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Abstract Hepatocytes perform most of the liver’s functions and are very important for the cellular ther-

apy of liver disease as well as in drug research and development. It is difficult for primary cultured hepatocytes to

expand and maintain for a long period in vitro, so how to get a large number of mature, fully differentiated hepato-

cytes has always been regarded as one of the most important research problem. In this review, we are going to sum-

marize the results and the latest research progress of derivation of mature hepatocytes or hepatocyte-like cells from

liver stem cells, embryonic stem cells, adult progenitor or stem cells as well as other adult cells via different strate-

gies, with the expectation of directions for future research.

Key words hepatocytes; liver stem cells; embryonic stem cells; induced pluripotent stem cells; pluripo-

tent adult progenitor cells; induced differentiation; transdifferentiation
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Fig.1 Different ways to generate hepatocytes or hepatocyte-like cells

Ko, 252 T LA S A e AR O

H 19694F Berry 557 i 1K W W A0 B VL 7 &
JH- 4 B AR, V22 BHIE G306 AN IR eSeadke ™), T8 Rl
T AEH R AT S ) BT 40 M A B T k. WD R
TRVE A DL o B 0 U0l 2R 0 B U R AT SR
75 00 5 03 M 2 v 1 AR 40 o T AH 4 i
(1) 55 0 L B A SR AR v, L R R A IR S B
1 B B0 4k 1 R TR B = 4E MR L, 38 7 AR SE A
R 9% BE P s N B 2 (insulin) . M %€ K 74 (dexam-
ethasone, Dex). 54k [ (transferrin, Trf). FF40 0
E K A ¥ (hepatocyte growth factor, HGF). % % 4=
KA -F(epidermal growth factor, EGF)%% il 41 ffu 3%
B R, SR A A0 AN AR 5 R AT R 4 4
BUFIIEA R Yihe, fERegRi a5 d, HFan ks 51
DIREZEWIN &, JF HARMESGE A8 .y KeE a1, 0
FORET- FAT W R B A4 1 AU s A 40 e, el T
FORISA > HA™ R T HME S5 1) i, Al K M FR 11 1
JH90 40 P IT VA AT S0 S N o R, e s et LA
TR AR R R Z U A 0 1 A 22 AR AR R A A A
2 R B AR U] U H T, 1 ) B T S
T RFE N RE(EI) . ASCRELRIR T K AN A S
MNAS [R5 4 A 75 3 SR EUTFCRE ) 41 i (R B 9 1 R 5
ke,

2 RFAFT4AEEE
JH 40 fd(liver stem cells, LSCsEhepatic stem

cells, HSCs, A SCR AT — NI FR) 2 AT HE Y EAE [
I3 R A0 I AR A b R A PR 2 AR T 4 e
(adult stem cells, ASCs)!'*, ZEMG A H W hFrR 2 A
Y [51 41 i (oval cells, OVCs)!'. 4 [T JIE 52 245 4 15, 5
A A A4 5 TH 0 L 70 B AR I, LSCs i H 5
SEHT, For A AR BRI IR A b Rz A i, 25 IR
(42 S NP AR St A A Ay o ST A S )
PRI o ST SCHR S/ L SCshr a8 145 4L,
5 H R A LB D) AR S AT b B 40 &G B 431
(epithelial cellular adhesion molecule, EpCAM)!"), 4}
Pl 133 (cluster of differentiation, CD133)!°
W W 2 X YHE9[sex determining region Y (SRY) box
9, Sox9]P*, H E S E R E R P HIINGHE AR
£ 5(leucine-rich-repeat-containing G-protein-coupled
receptor 5, Lgr5) 24,

LSCs H AT — BB AA T 40 MU IR AR, REAEAR N E
i) 4340k 20 M BSONE /S b R 4 e, T A A0 B v o
rPH Y RS AL SCs LAAMEE 32 1541 Jfn 24, LSCs
Wy AE RSN AT WG, IF O 47 L B BRSBTS 204k v
fit. MM LW INHGF 5 A 21 4 4= K [Rl F4(fibroblast
growth factor 4, FGF4), LSCsAE/EAASNE i1 434k A BT
i, ek Al bR S E E, I RAT i R 2
e, BARLSCsAefE R oMy 535, Jheih
T 0 GRS T SRR SRAT AR R BR A, T
W A AT JHE 9 45 43 S RS0y 1, e AN 25 ) A 1
753 K23 VI BR AL Bl ) 43 g5 1732,
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3 IRTREBETHEAR
JAJIGT- 41 Y (embryonic stem cells, ESCs)7E 2 &

0] 77 J 2 40 M B 1 i3 990 ) B8] - (leukemia inhibitory
factor, LIF)J&, & H K 73 T BB 15 =N IR 41 i i)
R A& (embryoid bodies, EBs)P” . 7£ 19964, Abe5R!
RIMAEEE TR/ UG+ 40 L R vh, ESCsE A TE L
EBs/&, fefl ik I JZ 55 ¢ 1 Il 2R L D5 fiG 2
[1(alpha-fetoprotein, AFP). [1%5 [1(albumin, ALB).
e HUIR I 25 2K [ (transthyretin, TTR). AT 41l i #%
1(hepatocyte nuclear factor 1, HNF1). 41 {uf%
-f-3B(hepatocyte nuclear factor-3p, HNF-3B)%5, 1%5K
B NGy TR I BIESCs HUR TE UM EBs L 15 IR J2%
JHR% R 40 M, VRG240 M B B RO g 1 T4
P

20014F, HamazakiZ&PF57 17 /N ERESCs /b
I AL IR 1% DL - ESCSPE R BRLIF A & 20 LI IEBs Ja,
T FF 8235 55 (1) 55 6 R Rk Afp Flo-Bt JiE 2 11 ¥ (alpha
antitrypsin, AAT); 5512 KKK Alb; M5, ARSI TR
0 B 2y 246 R A N 381 8, 24 H 4 L FR) s 25 ) i % B -6-
1§ PR (glucose-6-phosphatase, GOP)FI % 2 iz Fk %
# W (tyrosine aminotransferase, TAT). #EBsfEE; 7
[ S5 9~ 12K H N BRI 3 4T 44 4l g 2 K IR -F (acidic
fibroblast growth factor, aFGF); 5 12~18 K 1 in A
HGF; % 15~187K [A] I i A fiill 8 # M(oncostatin M,
OSM). HBZEKHA ., B iy 28 FVEL Bk 2 1 S I Al 7R 3

2l 4 (insulin plus transferring plus selenium acid, ITS),
TWEBsAH 32 25 ) 40 1 5 1) 704K, 8 7 JEE A 40
JERIEAMD Aat. Alb. GOpFITar 5 V4 5 MEJE A
ZSEG  EBS ) B & 704k ER ELAE I AR 40, (H
e ARG AR AL, A ISR T
TIEA T RETE UM H 40 . Cai%s I HIAgarwal
BT FH AL B4 40 i PR 21 4 S 25 Aactivin A).
ITS. FGF4. ‘B JE4 /'L [12(bone morphogenetic
protein 2, BMP2). HGF. Dex. aFGF. #ili{k k4T 4
i i 2k K IR 1 (basic fibroblast growth factor, bFGF)
N B A K 4 B H4(bone morphogenetic protein 4,
BMP4)73 5 ¥ N (ESCsiZ 5 75 3 4 IFFE 41 i . Ba-
harvand &P 5R H R4 15 3 5 2, 57 T AWESCs |
JHAN N A =Y TRk R . AT —HERT IR R 4,
ZYERE TR G AT T I A0 TR A A BRI A,
RE S LRI 2 AN Gop I A ik, 1755 T8 B A 41
B AT I IR 3R S RE ) FIAfp A K. LT
BEEE R BoR, YRR IR IR AR I B A AU
A0 AR AR, BRI B A A
WA R A DA KR 07 R A5
Takayama®§P i Inamura5C7 U & I, i B A
SOX17(Sry-related HMG box 17, SOX17) A1 ifi T4
Jitw [7] Y5 % 3k HE [A] ¥+ (hematopoietically expressed ho-
meobox, HEX) AE W i —+40 1 1755 4040 4 A )2 4
O I 2 A0, 2 N JH 40 A% R 5 4a(hepatocy te

F1 FERaT 40 Rask iR BY AT 4£ 40 A
Table 1 ES cell-derived hepatocyte-like cells

RIS T JH- 40 W e e ik PR i JH-4m e 2% R
Original cells  Induction factors Hepatocytes-specific genes expression Hepatocytes function References
mES aFGF, HGF, OSM, Dex and ITS ~ Afp, Alb, Aat, Ttr, G6p, Tat INK activity [32]
mES aFGF HGF, OSM, ITS, bFGF,  Alb, Afp, Tat Albumin secretion, urea production [38]
and Dex
hES aFGF, HGF, OSM, Dex and HNF3p, AFP, TTR, AAT, CK-8, CK-18,  Urea production, albumin secretion, [35]
ITS CK-19, TDO, ALB, CYP7al, G6P, TAT ~ glycogen storage, ICG uptake
hES Activin A, FGF4, BMP2, AFP, ALB, CKS8, CK18, G6P, AAT, Albumin secretion, cytochrome p450 [33]
HGF, OSM and Dex HNF4o, PEPCK, TDO2, CYP7al, TAT,  activity, glycogen storage, ICG uptake,
CYP3a4, CYP2b6 LDL uptake
hES Activin A, FGF4, HGF, OSM  GATA4, HNF4a, AFP, ALB, AAT, Albumin secretion, cytochrome p450 [34]
and Dex. CYP3a4, CYP7al activity, glycogen storage, ICG up take
hES Activin A, NaB, DMSO, HNF4a, TTR, TO, CAR, APOF, Cytochrome p450 activity, glycogen [39]

HGF and OSM

CYP3a4, CYP3a7, CYP2d6, CYP2c9,
AFP, ALB, TAT, CYP2c19

storage, produce and export plasma
proteins (albumin, A2M fibrinogen,
fibronectin)

m: SRR TR SRR TR b SRIET A

m means mouse; r means rat; h means human.
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nuclear factor 4o, Hnf4o)), ESCsfAEH S A BT #E
S0, FIA A0 M S 3 TR, EAT R 4 a1 22 Fh
itig.

A, WM AFRM A 4G, 2R8I
ESCs4i i b i Dy 15 5 73 A0 8 LA fig b5
AR RN GER D). AR, BT ESCsHIZRIR
T BN NG, AP AEAe BN 8E e Ah, 2 HIESCs K IE
(1 JFEF 4 R AT 95 1) 48 B B AV T 7 I, |l IR 4
L = ZEA SR 21 5 A A4 (major histocompatibility
complex, MHC) 5 2 AR (AN A, AEAEAFEAE S lie I .

4 BFESHZETHRE

75 S £ BE T4 id(induced pluripotent stem cells,
iPSCs)/& 7E T LKL, R BB MR
N BB LA R e S TS R T 4n i
FHALIK — 2540 1. TakahashiZs#0% B, 30 3k PUAS 5
ST 4 (Octd Sox2. Kif4Fc-Myc)n] #4 /) Bk
ST YEN 3% 53 Ak iPSCs. A, AN 925 % A4k
FENBIL K RSN R e 1) A4 40 i 4% A 8PS Cs o

20094, Song=5E 1 (i NIRIPSCs 53 70 A0 B
OGN . AT TS HOLT 40 M 1) A B T R, SRR
BLTESCsi& A 75 F 7040k 40 WL 7 1%, 43 AR
F10~3, 3~7, 7~13, 13~21 KH Activin AFIRET 44

KA1~ (fibroblast growth factor, FGF)4] &+ BMP2F
HGFA1 G, 4T 4 4 K X1~ 7(fibroblast growth fac-
tor 7, FGF7)FIOSM4L &, UL K Dex 7y M B 155 o 45
REIR, 12N IR 255 B Bofy Hoks S PE L R Sox 17,
Foxa2(Forkhead box a2)55 % 1A, 75 40 Mk 5 7 b
MrBtf Afp. Alb. CkI8(cytokeratinl8, CK18). CkI9
(cytokeratinl9, Ck19). Pepck(phosphoenolpyruvate
carboxykinase)5F 1A . iPSCs[1 B 2 th M 5 T 4 1
JV 2 40 A A B T S AR b R A A ) A 4
B R e APl sl S RURER. 2>
WA, ARG EP4SO I ERIE. bE, 24
SEIG =R I T 28 NI BUFRIPS Cs 5 3 TE
J T AR L R 2) 47,

MIPSCsifs T T 21 i 55 NESCsifs T J-A: 41 g
KAk ZIRARTE AL A MU TT TR T4 i
S Ae BT A e, SZUG E PR LE, A SRSz,
11y H.i& 7T 3l i iPSCsi 425 5 U H 8 B 5 i
FEAN N, 7040 A% R I B T S e e il B, 2 3R
KA ) — KiEA . SR, HArHE HiPSCs
FTETAAA BN A LR R, U8R,
Jr g BE DR (U e-Myc) &5 o #EiPSCs/r b b B2 Hh A7 4% i
(V09 40 B G A0 1), S FHLIPSCs 5% B3 A SR JR R 41
I AL

2 B5ES e THHAEKIR R AT AELE R
Table 2 iPSCs cell-derived hepatocyte-like cells

S FHHT FANRAT AL s B4 B4 ik
Original cells Induction factors Hepatogytes—spemﬁc genes Hepatocytes function References
expression
miPSCs Activin A, Wnt3a, HGF, Afp, Hnf4, Alb, Ck18, Gbp, Tdo2,  Cytochrome p450 activity, glycogen [45]
DMSO, OSM, Dex and Tat, Cyp3a4, Cyp7al storage, LDL uptake
ITS
hiPSCs Activin A, BMP2, CYP2a6, CYP3a4, CK19, AAT, Urea production, albumin secretion, [43]
FGF4, HGF, FGF7,OSM,  TDO2, AFP, ALB, CK8, CK18 cytochrome p450 activity, glycogen
Dex and N2B27 storage
hiPSCs CDM, Activin, FGF, ALB, AFP, AAT, PEPCK, G6P Urea production, albumin secretion, [44]
BMP4, Ly, RPMI, HGF, cytochrome p450 activity, glycogen
OSM storage, LDL uptake
hiPSCs Activin A, bFGF, BMP4, AAT, CYP3a4, ALB, CYP2d6, Urea production, albumin secretion, [47]
FGF4, HGF, FGF1, FGF4, CYP3a4, CYP7al, TO, CYP3a7, cytochrome p450 activity, glycogen
FGF10, OSM, Dex, CYP2c9, CYP2cl9 storage, ICG uptake, LDL uptake
FOXA2 , HNFla
hiPSCs Activin A, Wnt3a, HGF, AFP, HNF4, ALB, CK18, G6P, CYP3A4 enzyme activity, glycogen [46]

DMSO, OSM, Dex and
ITS

TDO2, TAT, CYP344, CYP7al

storage, LDL uptake, urea production
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Table 3 Adult progenitor/stem cells-derived hepatocyte-like cells
SkeVs4n iy T JH-20 Mo e D R ik JH-4H B g Z %R
Original cells Induction factors Hepatocytes-specific genes expression ~ Hepatocytes function References
r/m/hMAPC FGF4, HGF Hnf3p, Gata4, Ck19, Afp, Ckl8, Ttr, Urea production, albumin secretion, [51]
Hnf-4, Hnfla, Alb, Cyp2b9, Cyp2b13, cytochrome p450 activity, LDL
Cyplbl uptake, glycogen storage
rMSC/HSCs FN, Dex, EGF, ITS, aFGF, Ckli8, Alb, Afp Albumin secretion [52]
bFGF and HGF
rMSC HGF and FGF4 Afp, Alb AFP and albumin secretion, urea [53]
production, glycogen storage
rBMSC FGF4, HGF, ITS and Dex Afp, Hnf3p, Alb, Ck18 and Hnfla Albumin secretion, [61]
urea production, glycogen storage
rMAPC Activin, Wnt3a, bFGF, Afp, Ttr, Alb, Aat, Tat, G6p, Mgstl, Albumin secretion, [62]
BMP4, FGF8b, aFGF, FGF4,  Factor V, Arginasel, Hnf4a. urea production
HGF and FN
rMAPC Activin A, Wnt3a, BMP4, Afp, Ttr, Krt19, Alb, Aat, Tat, G6p, Urea production, [60]
FGF2, FGFs(FGF1, FGF4 Cypla2 and Factor V albumin secretion,
and FGF8), HGF, FN GST activity, cytochrome p450
activity
mHSCs SCF, IL-6, FLT3, OSM, EGF,  Alb, Ck18, Tdo, Tat Cytochrome p450 activity [63]
FGF4, TGF-a
hUCB FGF1, FGF2, LIF, SCF and ALB, GS, CKI18, CK19, AFP Albumin secretion [54]
HGF
hBMSCs HGF, bFGF, OSM, Dex and AFP, HNF3f, ALB, CK18, CYP2b6, Albumin secretion, cytochrome p450 [64]
ITS TAT, TO, G6P, HNF4 and HNF la activity, glycogen storage, LDL
uptake, Urea production
hUCB- MSCs Dex, ITS, HGF, ITS and ALB, AFP, CK18, GS, TAT, HGF, C-  Albumin secretion, LDL uptake [55]
OSM MET, PEPCK, CPS
hAT-MSCs FGF1, FGF4, HGF, OSM, ALB, AFP, TTR, TDO2, CYP7al, Albumin secretion, [58]

Dex

HNF4a

urea production, LDL uptake

5 RTEMZ sEAARE/ T

J5 T N VR T2 1R JE 4 AN AN g AN T) VR 2 ) T
AR T MoK, 1 HE I H 2 3 BEESCsBkiPSCs A
05 Mk, 34 BE LA 2 () A AH /40 i 5 5
ST R (F3)e BT TR - fie 22 1) 2 o i 1) 25 b
E B Y8 RS W 1 O = 1 e MR N W 1
(R 40 1 22, B0 2 22 Al A AH /40 L, G 1f = 40
(hematopoietic stem cells, HSCs), [H] 78 Jii 41l ffd(mes-
enchymal stem cells, MSCs), AR 41 1Y (multipotent
adult progenitor cells, MAPCs)%51,

19994, Petersen5* i Ik 4 th, 78 B 1% 2E 1)
20 G B R R e, G TH A T RE R R TR
Bl A A A0 . AT O S B A IR T XA M A,
BRI FH S0AE 7] 0 S ST PR M P 52 A K BB 52 e
KB PR 1 0 AL, 0 S ORI 2- £ s A
(2-acetylaminofluoren, 2-AAF)AbHE, £¢ 11 HJH- 41 ffa ()

W85 )5, FCCLER/3HT VIR R S AT 2, 45 KAl
B 52 AR B P4 B0 1 B 3 SR T A4 K B
FHEANN . 2S5 AR AR BEAN A (TP B 40 e e AR
B3 JH AL, AT T A e AAAH 40 1) 40 i 5 5
SIS

20004F, Lagasse 5 P03E — 20 i iE T & & H 10
HSCsHEF: A2 B 40 M . 556 LASE B3R & Wt /K fidk i
JE [ B3k B (fumarylacetoacetate hydrolase, Fah ™)/ il
h Ak, FTHBOLERS RS 5, KR T R Fah /)N
B ATHSCs % A8 1) 52 1K /I Bl 45 32 A4/ B 2
RE T2 W B, O A8 JIE b AGr 0 21K B 4K ) Fah™
JTF 4 L, U WTHSCs e 7 A E 5% 42 T 4i . 2002
4, Schwartz45 7L AR MR i 1 22 B8 A4 A 41
IMAPCsif 5 75 A6 A4 . S8 BLAL /b
BT OK Bk U8 IOMAPCs I & FGFARIHGF 1) £ 7%
BEHE IR, TR J R 0 3 JH A0 B 1% 2R 1R bR 25 A D Hinf
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3B. Gata4. Ck19. TurFlAfp; 14~21-K ¥ il ] Alb.
Ck18. Hnf-4(hepatocyte nuclear factor-4, Hnf-4)
Hnf-1a(hepatocyte nuclear factor-1a, Hnf-1a)). 5 3
IR - R IR, REWEAEAERE R, Rl
A LA, A AR 25 40 (4, 21 PAS 05 1tk
ShuEERIK ang 55U 73 731 A A RIS 1 it )
ST A MS Cs 5 3 b RE ..
BB P RO TN e AR AR N AN
I HTERE AR A1, A AU 1K) 22 Tl 1) 78 5140 1t
TRl 5 3 O JHEAE A0 M, SR T I it ot 14 1) 78 o1
41 g (umbilical cord blood-derived mesenchymal stem
cells, UCB-MSCs)P*5, >k [ iy J LI 1) i) 78 i+ 4
BTk B AR ZH 2 1] 78 5T 41 i (adipose tissue-

derived mesenchymal stem cells, AT-MSCs)**914%

M2 A P A5 18 5 AL/ 4 L 5 2 T R
ITFREAR BRI, S0 17 38 2 (A i R gk R A2
SR ZIRAR (VA 40 375 & 2L RCR IS AR, HoA
U2 20 A8 e A R S 2, DRI A S s P PR AR AT
BRI PR A9,

6 MNEMAMMEERLE S K

FLAE19814F, Scarpelli%H g i HILT 4t RUR I
B F(Syrian golden hamster) (1% 5 /1 41 it P A= 4 G ),
TN B J 20 e g 75 5 711) NI A - X240 N e J i
(N-nitrosobis(2-oxopropyl) amine, BOP) ), 73 Ji# i}
S0 1 B A AR N B 2 A A T FE A L. T Dabeva S5
IR i L B2 #H 41 Jitd (pancreatic epithelial progenitor
cells, PEPCs)FSHH 2T 5, tHBEAEAA N e 70404 I

FEANML, I AN KR 57 25 20024F, Tosh35
HIRAEARSL, HIDexc¥e e if 41 il R AR42J-B13 15 3

G3AG R I RE 2 T, 232 JH- 40 I ) b 35 B 1 A 2
[ 45 Bl (glutamine synthetase, GS) % FH LR 75
% i 1(carbamoylphosphate synthase I, CPS 1), i %
W-o-BEIRME . FHURIRRE A AEA MR EA

faray
STo

20114F, Huang!®®45 15 Ik ) Hpl19"" " (p19""H
Cdkn2a%w i, BV 41 i & $) 2 400 R 1 e 410 o1 55
2a, cyclin-dependent kinase inhibitor 2a, Cdkn2a) /)
BUASE 2R ) B2 B 2T AR 40, AN 144N 55 R R & AH K
(RGeS DAL o O e HH 3N e s IR I AL 4, B
Gata4. Hnfla F1Foxa3(Forkhead box a3)fg ¥ /I™ il il
FE FSET A A0 0 1 8 5 -5 B O A O 41 i (induced
hepatocyte-like cells, iHep). iHepil ffd 2 A HL A (1) |
e B A, Rk 4 Ry e JE KT anAlb . Trr,
Aat, Trf. Ck8. Ck18%%:, 3 H HAT 3T 41 1) T
e, WK ZE ARG BEIEAE . 19135 Sk (indocyanine
green, ICG) 5 I % J¥ Jli & 11 (low-densitylipoprotein,
LDL)W e BA K 4l il € #pd 503 155 . iHep4ll i £5
W Fah™ /N5, 07 BUFIE D) BEAS 21
MAFE T K. [A4E, SekiyaZE 12N 5 IF4i i & &
FHOG [ 3 S DR vy, 08 10 ) AR3AN e s DR 1 AL 45,
Rl Hnf4a 5 Foxal(Forkhead box al), Hnf4a 5 Foxa2
B Hnf4at5 Foxa3 ¥ ReXs /) BRI 4T 4E 40 i (mouse
embryonic fibroblasts, MEFs) &} it {4 il 21 4 41 Jifo 15 #2
oy A N iHepo  JE AR 1 iHepaR 1A B 41 il 1R
BB, BAT B D R, o [ Be R Fah™ /) B

4 FRLURZE B SRR B BT AE 40 A
Table 4 Adult cells-derived hepatocyte-like cells

Sein 75T ¥ JH-20 Mo ek D R ik JH-An KT e Z:2% 3R

Original cells Induction factors Hepatocytes-specific genes expression Hepatocytes function References

rPancreatic cells Dex, OSM ND Albumin secretion, expression of marker [67]
enzymes (G6Pase, CPS I, GS et al)

mPancreatic cells ~ BOP ND Glycogen storage, albumin secretion [65]

mFibroblasts Gata4, Hnfla and  Alb, Ttr, Aat, Transferrin, Pah, Ck8, Ckl8,  Urea production, cytochrome p450 activ-  [68]

Foxa3

E-cadherin
mFibroblasts Hnf4 a plus Foxal,

Foxa2 or Foxa3

Gjbl, Cldn2, Gata4, Foxa2, Foxa3, Hn-
fla, Hnf4a, Collal, Pdgfrb, Postn, Fspl,

Comtl, Nat2, Natl, MaoA, MaoB, Tpmt,
Gsta4, Gsttl, Ugtlal, Sultlal, Fmol,
Mgstl, Aat, Fmo3, Fmo5, Hnmt, Nnmt, Gs

ity, glycogen storage, ICG uptake, LDL
uptake

Albumin secretion, urea production, gly-  [69]
cogen storage, cytochrome P450 activity,
ICG uptake, drugs metabolization

ND: LR AT
ND: means no detection.
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I D REM A

PRGN M B B2 5 Ak ok FHEAE 40 P, 0L T 40 i o
e 2 2 Re T A MU RPIRAS, kb T IR EUHFE 40 A
(RIS ) e AR, b R B ALG T 40 1 2 e s 75 v o
AR RS o SR, XE 45 BCRAAA 20 M B 42 7 0 A A JHF
FE40 M ()0 50 45 Rk /b, AN 2R 40 i v B A T
NIh, B CIRCRIE LLRR, RS S 2 A 5%
(F4).

7 HIEESRE

JH A MR BRI T IR ISRV TT LA S 25 it
REIF R BAREEWNE. HH5 3 AT 4
J FRAR B e B R B T A B PR s A R AE S D
EUFE 0 B 1 22 o 20 B0 ) 6 ) e AR A G R vl 2k, IF
HARMES> IG5 o IXARARTE T AR AN [ 50 A
A 2 SR IO 40 LRI, dn AFAH/ 40 i . i
G4 B ER S S 2 Re T A M. &R RS AAH 4 g LA
S ARG M 1A EL B o0 4k o R A IX L8 34 12 3R Y
(100 JFF 400 e Bl JH A 200 i 5 s AR 20 8 1) JHE A T A R
75 5, BRI R B2 W) O A5 I AT AT K I i
TR o BUAR IR 2115 5 T4 M 1% B AT IX R AR AL :
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