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Signal Transduction and Cell Origin During Liver Regeneration

CHEN Feng, PENG Jinrong*
(MOE Key Laboratory for Molecular Animal Nutrition, College of Animal Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract Liver is the only mammalian internal organ capable of regrowing to 100% of its original weight
after partial hepatectomy, which makes it an ideal model for organ regeneration research. There has been a long
history of researches on signal transduction and transcriptional regulation during the process of liver regeneration,
especially after partial hepatectomy. In this review, the current understanding of the signaling pathways and cell
origins governing liver regeneration based on the latest studies in mouse and zebrafish models are summarized.
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240405 )5 RE 8 100% 75 A2 Pk & W) & 10 N AT A
B MR, BT AT A (liver regeneration)ffi ] 1 &
1K 77 2NN 1% 72 FH 4 I 0 B 8 B i R R I A AR
H4E (compensatory liver hyperplasia), fff k&
B JFR ) R /NFI Ty fe, T TG R AR AR TR A Bk
BRI A, ARG —u
AKX — k.

KT EREEE B A AR SR O A, A S A
LT B E R B I B AR S ) B AR RE T R A
Pt e, 5 OR AR T R 3 N 2K Hs B ol i A o 40,
BB T v 0 L, T K AU, T H 0 S
SReRE IR AR, R H Wk, Rtk ARZESR AR
o AT A MRS e v, 3 AR OE STk
B T I P A 16 8 SORIA AR W] LB 1 51 19 11
ad, I TN 51 R B 2H 23N R 43 VD B G e 8
R 284 T I ARk R i 4 a5 7
AL HAEARA . MOE SIEEK IR R T
BRI T, 1R 2 LR X — R EAT T VR4
TRIFIA RSO B 5 OB % T I AR i e b 32
HE S I EHITHER .

1 FFlEEEER

5 5 I U T4 (0 B A R 22, 75 2 B 0 L 0
IR KRR B, S AR (0 7 TR R
FFRE2/3TF AR GI AUAL S 2545 . 36 o3 40
IRV A U A2 J5 52 5 1 5 5 R U T4 1 7 92,
FEFEET: H—, PRGBS R AHHEH LR
o BRSO, 2=, FFUIG v SR SELL 41
bR AR, AT AR AT I, SRR R sr
5, R TR AN A AR A VRIS, AB Y T,
2 2 A R LR i Ak 2 8 (1CCL) i S
(11345 53 F L GUER B, 453093 5 1) S50 2 I8 2 SR BB 4L 41
(75 B, 4 T 5 4 D 952 9 £ 759 4 A A i
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ER, SRR S EH. XL R
UM R Fa s, 5. AMAIRZS . MAEIR %
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HLH, 155 A A T % 10 52 B 85 40 9 AR — B —— IR
RERS AL A1, NG 22 {2 b T i 25 o oK U8 )
S B NG GUR T, I 15 7540 O 25 25 75 5 100 B A
T A R0 545 0 LA I PR R X, DRI T3 4 SR % 2

PRI,

BT EoR R b S AR A, 5 R FE AR
J7330 A 11ER WK 73 3C 1 A7 45 $L(portal branch liga-
tion)!'171, [T AA # IK 73 I T R (portosystemic shunt-
ing)!'S IR, R 53 AR AR AU PO2NAE | RS 3 B T
SRR G R AE R EA T R T

2 FEEES IR E B
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WE P AR RE W] 40 A = AN B RGP B B BE R B
M2 bW B RN GE B B 20 1 3 40 1 5 3
W, LR EFXT RGP BEA & LB B S 545 57
AT R (A,
2.1 #IRMTER
2.1.1 HGFHEGF P AR IR rb 40 i 0 52 4 35k
T B S T A A P RS2 B I I A B AR AE . IRAERE
A, F A A R 454 sz S I B 7122 1)
B % o JH T T A2 JFE I L ) = S R A
FE I NE2/3 0B S, 171 bk o AR S 1) 4 JHE 1) afi 9
APPSR VY A A e TR SNt O B ot Y eaa
W, XWIREFENAEE R H—, A B EIR
SRR R, = s, BN
4 i 2 IS B >k B T TR bk B4 S R R A
S HUTHT I3 A5 8 SEPRTE Bl I A — € tn e
eV — M 1), (R 7 B 3 IR 5 R (R AR 0 3
Z N A& IR . Marubashi S5 P2V 37— 5K 70
A A U] 5 i s R iE e, 45 BRI, fEiX — 1
HY A AT R AN B8 S FE AR, RS 1T ER K O AR 1k
X T AR 4 1k 52 DA e AR KA S oS I B ZAEH
X — S I0 I  SE PRI A A R i B s A AR
b, PR &5 8t ] e 2 VR S 5 IR FE A
B SEEA R, SEWARRSTE 2. B,
)G MR BN 772728 2 45455 1 2 R0 P AR5 5 0
RIEE—H .

MR BN )15 G R B — RV R Bk,
ML P R 2 UK 52 380 16 s 0 35 K, X AL e ) 22
T BRI L 2T 1 Wl )5 0T ) (urokinase plasmino-
gen activator, uPA)JE I N>, uPA 1) I8 0E (FF
PG 543 % 2e A0 B 415 il S i A o 4R 1, B S
T B M Ak o R I E AL A % AR Ab (extracellu-
lar matrix protein remodeling). 7ESLiLFEr, 47 F4H
Ji A1 35 5 b %) 32 B B R B R 2 — —— T SR A
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Partial hepatetomy

Hemodynamic change Innate Immunity activation

Blood pressure  Blood flow per liver unit

increiing increasing /— NFkB activation
uPA z@tlvatlon EGF per liver unit ‘

ECM remodeling increasing -

= -
= LRP5/6
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wti SER S 2 o EG mm sote b |} :m:nm;ﬂ Ttwﬁ&" ettt

. -“") 1L6 l ‘ TNFa

CKla receptor receptor
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Cell proliferation

CEIFFNERS 3 DI G, S0 73 27t B B S A2 A, b [T bk oL S 1 5 175 SuPARS AL, BT 5 B0 S0 07 Sk, AEHGF IO IF 5 32 M 5. [
I, LA AR A LR )+ AR R IR R EGEAR X S M I, #8075 352 AREGFR . — 8 1 PI3K-AKT-mTORHIRas-Raf-MEK &5/% 5 4 bk
SCRE, O 2T M BE A OGS R 13RI, SR B A . WA Tag a5 5 105 VRS2 SISl 77 2 A A TR, 45 IH-20 M 2R TP Noteh 1 3244, £
B UIREUPINICD &) o B 40 A A% b, B0s H IFE R0k . Wttt G842 38 5 45 52 (K77 20K S2 R B B 0K 10 LR 3D 77 22 3 AR T BRI i, &5 & 3G
AT 52 BTN ML L 2 {A Frizzled FILRP5/6, i B-Catenin (1 B8 (L I fif 52 S W) BlAL, B-CatenindSUii NAZ, 53 NS K 2IE . I P i) W 4
KufferfH il 7= A 1 56 K M 528 I B NF-«B, S5 Kuffer 7344 58 % (G IL6 I TNFo, HHIL6-5FFSE i 41 11032 b 45 &, WG STAT3MIERK /2,
P H I EE N R IE . TNFol5 /i SETAI AL L 1 3R S5, 0T TINK /e-Jun 5 3l H (0935 D5 1R 22128, (i 1E200 MO 4% 5«

After partial hepatectomy, hemodynamics showed significant changes, among which increased portal vein blood pressure induced uPA activation,
which led to extracellular matrix remodeling and the activation and binding of HGF to its receptor. Meanwhile, the acceleration of blood flow increases
the relative amount of duodenal-derived EGF, thus activating its receptor EGFR in liver tissue. Through signaling cascade reactions such as PI3K-AKT-
mTOR and RAS-RAF-MEK, the expression of transcription factors related to cell proliferation is activated, thus initiating liver regeneration. Ligand
Jagl is activated by sensing hemodynamic changes in a specific way, binding to the Notchl receptor on the surface of liver cells, enabling NICD trans-
location released by enzyme digestion to the nucleus and activating target gene expression. Wnt can also be activated and secreted through sensing the
changes of hemodynamics from veins in a certain way. Through binding with its receptor Frizzled and LRP5/6 on the surface of hepatocytes, Wnt can
passivate the phosphorylated degradation complex of B-Catenin, activate B-Catenin through translocating into the nucleus to induce downstream gene
expression. The innate immune response produced by macrophages Kuffer cells in the liver activates NF-kB, causing Kuffer cells to secrete more IL6
and TNFa. IL6 binds to its receptors on liver parenchymal cells, activates STAT3 and ERK1/2, and induces the expression of target genes. TNFa binds
to receptors on liver parenchyma cells, activates JNK/c-Jun to promote the expression of target genes, then accelerates cell proliferation.

El RS YIREBREESHENENE

Fig.1 Signaling pathways involved in initiating liver regeneration after partial hepatectomy

Jits £ 4 K F-(hepatocyte growth factor, HGF)#{uPA# Wh 32 A FiRas-Raf-MEK AIPI3K-AK T-mTOR ¥ Fi
T, TS AL T 5 ot 44 M 3% 1 1) 32 R HGFR . &g, AWM sC-mye, C-foc. C-junfei% 3% A
55tk [RI i, T KO ok B 48 e o — FIRIE, 175 FCyclinfICDKs ) I8 FiE 1L, #0E
A FEIHHE E B R —— 3R A K IR (epidermal B H A BT A 5 245,

growth factor, EGF)A] Ifil J7 & [ 3 N i 75 - 2H 23 Hh A 212 ARWRERE o RMERZE RN HE
XA ETE, WOm HZAREGFR, HGFRHMEGFR  7EHU 15 5 5 13 0 P AR 0 77y T 973 0 2 2 A 40,
FIE b 5 S 2 i N — RPHE 5 2 b, H S RN H g% A1 A4 s £ BE (lipopolysaccharide, LPS) A1 #h
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PR F-C3ay CSalfi I ) B4 il ——Kuffer4H
i, AENF-kBYE A I A Ao % S A0 A% v, 0
I8 R FE Al T+ (tumor necrosis factor, TNF)f) % 5. TNF
15 518 e S Skt — 5 1 UNF-xB, TE i B AH
T EIEIR, I TF S Kufferdl i 7= 4 58 22 1) A 40/~
Z6(interleukin 6, IL6). IL6FH Ji5 5 H AL T H 52 )5t 4
b2 AR, 7S S 5 5 L STAT3 (signal
transducer and activator of transcription 3) 1 ERK1/2,
W R O B H A G BE A DG 1 E () R R R R A,
L4 5 S 25 F Cyelin D1.
2.1.3 Wnt/p-Catenin  Wnt/B-Catenin [ 3T I 7%
RV G R R R ENIR 2 —. B-Cateninfi [
FEREU) 5 1~553 b it th B T I i) 1) Sk 2 1 TRk
% 7% 22 40 B i 0. A0 e A% B-Catenin R 1S I
T H I EE R W Cyclin DI, TN A Cyclin D1
SE e DA 35 40 i $3 5E AR A 5 2B, B-CateninfE 4]
WAz i b e DLAERE B R 6/ PO, 56 T iy
W1 153 B B-Catenin F 0S5 40 MU A% 54 2 U5 T M (5
T, WA RGE R . AN AT §E 5 ECM A4 A1 41 £
fink ) 435 5 BRI 118 249 5%, K] JyB-Catenin (Y 7 A4 75 22
A T Wnts i H A0 52 /K Frizzled f1 3%
[ 52 A LPR /64 B-Catenin 1] P % 52 & PRI B T~ 4 it
JIE B AT A 5 i T e SR S BIPS, T Wnt ) 34 AT
R 5 MR hnd 7 >R 1 5 245 5 1A %
Wnt/B-Catenin [FJ¥UE W HIA N 5 J6 K S s
A KPS, TNFolfiE J5, Bes et I v i) o 20
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4 i+ 1 B-Catenin e T FE AR I 1 N AZ, R H 1Y
F[H Cyclin DIZF RIS, WG A0 RIETE. 5 4%,
A3 —$E /0 A&, Wnt/B-CateninXf T /N 43 X B A
A P
2.1.4 Notch  Notch i 7E H U f5 1R FL1f ]k &
. AR, DS A A IEH Noteh ) 3 221
P Jag 178 FFIE A 235 i, BU# NotchZ A Notch1 )
J 3 S5 K SRINICDAE T 5 5~1570 A 22 72 40 i
¥ A BB R, TR #EHes1/5 c-mycFl Cyclin
D155 H B R e %, g msus 4 g sa. kT Jagl
BT i A% G Tt g 1 457 45 3% A0 T T, 3 V2 B A
SEW . AR, JaglEJyHHIE N # 2 Notch it 4,
AMYAE FF A 41 B (hepatic progenitor cells, HPCs)F1JlH
M RIK, IEALE ] KR 78 5T L4 B 3R
1K, RS AR XS 23 A i ) Jag 12 3 BURIIE K

BT HP, X KoK, Tagl (3H0E T BE 2 N 1]
Bk L 8 A 5 SRt AT R I I N bR S 8
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FRIm I B2 = i M % (reactive oxygen species, ROS)
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I T, 2 T 2 b 2,
222 #miesh R & A (extracellular matrix protein,
ECM)  UIfisCAmid, FRAE A R 07 St f e,
PEPEE SR FIECMBE IR A My . FEAE IR B ARR
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B UE I SR . AN TR 5 B 1 4, el B 2R 1
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S M S FL AR 2 TR) 5 RS2 A, L A (in-
tegrin linked kinase, ILK) & %5 fRIPP(3: 2 i 73 ALK
Parvin. Pinch) & #4345 $0 il 4H i J&] 0 Th el Horp
BRI RS TI8 A fE it — DA .
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WV — B [ a7 — A g AR AL e R
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LATS1/22K & FIYAPII &AL, LR B A2 Ja 3 I 1k
S JEMSTI1/2RILATS1/2 1) B8 & 46 E 52 T HippofE
5 10 PR AE D F AR R R A Y. A IEMSTL2
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SRR T JFE I A B R A A0 P s Al e A AT,
FEAE I W AT AR A0 MOX AR T — N IR R4+
AR A T7 1, B B GE e 0 i S 5T 4 AT
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ST 20 PRI AT O SRR K B X R B, H
P AT R B AT LE L AT T 1 48 PR K 52 R A
20 BRI BT Furuyama®5 ™0l i @ A\ (Knock in) [
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JHFE AN BE A% Bl FAL 9 17 4 40 o 38 0 - 4 L, RO T
S ) E S R g 1 R B T HRR 0 Ay — 3
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ML A B & AR E M g 0, Bz, A
AT SR K7 3k A Sy S 2 552 T 40 B 1) 73 SR B4 B A T 5
A TR 2R A JHR 4 B T 1 R

IR TP A A% S5 48 AR Y R IR i) R A
RS AR AT ek e A =
Pl Fo—, Sk B A AFLE I R4 B i 7 24 38 5
H =, kB T4 M (stem cell)B% E HI 44 41 i (progeni-
tor cell) 134 58 A1 434k, H =, >k 3 T HARLGH M A 7%
AT N NI = FhA] R PR AR AE, TR
TRt e AR Hoh S A M 1 2R T,
Eb 4n & F (273308 43 I IE D BRASE AL v, 32 5 Rl )
JHF I 53 248 6 140 386 KR 28 348 B SRR st 2K ) JH SI2 5 24
JOUS AR IR AT PSR O T, B R S T 40
KEFCT:, B AT 15 S5 38 G 14 100 1T i Jk ) 1 2 o
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72 S 5T 2 P — AN S A T A A8 1
FAET, BSCEAH SI o 20 AN T K R S 5T 2 i AT
KEFE T I HH S5 410 i i 386 56 52 2030 1, b 7%
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AN X — B L R G 1 R U A U0 I AR A A k4
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epithelial cells, BECs) RN R E 1 DL T
SHEPE T2 A C PRI A B SSRE, DA S 44 T ek 38
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I 1 Cre™-LoxPH A AL T Jif: 11 JHF 40 i 7k A4 3254
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