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HepG2 FRA7EMEIE N &1 T Bt KA 5 -
RSN 4 KRR

KB E B FEET
(P R B s se T, AW S AR TR R N 9200 =, b5 100080)

HBE AN (HepG2) H:F0 124 ] [t S0 48 F2 2L 2R (polyglycolic acid , PGA) &, AR ) 51k, 72 H
K BY I g RGBT U e B 4 B I R 8 (RCCS) 9%, Mg Rk oh = i35 Fe i )l i il i e . B O e
RT-PCR. Wi AL VS i, a5 LW, AiM7etb B h A RAF, AR 2Tk, S0 FE WM E. goRikid
BT BB G . RGN T G B = AR 451, SR TR 9 Al IR s B AR RS, S A, IR o T Ras 4
F N IZAE R T I T H 9 200 B 6 P 45 R L R R IE . — S R A0 AR SRR B o R LA TR A P 0 A0 B A B T (cell
adhesion molecules, CAMs) FIAAT T W& A4, i E- 85K 5% (E-cadherin) 3Rk BFA%, CD44. 41 g 1] £ B 4 7 -1
(intercellular adhesion molecule-1, ICAM-1, CD54) DL ¥442 B (integrin B1, CD29) FiLMFg. AEAARSN LA, X Lyt
[T 3 PR A5 B FR AR 2 5256 45 L DA BT HE SRS ) (¥ 5 VA A (AR A AN e = AR5 TR 0, 4 g A 4 2 1

T PRI AT S {4 SO0 AR I A

KR HepG2, BHUREEJs, —4Eiidr, MeMMRIEIRAL, BRIELKR, HMEHD T

ZR2ES Q81

AR SMTE 5 BSOS 38 5 K FH 2 4l P 5 55 7
%, ik B2 Y U R IR A H AL A
P, A5 AN 405 355 R () AH B DG R 2
YR, PRI B B R IR AT R A4 P 1RSI B RS A
ZRIE, RS R P B D) A SE BRI S5 R
SRR W IR T AR K IR B I AR
(AN — 4ERs IR A TR, Lo i
P ) B SRR E A s 2 ) Rl 1 I FH i 5% 17
#Z S EEM, KA ILIRGE. FFH 2 TR SR g
FENT IR AA AR e 40 = A AR AT, T A A
22 RN 250 0t 18 S A — AN T BAR 5 2
(PIARSMIF I 0, IR AR FE R R IR R, 1 1R 1),
T 4 2B KT LL R R R AR R RE VSR £ D THT 2
ST TWFFCRERTT. B,  DUR SR VR 4h i A= K 52
BRI = YERE IR, B9 4 PR R Y Sk S0 41 i i
I AR E L K% i 4 P = A 5 5 A i e R £ 90
i 41} 534 22 7 THI (1 1. FH 104545

5 [E i 25 MR 7 NASA BT 0 e 56 40 o 1% 7%
ZR YL (RCCS) A — P Bk T B0 Ak 7 g 2808, (1) 4 B 3%
TR, BAMER AR 2 E R S AR BT N ) 254
R BRIT A0 = g A  ARSCH IR 4R &R
HepG2 A MM FE L, LAl FEAR I R IE LR (PGA)

NSCHE, RAIBHULE ) OV B R Uik, LU
LA SRR A A R 2B AR B0 AR PR S A i = 2
PRI, iR e A S A I AR AT SR
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HepG2 A Mk I T A%, i 58 [ 1 Fh R A7
HULN(ATCC)ZERE. TagDNA Z A0l 10084 S5 £
(Promega 7% ] ); TRIZOL™ 5 RNA Hli #2 i 71
(GIBCOBRL A wl); 5|96 e ( Bl A= 4 R
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(A BH VLR Z ARt M AL BTk (BD A wl); 41
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HiBi(JEOL, JSM-5600LB, HA), {58 AH2 &
B (PO ) ) B S LSS JEM-1230, H
A), 40 fu % (Becton Dickinson); EFEIE LR
(PGA) 3¢ B2 1 Jig % 41 Mg K J% 1X (Synthecon Inc
Houston TX 22 ).
1.2 PGA XZERIHEE

s PGA L ZED)E I 1) 5 mm x 4 mm x
| mm. fEEZFIAIMIAT, BT 70% (RFLLL) L B
KSR, SR )5 G R R 2% 11 (phosphate buffer
solution, PBS) %L 3 k.
1.3 HHpEtESR

5 U 0.25% JBE 1 5 46 i 3K HepG2 41 i,
PL 1T x 10%ml [#) %5 B 42 5 2] RCCS 1) 50 ml %%
%, [N R KB PGA S48, JEVE T 10% i 21 ifL
I ) DMEM 15 720 A 21 78 i 1> RCCS K7 %,
AR L. BTN, RCCS KR R4, B T 5%
FEN, BTN 20~ 30 t/min DU = 4EE R AL T &
TEIRAS. B 24 h HHCHEERE TR, IDORE I 2240 Jfa 1=
KPR FIERAE L RE . WK £ W R Y (6t e 4 i
(AF IR . EURE B o 480 1% 5 I 7 DR UE JE B 4
U2, DU RIS RS TR A0
14 WEFETE

Brge— e NI g, FH 80 A 2 S P WL 5 40
AERORES R ERFERE, DA PGA SR 40 )2 k.
TEBE SR E 2 240 o 78 15 SR A 1) PGA SC2ERT,
SRIERE R, WRIEFRY, ¥V 10%4E

IRIGMREE G, A, ELY)H 4 um, FRK
K - DHL(HE) B0 5 BRI g IL AR KAB L. BB
M, F PBS(pH 7.4) ek — 4R =Y, 2.5%)K%
TR T 1~2 h BEJEH 1% IR = IR e 1~
2h, GLEERIINK. BJGMAN SR G, ZEil
i 2 h FREATIG S AR, A WE4, Hdid T
BB GE S A . B = 5 SR RE 5 AR ) 5 1%
HEATHE b [ FE K, AR 5 1EAT 28 i E 3 K 1)
st B S i B U 5% A A,

1.5 ZRARK G

S TR IR AR By, Bt #5597 24 h
JE IR B3, 4°C B0 10 min, SR AT £
Y, IE EE WA 1100 40 24 h Py R 2 B
THFE 1 LR I S
1.6 HFARER (AFP) &

KT il 166 492 J2 S (ELISA)K UL 240 Jfd N AFP %
kTR IR R B, B e % 5% 24 h )5
HUHB 9% B, #F 10 000 r/min, 4°C 4-1F R B0
10 min, BIHCEIE, FedR/Eul il AT R,

1.7 RT-PCR ##7

AR UL PR, 4R 40 i 5 RNA JFEAT
CD29. £ ¥5i% K [ (fibronectin, FN). JZ K5 1% 5 11
(laminin, LN). CD44. CD54. E-cadherin & [ ik
N PP EE 1.2% 35 IR R I F kR A 3-
T 1 T oity 1 i &6 (GAPDH) h N 2, BT FH 519 ¢
F R EE LR 1.

Table 1 Primers and expanding product size of RT-PCR
Primer Sequence Product size/bp
GAPDH F 5" CCTTCATTGACCTCAACTACA 3’ 259
R 5" GAGATGATGACCCTTTTGG 3’
CD29 F 5 TGAAGGGCGTGTTGGTAGAC 3’ 556
R 5" GTCCCGACTTTCTACCTTGGT 3’
FN F 5" AACAACCTCTTCCCGAACCTTAT 3’ 255
R 5" GGACTCAATCCAAATGCCTCTAC 3’
LN F 5’ CGATTTCCGTTGTGACGC 3’ 309
R 5" ACGGCATCACCAATCTCA 3’
CD44 F 5’ CTCCACCTGAAGAAGATTGTACATC 3’ 289
R 5" ATTCTGTCTGTGCTGTCGGTGAT 3’
CD54 F 5" CAGTG ACCATCTACAGCTTT CCGG 3’ 675
R 5" GCTGCTACCACAGTGATGATGACAA 3’
E-cadherin F 5" CGACCCAACCCAAGAATCTA 3’ 238

R 5" AATGGCAGGAATTTGCAATC 3’
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1.8 HHREFEMI S FRIEME

K P AN B AAT . 23 SR £ B = 4
g7 RIARML, 4 PBS UL 2 G, L4 i s
JE 2 1x10%ml, B0 N %06 4 R id i) s 4t, T
37°CURAEMEH 20~30 min(EyK_E 45~60 min),
PLUK PBS ¥t 2 ¥, 500 H i Wi 85 AU, &5
R H CellQuest 3.0 KA B kA, & 52541747 3
WE L B T 50906 R [ R S P AAR i 16
WL BRI /DTS5 000 4, % FH CellQuest3.0
IYHT.
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2.1 BIEAHZE BIEER R, SRR R A
i 5 B Rl R A (B 1a). 7F RCCS B 95, 4
TG B ) PGA SC4E 1 AR B °F- £ 14 78 (K
1b). AT 40 MO ANWTIG T8, DR, AR A
FERTE, LLRZATEEA PGA, £ EH 141 i
TR R, B i 7 o A T (B 1),
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Fig. 1

The morphologic characteristic of the cultured HepG2 cells

(a)The plane cultured HepG2 cells.(200x).(b)After cultured one day in simulated microgravity, partial cells attached to PGA

scaffolds. (200 x ). (c)After cultured three days under simulated microgravity, HepG2 cells formed obvious conglomeration.

(200% ). h: HepG2 cells; p: PGA scaffolds.

2.1.2  JRARK: - HFAL(H. E. )4 . ok @ RSRLMCE
N IR B A D 4 HE QB )5, R4l
MR T PGA 4K, HEAIER, PR,
A 2).

Fig. 2 The paraffin slice of HepG2 cells cultured under
simulated microgravity
After the paraffin slice of cell conglomeration was dyed by H.E., the
cells were observed to attach to the PGA scaffolds (arrow) and arrayed
tightly with tens of layers. ( 200x).

2,13 HiH T BAMEMEL. 75 RCCS FAEK M 41
MR Z WA, KN —, RIAFEEME, 9
TR e ik SR A, SRt 4 B 55 T AN L 1)
SR HL (B 3a). ERWTIE R, IR 20

B, O, Z)RHPE BT SR,
FEM-EIVZ B+ LR A1 ANSE (B 3b). A0 4 40
MR B+ 5 (K 30).

Fig. 3 The scanning electron microscope figure of HepG2
cells cultured under simulated microgravity

(a) The PGA scaffolds was covered with cells and formed the anomalous

3-dimensional conglomeration. (170x). (b) The multilayer cells covered

or lay in the scaffolds. (400x). (¢) The cell microvilli (Mv) were

abundant beside the conglomeration (5 000x).
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H, ER AR (M) SR T P 5 (rER) 3 (] 4a), 4
JEE(NE) G 5628, 21 oAz (Nu) K (& 4b), #H 48 40 iy

(1 RS = SRS T D) A, TR M R (Ds) L K 3 0
F(Tj)(H 4o).

Fig. 4 The transmission electron microscope figure of HepG2 cells cultured under simulated microgravity
(a) The cells arrayed with multilayer and their microvilli (Mv) were abundant; mitochondria (Mi) and rough endoplasmic reticulum

(rER) were abundant. (b) The cells took on polygon; nuclear membranes(NE) were full and slick; nucleus were large. (¢) The

membrane borderline regions of the cells formed desmosome (Ds) junctions and tight junctions (Tj).

2.2 ZRAEAR I

2.2.1 I B R R LR B S S A 4
SEAIMIZ RCCS K598 1K, 5K, 10 K, 15 KJq
24 h K5 FF b v A 2 B 1 9 RE SR LR I AU
(LDH) & & LU R 2 i3 I o0 . ik 2 ]
W, xRS AR KA IR G 24 h (0 L, 3L
75 BE V5 FE R AT LDH % AR AN K. 1 48 RCCS

B IR AR R H S 24 h i B3 b, HC 4 B R
A LDH & A B 2 A4l & 3R WIAE = 4E 45 KT 1k
HIT 0 OGS AT B R FEATI B 22, I 20 g 48 5
RIS K. AE =L ME RUR (10 %, 15 °K), 4
X AR KRG A P T, LDH 3P TT . R W]
= YA A0 M FACEAE AT TR

Table 2  Glucose consumption and lactate dehydrogenase (LDH) ability

Cell culture Glucose consuming (mg/10° cells) LDH ability (U/10° cells)
Monolayer culture for 1 day 9.32+0.04 13.78+0.13
Monolayer culture for 5 day 9.26+0.07 13.84+0.27
Monolayer culture for 10 day 9.29+0.12 13.61+0.45
Monolayer culture for 15 day 9.27+0.09 13.90+0.33
RCCS culture for 1 day 9.47+0.08 14.45+0.54
RCCS culture for 5 day 9.03+0.11 14.97+0.26
RCCS culture for 10day 8.97+0.06 15.23+0.71
RCCS culture for 15day 7.45+0.03 17.49+091

P<0.05.

222 FHRE FI(AFP) RS IE R, 43 505 40 o 22
RCCS 55 1 K, 5K, 10K, 15 RGHifHi 24 h
[IRE77 Lt AFP [ZRIA S, DU LR 2 TSR
MR, R 3 AT, XSRS A RIR B TR )G 24 h (1)

3R, 3L AFP RIS AR A K. 24 RCCS #5357
AFIREE 24 h 1) _L3EH,  AFP (A AT W AR
. = ST RS (10 %, 15 K), 40l AFP ()
FEk B _ER (P <0.05).

Table 3 Expression of a-fetoprotein (AFP)

Cell culture

Monolayer culture for 1 day
Monolayer culture for 5 day
Monolayer culture for 10 day
Monolayer culture for 15 day
RCCS culture for 1 day
RCCS culture for 5 day
RCCS culture for 10 day
RCCS culture for 15 day

Expression of AFP (ng/10°ell)

257.38+1.37
259.42+1.02
260.57+0.95
263.83+0.74
261.45+2.10
281.19+1.85
305.53+1.19
313.67+1.43

P<0.05.
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Ribt 1 R AR IR R AR (AR AL, BT 4
Jf HepG2 ] E-cadherin ik W] &2 N if, 1 CD29.
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The RT-PCR analysis of the relative genes of the adhesion molecules of HepG2 cells after cultured

2.3 FhMo FRIEEM
2.3.1 A K &5 M 9 ¥ 19 RT-PCR 43 #7 .
RT-PCR #:ill 5 FFe B K . 12 BRI AT 21—k

bp
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Fig. 5
M: Marker 11 ;
cultured under simulated micrograviry; 1,2,15,16: GAPDH; 3,4: CD44; 5,6: CD54; 7,8: E-cadherin; 9,/0:FN;

1,3,5,7,9,11,13,15: mRNA expression which cultured in plane monolayer; 2,4,6,8,10,12,14,16: mRNA expression which
11,12:LN; 13,14: CD29.

F£W, 4 RCCS £57%)5, E-cadherin Rk EKILA T
2.3.2  Fhib o 7 RIE R 41 R (flow cytometer, W, 1M CD29. CD44. CD54 [543 AS[F R BT 11
FCM) K. JF98 40 M0 HepG2 3t 20 40 it A A ) 45 5 i 6, % 4). iX 5 RT-PCR {7041 45 SAHSF

b
(a) - ()120
v d!g
g z CD29
5 @)
0 = ; 0 0 = 1 2 3 ‘4
10 100 10> 10°  10* 10 10 10 10 10
FITC FITC
(@) (b)
120 120
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3 3
0 = . : 0
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2 2
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S 4\ 3
0 > = 0 0 1 2 k3 .4
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yé § E-cadherin
3 5]
@) Q
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Fig. 6 The FCM analysis of the expression of the adhesion molecules

(a) HepG2 cells cultured in plane monolayer. (b) HepG2 cells cultured under simulated microgravity (RCCS culture).



2007; 34 (2)

HRAEE: HepG2 MMAERBINEN FH THEKAR—RINEMR = 4L KIERE - 151 -

Table 4 Results of the FCM analysis of the expression of
the adhesion molecules

CAMs Monolayer culture RCCS culture
CD29 53.57% 70.96%
CD44 84.83% 94.75%
CD54 69.81% 88.81%
E-cadherin 27.53% 5.38%
3 4 it

G B2 1 T 5 TR TS AR H AR A 5 5
W RARSNRE IR TTVE,  AE A DAL S s WA oy —
AL SRR IR 40 M AE AR A IR, JE AR BT A0
LA AR S SR B AN AR AT, LKW SE 8 4
A E A PR P A i R A7 B PR LB SE g 1 A7
A1 WY P J) B T = A 1% IR A R A 5 o [
FUEG A, 56 (5 NASA B vk i e 41 i s %
ARGERCCS) 2 — Pl 1 T RSO TR ) 280 1 4
MUBTFRT IR, PR T BYN A, ik T ARG REAT
A = YERT SR R R IR ARG, AR T S
AR 8 AT CRAT ST A RIS 4R B Ak 1) 2
ARG W0, PGA S — Pl BEWE A W B 1) S 2K
KL ATV EELR SRR AR, AT A PR 4
VAR AL T B A 2 TR S, FRATTR A PGA R 3¢
FE), AETER A MU IR RGEh, BEAT A 40 i
HepG2 — 415 T, IX BB R 1 I 40 g 2
A A EAEH], AR ML R 205 i
MR EAR AR . a5 R o, IR VA RAS IR = 4
B R an i 2 R A, A0 IA) ) & M A R
i, ANEE DAL, AR EE I K, 1R
H ERRARRERTE, A A KOIRES R af

VFZ RN, e SR K, 25
BEACE AR, W, BT B
AR SRR AR, 5 | AR R S5 1) 5 o A
FARKRBRIE NI ZE ST, W0 T A0S IR A A
73 RIS M AR A i & Sy P AR
FUTR S 7, BT AL, = e 4540 2 B 40 il
AT Y o 21 5B P 0 AR, B B R AR ROIR S A
P, AIZAHEIE AT R T B SR AT e e = YR S5 H T
J e, NI RS SRIE R T E IR U
pH fELIRBR B 0 A, 5870 2 rhy 8 FEIR A e N IR
NOPIE ZLUINE S e (BRI R P s i R R bl
2 M0 SRR S5 B FROR T 3 BRI I i A 7L R T
Wi (LDH) 38 PR T 5, S 2 40 B m] BE 390 1 1 5+
A, I A RE S R A 40 AR ROR DA — 2

58 200 LK 30 TR IR 5 1 (AFP),  3RATHT ELISA 77
VERI ST Je = AE S IR M i) B3, ORI = 4RI
AL AFP KIL ETH(R 3), IXEBIfE RCCS R4¢
i RE S SO0 S S S S e S 196 R Yt it B
Rk

21 35 B 73 1~ (cell adhesion molecules, CAMSs)
1240 M TR0 AH EA'E FH A 41 1 R0 48 i 7122 B (ECM) AH
HAER T B, fRREE V2 IR IR B
AR, W TG S SR R, g RS
Mg R KIE. R BB AZH
JO T 24 1 45 7 THI Ay v T A (U822 AR AR AU
FAHAMT, ZHeRE e AR b o 1 i ik AR
AR WARTE . ASCHEFE T 48 RCCS H A=K 1 48 i Al
WP AR A 4E Y 4 P &S B 2 - (CD29,
CD44, CD54 Hl E-cadherin) 2 ik (A8 4k, . 33X L6 5 b
3 R0 FFIE A0 W AR 2 7% 35 DA G

CD29 ¥4 % (integrins) K % — A, W0 U
ECM M A Ml b ooy o5 1 B K IR B 20~ 4l i
) 2665 B 1~ S5 3 A0 . - R 0 % 4 o ) 0 B s
XTI A sty WA BBl BL MR 4 g
(R 28 55 e A A Bt FL A E B I 05 4 P29, 40 iy
1T FRPHR AR 1 —— 2T R34 2 1 (FIN) U7 40 P s =2 4
BERZHNMBE . BEYER . At 2=
K S5 B S5 R Ay 2/ ). CD44 2 73 A1
WA Tz 4 SR TR £ 1, e e S 2 R A A 1
iG55 M. 40 M iz A )RR e v
FiM. CD54 Bp g el &G b7y 1 -1 W] G RE S,
& P B M X % ( immunoglobulin superfamily,
IgSP) ) — b1, AIS-S M gn e 5 A Fgn . k5
) & B . Momosaki 45 UE BH [ 40 i vb v 3k (1)
CD54 54 V1 5 Il 98 41 i 58 1k % A2 25 1) AH % 12028,
E-cadherin &M% B 1 (1 40 MO &G B2 -, DATR] 2
bt T KA EAE, BERT UM 244, SOn] AR
BCAA, A I 4 (1) 2y . E-cadherin 1Y
0 0 T1) ) 285 B V22 B P e 40 B PR R R i A v e
&P, Slagle 25RO 57K B, () E-cadherin 43
T HIE KT BRAG  JH 9 1R e B R 284 % IR LB
FUA R, 7E IR 40 I 3R AS BT B K4 2R N 7% e
I, FEAEFEREAS CD29, CD44, CD54 [f1&iETH
=, 1 E-cadherin [ 3% 15 FEAK.

TAT) i XA AR 73 B Y, AR TP 1 AR
K, =4 KRS 40 i CD29, CD44, CD54 (1)
FKiLwE 2T, 1M E-cadherin [¥]38 1A & ] 0 FFAI%
(3 4). RT-PCR 7} 1 &5 AL KK BAESE 11X —
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fIK1¥) E-cadherin ik [HFAE, 5 FT B0 SAH
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HRRE TG — P8R

PR ) e e ¥ 55 0 SR SR 54T, A3 20
e TR B AT 2 R A S RRAE, A RS
RO, %G TG TR AT ST e 40 AT AR
F A i AR AT S s SRILEE S 9 40 s
RV I 5> THUH. AT — T E R 2, 4
(1) = 4 A= AR DU RN AN 280 B 7 PR3 0A 5 4 Py Sz 4
SRR S b 24 SI2 56 v TR e JRE 40 i 52 1 ——22 41
iy 52 PE(MCR) A7 OGP, PRl AR SIS n g
0 16 B 2 ) R e 4 e BT 25 HLER OB, Ok
1S 2T S B AT IR 5 R S i
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Studies on HepG2 Growth Under Simulated Microgravity: to Establish a
Method for Three-dimensional Cultivation Irn vitro as an Research Model"

XU Da-Yong, Wang Yun, Feng Mei-Fu™
(State Key Laboratory of Biomembrane and Membrane Biotechnology, Institute of Zoology, The Chinese Academy of Sciences, Beijing 100080, China)

Abstract Human hepatocarcinoma cells, HepG2 were cultured onto biodegradable polyglycolic acid (PGA)
polymer scaffolds, which were cultured in a rotating cell culture system (RCCS) to form a three-dimensional (3D)
multicellular culture in wvitro. The RCCS can simulate microgravity effects with low shear stress and well
exchanging for gas. Then the growth characteristics and some mechanism of the cells in RCCS were detected by
scanning electron microscopy (SEM), transmission electron microscopy (TEM), RT-PCR and flow cytometry
(FCM). The results indicate that the cells grew well with polyhedron morphology and lots of microvilli,
mitochondria and tight junctions in this system, which means that this system is useful for cells to form 3D
structure to mimic cell status in vivo. The expression of some cell adhesion molecules (CAMs) were changed
markedly, which are closely associated with cancer invasion and metastasis. The characters of increased expression
of integrin B1(CD29), CD44, intercellular adhesion molecule-1(CD54) and depressed expression of E-cadherin
presumably show that the HepG2 cells cultured in RCCS could recur some characters of primary liver cancer in
vivo, the capacity of invasion and metastasis. It is necessary for acquiring perfect and external results to select an
appropriate research model for studying in vitro. This 3D culture in vitro under simulated microgravity can provide

a useful and reasonable model for oncology, anticancer drugs research and other research.

Key words HepG2, simulated microgravity, three-dimensional culture, rotating cell culture system (RCCS),
polyglycolic acid (PGA), cell adhesion molecules (CAMs)
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