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(EE] A A ANTHEE (BAL) BHALEBEEOHBMEE TOMBEL & LTOREFERE L CERESH]
FETwa, BAL IR 5 2 HERE XL TEL R TEREDRBI CTH 2032115 24T BAL TRET 2D
IREEE SO E 2280w, BENEHEE LT, EVRHE. 7 e 70, EHERE EHTET
T2 IR 2 BN H 5, WRIZZOHND OIS Y7 V7 a— N4 3 )7 75— (RFB) AW
T Huh7, HAKIAI, HepG2 &> 7z 3T D 3 RITHEFEICH D fATS, 7 OFERAMNEI3AE 2 1K
X7 2EBPL EEEENTIRE T H o T2 % LT Huh7 % HepG2 I3fENIRFEHS 24 RERE LI CHERR O SE%ERE
RV HAKIAL SRS 48 REELA_E CHERIBEOIIERES R < 70\ & E0NfBA L 7o, %7 AR S
IZH, RFB B2 Ci% Huh7, HAKIAI, HepG2 @ Alb FEAEEH L . Huh7, HepG2 O AFP BEA R
ZINCID LHIIOSMEICE S LTz £ # 2 57228 HAKIAL T3 AFP 3FEAE L s o7z, Zhn OFEE
&£V Huh7, HepG2 IXEHIMEEERZENTRETH » gD SR 2 L BAL OMIZIHIC 2 V1§25 &2 5

niz,

iEC & Ic

FHE . BB 2@ LIIERTH D | 1M
HEOEOEK. EHEEOSL., #-IBERH#. 2V
NERE, TUEST « PV —VEDSRE WS
T BERE 7 U CAKROEE MR BB R E 2 R
72LTwb, 2D, Vol A ZDEEELHENS
L, R b7 2 AL 25 L ER S Ed O fah
Wit % o BIAE. HATIXFEREOTADBEIEL OIF
RETHTLTB Y., FICEEF R IZFET D 80
~90% L1 < AR, BRE LORSHEED—
DTH 5, MKIFHER S HEREEL TWE2D, Bl
FEF e CErsBcHGE 20z LTy, 18

fIE EfM S OFETHERERET 2 Z LB TE
HUEFRIEEE L. BEIETE T 2,

FFAR4 BB T 2 &b RN EE I BET
»Hb, LrL, FF—FRIFGFELZMETHY . TA
PHRBAEZ3210 2 2 L I3 TE R\, 2D, BFEH
AR TIE—RFRIITBERE 2 fBD 9 2 FRE & U CIliEag i
FEEESHE S 0., HIBEORmHRIIBSNTHS
BHHTEE VG, 22T, FF—231N5 £ COEMm
HeRF B OIS O P A (e X 2 BEA oD a8 ST
B TOBEL L UTOREFERE LT, N A A
AN (bio artificial liver: BAL) O FIMENHARE &
NTWw39, Lo L BAL OfIfENE & L Coile MF
MR T 2 2 & BHENTH 508, B S 2
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PTRLTWAEIRTINEETHY , 22 CHEES LS
DRIHRRTH %, FFIEEMIEERIE in vitro THYGE
MHEE L, Wt EFFD v 5 BAL O & L
TIFF RO RO, % { O EMEEDET
PRENBE SN LD, SHICHEEBREAEZ LI LT
MFEDORFEAERE 2 FFE L 5 ud BAL O & 2 0
9 %0 ARV MATE? RFBIZHEKRD 7 + 1 —
T 7 AR T 7 F =iz HiEE =TI
B LA OE = REFICHRBI T 2 Z LR &
T 210, 2 1340 RFB @ BAL ~DIGH % Hig
LRIz e b AFEIAERR (human  liver cancer cell
lines) TH 3 & MBI HepG2, & b EAMERT
HfEAERR Huh?, TL-8 22 4 A msSRET Mok HAK1A1
% RFB T=XJtEs%# (three dimensional culture) %
ﬁ') 7zo RFBE;E# HE Jefti2 T /%HEIH@@%%E%?%TT
IFREREDE L TRRIBEHTH LTV T S

(Alb : albumin), SMEEEZRITEHTHLT7 VT 7
7> b7 a7 4 > (AFP: alpha-fetoprotein) J& 4 &
ZHEE LTz, BFER % HEES# (monolayer culture)
L, BEREDECIC X B ERRE LT,

Wi E S UhE

1. fHp=
ARG kR, & b FES Rk HepG2
41 10 8 Bk Huh? & TL-8 2 4 % 725 % A6 T A B

HOBE OB K ¥ MO

Hoak Fos

HAKIAL i3 E B GHEMSE
L7z,

2. IEGEERER & A HNRR

ERI DML % 1 X 10° {H 37D 24 M D 2 ml dish 12 #%
FEL T 55%82,3,4,6,8, 10, 12, 14 HEH M 5
>~ UFME 2 B0 AR O BabiEihg 2 7ERk. ffgony
JERE A MRS L7zo SN (doubling time, DT) 13K
K& o TRDTz: DT=(t—1t,)log2/logN —logN,

(1, & MREECE B Z 2R N, oBFCOMIEL, N
t IRFC OMIFEED,
3. BHESCTL7O-BINAF) T
(RFB)

AHFF2IZ a7z RFB 1X (RA-14, ABLE Co., Ltd.,
Tokyo, Japan) BEEERE A g —2E—X
(ELEE 200 m FLEE 50 um) TH %, RFB OEHH (Fig.
1, Fig.2) 13 @ ZXoEsE T 2HEE2HN5
EWRE Y EEERRENRETHLIIE, @ 7YT7
7 a—BOEFRSHN A oINS Z £ k&
DR, KEZOMIE~OHHEg— 2D | A7 —
W7 THARETH S Z b, @ HEEEIZITCO
TEMRENICRE S IUREFECE 2 2 L,

4. FH5T) RFB OESEEM

SR ORERFOREHIE & 13 30 ml/day, E5HbIERR
FiR 7ml/min TH 5, FEFEMARTE 1 X 1076, BoEhE

P74 VA 28 H & AF
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Fig.1 Schematic diagram of the simple RFB System
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5. BEEEOEM

HoMzEE2Smm il kg T4V
(IWAKIfh) WiBfEL 72, Mg RE & R
AIFHZETEMEE CHIZE L 72, RFB 353% L [A] U < Fafits
13 30 ml/day, FEREMAEE 1 X 107, BEERHEIE 14 H
MThy ., EEMADREIL 37°CIZEE L,

6. EREER

10% 7 3 5 RIM¥E (FBS) (JRH BIOSCIENCE #t)
& 5ml @ Penicillin-Streptomycin (GIBCO #t) Z¥#RAN
L7z DMEM (Sigma, St. Louis, Mo, USA) % EF8W
& U CHERE 2 I S & TR L 7,

7. Enzyme Linked Immuno Sorbent Assay

(ELISA) 3%

B AR R AR U 725532 EiETh Alb,AFP O
EAE M T 5 7-®, Enzyme Linked Immuno
Sorbent Assay (ELISA) &I THIE L7z, Alb HIEIC
13 BETHYL # #¢ ® Human Albumin ELISA
Quantitation Kit ZfH L 72, AFB#E1Z1Z ARCHI-
TECT (JAPAN) ##!0D AFPHIE +v h 2 H L
2o

8. Hrataig

FZAED Alb, AFP FEAERIZEIL Tid Student-# test
THEF L7 REZ p EB 005 I T 2EBENHD &
Lizs

BERAESO7ILO-E

J7HH8— ,y <) '

PUAEREFRE/R i 3 4« JFFHIIOAR 3 Kook & 2 AL~ DI

— 307

& R

1. ZAAPAIBIEREHR & S HNRFE

%9 RFB 152 217 5 W &AM OPETERE DIRET %
H[ER 3% TfT> 72, Fig 312/ & 912 HAKIAL #H
g & FEXT HepG2, Huh7 $EfTORSFEEEDS REFTH >
720 Table. 1 12787 & 5 IZfENIFH TR 2 & BEEV1HA
123> T HepG2, Huh7 fifE ClZ 24 1IN TH %
23, HAKIA1HIfETIZ 48 BHELLE  Redno 7,

2. ZHEER HE 46

Fig. 4 127”9 & 5 I RFB14 H it ik
Z EARRE A 20% TR AR TREE L C HE ok &
%5 7z, HepG2, Huh7 #IfIZFEH o eSS Rgiia L < b
b . HAKIAL fifE OB & 1 —EME S Lo &
EREHEHE Ao T,

3. {AMEED AFP EEAE

Fig. 5103 & O BBk RFBESE 2, 12 H
H&s2 BB L T AFP EEEEHIE Lz  Huh7 8
K38 T D AFP E 42 813 2 H 6,890 ng/24 h/10° cells,
12 HE 10,080 ng/24 h/10° cells 125 L T, RFB¥23#& T
D AFP EEAE1X 2 HHE 3970 ng/24 h/10° cells, 12 H
H 5,640 ng/24 h/10° cells TH -7z, RFBE#EE AFP
EARIZHBEEICHENTERICH#H S AL (p<
0.05),

Fig.2 Overview of the small RFB System
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Fig.3 Growth curve of various liver cell lines

Table 1 Doubling time from Huh7, HAKIAI and
HepG2 cells in monolayer culture (hour)
Culivation | 45 54 44 68  8-10
time (day)
Huh7 9.8 17.7 319 62.3 260
HAKIA1 55 48.6 26 34.8 265.8
HepG2 16.9 22.7 78.8 110.7 1245

HAKIAI Tid8 @R, RFBEFILIC AFP 4
Lginoiz,

HepG2 HiJE k53 T D AFP £ 8132 H H 1,720
ng/24 h/10¢ cells, 12 H H 3,947 ng/24 h/10° cells & 5&f
L C. RFBX33 T AFPEE £ 813 2 H H 423 ng/

Huh7

2

24 h/10% cells, 12 HH 494 ng/24 h/10° cells TH - 7z,
RFB 5% AFP EEARIT BB ICHRTERR
Rl stz (p<0.05),

4. BIEERD Ab ELEE

Fig 6 127”3 & D WCHERE, RFBEE 2,12 H
HRsE LB L T Alb FEAEHIE Lz, Huh7 HiE
BT Alb FEAERIZ 2 HH 228 ng/24 h/10° cells, 12
H H 243 ng/24h/10¢ cells 12 %f L T, RFBE:&E T D
Alb FEA 213 2 HH 331 ng/24 h/ 106 cells, 12 HH 289
ng/24 h/10° cells TH -7z, RFBEZEYIHAD Alb FEA
BIIHBEERECHNTERICE» 572 (p<0.05),

HAKIA1 BEEETD Alb EEARIZ 2 HH 33 ng/

HAK1A1

x200

L,

Fig. 4 H/E-stained sections from Huh7, HAK1A1 and HepG?2 cells in RFB culture for 14 days
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Fig.5 Concentration of AFP levels in supernatant from Huh7, HAKIA1 and HepG2 cells
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Fig. 6 Concentration of albumin levels in supernatant from Huh7, HAK1A1 and HepG2 cells

24 h/108 cells, 12 H H 79 ng/24 h/10° cells 1233 L T,
RFBEf 3% © @ Alb B 4 5 13 2 H H 86 ng/24 h/10°
cells. 12 H H 396 ng/24 h/10° cells T - 7z, RFB 554
SHNCIE - T Alb FEARIFHERRE CHANTHE
Btz (p<0.05),

HepG2 BifEE2E T O Alb 5L 2 HH 7,363 ng/
24 h/10° cells, 12 H H 7,235 ng/24 h/10° cells 12 X L
T. REFBEFETO Alb A &13 2 HH 7,502 ng/24 h/

106 cells, 12 HH 8,681 ng/24 h/10° cells TH - T RFB
B ciE > T Alb AR T HBERRIC A TE
WA Z R LN EEEITIR S o7z,

% =

ZhE T 7y MR 2R U 72 BAL OREIREAER
ML B I N T L0 THHIIE D E S AD
T yNIEE Y h a4 VA (PERV) DRGNS in vitro
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WCCREHS M TEE, 7 2 Ml % Fvs7z BAL DA
PRSI N T W A1919, SEEE IR R &
U TRIEREG D N+ —Hii L D i szt pT
HIBE). & SRR 2 L7z BAL O
KBRS D 255, 2 A P HEL . P —FciEs
L ER\RVE VS TREMND S, F N, S
DA E R ER 2 2 ONZF DOKRE R J:n T
L&, &oT, BAL OMIfEIR & U TLeMEnyE < i
FAIC TR R G L, oK A N TREEEN
AR S NIUT L W Lo 520, F7-%7
HIZERIDBEFE S Uz BE. & Mg BT 2 3YRE oE
WS HEDNR L, R IE I E T2 BAL #HW»
T in vitro FEYYHHENTE TV OBIFE & SFEMTLD &
VTNTa—RNA 4 YT 74— (RFB) TO=XTC
RO bID HA TE 12202, Z s DOFSHED
5. BAL KD 511 2 BEERIZ 2 FEZ 15 7 FFHRE O 1l
BIT®H 2032 OLBEEDIHAE L & THRET 501k
WH L Fb I 25220, b UAHEERZTEE LT
. FEREL. 7= 7 EERBHSHMCN
UMl @R 2S5 & LN EEEEZ 2, a2
D& % P4 % 72 12 RFB % [ \» T Huh7,
HAKIA1, HepG2 & \»» 7z 3FED M % 5 B k3%
L. HERETTER I IARAERF O R REME IC D W TG L
1o

FENTIRANTe K D12 ARA 512 & 0 BIFE S 7z RFB X
WRDT7 x 01 —7 7 A N—HIY 7 7 & — 2t HHl
1& 3 RITHNCBC UAMREASR OBEEE % BLAFIC FEH &
% ZEDNRENT LS99, RFB OFH#IE @ 3 Kook
WEETLHEZHWS Z L2 & D) B EREH]
BETHD L, @ V7N 7 u—ROEEEIIE
POHUMITRN S C 2 & DR, FEZOMIEAD
I — LD, ATV T v LHHEETH D =
Lo @ REFEIE T 37°C OIEEM NI HRIE S 1R
FRETE 2, 2O ORI X > THIFIC kv B
BREEO H LTz, SRIOMZM RFB (Sml) % Hv7z
3 RICEEEE TIEMFEIAE 2 kX 72 < 2 BRLL B
HHETH > Tz,

RFB ik, HERME X D E5% 2 HH @ Huh? &
5% 12 HH® HAKIAL T3 Alb ZEAER NS 2
—75. Huh7, HepG2 O AFP FEA 8 3B 55
EHICEHIZEA L, HAKIAL Tld AFP E4 L 72

SHEAL TWI-EFETH DV RFB I L 3201
B niino iz, SR 529 Kataoka 529 D& s FFHEEHT

Feadk FHos

Fatkz FV 7o 58 B RFBIC X 2 7 V7 3 VEELE
Bhnows £ —%d 2, LrL, SHEEHETC L2
Alb EEAEBEOES R O NS0, Z sl v
AZEOMEIC L 2D EEZ 57z, HAKIAL O
TNT I VEERIZIHERO B 2 HHTREFT
I3, 14 HEREDO RN #1E HE el TTE o Tz
DT, BAINTITLEZ L R0 EEZ 2, &L MFE
FSiHirk = o € ez co B mEdS:
BRI % 2 i Alb, AFP OFEI T 2 BH &
MY BT OHEE TH 529, K5 ClIERE
HOREALD T 2 Mfukk TR 72 2 18 BRBIC L5 T
BHEERLBELL I LBbhot, ZHIZE-S T,
AT OMRIE & 22 D 5 2 Milla 23R 3 2 F i3 & A0
JEDOBREIC O CRINT 2 0B h 5 L& 2 s htz,
F 72 AR O RN % BH & 2212 U 72 f5 5. Huh7,
HepG2 O X 5 12 5N A 24 KR LA o fH R o
RFB COBEME W Z & HAKIAL O X 5 121
143 48 IFFHILL_E OB DIEFEAS K < 72> & L Hv]
BHL7zo 273 RFB ORFA RSS2 X D g1 o4k
WEREDSEHE Th % L& 2 &Nz, BEERE BRI )=
B RFBEFE D & & ICHIEEOMINZ 0 b o TH|
FES S5, 4l RFB ORI i T O BFHEE T ld 7e
CCRFBEEEDHIEEN E D b)) S b BB -
Z %o FHL WAV RHINIOBRE, S | 14 HEFEL
& THEEYIAC Z Ofifess RFBIZA S b Lk
HES 5 7z DREMRHZED BTz, SHBOMEE L
T, AROSMIIIERE > S0 5 Z L1k b RFBE:
TrerlfeL L TEYRHEE, 7 e=7REitezEo
572D DXRNIEETH Y | SMMEOHRERZ b 5 X 2
BEEER VRIS L Bbhiz,

& B

ZHoDFRERIZEVERD 7 T A aToBEREE
L H U RFB TR X 0T L 72 =R ek
DIAJRE £ 70 0 | RS A SRR OBERE 2 FoIE T & 2 45
THEHTHY, 50O BAL OFRBIZHS5T2h0 &
EZ 50Tz, %72 Huh7, HepG2 |3 R =R ks
DHRETH D . MIEOMEE R HERF L T D BAL Of
Jay =R gs &z 6z,

X 273
D /RESK BE B, HHE . PSS, i

BN A NT . 45 8 oAl 17 725-736,
2004
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Glutathione-S-Transferase-Positive Foci in Nagase

Cytological analysis of the most appropriate liver cell lines
for culture for bioartificial liver

Abudushukur MEJITY? Tohru IWAHORIY, Naoto MATSUNOQOV
Takeshi NAGAOQOY

YDivision of Artificial Organs and Blood Purification, Fifth Department of Surgery,
Hachioji Medical Center of Tokyo Medical University, Tokyo, Japan
“Department of Surgery, Kashgar First People,s Hospital ,

Xinjiang Uyghur Autonomous Region, China

Abstract

Bioartificial livers (BAL) are hoped to become bridges until liver transplantation for patients with liver failure.
Although we try to creak BAL as an alternative to the liver, it is difficult to make a complete substitute because of the wide
range of the functions of the human liver. We therefore considered it important to select the most suitable cells for various
liver functions, such as drug metabolism, ammonium metabolism and protein production. We therefore applied a radial flow
bioreactor (RFB) for 3-dimensional culture of 3types of cell lines, Huh7, HAK1AI, and HepG2. We were able to culture
all cell lines in RFB for up to 2 weeks without subculture. The cell lines Huh7 or HepG2, which had doubling times (DT)
within 24 hours grew well, but HAK 1AL, the DT of which is 48 hours, grew poorly. The production of albumin from those
3 cell lines cultured in the RFB was greater than with monolayer culture, and the production of AFP decreased. These results
suggested that culture in the RFB contributed to cell differentiation.

{Key words> RFB, Human liver cancer cell lines, Bioartificial liver




