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Advances in cell culture and tissue engineering under microgravity
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Abstract: Along with the development of space biology, the technique of tissue and cell culture under
microgravity is becoming a new research filed, which has been known as microgravity tissue engineering. The
study of microgravity or simulatedmicrogravity oncellsand tissues cul ture indicated that microgravity could of fer
special effects on forming three-dimension (3-D) tissue structure and functional tissues. The 3-D tissue con-
structs generated onmicrogravity condition exhibit more similar phenotypes in either morphous or gene expres—

sion profiles to those in normal tissues. This review summarizes the recent advances of microgravity tissue

engineering in the past 10 years.

Key words: microgravity ; bioreactor; cell culture; tissue engineering

“HZ TR MRS HUINAAR Je MK 27 3 I
B I Fung Befz 1198 TARAE S (B [ AR p ik e
(NSF) 2l B3 HIFafiE ORI, 2R A o
A TREZA I B R, A2 IE A A YA FL3) ) 1
L B FOIRZS T 4123 S5 H 5 Th e AR [ FE itk L,
Wt TPRMTERE. iR MseE i 4 2 h e 1
AR —T1ERY . TR T 322 1)
AL G B A A BAT AR D) T RE ) = 44127
g, K BE AR EWTSURUE T s
Brem v KIILR, #1588 HAAEEU) TR
RERA MR HR TG, SCHYAHLRSEE AL
P A AL, SR, B ARA T 5 R A A A A
SWNUEEY R | MW (b e 01 g s N 1 RS i

AR A I LS A0 B 5 AL A SR T AT 25 ] AL
WHUEAE, RSMAZUN F B RN A . 3
FERMNATEHNR B L2 55 . RS S 7Edl
U R A R R R ER AT
AIERR 20T Re,  NATRBLAS AT (KR ) 34
va R/ IRENAN TR VRS SRS EE 4t ou S I ae: AT T T
WA NI B IR R AR A R 1Y

Wks BEA: 2010-05-18; f&EIHHR: 2010-06-30
EE&WE: PERBEBRAE TREEKTH 7R
(KGCX1-YW-24) ; v [EFR B iR a5 LR ELTy
) P T (KJCX2-YW-L08)

* BI{EZE: E-mail: duane@ioz.ac.cn; Tel: 010-
64807308



1048 ARl

o 22 %

FE s NATTR 20 15 57 50 AR L 253 ) ol o) A ST 4
BIFRALGURAENE RIS T, ORI ) &A1
B M T H ) A A SEAT R T A = A KO R R
e, I ITE T AL TR AN U ——
P TR ASCHER T 3R K [ N AR
T TREWE IR Sl 1k e S 4 I R e i o

1 T EELATIENFRHRE

1.1 MEAHEFR: —MIMAREFRINE

EZCES QRN IR G S 2 e A e R s N U
¥, ZJRMRT 4eF IR IR, XS MAER AN
JIT AR ) = HE T AR R B AEAEAR KIS ] o AT T P e
KR P b RS HDL AR P 4 3 Ak ) B SRR B, )
FUE M sh AR, MR A K. o1
LU AR, X B SR SRR R

S 2R (1)K Fa R R P R 46 A0 5 4 i v A LA
FHPRAE— AN AP RS, [R] IS 12 388 e i 8 D1 7 1)
FAEH o R ) B bn] DAL RE — AN 410
TERCE IGO0 R AT LS FAN Sy . B R, Ul
TFRIRTR I RSN G, TR, ASTR)%8 B fim Ak
ATCA AT, ANRIGRE 22 1) 41 i sl 2 n] LUSE[R]
WA AR, R4 EY) . ek 2L
AT o SRR R (s = sy (88 s 22) #8
T DI ¢, A a4 2R B & B A 3
SE 0 D725 N ) B S TR D5 e 1 32 AR FH AL
il Kim &5V B A ) ml Lok 40 i 55 4 2.
) A T A A2 2R e f A — A R AP (A B

T ) AL TR A% O A FLBI Y 4 e =
YEEEFAR &R, AFE v 7 ] A SR G ) S A
M= R R G BRI, =205
RGN LS w2 BN, 40 i 43 b F0 I 5 T
YeRpAs AT F B, AEA L TRERF AR, f
I IAEE AT BT 40 R 23R A b = AR R4k R A
DRI 48 i 7K S 0 W25 70
1.2 EHMME. ALAEFEYNNS

H T ROy RIEE D PR g, SR
WS LR ey (NASA) Bb2 A T 2 b X2 ) Jse 2
(RWVB) , FEREAT T #5000 40 iy = e SR e 1)
WY, SEREW, KA RWVB EW v 28 3E47 1)
M = 2R g, HA U PRI L IR 68 ] B A
MFIERE A TR AR RS, B
A B S AL RN R A R 0 . X EERF 4 3
FERBATT, B ) EREE AT REA AT 4H ) 38 5 53
b, I F T 21200 = 4ifby gt . X iR 1 4H e

TR B E T el

TR ) AR s N2 83 1 I A [) 48 L ) o
JTFRAN, BT — LA R . AR N A
BTt N TR TR AR A, FRER RS A 1 4%
il Ad BB TR MR IR pH B 51—, ik
ARG T AT 2 (A T A SCAE i 40 i
AATE ) WA RCE TR A IS 78 53 AU P B
SR, AI AR B T R o M ERIR ) B IRIIR S
2P AT BY 3 0k 40 i F) 4 £ B B eI Ao R ik
AT TH 4k, W20 BORS R ) T4 B AE AN [F)
oA BT AN R AR A R - 20T, i g A
Y N B BT AL R R AR BN A U m] e
RN BT, AN &R 228 1 o A3
A, RSO AN K Y 2% BE SR AL AL
L A 1N R N A S s VAV R (1= 744
FBFH N 2, O il A E EEARSZ kS 2N e
DRI, ok R ) A 0 S 2% PR T U A 20 AN [F] 2H 27
FImssk, AL —rveit. Har N RAE Y
SOV g% FEARE, e gAY OV 8% (rotating
vessel) M =4EN|#42% (3D clinostat) 5 1), BERAEY)
SN (perfused chamber) U DA HET: Je e A=) S o
(perfused RCCS) 81 (F1) o X AN [ 40 i A 2H 24
IRG IR, &R O I PR RE AN R]
1.3 WEHIFHTHAE

B FRAE I A ) B N 25 v ) 40 o A 2R Ak sl 4L
LU T2 B AR, 40 s 2R ar i AR
KA, Hoar A 3 22 AR BY D) N A AL
PSR R AR B R, DN 52 i 40 i (%) 5 R 3R
15, ARIE T 40 M5 0 i TR AH E A DL 4 R RS
(Y 1 0 R 55 2 WA N0 o Al T AR ) e N s A
TN T 2R (s i s i, Al
AR VLA B B A, T 4H L
S0 T A0 M AE) R AR AT B S 4R CR Ol R
IR - CRFRRILERY)) H57%, M@ AN T =4EH 210,
H AT T AR ) 2 TSR DL &
B[R k) 4 T R R AT
1.3.1 THEE A i M a2

B LA TR U T s BT
AR, ST S A AR = R S, 1
AR AEYE AL, S SZ i AR a4 2
WHATTE A S5 A T Re I FE E LASKak 2K AR,
TR WA TR ) A I N 2% 0d F T35 7R A 23 T
P R o Qiu 551 H AT B iy b AR 40 M e ik
BRAE N SCHE, FERWV B HR 3% 5% Al i 40 B 1 iy A4 4



10 # TR, & TEE D)4 R AnR SRR AL T RE IR ST 1049

R 1 WEHEVRLERIERE LR

e AR
(Rotating vessel)

H A S s

(Bioreactor)

Sl
(3D Clinostat)

FEE e =
(Perfused RCCS)

=
(Perfused Chamber)

AR (o) 10.5088110 A 3.108%30 508%100
I T AL 2R A DM R BURME. R, B bRz TS W BAR e B oL
TN DML 4R A%
BYRY J) R/ R/ g G
&5t 55 55 GEE R
Braiak BV A S BVE L WEE AR T EE | T T BRI =4
Bl SHEA YR SRR

ML, RS T =i AL, AT TR R A sk
%o Rucci 55“2H|FH RWVB BFFT 1 O 40 I i AR K
S A B N AL, 2 SR TR ) A T i 4
FEI v K PR B R Wl A i B
B E DUACE TE R AR RS N, Tt R 4 40 i
(2B IFRAT W I O . B ) vl el
TR A T IO 5 8 R R s ) A2
BT, JinSE PRI ) 45 T R g T =4
WL TREE S50 . SR1M, Nishikawa 2509657 K1,
3D[A|#159% (3D clinostat) 2xFHIH 2B I K, X
TP FH A T B O A L ) by 4 L ) 934 52
PR PT 3o

AL B AL e AR 99,
SRR E— ER IR F g () — . T
PRI R S FH P D B PR 35 2 N A 2 () BB H 2347
TEAN LA ) 1) 8 sl A 2N 4 i i 57 T A3
HLAR PRI LEE R —Fh ik, Freed S&250 1 IR L
TE D FAE T DA OE A =R TR,
S AT DA AR KA SR B A R A b, Kk g A
HIFRFFAI IS )1 . )5, Freed 59T 1997 4 &
T ABATIAE R (AT CE ) IR BT Al B A 2L A
SRR, FEE IR T iR e A
21, M 2R LIRS TR P A s 7 A H IR R 4 i
W1, AR ) A TS AR I A 2R b i
(Bt 5o 2/l 7 NI SR N P S P3E st VIR A A o
Ze—, Klement Z5P7HFSYIA N RWVB &4F FHCH
R AT, A AR B, Byl
ANIEH I U AR PR Sk, H AR B R T e ST

RWVB HHTFHEMBKERMET. A,
Hwang 55128 R A UG T 40 M . BEPR £ I 2 AT 3D
BEFE W) I N A AT B AL AR, S TR IR
H o Hahn SF I A Tl 3858 0] AR A sh W B4
ZUREH . BRI S5 AR BRI 7T — MR
TF (ARSI E TR o Song 55 B0V R 1T Y e e 20 AR 4
RS FIEE T =4 TR, KRB SR PSR
R LTk By B HRAE B ) 4 R 53R
SRR GRS

FH T A5 2% [A) GCE ) IR0 T R AT S50 B L 25 8
b, BRI I BB 9T TAE K 2 S AE AU T TR ) B
TNHEATHY, R (AL R ) PR AR ) B
BEH R M= MINIRIC IR IR . i,
Stamenkovic 25 P HFSY LL T B 25 [0k (ISS) « Hh
TR FOL B T LA R B 8 3 ) 4 T B AR e A 2R )
R, S5 3o 1SS T ) 4 R I8 A 3B
NS S R IE )T, RIS
A AP e € S IR ) T/ 1T R IR ks 1R
CiWAR AFEHIOEGRAE & SUNCR: S 3B PPN A S
Sm T HAR AL BEHUTIEE ) S N M AT
BRI T W

‘s B) 70 5 40 o B R U ) A 2 1m0 4
WReR T4, £S5, Wi B
(BMP) &5 148 PR - IR Y 45 T W LA T B s i 4
ZH5EMIEM, PITVE 2 5238 TR HAR DB
H AT TR BRI 40 j 5  Terai 5BV WY
FH T e X A SO i 15 B B TA) 78 040 i 5 2R L
RIEFE LR (PGLA) , JFRHMTHL TR fggl, 3%



1050 ARl

o 22 %

722 JHJE R IV AL IR G, 5% 7 I 40 i Cp e
BB FEA VR . B ) BREE LAY ) %)
T 40 M ) D R ) EE S, R AAR B g T A i
M FRE T T IIFRIL, 85 =4 SCHE N 4 i BT
AR A3 o PR ) HEE R AT R i S 2 T A [
B 4 M oA HEGE DA KA A ) v 7= A, e Ab,
AN T P RIOE AT 38 11 B8 2 T 40 Y 1) BB 4
Mok, OO AR 0 20 o i B AT N i
) S R R A B AR SN RN 16 T N\
1515 i O IDER R e PR G WA S TR S N H B
ST 41 B S i s A e
1.3.2  TE A P OISR

SR PSR o ) Tt M) S I 2 A A/ M) gt e it
FEM O LA Z% v 7 O U f8 LA R R I PR
N, Ak, AR R ILZH SR T AR S JIE 2 4 0
e OUVEBEBFIT LL A OO 2 B RN T e I T (1A
R, R, PR O LA TR ST TT AR 52 31 [ A
AN R . AR, AL LA 2T R R B 5T
Hh XA BRI e e At i A ) s Y s BB AU
) GAFEAT OGN M ARSI, B T 3R
LI AE A, W T HA RS A e = gE A 2
Akins!™ SERF B ARTEICE ) e A4 R N4 h 5 57
(RIBT A R RO LA B = A SRR I T S R AR R B
AR IA I, Hf I R A AR S AR O R
B Akins FEUIHE—PAESE, H g KO
WLAHBAREE, = 4ERE IR 2 40 0 2R S 48 mRNA KA
TR AEAR A R M R A i R WTaR
K (Nppa F Ankrd 1) FIZRIE T B, 0 = Fl R R 2 R
1) IR A 38
1.3.3  FTHE A IS ARSI

PRANT 1Y 7= A 2 IR AT AERS R B0 I A A
B PRIGIATT I R ERAR v, e i e RS A v LA
R 2 ERE R A AR L, AR AT L
HE A ) RE I B 40— LA 2 R S I A
o BT J) 4B T ] B MR AR IR B 4
() =2 8 ) . PR ) A PR R B I 4 2
AR i a VIR N R T E s ) AN s oy v e 9 1123
IR, RO, RERAETCE ) A R B IR ] AR
g ) S HE R S N, T A S AR P A P A3 I
[ (40120 Murray 55 TN A e 4 G 7R R 4]
DAAE g N B I A B 4l ROARL G fR A Ah B 9 T
FE TR BN T rT DA ) C3 o 6o 2 o 35 ) BB A
H o

Rutzky 155 LA T b R S B )

AW RN 2 R EER IR BB S IR I 2 Tl B A
B R FENR B =5 A R RN AR . SR
Ny HRIEAAE N B ) A N B SR R R S A
B BEHTRE I S AR WK 100 d, B S AE 15 d
P RIBEHE R o 1950 S50 2 7R B RS A S I A
FIIEE, B R s b A E T R R 1 s 7
250 HUNT, AR ) A5 PF R RE IR I B S A T 2 30~
120 Ff7. dhah, B RN HE BoRERBR 30 d
i, PR RS IRAR T A, g
PEVERE R B TR, WA TR AT, fE
FRFRd b, R IR S A e s im i O, i B
TR 4 N BRI (0 B IR B T A W S R4 A T
BRI e By AR L, A B AR e I
1.3.4 fUEIZA NI TR R A S E
T g 5 TR RE R B ARG 5 1 4 R i AR
SXoF LA PN 2 440 IR P A R oot B 400 i 2 R = 4
AR AR . AR i TR ) 44
ST Al ) AR KRN 234615 Kawahara 25140 5% ]
3D [nl %% A PR TR ) 4% AR 5/ UV G T 40 e
ROV BIEIG T /e TSR Z . i a8
LIF B4 N EE IR 0T DR BT 40 Jks 1k, dide T
A ) =R Z AR e . Cao ZEMTRIH NASA
TF Al PR e 2 2 SR AR AU TR )T 9T 1/ SRR IR R 1)
AN IR, WA TIHEMS K. thah, TATFRIA
JHE 3% A AT N B A1 M A A M 38 Je — 2 Bz STk 41 2R
g, WS TR TR TR A R .

2 TEELATIEMRFENER

FRUE HRTHIRFRER I, JCIR B R ) iE &
(PR ) 45 AF, A W RE R MY A28 TR A8 F 1)
RUEFRRES, (HE, P 4L SV T REWF 9T H A i AE A
MG R T k. 1o, MRS ) A4
BN EE e A IR e A L LT S AL, ik
S [P ol e % J7 30 I REAROL R S i s 3L
U, o AR [P BBE B 55 77 R R v 32 B e 2 TR 3%
OREI, WA B AT ELRERE . SRR BB S s
B, WA E R A 2 R @k i, i B
TR I A 2 TR0 =4k TR 2R, — BB PRSI IR
BERE A HARAERF A ZA M 5 3, I ORFRIE B L ZRh
. Ubah, BAVFIE A MR R, A5 a3 0 i)
AT RS 4N M DNA (354%5, 1M DNA 3 22 (45
Pk 3t s TRV PR AR i AR AR R R AR 19

LGSR, fE 4 TR =4t TR Al
2, JLIIRERN AW TR A543 FEORS A A ok 27 A



PR A AE T AR IR AL TR W o i

1051

I PR 565 41F
3 FEHALTEMRAEBHEERNBRI=

Jo vl Kt Bk AU R ) 3 2 S ) ek EE ) A
5, AT AT R LR U A S A e o 1
PEAAT N, — LB AR A g 2R PR 40 i (22 4
JRANIALAE P B2 40 1) JRBERE ARG, MK S N T4
GUE AL AU A BAT IR IR R W)
HE A il R AR 0% T AN AL ) U DTk (RIS
KB N TAGUET M RS R Bes, i)aa st
AN TR AT SR A R FT, T SRIOR K,
S R M. M. HAREBHEE A
TR, CHGEHGTREBRBT AR He 1a) 2R A Rk
FBETA T S B SR 2 B2 (NRC) £ 2001
AR I 21 202 (R 2 iy REE TSR 0 H ARt
FEN VR PRS0 4 1 A A U A i
FRISEIR o MRS JRIAE 2007 45 23 AT TR ) SEEG A
FUMEOLH, ARSI A0 73 1 R A SR TN T
RAPFRIH 25 HABUG . HABR R K
SR (RHIEN G 4L 528 15 A2 BT BRI
VIRSMINE B RUIA 8 PP =i 1V Rl G0k B B 2
FOTRNARSS E AL F SR AT, B
BRI A TR B 0 B R T B R B o2
WIS R B2 7 B, BAT T I (0 e R 5t

FRIH 5 ) A iy B b 2 R AR SR ST R T
T\ HEAUR, 7 863-2 IR A [ 5K
TR SCR FIFRE T — RIS R TREH K
BERSTAURIR 2 G ) SBRAE9T, I T T Je ) 4
MR REE TR E AR g, RAG T — Rk Amt
FURN 3 5] SR A 25 R ST R o H AT IEAEREAT
IEGIM IR /= il VN R TNVl ) U3 S
AL AT A RN 2 AT TR A0 5 2 R A )
) = YRR

TR PS5 5 Wi 20 R P A i sl RV LB v
ARGEAAR 7N, AR SR A X I S 1) 2 2 i
WAHR, AR Tt PR AT TS, (2
AT A, BT 261 1 IR AL s 20 i = 215
TR M RRIIENT, ALRENS 23 [ LB S
BHEADE R SER BRI BT 6, RNt T RE N
NRASH AL AR = AR, 4]
TREA RS S K R T e i 42

(& % X #]

[1] Lanza RP, Langer R, Vacanti JP. Principles of tissue

(2]

(3]

(4]

(5]

(6]

(7]

(8

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

engineering[M]. 2nd ed. SanDiego: Academic Press, 2000: 3-20
Griffith LG, NaughtonG. Tissue engineering—current chal—
lenges and expanding opportunities. Science, 2002, 295
(5557) : 1009-14

Mammoto T, Ingber DE. Mechanical control of tissue and
organ development. Development, 2010, 137(9) : 1407-520
Unsworth BR, Lelkes PI. Growing tissues inmicrogravity.
Nat Med, 1998, 4(8): 9017

Kim JB, Stein R, 0’hare MJ. Three-dimensional 7n vitro
tissuecul turemodelsofbreast cancer—areview. Breast Cancer
Res Treat, 2004, 85(3) : 281-91

Freed LE, Vunjak—Novakovic G. Microgravity tissue
engineering. InVitroCell DevBiol Anim, 1997, 33(5): 381-5
Albrecht DR, Underhill GH, Wassermann TB, et al. Probing
theroleofmulticellularorganization in three—dimensional
microenvironments. Nat Methods, 2006, 3(5) : 369-75
Akins RE, Rockwood D, Robinson KG, et al. Three-Di-
mensional cul ture alters primary cardiac cell phenotype.
Tissue Eng: Part A, 2010, 16(2) : 62941

Martin I, Wendt D, Heberer M. The role of bioreactors in
tissue engineering. TrendsBiotechnol, 2004, 22(2) : 80-6
Ma W, Fitzgerald W, Liu QY, et al. CNS stem and progeni—
torcelldifferentiationintofunctional neuronal circuitsin
three-dimensional collagengels. ExpNeurol, 2004, 190(2) :
27688

Muramatsu T, Muraoka T, Takeshita D, et al. Mechanical
properties of tendon and aponeurosis of human gastrocne—
mius muscle 7n vivo. J Appl Physiol, 2001, 90(5) : 1671-8
Turner CH. Biomechanics of bone: determinants of skeletal
fragility and bone quality. Osteoporos Int, 2002, 13(2) : 97—
104

Adamo L, Naveiras O, Wenzel PL, et al. Biomechanical forces
promote embryonic haematopoiesis. Nature, 2009, 459
(7250) : 1131-5

LiS, MaZ, NiuZ, et al. NASA—approved rotary bioreactor
enhances proliferationand osteogenesis of human periodon—
tal ligament stemcells. StemCellsDev, 2009, 18(9) : 1273-82
Shimazu T, Miyamoto K, Ueda J. Growth and development,
and auxin polar transport of transgenic Arabidopsisunder
simulated microgravity conditions ona three—dimensional
clinostat. Biol Sci Space, 2003, 17 (4) : 288-92

Nishikawa M, Ohgushi H, Tamai N, et al. The effect of
simulatedmicrogravity by three-dimensional clinostatonbone
tissueengineering. Cell Transplant, 2005, 14(10) : 829-35
Vunjak-Novakovic G, Searby N, De Luis J, et al.
Microgravity studies of cells and tissues. AnnNY Acad Sci,
2002, 974: 504-17

Wurm M, Lubei V, Caronna M, et al. Development of a
novel perfusedrotary cell cul ture system. TissueEng, 2007,
13(11) : 2761-8

Meyers VE, Zayzafoon M, Gonda SR, et al. Modeled
microgravity disrupts collagenl/integrinsignaling during
osteoblastic differentiation of human mesenchymal stem
cells. JCell Biochem, 2004, 93(4) : 697-707

Hutmacher DW. Scaffolds in tissue engineering bone and
cartilage. Biomaterials, 2000, 21 (24) : 2520-43

Qiu QQ, Ducheyne P, Ayyaswamy PS. 3D bone tissue en—



1052

2,

LA

o 22 %

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

gineered with bioactive microspheres in simu-—
lated microgravity. In Vitro Cell Dev Biol Anim,
2001, 37(3): 157-65

RucciN, MigliaccioS, Zani BM, et al. Characterization of
the osteoblast-1ike cell phenotype undermicrogravity con—
ditions in the NASA-approved Rotating Wall Vessel
bioreactor (RWV). J Cell Biochem, 2002, 85(1) : 167-79
KoY]J, ZahariasRS, SeaboldDA, etal. Osteoblast differentia—
tionisenhanced inrotarycell cul ture simulatedmicrogravity
environments. JProsthodont, 2007, 16(6) : 431-8

JinF, Zhang Y, XuanKk, et al. Establishment of three—di—
mensional Tissue—engineered bone constructs under
microgravity—simulated conditions. Artif Organs, 2010, 34
(2):118-25

Freed LE, Vunjak-Novakovic G. Cultivation of cell-poly—
mer tissue constructs insimulatedmicrogravity. Biotechnol
Bioeng, 1995, 46 (4) : 306-13

Freed LE, Langer R, Martin I, et al. Tissue engineering of
cartilage in space. Proc Natl Acad Sci USA, 1997, 94 (25) :
13885-90

Klement BJ, Young QM, George B J, et al. Skeletal tissue
growth, differentiationandmineralization in the NASA ro—
tatingwall vessel. Bone, 2004, 34 (3) : 487-98

Hwang YS, Cho J, Tay F, et al. The use of murine embryonic
stemcells, alginate encapsulation, androtarymicrogravity
bioreactor inbone tissue engineering. Biomaterials, 2009, 30
(4) : 499-507

Hahn H, Muller M, Lowenheim H. Whole organ culture of
the postnatal sensory inner ear in simulatedmicrogravity. J
Neurosci Methods, 2008, 171(1): 60-71

Song KD, Yang ZM, LiuTQ, et al. Fabrication and detection
of tissue—engineeredbones with bio—derived scaffoldsina
rotating bioreactor. Biotechnol Appl Biochem, 2006, 45 (Pt
2):65-74

RALHN, ZEET, MO, S DR AT R B I
PR 53R TSR HeE B, TP O
Zi. 2008, 23(9) : 7414

StamenkovicV, Keller G, NesicD, et al. Neocartilage forma—
tioninlg, simulated, andmicrogravity environments: impli-—
cations for tissue engineering. Tissuekng: Part A, 2010, 16
(5): 1729-36

Chen X, XuH, Wan C, et al. Bioreactor expansion of human
adult bone marrow—derived mesenchymal stem cells. Stem
Cells, 2006, 24(9) : 2052-9

Terai Y, Morikawa N, Okada N. The evolution of the pro—
domain of bone morphogenetic protein 4 (Bmp4) in an
explosively speciatedlineageof East Africancichlidfishes.
Mol Biol Evol, 2002, 19(9) : 1628-32

Sikavitsas VI, Bancroft GN, Holtorf HL, et al. Mineralized
matrix deposition by marrow stromal osteoblasts in 3D

(36]

[37]

(38]

[39]

(40]

[41]

(42]

[43]

(44]

[45]

[46]

[47]

(48]

[49]

perfusion culture increases with increasing fluid
shear forces. Proc Natl Acad Sci USA, 2003, 100
(25) : 14683-8

Mauney J R, Sjostorm S, Blumberg J, et al. Mechanical
stimulationpromotes osteogenicdifferentiationof humanbone
marrow stromal cells on 3-D partially demineralized bone
scaffolds 7nvitro. CalcifTissue Int, 2004, 74(5) : 45868
T, TR, AR, & N OV A R
PAEARARSS KA BB #0078 A . p AR ses
AR, 2002, 19(4) : 378

DK, Vrith, FEe, 45 BUUCE PR A 755
TANPARS = RAOGTE. 26 =2 KR4k, 2005, 27(16)
1640-3

XDETE, XL, AR, & AU 4 T O
%%J’ﬁumﬁciﬂ% EPI/#:%I%”%%&\, 2003, 23(5) :
914

Akins RE, Gratton K, Quezada E, et al. Gene expression
profileof bioreactor—cul tured cardiac cells: activationof
morphogenetic pathways for tissue engineering. DNA Cell
Biol, 2007, 26(6) : 425-34

HRIGEHA, T2z, LI, A& B 4 TR R R
Tr LR NERIISEIRITTT. FHAENTEATREE A%, 2006,
17(4) : 269-74

Webb MA, Platton SL, Dennison AR, et al. Immunohis-—
tochemical evidence that culture in the highaspect rotating
vessel canup—regulate hormone expression in growth dedif—
ferentiated PHHI-derived islet cells. InVitroCell DevBiol
Anim, 2007, 43(7): 2104

Murray HE, Paget MB, Downing R. Preservation of glu—
cose responsiveness in human islets maintained in a rota—
tional cell culture system Mol Cell Endocrinol, 2005, 238(1-
2) : 39-49

Rutzky LP, Bilinski S, KlocM, et al. Microgravity cul ture
condition reduces immunogenicity and improves function
of pancreaticisletsl. Transplantation, 2002, 74(1) : 13-21
Yuge L, Kajiume T, TaharaH, et al. Microgravity potenti—
atesstemcel 1 proliferationwhilesustainingthecapabilityof
differentiation. StemCellsDev, 2006, 15(6) : 921-929
Kawahara Y, Manabe T, Matsumoto M, et al. LIF-free
embryonic stemcell cul ture in simulated microgravity. PLoS
One, 2009, 4(7) : 6343

Cao Y], FanXJ, ShenZ, et al. Nitric oxide affects preim-
plantation embryonic development inarotatingwall vessel
bioreactorsimulatingmicrogravity. CellBiol Int, 2007, 31 (1)
:24-9

Wendt D, Riboldi S A, CioffiM, et al. Bioreactors in tissue
engineering: scientificchal lengesandclinical perspectives.
Adv Biochem Eng Biotechnol, 2009, 112: 1-27

Ohnishi T, Takahashi A, OhnishiK, et al. Alkylating agent
(MNU) —induced mutation in space environment. Adv Space
Res. 2001, 28(4) : 563-8



