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ABSTRACT
Effects of collagen gel sandwich on functions and differentiation
mechanisms in primary cultured hepatocytes

Sayaka Inokuchi
Department of Internal Medicine, School of Medicine, Keio University

Bioartificial liver is one of the promising approaches 1o expedite recovery of liver failure. In an effort to re-
construct the hepatocyte function and cellular polarity normally found in the liver, adult rat hepatocyles
were sandwiched between 1wo layers of hydrated collagen matrix. Functionally, sandwiched hepatocytes
maintained the secretion of albumin, the expression of liver specific proteins and the distribution of actin
filaments, whereas the cells cultured on single layer of collagen gel decreased the albumin secretion, the
liver specific proteins and showed abnormal formation of actin stress fibers and cell spreading. Overlaying
a second layer of collagen gels on the hepatocytes that had been cultured on a single gel reversed the cell
spreading, reduced actin stress fibers and recovered the liver specific protein expressions. Bone marrow
cells could differentiate into hepatocytes when they co-cultured with primary cultured hepatocytes in col-
lagen gel sandwich indicating that hepatocytes cultured in collagen gel sandwich was functionally goad
enough to induce differentiation of bone marrow cell into hepatocytes. This evidence clearly suggests that
supplying bone marrow cells into biohybrid artificial liver will be able to extend the lifespan of this device.

Key Word : collagen gel sandwich configuration, primary cultured hepatocyte, biohybrid artificial liver,
hepatic differentiation.
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HETBZEANWD, Lih-T, ELOCHFEEEHR
THEBRANEBREZITSZ 8, £EDH (qual-
ity of life) @ETICELATYLS,

rigid, IFREZSIcHaa &, IFEEM BT S FEaTit
KRy CHFR2cEY» >, BEEFOMRRCORKE
THY 5 EFEiRiE O E2R>bn & LTERS
hTuva, #xik, FREENE LFBEEROER



R 81% 1 5 CFs1653 A)

EATHROBEREY » 7 L, IFALEH~0IEMES
{EIFIuAA 2T 1

—MIATHRBES AL, 44117 5 FRIAT
AFA& (biohybrid artificial liver : BAL) #fsL. #F
oWk £ Fiof ShDWlaxFIA+ 5 bD%EF S,
COMRBICHVTREL AL, DEDL S LHIE - @i
ZIFEIADOBIELAT 260 LTHVLAM? (il
v —=2R) @EFUZHIV S 222 Wi )i Eiies
EXHirsxH onsmn? (kR TH 5", Wi —
AELTIE, TTRHARE LTOREEZTIL TV 24
fREMVLIHFEMERCHE TETLTVDY,
Demetriou A.A &3, 7 7 iFH#IREE A 72 BAL %
171 HOBFITH LHAV, BIFUERZHBTVWEY, %
Dz, € FIFFRMBH CIAKEFRELAL LD, K
FiHFAias AV 0%, e FERIFEEERML -
b MR EhT VS, 7yiF@BRERVS ik
13, & CicHB LS BIES S oIF s ALV B 5, £<
D% —EE I KIRICHHA T 5 T LAHTHEN S TENT
W3, Lhl, AGItESfizL Tz K& LHBETSH
BT EN—RIPHENT, FERECOBEERRTI ST
EMBEFIL - TL 3LThbh 3,

R OHES RO, Pl Hbd 2Rk
DEGVHEETH 5. FFNEEMARE RO FF a4 & /) &R
BEE & OHIBEN L BIR TS % Herring P £ 0H2
i, BAAOEEH 2L LI EEENLHH, S
oval cell LB Fohi-Hil@MNEGEHLET 5. Oval cell
2, AWMLSHFRHEMAL L S ICPREMicIBL, 3]
Bt bo thoFH SN, T TF@ARMY, BE
R, PDIRHIRY'Y, FRERMERE''Y, FHEEHERE'IC5H{E
FTHILEMBEEShTV S, ¥/ Mitaka o3, #I{UE
HATEiaoE g, WEORAITEE L (JI8FEENH D
Rz 2B oFALRHIL, Sha/ ) Blifdlas #-
77219, ORI INRRES S <, BREEGEETIC bRREE
i bk RFERICIERIc L iTwa, L, Ch
o oval cell &/MRFFHAA R L ( KIHICEML,
BAL P#RBHICICAT 5 D123, KASHDZ -
H—HMYBLIL AN, S0OLILHRE S KL
(3w,

ALl ARichiids €, Chzirataicait
XETHHT3HEHME S, Chide kol
MTa 20k EMHIATERTVS., bEHLES
HHREI3, SRIEEAIZI L TR L i3 - BRICIERR E h
IRk L, oMbt B E
ByuyahifilRkTH S CofaR, =vaATR
LIF (leukemia inhibitory factor) O &EHEF T, 4

fLraikEo £ F R ARNCERA L™, B Lo ZiRE
D HEMEMHE T h TVWE L2 BRTE S, Bz
TS, iz 72RRE - MEHc s RO HERGT 2H A
MEENTEAL™, 4$TICE b ESHKE (human
embryonic stem cell) XX MEE -TH
., DMSO (dimethylsulfoxide)?® ¥ HGF (hepa-
tocyte growth factor)™, beta-NGF <(beta-nerve
growth factor)™ £ HEfEICIRMT 2 2 Stk b, B4
BMAMEERIG LI ENTELIEbHESNI.
ESHifd %L aof s LTt OES M3
HENELENTE DS OWRH THEMMIU R A
A& CBIEETHERIT Bl 2 THILANT
VWA E @ELTRIEICE DIFHA~OMEEERT
AETOREYUETHEIE BEMETSIS,
LhLiokSiz, ESHRESVAREAS L LD
O, HAAERL AL S IR KX SRS
EWaTVA, &oic, OF 5 b —=0%R4: De + ES
fBZIz (2= o 2 ES MR & A2 B IRl ACLE & 12 B ]
e Adh, LELEEREOMBNSEOREL AN
ENTVWS, —F, ESHROGRNEEMSEBT 51
¥, fribknfasHRe, — 2 & LTERBEhTWS, R
T, HiggRHe@bsH—zoliicatTac
MUK D EEA o TV, FHMR ORI OMA
R HE S 2 afhebEAs R /& h o™, HEME RSN
o Bietk AR (MAPC | multi-potent
adult progenitor cells) (2 80 MR AT &
MufEThH by, RINLAKEMsE S Lics R
(195 C 2 ATlfiET, £ikRICBRT S & MmEmia, T
R& M, BT LRKERICHET B EAEEEATL
5*_, FGF-4 (fibroblast growth factor) & HGF
(hepatocyte growth factor) OHEF CHEEST 22 &
Itk by, fFmla~basd 32 EMEETHAE T & bk
shi™, 2L, ESHifa, #f@iatsd, Hicm
vitro T3, RALHERIA o FFMfE~ 0 4HLFH T T HE
TRHBH100% TRV, LA TH@ERICL N
hoftfilEED L 5B MRS ILENH S,

0L uRLE, S, Rr RIFREBARIICEVCERES
in vitro TiED, [FHERMOBEELXENMMIC#Ea 2
&, KROMLHERZIFMRAMEERT S5 S 2HA.
oz i, BALBMRICEVWTITEELS TS 3. A
R BEEHERFIC IR IRRSA = b U » 2 R EZFIAT B &M
HEETHH™, B, 27204 FERWP, =170
7=tal—va YHEICK ZRABBHE R EHME
EhTVAHNVTHOETOERSLETHH, —K0
HAECOLAREA#ETHS. Lhd, Choohiks
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VLTS, PCERIFRIRLHIT T 5 2 L AulEn ol
15 rQ3ETHEZ, £TCHhAR, 373-F il
EBH ¥4 o FiEEEIBALE:, ZDFER Yarmush
Slzk b 1989 FicHlgrahid, 235 =4 v KRR
RE, 7Tah IR Lk L THREUMETS M,
InEOIUEEFEREERETHS 5, 3TCORER
TrEXMET S, COMBHEIEMTIILickh, MW
fli iz AR AT AR & | » BRISHERF L 1o £ 1584
HETEA, COFERERCMNTHD, »odia%
MEYHRRTESNCHETE NSNS D, 1,
ttimea s, BFL2FRCBRL 2B, 1213 2 8l
THF@EIC transdifferentiate LTWA I &Emn, 1 ¥
AMIFERE L TORIEEHER L TSRk LT
EufldTcs s, MRBRFEERIGHEOEERETI
BIEZREEICHE L TV L RBHBEESNTULSD,
FDAN=RLL2VTOBHBRIZEV, IFHla0R
e ic s T, WA 3 RSSO MMNEET
H55% IFHBROEFICRE-A N~ 9571+
Yy R EDHAEMEFICAH L, EHBEC T ORE
FM 0% NGED (72 F w84 2 EolssrEe
haZEMAETHLY, F0O401213, #HiE LT
EBEEHEY 77 A0 L TICELS AT S
LEXNH B, L L —RoRia T imms SEoE
HENTROACBEINTLES D, 1770 uH

FROACHhLTL D, ZORELE L THIBZES
FIBIELTLE D™, ToHIFHRBESNTTHS
EARAY U937+ vy R EDRABMNERIZAN
TE5IENTET, EMBEPLZORBLND %N
BE (77 F @) nEoBErBERshiad gy,
ERggEskbh TV EEL S h 3, CoMERED L
Cas—-4,ryrneidikitsed 779 »ORNNE
O LHEIC bR A0, MO LEREHOIEL T
WL alEHEMNB A Sh 5.

37: L THER - o iF@II o5 - v 2 HET 5
CEIREYBUREENBTAC EMHKRLIDOMN,
fHpafmta s irala~ s R g4 2RI E ok 45 & & At
iz, ol iiiFRELTORBIELRBETS
BAL %, BFiicuhiciBIELE-SC CEMliksn%E
RIBIEEE LTHEETHILEEL oM, KARTHS
NSO LESFHIZ, 255 ¥ L4 v A FiE%E
Av, FFdRoZ EEcETs@Man~ry v 22&
FreEfas (LR & OMRERRAL, & Sici3HREmias
S PRI in vitro TO transdifferentiation AsafiE
MrESLEHOMIZT S,

ZE ST F S

1. YRR RIRaO(FRk & LY 1§

AT 100~120 g @ Wistar RHEVES » FHh o, two-
step perfusion method ( “EB% 3 3 4 + — Eifokil™)
A Lo FET a8 L 22, Percoll ZR]U F2 {0l
LEYTHEI LA, THbOHEMEFIRS » b PIHRIC 18
GY—7o—#%A&HifiL, 0.2mM EGTA (eth-
ylene glycol bis (p-aminoethylether 9-N.N.N'N'-tetr
aacetic acid) (Sigma, St. Louis, USA) % &¢ Hank's
balanced salt solution (HBSS) (Sigma. St. Louis,
USA) T 5mi/min T 4 S3MlAlGE LRRIN L 72 XIS,
B¥{b L7 005% 2354+ —+ (Typel) (Sigma, St.
Louis, USA) 23U &AM % 5mi/min T 20 5
AL 7o, FFREZMEHiL, HBSSthT+r iyt
FERAOLTHYIL, FFREaLHHL. Wbl - ¥
24Mcihilifitk, 50g T3 NMELLE. *v o
k% HBSS <43 L T 24mi & L, Percoll B
(Amersham Biosciences, Piscataway, USA) 21.6 ml,
10 {&i#2F o HBSS 24 m! 2 MMA TX {iKfoL, 50g
T 15 ML, §§o~<v » b % HBSS T 1 [nlgki
Li., bYU»y 7 —HERIBRIC TR SR, BF
WAL % # (Dulbeceo’s modified Eagle's medium
(DMEM) (Sigma, St. Louis, USA) + 10% fetal bo-
vine serum (Invitrogen, Carlsbad, USA) + 7 ng/m!i
Glucagon G Novo (Novo Nordisk, Bagsvard,
Denmark}) + 05U/ml Novolin R 100 (Novo
Nordisk, Bagsvard, Denmark) + 20 ng/mi Natural
murine EGF (epidermal growth factor) (Invitrogen,
Carlsbad, USA) + 75ug/mi
(Banyu Pharmaceutical, Tokyo, Japan) + 10 mM
HEPES (Sigma, St. Louis, USA) + 1% penicillin-
streptomycin (Invitrogen, Carlsbad, USA)) {Z %
L., IB&/ICR, 33— ¥ niRGil (Cellmatrix
Type I-A (Nitta gelatin, Osaka, Japan), 7.56% so-
dium bicarbonate solution (Invitrogen, Carlsbad,
USA), 10 {ZififE® DMEM £8:1: 1 OHE&TRE)
% 60 mm Mz 500 p! ¥ o5 L, 37°CT 20 4
Av*aX—p LTHERLEZIF—F 5L TFr9va
EHGWI, SyEE - B L -l %E 3X10° IV T,
37°CH 5% CO° R FIc T L A=, HEbHRE 1, 8,
5 7. 9 Bific, BEE@ERO ki FE &R L TER
Ltcas—rvyrrzEFGLr GBLARD, SRiEQ
HEmsv 2mi &L, BERBLL,

hydrocortisone

— B—
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Albumin secretion
(11 g/ml/day)

LA R RN
= e
BRA

FEFH

day 1 R wF
day 3 ¥ UF1vFR
day 5 U FAvFH
day 7 HUFA2FR
day 9 YRS wF 8

bt it

BIE A: 25-KFo¥NY o FA o FE 60mmas—=F oL+ vall, 7+ MiFR

H S5 - 3L 2RTHRAE L ik,

Lha<EMMIER%E 35—y raelifLi. 158

WIERMAL L 2ml BV, GAKALL. BI 3775wty P45 FIETHERLEZMN
HRIFEMO T v 7 L viEER BRBMOT AT L vIES ELISA HCRLEL 2, SEBMELS
HAETiz25- o rorsligl 1244, Tt TP LTOUAET LT L vIEY, @
kit 1 IS RME | BEICTREL S LR L, sokbisani. fLAH-

A, B0 LY, REEIEUT L2,

2. THT I VRNE

FRHICESE EEENRL, kb7 Ly v RIEE
ELISA (enzymelinked immunosorbent assay) i&
(Nephrat Il (Exocell, Philadelphia, USA)) £H\WT
ME L. ELISA 7L — kic, fRArLE |a% 100 pl %
mZ. &\WT HRP (horse radish peroxidase) Eifkin
S5y rTATE Ak 100w WAL CRIUL, #Hid
T30 HMRIGE ¢, KRy 7 r —HB0KIEK
TFL - EBAEHE,. 0.2mg/mltetramethyl
benzidine (TMB) /&% 100 MA T AMEERT
RiGa 4, RIGIE#E (I MBEEE) 100 2MA, £
#2512 450 nm OB RIE L 7-.

3. mRNA #IE

trgEm s, 05% 354+ =+ (Type D) L mi
254y vaiA, 10 5] 37°CTINR L 7 v EiFRE
%, @W%50g T5 4800 T, EifE RS Cllan
iz Isogen (Nippon gene, Tokyo, Japan) 1 mil %2/Nx
RNA ik ##1-. Isogen RNA filitti+ » + (Nippon
gene, Tokyo, Japan) @7 o b 2 = izfELy, £ RNA

%1% 7. First-strand ¢DNA @ & % I {3 random
hexamers, multiscribe reverse transcriptase (Perkin-
Elmer. Wellesley, USA) HUV T 25C 109751
v—iBfnEd, K< 48°C 30 HFEERIGE S ¢,

95°C 5 WA 4 2 C &z k& H multiscribe reverse
transcriptase % A iE#:{L L 72. TagMan PCR L3
TagMan universal PCR master mix (Applied
Biosystems, Foster City, USA) 28T, 5 58z 6-
carboxy fluorescein (FAM) o T i 3" #IC 6-
carboxy-tetramethyl rhodamine (TAMRA) % &3
L 7z TaqMan Probe (260 nM), & SIX7 54 = —~
7 (900nM) & & &1z, ABI PRISM 7700 Sequence
Detection System (Applied Biosystems, Foster City,
USA) THIBLAIEL:, 754 v—v—2 22}
HlFFEHTRLL, BIERoERILICIE rat 188
ribosomal RNA (Applied Biosystems, Foster City,
USA) 22 ¥ ro—a & LTV (comparative
CT method) ABI PRISM 7700 Sequence Detection
System @ 7% ff 3 B &3 % TagMan software
(Applied Biosystems, Foster City, USA) 2HULTH~

— 59—
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Bl VTAIMLPCRITHV Iz TagMan 70— 7 &7 54 7 =<7 —
Forward primer PCR
TagMan Probe product
Reverse primer (bp)

AAGGCACCCCGATTACTCCG

Albumin TTCCAAAACGCCGTTCTGGTTCGATA 648
TGCGAAGTCACCCATCACCG
TGCTTATGGGAGGCGTAT

Bsep TGGCCCAGCCAGGCATACTTATTATT 564
GGGCTGACAGCAAGAATC
TACTCAGTTCTGCTGGAGCC

TAT TGCCTCTCCCACCCATTTCCTCG 511
GCAAAGTCTCTAGAGAGGCC
AAGCGCTTCGGGCCA

CYP2E1 TGTTCACACTGCACCTTGGCTCAAGG 60
CATGCAGGACCACGATGC
AGGTCCATGGTGTTCAAGGATG

HNF-4 CAATGACTACATCGTCCCTCGGCACTG 106
TCGAGGATGCGAATGGACA
CCCGATGTCACCCAGCC

Activin A CCCAAGGCGGCGCTTCTCAAC 67
TTACCCACATGAAGCTTTCTGATC

. TGGCCCCTGAGGAGCA

p-actin CTGTGCTGCTCACCGAGGCCC 69
ATCTTTTCACGGTTGGCCTTAG
CAGAGTGCCGCTGTGGGT

Integrinal ATCCTCCTGAGCGCCTTCGCG

GAGCCAATATAAGGAGCATTAGCAG

DRI E 5 Ct ik, 18S ribosomal RNA %= H]
WAy bo-LDCtitIEY TS 2 + (Ct
target-Ct 18S ribosomal RNA=Ct) #5452 &ickD
ERERITLI.

4. A bV R77As%—= (Stress fiber : SF) OifE

R EWIl L%, JKid L 7 phosphate buff-
ered saline (PBS) ©1[EgkipL, 4% 3+ L LT
¥k ¥ (Sigma, St. Louis, USA) %#MA. 5 4EIF
EL7. PBS T3 [IgkHik, 1pg/mi @ FITC #Rilk
phalloidin (Sigma, St. Louis, USA) &£ ni, %
BT ISMIRIE%, PBS T3 AL, 90% 7)€
o= /PBS ZER L 72 bd % B A VIR
(ECLIPSE TE 300) (Nikon, Tokyo, Japan) Tifi#
L.

5. {HEAa O HLE %

tfit: EGFP (enhanced green fluorescent protein)
b7 R Y =% % v b (Nippon SLC,
Hamamatsu, Japan) @ X - Bl L,
18G D& %% LiAA HBSS T L H L - dER2id % 40
pm @ € A R+ b 4 F — (40pm Nylon) (BD

Bioscineces, San Jose, USA) THiEL, FH® Ficoll-
Paque Plus (Amersham Biosciences, Piscataway,
USA) wcililiL, 18°C360g T 20 ML, b
Ml &R L, HBSS C 2l LI, 25—4% ¥
L SRR % 1 HRREE L 22 60 mm F 1 o
1x10° EEF-ofE, a35-rrrridiL
7o REFREGE, RFHURRES RIS 20 ng/mi recombinant
human FGF-4 (fibroblast growth factor-4) (R&D
Systems, Minneapolis, USA) & 50 ng/mi recambi-

¥ all,

nant human HGF (hepatocyte growth factor) (R&D
Systems, Minneapolis, USA) ¥MAfz&DEMHW,
mHAL 7.

6. e

P EATHIRE %2 7 « » o~ 2 TIEHWH, K PBST3
Olge#EH L, 4% ~5cnaT7LFE F (Sigma, St
Louis, USA) T 20 HHEE L 2. 0.2% Triton X-100
(Sigma, St. Louis, USA)/PBS I 10 s#plaitig, 3%
97T v (Sigma, St. Louis, USA)/PBS THil
M 7o v F L, 100{EH/RL—XRE
(v F¥H5» b7 7§ vk (ICN biomedicals,
Irvine, USA), =7 t Ui GFP (green [luorescent
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protein) f% (Chemicon International. Temecula,
USA)) TEiB | BRIE S ¢, PBS T 10 43R 3 [k
L7, 100 /BN btk (Cy3 8k » O
o+ ¥ 1gG itk (Sigma, St. Louis, USA), FITC £
S¥y Ma=7 1Y) 1gG Hiik (Sigma, St. Louis, USA))
TEE | BFMRIG& &, PBS T 10 43R 3 [k L.,

90% 7 ) 4+ o — L /PBS ZililF L 72 & % FH o BIE PR
# & (ECLIPSE TE 300) (Nikon, Tokyo, Japan) #
SO L — o —PARMEE (LSM510 Ver. 2.02) (Carl

Zeiss, Oberkochen, Germany) THEL 7-

B/ R

. a3-Fu¥n4r k4o Fik

BRFFRChETIS=F Ly ¥4 o Fikiz
& 2O EIF i 8L & Bl U RMEE IV, BFAER
ISP ROVCBEEREIT 2, DERALLT, TA7 L0
PS8 Lt~ oy e b R MG 25 HR & Tl L,

8 Albumin " Bsep TAT
3 £ o
3 g H
94 ©J :2
<
3 i y
] L 4 o
2 21 24
i - i
Eo eoL_J___n:hr.- PETLLL TITEP! S o
day 1 day 5 day 9 day 1 day 5 day 9
day day
CYPZE1 3
$5 $
B4 4
S, : o HYUE TR
<
%2 iﬁ e day 3 YRS YT B
L
i :
5
g, . By
day ! day 5 day 9
day
gﬁ Activin A §3 E. nteain ol
¥ : )
- 4 ;7. ;4 i
= 3
3 .'
£ { 0 e
£ - §
eo e 3 ' eu L I L ] 0 " - i i i
day 1 day 5 day B day 1 day 5 day 9 day ¥ day 5 day 9
day day day

F2® 3=ty FA4 o FETEELLYRERIFAMOIFYRN 7 — 7 — 50 mRNA RO, ERE
B4 mRNA RBIfg2 )70 % 4 4 RT-PCR T#liE L7z, % mRNA R, A8z~ ro=wic5 v + 185Tibo-
somal RNA 2HVTHHEL. 1RSI BB &7 -7 - mRNA RicdakkTdL L as—Frvirnd e
M4 FEIE LTHERMESHER IS =Y v F Ll L REEAY, I35 -rve v FAa o FREERMLYE

THRT Ly,

Bile salt export pump (Bsep), TAT (tyrosine aminotransferase), CYP2EI] {cytochrome

P45011E1), HNF-4 (hepatocyte nuclear factor-4) ® mRNA @, 3 5 —=7 ¥ ¥ ¥ F 4 » FEETRIEEAHM,
v F A FRTEOL, WostiMia@nts. Activin A, Bactin, ® mRNA #Blliti, Jiv v ¥ oA o FETH
M B3VRTRETEADIZHL, 4 P4 FHTRESSLEDL . Integrin al (34> F A1 - FHETED
MIFITH - 7208, v A4 o FRETRML f2. *<0.05, **<0.01 vs. JE4 » ¥4 » 78 (Wilcoxon Mfi FIIR5E)



#0039 =977 iU U RETETE O BiE

oo EREFFR Y v 7HORMI>WTH]
mRNA fit# RT-PCR i &MV THRIE L 72,

T AT I OS5I, PIREEFEaE ko2 5 -
Foxrn L THEEL, 27— AR RREE 3.,
5, 7. SHBICHEB LR, EF/LLEVIIOYT, 24
BRI TIEREDcAiEsh3 7073 ~ it 2, ELISA
TRIE L g7 V73 YIBECHML 2. HE
DAF= B LT EBETRRMCT L
7IvRwRETLE BEMESABITias -
FuyrnRBifLABTIR, BTl A ClfisidicR
PLTOWETAT I YR I I -5y niilifmLi:
HgrobEIc LRLE 255Xt @iRL 20
WREAsrLSOTAT I UM, BHFEEAHA» SIS
LT, WEOIS=F v bIctE L8
D@t IF=F Xy AERRMEsAET
il L s, BEEE 7T HECERSWwEcEL %
D LHIFE N, BRRIEEME I BEICEML 2
HeRBIEE ShHFEh, ISEMGK 7 A KT
RU2BET i, ERMEEEH L TRV < VLIV E TET
LTOWATA7 I »BENLAELT 2400, TDM%
mawi, | HACHEBLAEED 1/4BEic@E
DHUBEDLLIL)E:, SHBLRICERL -BE, 7
AT yEERERIEL -7 (5 1-BRD.

TAT I 7EFBRE Y v 7 HE L THBEABET
H5H, ATHREBIET LTz 0holFRIBIE (R
NTLLELORIFLTBRTHS. TITYTAIAL
RT-PCROFHEEHV, 35— 5 X NZ21ERHE3
HEcTEL 25a8s, TWELAD - LHET, FER
== —%HeLizvw{2»O mRNA RER+*H
gLz, A3 bo—ELTS» b 1IBSmMRNA fit
ZAELT, Thiolke L TE mRNA % R
Lz, A7 vid, Il -RIETIR, TLT
{ O mRNA iz fFgeaicgP L. —%, 38HIC
L -BRTR, T 2E#ES S mRNA BB RO
FLUMMMED LN, I5-F X LiTBLED-
ATHIRRICHE L 145 (S L oRERE 1 - 12, FHR
Xeicb Bk~ — &3 bHN B tyrosine
aminotransferase (TAT) 3, =5 -4 ¥ L 2@
LEfFlcidss -4 ik 4 HAIC 3%
s D 93 EORBERBE LY, TOVv<uhffifEsh
7z, G T R E MK T HNF-4 (hepatocyte
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