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Molecular Regulation Mechanism of Hepatic Lineage

Differentiation and Maturation
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Abstract The liver is an important organ for metabolic regulation and drug detoxification that performs a
variety of physiological functions in the body. Liver diseases have increasingly affected human health and quality
of life. Considering urgent needs for clinical research and translational medicine, we must thoroughly define the
differentiation and maturation processes and molecular regulatory mechanisms of liver cells, especially hepatocytes
and cholangiocytes. This article outlines the differentiation and maturation processes of endoderm derived hepatic

lineages, summarizes the signaling pathways and transcription factors involved in these developmental processes,
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and briefly introduces the promotion of advanced technologies for liver development research. These achievements

guide us to efficiently induce or establish more mature liver-like cells or organoids in vitro for liver disease-related

research and treatment.

Keywords

JHIE 2 Wl LB D AR N B K R IR, AT 2 e
BRI B IIRE, T 4ERR A N AR RS ME - AT
B HEE AR L, 2 5K I6E 7.
N W5 B B AR 1) & 5 70, Al 22 A AR 3 AT
Vil R ERAHE . (i A B AR B A A
KE WA RS s 1RO, BE% A R
RS TR 0+ S OSSR R AR %@ I & Rl
I Wb JE 5 25 FF 2 K [A] - (insulin-like growth factor)+
I & 5 5K 2 J5i(angiotensinogen) Fl i IfiL /N AR A= Bl 2%
(thrombopoietin) 5 JAT P 73 Wk Dy g, FFid i & oI
53 AR R (bile acid)FHAH (bile salt)Z4) )5 S Ah 43
WYIRE. MLAh, FEEIEZ 5 Gz il iy, (it Bk
F M R g ifn DR e A 0

JH U 1R DI RE 5 25 40 BB A oG N IR I 2 He
£1500 000> YE 4544 —— /N - (lobule) L HE 51 4 7
3 /N DD 2 NI, fEH NN B
H 41t T3 ik (hepatic artery). [ 1##lik(portal vein)
F1HF N iH % (intrahepatic biliary duct)f) 5 111 = Bk
& (portal triad)&5#4), 1M1 H J 54 A H YLk (central
vein)(Bl1). “I'T=BE 5 dh ik 2 8] 783 T IEA

Hepatic stellate cell

Hepatocyte

Central vein

Red blood cell

Endothelial cell

liver; cell differentiation; hepatoblast; hepatocyte; cholangiocyte; single-cell analysis

¥ — H 2 2R HES 14 525 41 il (hepatocyte) o
P I 400 . o5 JEF U 00 S B9 60% AR 80% LA
b, RS AT RE I AR Rk B Tl B Ak i
Ak B T/ A58 T AR 38 B B bk 43 o) 385
BN T ik NN, I I B 40 IVE )5, A
M S K /N o S 5 4 7 5 B 4
L% N 57 41 il (sinusoidal endothelial cell)Z [R]'55 % A
HAEH, N A E T AR S5 74 5 52 5T 40 i B
FEMIE, ORUE 1 SE 40 i S G 3 RS2 Al
R A o JHF P IRE EH JIH A 48 i (cholangiocyte)
FJ ke, Ho e i G /N (canal of Hering) 5 HH XUR 1
JHF S5 4 A T 1 HEL /N (bile canaliculus)4h #4) B 4%
FHIZE, A2 JH 92 ot 40 0 & 0T 70 i I IE R . IH 6 Je 2Y
VIR PR32 H I PRI — 4% . B 1 T S o 4t
JIELAES7 4 R A e 0 i, P I S 4 A P U 4 1)
41 fitd(mesothelial cell). JHE B2 L4 BT A7 it 4E A=
FAFF RS R IT U 1 A2 DR 41 B (hepatic stellate
cell)s FFAE PR A6 119 B W5 40 i 26 3K 9 41 il (Kupffer
cell)~ [T ik Bt 3fr 1 18] 78 )5 40 i (mesenchymal cell)
DL R = ) i i A (B ) o A Dh e ) I 5 AT 75 2L

Space of Disse  Kupffer cell

Hepatic artery

— Mesenchymal

Portal vein

Cholangiocyte

Canals of Hering Biliary duct
S FEF /N 285 ) B T I P A 2R s 2 A s B Ze 0 D r SR B DX, A AT ) I X . e Ly 77 e o WA T 7, BBl kORI ]
ik it ra) Sk BRER . H R R 25 AU R iz fa 7 o e A A, B IB/INERRRZ A E/N BN IR

Schematic diagram of local liver lobule structure and distribution of cell components in the liver. The left side is the central vein area, and the right side

Bile canaliculus

is the “portal triad" area. The blood flow direction is from right to left, that is, from the hepatic artery and the portal vein to the central vein; the bile
acids, bile salts and drug metabolism wastes are transported from left to right, that is, from the bile canaliculus through the canals of Hering into the
intrahepatic biliary ducts.
Bl R HEERTRERE
Fig.1 Liver lobule structure
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The ventral foregut endoderm is specialized into liver progenitor cells; liver progenitor cells develop into bi-potential hepatoblasts which form the liver

bud through cellular proliferation and migration. The hepatoblasts differentiate into hepatocytes and biliary cells (cholangiocytes), which are further

mature. Liver development is regulated by varieties of signaling pathways and transcription factors. In the figure, the important signaling pathways

regulating liver development are labeled in red, and the key transcription factors in green.
E2 FFBER B RBEREE

Fig.2 Liver development and regulation
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s Bt 2 S BN i Cebpal I FF 42 R I8 . #E—20
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AR, Salldth 2 5 BRI 4k 5. 7EAR AN
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JHBETE ASAE R G IR B 50 O 42T ik, (2
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BA R MG E EM, BEE M NE4H R 10
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XA LR A B T U 20 JRL RS ) s FH SIZ 5 248 1) A
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JFF 552 5% 41 Ja T 1% 22 435 1k (polyploidization) . B8 %5 fiF
JFE RS2, SIS 200 B P R IR, 4 £ IR 1 £ 1 AN [
FEEE RN, TER4. 8. 1623215, HHELT205 1
{100 JFF S 5 4 B, 22 A3 1 PTG 1 44 R 1 85 4 R ) R 457
Pife ST AW RES . GBI 1 55— B R A
FELERY R RE 43 X A (zonation) o R 51 % T FT 52 5 4]
L, BRI AS LU —, (T & R o e ik Bt 3
PRI ThRE A PR 225 . SR T T K A4 AT S 5 41
FES SR E R W5 R DR AL iR 4,
T S 30T R ke A i P T S o A g = T S I AR . I o
B R TR R 2 AR d AR SR AR DR T
KRR DRE 7 XA T H D Re U SL B R AR S BN S
Yefr B EEE S FFNE SR B IR A
SER RN I RE I AS BT B R 52 38, (EAH G 7T e

JHEIE MR G % B JG BRI 46 15 N AT B, %
P B IR 7 AR A DR 7 B B 3R A5 TR 42 T R i
FEo MmN A BRI 43 WA R OS VL It 41 i i 2 1] 2
PRI A FE SR D 9 Stat3 55 55 S 45 R 1, AN AES 2
T3E T BRI 73 AT R TT S 0T 240 PR, A B 08 2 8 TR fi
ik H P I 5 400 D ) R A7), A I, TNFo/E A OSMF
FEHLA, F0HIOSM T Ui U 4 57 P 2 IR g 3Rk el
OSMAITNFauff) 51 251 45 5ot - WA 3 393 A 2 J5 440 it 1)
KB RBGAE EEREEIEN . Ak, EGFfE S
I YR BECYP3A4II R IE, HAEae
HERSNE TR S & R ARG T 40 i i 545 20 1
JUPE T2 200 P P R TSI 5 248 L 1) e AT TGFBL
0] JUR i FFF ST o 4 B 38 5, (L A % 398 i O 4 AU
5 S A R 26 A UY . HGF I i 32 4 1% 2 R i
SZARMet(iE 3 i S0 A= P27 45 i, AR IR P A 2o e
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i 1 i I A0 ML P B 4 M 2 A AN T R R DR 1) 3R
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JFF SEZ 55 41 0 22 35 14 0 T R RH 2 A 8 /N Y
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R R AR AR, T e 2 45 B S 5 40 i 22 54k
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T2 A5, X FRAR L A2 2 A5 0 10 SR DR O 2 &5
RIEANTERE, BRI R — Dt 5,

JF R £E A AT B8 2 X A0 tH 2 52 B ) . —Ff
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G NEIRCES Gk TN Ee T S = R [ 1:1)
B ik 3 3ok B 2 Fik sk N BN, R S R R
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JikiE N FE/NE, o s SE R . AR
R R IX A LI 42 BT B 40 00 A S B I A
9 6 45 ) 2 5 I 4 R AT ) o A e, FEIE A N
JERRKI AN Bk, R BRI 4
R 7 3R DA R 52 0 40 M AR 4 S5 7 1) i ik 5
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A B AP AR 7 R, P2 TR X BAE
AN, 3 XARAE T IE B 3 IR R 45 R, Wnt/
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I I 7E /N BRI P AS [ 248 i 2 28 o e S e e o
WisRI, SRR RE/E 40 A K st i R A 2
W XA WntfS 5 [ RIR . 75T A R 40 i A
B Wis2x SRR G EE, (BAE P R 40 i I 25 rp e e
[ Wl 2= SR JFE IR 231X, 2 B AR 58 1R 1N 5 A4 L T 288
ATy KA Wntf5 5 1R IR . Watf5 5 305 58
Hh o K TSI 5 4 A DG S R ) Rk, T Ha-ras
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e R RIB R P IR —, B ™
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g AR NI % 7 1 B0 2 R S W AL A% R
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DAL, 2 DR St 7 2 8 AR Y . it K B ik
T A RN B A Tk —

AR B A& RFS M #R, A1 Bl A5 40 B 1) = B2 3
SMEAER . A aris 15 2 4 Mo 45 1 F0 D) BE 1 2
5 E. 2 RACEX A B R R A
MoK AR AT TR S X S AT E i %k Y
— RH/INRHE & B A A, R SEn e &R S
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T AH R HE R ) R IA AR AL AE L0, o LigEPOR
FH e % B S R R MR BRI T A FE I iR
HAFN 2B 5 BFIE R B FI 1440 18] &, S BN I Ja) A
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Foo MHTRIN, HNER B AR I 10X 73 24 IR i S AN
A 5 R B AN B VR i S T T v 2k ik [R] =
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A JE R R A 5 H D REAH G B 2 R, B0 4G i . JH
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B T TR AR 25 (barcode) br 10 Al 22 58 Yo €8 1A% 11
J7i%, RESAEY) A B E AR BT AN B R R R, 3
XA EARIR AL T ER R M B,

3 RE

FFFAE 2 78 TR 9 1 55 7 AR A RAT R 1 v
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