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High-performance proliferation of hMSCs in the mimic microgravity environment
LUO Fei, XU Jian-zhong, WANG Xu-quan, HE Qing-yi, XIE Zhao, YIN Zhi-hua { Department of Orthopedics, Southwest

Hospital, Third Military Medical University, Chongging 400038, China)

Abstract; Objective To observe the proliferation of human bone marrow MSCs cultured under the mimic

microgravity condition in vitro. Methods

The hMSCs were cultured in the mimic microgravity environment

founded by rotary cell culture system and Cytodex-3 microcarrier. The proliferation of hMSCs were observed by

phase contrast microscope and detected by cell counting, MTT assay and CCK-8 assay. Results The exponen-

tial growth period of hMSCs extended to double, the speed of proliferation increased to nearly two times, and the

density of hMSCs in the medium increased by 15.8 times as compared with the plate-culture method. Conclu-

sion  The mimic microgravity condition and microcarrier benefit the proliferation of hMSCs in vitro, and also fit

to produce a large quantity of seeding cells for tissue engineering.
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1.1 ##

N IR0 7 T 0 M 4 B R o ek A
WHEETT 20 #4515 3R K78 . RCCS( 3£ [H Synthecon 23] ) , Cytodex-
3 i #R A4 ( 2 E Sigma 43 H]) , Percoll 43353k ( 2 E Pharmacia 2>
w]), DMEM/F12 8535 8 ( 3 6 Hyclone 23 7] ) , 8 2 i 4 1. 5
(Fetal Bovine Serum,FBS, 3% [# Hyclone £37]) . MTT( 2 H Sig-
ma 23 E]) , — H L (£ [E Sigma 23 7] ) , CCK-8 i ( Cell
Counting Kit-8, H A%, [ {=fb 2= WF 55 B ), JFA 40 o 18 95 7k
DMEM/F12 ¥ 37 4 + 15% FBS + 7 4 H E % 100 U/ml, pH
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7.3, fE{CANMIEE Fik . DMEM/FI2 K533 + 10% FBS + 7% 4
FEFE 4 100 U/ml,pH 7.3

1.2 #FiE

1.2.1 hMSCs f) KB FY 1 FHAERREEEE, THRIER
WG ER SR, AC A £ BT 20 ml 751 & il s 58 6
ml, R0 2 B DMEM/F12 85 353, 1R 2) 5 A 1T RE A
B & A SRR N 1,073 g/ml [ Percoll 43 B 850 1,
124 2 000 r/min B.0> 20 min, 0 B (A FL 1 6= %R A A
J2, 1A D-Hanks # 10 ml W4Tk 1 000 r/min B0 5 min, 5
TN A R AR B I AT R, AR RS S x
10°/em? SERPEE e, B 37 C.5% CO, T BE B 72 48 14 1%
F,48 h J5 2 B, UG R H R, TR0 AL & 80% Jn it fT
fERREFE. 0.25 % B ARG LS, 4% 1 x 10°/em® D,
FAE A 40 M B 7m0 3, ) P2 AR A At 47 T 91 il

1.2.2  RCCS & A7 4% {# F] RCCS #7150 ml 751 &5
5 E AR L 75 28 Chigh aspect ratio vessel, HARV VaEFTEESE . A
PSRN 44 75 28 AT A SR LR TR AN T R R P R 1 b, XU
A 3R R, AL, 100% Z R 24 h, DR KR
M124 h, BIEFEIRKE,JC M R IR AR i S &

1.2.3  Cytodex-3 {3 &% {4 i) T fzk 78 $4 0.25 g Cytodex-3
¥ 0.1 mol/L 3% AR £k 48 i i (PBS) Rl it 87, HH 0. 1
mol/L ff) PBS ¥k 2 UK, i FE K & 30 min, JEIfiL{§ DMEM/F12
B FHEPER 2 WK, B F DMEM/FI2 Kifedeeh BT 4 CoKA
&R

1.2.4 AUk R A 3 Hik EAR L TRAE R EFAY 1.0 x 10" 4
hMSCs F10. 5 g Cytodex-3 i AE] HARV #0754 (R 40 15 35
W e o A A% HEVR S, VR R G A E B AU A Y iz B B
B A5 Al Rt AN rh O R AR R RN RR A 37 T
5% CO, MUFITREEEFRAIIREFE . & BRAUR AP LS 3R i, 4
S 24 FLANME RS Fe4k ( F2[H NUCLON K5 FHEIFL 1. 91 em®/9L)
PEITRESE  ETLIEFRD 20 000 hMSCs, 500 wl 1535 96 FLAM
MatEFE 47 ( 3 E NUCLON, K53 0.31 em’/4L) #EATHI IR,
LR 4 00040 L, 100 pl BEFRiR. 5 H il % RCCS REF;
HUEE (R4 AR 1 (9 3 sh B BE A 5 8 [l 1 e AS A o0 R
H RIS AH FAT BRZH T 48 h e REE B AR

1.2.5 i & L H 0 R B SR % 1§ 24 /At AE
RCCS 35 R A T MR 0.5 ml B 5, 3o 100 wl HI T 40 M it
¥,60 wl FIF MTT #iil],60 pl Fil+ CCK-8 K illl, KA Ml T2
AeEEL, E 100 wl BES R INASEREAY 0. 1% 55 3R (3
0.1 mol/L #7488 ) , B T 37 Crh#F & 30 min, I ML ER T B0
HEFT AR AR TR, V- LK 3% ok 4 0 40 22 B R BB 25 40
MU, 75 24 FLAPER 3 FLAIMIZR 0. 25 % B I AH LIS
PRI B, RS RE R4S 24 /A 40 i ot S % AL g
£ U B 5 T B3 = (I A4 0 K/ 32 et L ) < 100%
1.2.6 MTT i RIS41HRF #% 20 pl/ALInAF) 96 fLAk 3
AFLr, % BEALERL 96 FLAR 3 A FLsEA TG, LA B &L 2r 5
A5 g/L i MTT #8310 wl, i ASE SRR 4k 82 B 9% 4 b U 8
Febl O FEAL N B R LS BFL I A PR 150 pl,
% 10 min {§FTFEFCAHEMIG , B 4F 570 nm B S,
630 nm K% il K, 78 BERR (X B E & FLAERILE (0D) , LA

AHngnmeigzs (1L OD {HfE R (. A I R 4558, LIRS 1]
ot | R SO (EL A A B £ o 2
1.2.7 CCK-8 il B 20 O 4% 20 b/ AL I AR 96 LR
3 AL, X BB 96 FLAR 3 LTI B R EH 1 -8
F G FAERIFLE N CCK-8 X7 10 wl ,4REERT 73 h 5 Hi%
I 5E & L OD {8, i 5E % 1 A 450 nm, Z A A 655 nm,
PAAS A BZE A s p R IR 0 ek A 4 SR, LA B[] Ay A
R S Ry Nt ) i 2
1.3 %itgam

UGB x £ 5 F, A SPSS 12,0 SEit 84 AT
AR 5t

2 #R

2.1 mpafs B EALE B HMBILE

RN 24 b JS , KRS A MO BH T MR A e B SRR PR
A A AT A S BRTE 7 G 50 50 40 L, Sa8 8 2 T 1) 4 L 22
B ERTE AR R S AS B0 R - T, A MO KR T B
B e, k2 A 1 40 L 5 T 8 594 o 9 285 (9 P 1)
K Wt 45 9 AN T B 15 3 (D, L B i 40 ML 7E TR I - 2
i {5, R A L PR WA (1) . AR AR H
RIGEATS E5 k. A BALRRIE S BT etk 1
S 2 ~4 h A HEIUH B B 8 ~ 10 h 5 I A0 M A A 5 LG
a | TOERE TR, 55 6 LT o8 4 A 38, LA 6 4 40
HLE A R, 5 2 F T AR, A YGRS B P FE0RL A

1 Cytodex-3 FH4E4KE 9 XA hMSCs  (Invert phase contrast
microscope x 100)
Fig 1 hMSCs on the Cytodex-3 microcarriers at day 9 (Invert

phase contrast microscope x 100)

2.2 mpaiti

AR 4% VAR 3 s B B O K R i e ), 24
1 B 0 24P T 3% 5 33 9 (108.0 £.2.2) % , il N K5 FR ik A
(86.9 +3.7)% . #2il2 s 58 2 DL I 24, iR 46 ok B 441 )
ERIEHEE(P<0.01) . dAKMETLE H, FIEFRES
hMSCs A 129 55 2 ~ 5 K55 6 KANMUERE KIS (E (7. 55
+0.07) x 10° 4>, T S HE 3 b hMSCs X EE R BIZ9 B3 2 ~ 8
K9 KAIMUECRIEETE, (2.39 £0.01) x10° 4~
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Fig 2 Growth curves of the hMSCs culturing by two methods

2.3 MTT #&:n)|

R4 A0 235 5 22 ) 400 M 0 3 oy £ 0 1) 2B, 401 () 25
EHBE(P<0.01),
2.4 CCK-8 #m]

AR RO 2% SR 2 T 400 M 58 7 26 G ) 2C. % 401 ] 25
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3 g

SR AR LB LB AR A% A QS 37 7 240 B 4 1 hM-
SCs, SEFH B L1 , PRAE BB, M R £, A T
TERE TR | RS 35 1 AE 40 M 8% K A 484y T B 75
T—EMI). Ven Wezel T 1967 4F 5 46 (i FH iR {4
TAMATHMIEG TR, 4 0d 30 RAEM &8 ZH AR AR
B Wi o8 2 AR, T 12 0 F TR Shm s 3
PRI MABE AR K % 40 0 o 35 A O A FL A AR R
R, BN : 1 g Cytodex-3 fif 2 4 AG i1 2% i R 249 g
4 600 cm® , AT B F 100 ml AE 1) 2 I 4% 455 35 40 i, 17
100 ml p)38% 38 5 SRR K5 75 AR 35 em® Ao 45, i L)
AR AR BB TR 20% 5, REFE R/ 25 (8] P9 1% 35
KRN, A AR AR A LU B3 A
O PRI RE SR04, BRI =4
BRSO Il B B A 45— () S 4 M 1) % e
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CO, %) BEZRATRET: ; DB FREE T RS, A
SAL NG R G B FELERE IR AT 64 1k
IR EERE A ATIER I I, o 2 T WIS Ak A A0 4
i B4 5
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TG IR — L OBz B0 T o 1 e A ke ] S 0
RCCS H i) B 5 1 A0 8% 75 400 5 725 40 e W) 26 e, 24978
AR L A 20 PO 5 SR S I, O 0 A S A0 1 o
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£ RCCS FEALL A I T 1 R85 v , 440 e i IR o ) %
Wi 7 T~ R4, BEARAT L 76 35 1 5 7 B 5% v o Ry A% 40 i
HEFR s R AR BRI, 2 A B B i R
RCCS a4 41 M %5 55y 2. 39 x 10°/ml, [fij I LK% 35 35
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8 d, Fe A0 A= K i o e 09 SEE O A )T 0 e
B o BRCE g 2RO 0L % 5% 2 40 M 50 i 810 (i s ) OF
) IR 0 B A 8 o ) R < 1. 32 50 0. 629 £, AE 9 Fh
745 ) Uk B R A0 5 IV 7 ) 40
BRI H & 115,
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T0.05 Pa 1 QK I W 3k WERs B WHIR A, (N
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