FEE Mg . ST, T8 36 P A9 hMSCs & 1R
%, 29 B8 AR 0.001% ~0.01% , 2 T 1 /2
KECE BB R T 2, A (RS T K B 1 ]
3 4 L 35 AN (N LA 7 45 s ] PR 47 344 1 T o
hMSCs, Il 75 & 2 W H G, BBk, 555,

I PR 7 hMSCs TR T _Fab ¥ @ 55 3R ik 19
AR, f# hMSCs BUE -5 55 A4 R AR i, AT 5 1k
FRTAEAR R AR B E175 5 hMSCs, 25 5 7R hMSCs BES7E
TR A L REORG B 0 R, 24 hMSCs FER 3 A 2 1 1 3%
R, L2 5 T SR BN AT Y 16 ~ 22 %, SR A nl
B hMSCs BB M T FRIEM 3.2 fif A A. HE
PRSEARGE , 267 F Gk A s 2 4 et iR 1 (89 4n
AR, M T4 P T2 fr B AT

Tl R 8 ( ALLP ) J2 P 400 M 1) SR B4 A I, A
B R K R B ER R, D Bl K A O DURR R
BLRBER , AR TR, R R TR . R R
FS A M TE AR S0 43 Ak A A P 00 L R 2 R 5 Ay T
Rz —" . AT M E] Cytodex3 I # 74  #
) hMSCs (1)IES 2 AR 20 T , SRR 5 S 5
Fr () hMSCs 19 ALP {1 B3 5503 B 9% s A 1 g L 1H
CHZIRIG 2 R, UL SR R R AL RE AR
B B 2 7F hMSCs 345 , 1Ml H X hMSCs i 3401k th
TCH S AME o BbAbh, 25 R FH = 4E e % A W B 0 4% s
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A SO 88, OB B 5 1 AR I hMSCs 19 Bl
FERE AT A AR FRIA

I3 JH Cytodex3 U 4% & % 35 hMSCs {775 H) A K2
Z Ak - D20 M b 4 3 1 5 B (E IR AT — Y 22T .
MIEYE 3, 100 ml B98EFEE Y N & TNA 0.5 g
Cytodex3 HUAR A, th FRIFF ALY 100 ml 58 K 7
TR 60 175, PRIt , il 48 44 v B 7 1) 400 o i o iz Ay
e BT Y 60 475, He I — 5 it B R it A A
TR 45 A T 7] g ot 400 R 6 AS R S ) S o AT RE S
0% FE (7 200 O T PR A 2B TR R R X A
Bk W R AR B TR AN A AR L FLAR Y
?E?Hﬁﬁﬁﬂ??lﬂﬂﬂﬂ‘hﬁéﬁﬁéiﬁ” . 2Cytodex3 UK€
AT i e e, TR sk 1 JHG I A 7 D, 45 BB P T e e 1 A e
A8t AR, A (5L P9 0 240 I P R B o L B A Y
I A o7 FF P RE

875 30k :

[1] Majumdar M K, Thiede M A, Mosca ] D, et al. Phenotypic and func-

[ 3%

[4]

[6]

.—
~

tional comparison of cultures of marrow-derived mesenchymal stem cells

[1]. J Cell Physiol, 1998, 176(1): 57 - 66.

| Nilsson K. Microcarrier cell culture[ ] ]. Biotechnol Genet Eng Rev,

1988, 6(9): 403 -439.

| Friedenstein A J, Chailakhyan R K, Gerasimov U V. Bone marrow os-

teogenic stem cells: in vitro cultivation and transplantation in diffusion
chambers J]. Cell Tissue Kinet, 1987, 20(3) : 263 -272.

Fren], HEER. NS TRE ML KM et
=, 2004, 6(7), 822 -824.

W, A, B, % MM SR TR A
A el ]. Rl E R RE . 2004, 6(7) ; 748 751

de WL VPR, ARIRVAE I (O ) 0 T4 O £E B A TR R A
WL, G AR, 2004, 8(2) : 328 -329.

Malda J, van Blitterswijk C A, Grojee M, et al. Expansion of bovine
chondrocytes on microcarriers enhances redifferentiation [J]. Tissue
Eng, 2003, 9(5) : 939 -948.

Aubin ] E, Liu F, Malaval L, et al. Osteoblast and chondroblast dif-
Bone, 1995, 17(2 Suppl) : 778 -838.

Butler M. Growth limitations in high density microcarrier cultures[ ] ].
Dev Biol Stand, 1985, 60. 269 —280.

(¥ X 1)

ferentiation| ] |.

g g e g S g Sa S Rl K e Rl

wely e onenlog Mol Tnsing Biol . 2004



