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Advances in the Research of New Hepatocytes Origin

in Different Liver Injury Models
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Abstract

The liver is a unique organ that performs many vital physiological functions. It possesses a re-

markable regenerative capacity that can restore normal volume rapidly after injury. The capacity for repair is largely

attributable to the ability of its differentiated epithelial cells, including hepatocytes and biliary epithelial cells, to

proliferate after injury. However, in cases of extreme acute injury or prolonged chronic insult, the liver may fail to

regenerate or do so suboptimally. Many studies have demonstrated that different liver-damage models mobilize dif-

ferent subtypes of hepatic epithelial cells in contributing to liver regeneration. This review discusses five hepatic

injury models, and the origin of new hepatocytes, cellular plasticity within the epithelial cells under these circum-

stances, which will provide reference for future research and disease treatment.
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JFHEAE Stk 4530 vhoaT DL I3 8 5 18 2 4473,
(BRI PR 2 Uk 95 IX Mg B e /7o AR R AT HE
POWIERL | BRI AT 2RI E . A e
Jiikrh, WA 4B M W] BE MRAS_EIR T &R T
Wi . TR RS T iR 18 MR R VR T AT R A
9, HR R R R IA R AL . B/ R4 4
A5 RUTI T T D RO R, R 6 R - AT 5 K B
(R JET 2 B D BT R B 4R MR 9T BFALZ T
R 2P e RS AR FU 4R (AN By & AT ik

1 FhERFApERIERNARAE

JH I A AN iy N IR JE AR 4R 1, ARG R B I F v
FSCITE 20 2 A B R b 57 24 B R 400 e, X 6
JH 4 B 2 T 4 R, (E2 RAEAE T IR 1.
KA LR NATTER A A A B2 il (liver stem cells)
TEAE T4 IR (canal of Hering) Y, X £6- 2 il £
72 A JH AL 48 B (liver progenitor cells)F73-44 4 -4
FOFIRRAE b B 40 i, AT 4ERF AR S A 12 &,
B XA B A7 AE R 2 4. #E19565F, FAR-
BER H T #5519 B JIE AH. 41 Bt —— B9 [52 401 g (oval
cells), P[5 2H B I\ A 2 JIE A Sk IR 1) 3 ] BAE 524
Jia BABHE 73 A F A, (ER SE gk — D I Fi R B, K
A2 JH 200 e %) 38 A A o B, B (5 2 A 2 AT T4
M7 A . NATIRG 2270 B HHEPCAM” . CDI133",
CD13* MSOX9" 45 B A4 i M AH 41 fut1Y, {H 21X 2L 4
PRLFE AR S0 TV 1 R A4 g 440 PR P 28 e 2 Bt o A%
PRI I PRI, 20174F, LISER I, ST14°
JIEVE? S i mT DAJE e 2R AR AR 2R 48 B, (BT AN RE
EF R BAFAE T IR A IRE H . K ZH00 oA T
211w B0 AE 0 i PR A T R TR AT B 15 R, X R
FSCAAS P 248 e AEL 20 P A A 5 0 B B 28 20 rh AT
DIRER, A AL IEASZS R FEAE IR

NZERFE 41 fd (human liver stem cells, HLSCs)
T SCAE MG S A A A B, i i A RS I A
B3 5 H RS, HLSCs B A H 3 58 B g /11 22 )
AR R, SRk LR )T 40 bR B4, HEInOCT4.
NANOG. SOX24%. e [A] 78 Jii -+ 40 Jfil, HLSCsH
5L () JHF 448 B 2 A 95 0 R BEARR 1) B 2 i 1L, A
SRR BE DM EERPUARIE . S T M &f
et seI. H AT, 16K _E C 4 K FHHLSCsia 97 A
e )L B, IRIHLSCs7E I IE 7542 Hh (1) B 2L T e,
HLSCsfi 15 8 — P B4R 5T,

2 FFempmilEs

RN i IR a8 VAR N W ) AN (R E
ik — b S i b A 43y = AN DX TR KO B
1IX, SEix ip g ik 31X, Ak T 2 2 TR 1 [X 382
XU, AR 7 A IR, Ak T A [ JH DX F 448 i mT e
6 IE H RS AS 4E R A5 405 Hh By 36 AN [F) 1) A (D).
(1) Wntid % [ ¥ 7] J [Kl Axin2(axis inhibition protein
2)FE ST b S bk A B LR 4 e b R s, R
Axin2-CreER™¥ R i/ BB AR L, AXTIN2 4
Jf o B PR U 2 M, T G A A AR S A R ) 1
0N AT DLSEBE 53 A g oAt DX I 4 R, (2 %
AFE 78 I A ) B AXIN2 48 B £ 90k 453 493 A0 e
RAHHIAE, S8, 55— B AR EiR G T
AXIN2 20 i £ 73 24 4 455 vh 1 s R, BN 2R
AR b T H A0 M 5, AXIN2 T4 i - %A R
[ 3% 58 71, (2) Lgr5(leucine-rich repeat containing
G protein-coupled receptor 5)[F] £ /& Wntif % [ ¥
) 5 DRI, LGRS 4 Jf A 75 5 30T v e e ik ] L ) J 4
ek, R IE A S R B AR RS A vh 3 B 4
R B & 40 S, (H2 LGRS 4 i & T 41 B e
(hepatocellular carcinoma, HCC)I] £ 2 41 g Sk JR L,
(3) TH: e AR G L #% 2R R B K 9(SR Y-related high
mobility group-box gene 9, Sox9)&RH A - 57 4 ffu ¥
FRiRM), W AE — /N QT T i k00 JH 400 i vh A oK
T ERIE, X —/NHEESOX T 41 it mT DA #5473 5 4
B 53 AR — B (0 A T 4 i B A A O IR B
7 2 R A A (4) i R I i S B (telomerase
reverse transcriptase, TERT)7E 73 #§ ¥) 20 £5 - 41 it +h
& BRI, P Tert-CreER™ ;R26-LSL-tdTomato
W RN ORI AR S AERF I 5 0L T TERT e 2 iy
AT CASEBE 734 g FAd 4, JF BB I 18] (1 4#EF2 TER -
T A L S 4 1A, E4547 )5 TER-
T2 i PR S S N BRI IR B X S AR B (5)
= BRI R 2R B 12 A(major facilitator super-
family domain containing 2A, MFSD2A4)3& [K #% A N
A& YL I i 5 5 T e 1 B R AL, [ R AR T K
i) | DX 3 P H- 40 i e 208, MIFSD2A™ 41 i AE B %)
T I 22 7= AR T AR, SR AR IEHE AR TR
2 1B e At 4 i BT BOARPY . (6) Wi A SR BN A JH
A L K 294790%52 % 1% 1K, F Fl Ubc-CreER™; Rosa-
Confettitl Z 7 5/ bR 10 2 5 A4 B i W 22 35 44
S M CE 52003 S5 A SRR IR B Bl 7
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Fig.1 Different hepatocyte populations proposed to enable liver homeostasis and regeneration
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Table 1 The response of each cell subset under different injury models

Eiat il AL R DTk

Injury model Cell type and contribution

PHx MFSD2A" hepatocyte!®); area index from 21.21%+2.91% to 33.74%+3.52%

CCl, SOX9" hepatocyte!™); area index from 2.55%+0.28% to 15.22%+1.57%
TERT"" hepatocyte!™; increase in the number of GS'Tomato" cells

TAA BECs™; BECs to hepatocytes: 55.7%+3.9%

BDL SOX9" hepatocyte™; hepatocytes to BECs: 3.46%+0.33%

DDC SOX9" hepatocyte™; hepatocytes to BECs: 3.63%+0.27%

TERT"#" hepatocyte!®; area index from 5.60%+0.30% to 38.00%+3.20%
BECs"; BECs to hepatocytes: 23.30%+3.80%

PHx: #3 IHUIBRAR; CCL: WUSALTE; TAA: A 2 BDL: A £54L; DDC: 3,5- - ZBRE-1,4- A = HfitthE .
PHXx: partial hepatectomy; CCly: carbon tetrachloride; TAA: thioacetamide; BDL: bile duct ligation; DDC: 3,5-diethoxycarbon-

yl-1,4-dihydrocollidine.

JHAE b R 20 4 DA A et 1T 4t (facultative
stem cell), < BIA W 7R, 2RI Hp21id FRIAFH
il Itgb 1(B1-integrin)F& 14 KA1l T 4H f 3G FE I, AHAE |
J 4 2 T8 FF 4547 )5 3 = A K R R R 4 s [
I E 5 — B e A A AL 25 3L R e PR )
4545 2 I, A8 577 A6 1 200 0 =3 R sl 2 R
R g, R ARATTE BT A b IR R

Iri) JHF 20 i 2 46 i 75 22 42 ] LR Y (3L SR IBCK 19 A
HNF4o) FPRAP,

P EARZ 0T TR W, CE45403 i 2 i JH- 40 i . 3
HB AT LA A 6 JHE 4 e, [ IS 7 S50 S 453405 iR
b R A IR 240 B R DAAE DA kb %) e T A P i
AT AL, T SR AN [ PR 4 £ A5 1Y K HG 37 A T 2 i
RIS AT EL 25 (R D).
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3 ERBFYIBRAR (partial hepatectomy, PHXx)
FHA SR IR RE 7, RIS 2 AR AR K 70% 45 1)

BR 2 Ja, FE A 2 TR P A2 H I TR A 1) A4 3R A )y e,
{H R AL R R A 2 BT K, 23R 3
B DR AT ASE JHE S AR AR B2 28 450407 T R KT il
WRBNYIHIE B A 2 B 254, B AT DU R
DITBR A [ 1 JFF P O S 3 AS [ 12 82 1 350 4 170 e 40
3, 0%V B AR 8 25 BRI B 2 i A
FAG Hp B0 [ 23 DT B A 2 % 960 4% 1 JHF -
B AT, A 238 Rl AR S B B ARRY . 19314F,
HIGGINSAIANDERSONE2 R Bl %t K B 2 1770%
JHVIBR ARG, B JH 40 i S 25 R A 3 5, 2 Utk
AR, DNAZEAT A R, 40 BARFREE K, M Pk & T
(AR AR, /) BRLHH T S0 8 B e (%) NF ] R £ D7) Bk
JEB)36~48 hi o R, &670 HFUIER5E A 2 H Rt 5
JFF 40 B P ) AR RS A3,

A SR AE 22 R A 9T U AL 48 A %) S R R
RT3 55 IO B 4 A BB s 77 . AE B3
PR F 1 9T AXIN2 48 i () F 55 R O, RN KR
PLAXINZJH- 40 Mo AE RS A FF 228 B 1 10 H 2 J5 17
S R PR i) 75 H e i R R Bl X3, 9 HAR BT HoAd Y
JH- 40 ki, 7EEAT70% B4 e, oA Be i
(8 BE AL 3 . LGRSFIAXIN2LE Hh g 5 fhk J& 6] (1) T
g Hp LR, ANGEE IR AT Lgr5-rtTA/TetO-
Cre;R26-LSL-tdTomatoi% /)N i E4T LGRS 41 g
(B 7T, AT A IRAE 15 5 20k 98 1A Ji5 5% H St
TR UIBR TR, B4 LGRS AR 4 BB 4Rk IE T 2
HHILGRS HTF4H i, I HLGRS T4l g A4S 2 B 58 A
I P ) R %) B 00 PR R B A e 2 i, I 2 38 B DA
HEFEAR B IR . < T SOX9* T4 i i 5 75 21
TERAXIN2'. LGRS JH4H M S A 25 04, F Sox9-
CreER;Hnf4a-DreER;R26-Ai661% % /N i bric SOX9*
JH 28 B J5 AT 0 0 DT BR R, BF 7t N 51 R ISOX9”
JFF 240 i 55 SOX O™ - 241 it 75 386 B 75 T 8 A X 31, 1T 24
F 9% POUFR A IR bR A s, AR ILSOX9*
JHF 408 J0 6 50 50 JHE DD Bk I AN 2 7 AR I b B 4 i
MFSD2A ™48 i x] 15855 B DI AR A B 21, 7E
%f Mfsd2a-CreER;Rosa26-LSL-RFPE 2 /N 34T 345
SV Ja, BRSO G AL S 27, REP 4 i {75 4%
G ATAET )i K R [, 20 A R OE A 2O, {H & RFPT
S B BT 7 ) TR G I o R B 1.66 4%, 1 BH T #E ik
e L %) JHE 4 e R4 A B0 AT T R IS T . AR

Tt 5CF) F 38T BY 48 B 7~ 52 2R 45 (ProTracer) bR ic 452 473 5
HEAT WG GE AR AR, R BIER 23 U R R 3 U I 4
FOBGFE AT 46 T 1 X IR 2 X a3 X el ix 5
MFSD2A 41 AT 78— 2K

4 hREREKE EIRT 4R AR EY

H o K R T 4 £ A 2 0, 4 Y S A ik
(carbon tetrachloride, CCly)4i 14 15 4 A1 i A€ £, Ik fi
(thioacetamide, TAA)AGAE Y o I 9 Fof A 73 48 75 2
WAL (L R PASO A T-BE(CYP2E 1)K & pi 83473, 1M
CYP2E1 = ZEAE3 X T 41 i i 21K 0%, fir A4 A% 2 M
Hh o K R AR TT 46 1) . CCLANTAARR fE 51 ik
JIE 5 S8 AL 35455 BT 4 B, CCLiF5 5 T 2T 2 Ak B Y o 5
AT AT AL 1) BRI EE L], TAATE S I £F
YA 5 5 T AP R LR B BIE 52 LA SR YT 24
P i g0
4.1 MECiRIAEE

VU SEALBH(CCL) 2 T e M L, A R
B, &P IR 10 = R, CCLyaz it i
TSR 15 05 R e 2R PR IE R B B4 56 I Al ™,
[7 B T2 A P 1 S A T 2R 03 3o 41 i €4 ZX P45 0[] T
BE(CYP2E1 ¥ CCLA% A8 Ry ey i PR 1 B HH 2 AR 4,
BT 1) RGN R BERS, CCL A 5 A Y — R IE
T U A R A AR, A SR A B RN 2% 2 Ml CCLAR £
(1 DX 3D A B )

LGRS 4 ffa o7 - o e ik J L, %F T-CCLAn 1
IR, B TE 7 4 3 FICCL 3K JE LGRS 4 g 2
Kl (R TE6~14K 5, FARAH M 2% 87 #h ZELGRS”
Y, P13 LA, 45 S L G i (glutamine
synthetase, GS)A&3 X [{J# £, TERT 41l fEGS™
X3 A H AR D, (H 3T B AICCLIES TR 2 )G,
TERT™"4H ffl fEGS ™ [X 38 71 (1) )5 AX b ] 5 35 39 m 77
FIT DA X T Hh g i fk JE 6] X 38 400 B PRI C C LA 473
6 T AL M TERT 40 i,  HJS AR a3k X 3 1
W EVIGSRIE Z 1 H

B 7 B R Hh o i K OR 4l R 2 4b, CCLy
Xof o i Jhk S L BFE 20 B AT B 2 R I s T T
ST K ) L YR A P AR 1 3 4, HANZE %)
Sox9-CreER; Hnf4a-DreER;R26-Ai663% 2 /N 4T 3
RIF, HELB10R FICCLIFES, oM dhith 5 L A&k &2
AFE 5 IR, RIUAHEE T X REZH, RFP4H AT (5 X
I 5 2 N T (5 R 15.22%+1.57%; K H4FE G-
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12.99%+1.51%; %t HE4: 2.55%+0.28%), 3 H.SOX9*
WU B JH- AR T B 1 AT D Mk ] B X3 ) v i
J TRl IX 4851 5 . WEISEOVR B ECCLAR 733 1X I
41 ), 21X B 4 B (HAMP2 ) A1 X T4 A (SOX9")
AJ DL G R TR 40 AR, ARATTIE I A 4 B
B2 AT e AN A2 e 5 — (%) 41 M Bl #EL 2 fide
AT, AT S BE R 18 S F AR A R 2, (1
Fe H T ZAFAEZE 5

MATSUMOTO#E® G 77 & i 9 75 AH X i 75
(AAVS-Ttr-Cre)ifs 5 Rosa-Confettitié Z /)N F bric #5010
FFAm i, — A% 44 20 i 4 b ic v B (6 (YFPERRFP), 1
Z AR YN A b ] A U (YFPARIRFP) . (EHEAT4)H
ICCLIRMTI G, 57.3%H5 b o 4H i 1) o P AR AR & B2 4%
RURI3AE, T H B 2 54 i 5 J0 PR 3 T 4 i L A
B ki, X LR IR, 2502 5 A4
MIZE 5 7 2 AN 53 2 R, AT AN ik AT 3G AR A2
S (R IR 453495 J5 00 €0 B 4T P ) Ll A A
BRI G 11.1%+1.2%; STHEZ: 26.4%+2.1%),
W B0 23 XU £ JH 44 i 8 5 g B0 A Y, 3K 1 Y
I3/ I S A R 3 B — B, AR W) 2 A5 44 S 4 i £E 43
1 )5 22 AT G R B0 I 22 53 % (reductive mito-
Sis).
4.2 WA ZERBRIRGIRE

AR S L L (TAA) 4% =& — B B B0 S I 1 4
TR, TAAAR G %A FFEEME, (22 s R
25 EA AR BN S G, it A AR
H L RAE, S BRI AR 40 A 2 AR, 2 30t A
ok R 5CCLARGM b, TAASEUE 2 1] #8k
] 240 P 92 3 AR B B A ) S I A, el F I TAASR
PR & PL300 mg/L IR 45 /N BRI K 2~44 H 1,

b TR B I B BT R AR bR 4H 2 5 A
FAE IR FOR B T TAATR A 1 73, I B0 6
HmTmG/) B &5 & HUR I 3R 45 & BR 82 H (thyroxine-
binding globulin, 7TBG) ) 2 T 1 % K 1A Cre H 4
) 8 2 AH 5CI BE (AAV-Cre) Kb FT A B JH-2H M,
D] I JH 441 i 5% TS GFP, fi L Ath 40 il R IARFPI. %)
INREATTAAS G 128 J5, B A7 A5 7™ 3 1 27 4
AR J B2, R JHE 40 B 075 2R /2 GFPY, 1 B 7E 31X
FhFE BE 45015 1 T 7 AR 2 O 8 A7 16 10 11T 40 i 4 R
o T TAAS 1 B ) 28K 224 8 Ji5, /N B H IR
T REP I JH- 40 ff, 3% 263 S o7 40 i o U ) 48 i B A
B R () A R B, ) B 3R IS HNF4a T ALB (R 24

) JHF 240 M A 25 0), G ISFREP R 40 1 o5 B A T 40 i
[120.7%+2.6%, At AT 452 15 B[] 4k 48 ZE K 31527,
RFPJIT 2 i 4k 252 38 5 b 78 IR 2 2, HL o5 Heak 3 7
55.7%+3.9%, 3= B MS V451497 frk i 1 bl = S 5 4
) F 20 B 2 A8 R R sl RS A . RIS AT e i T —
AN S AR, B fE TAAS G R 82248 ), %
P TAAYK B 0o IE 8 AJOK, A8 BREAT 124
IV . LB/ R SE R 4Bk 5 1% 2 )5, RFPY
FIGFP 403845 18 T 3958, F H A X 38 [{RFP
JFF 40 B2 15 A [R] 1 IX 3elob 26 47, 2 B A1 S 44t >k
R R4 4 5 B SL R — 1. b4, K]
ITAA ) 25 FBUH RS, FETAAS52 4 )5 1)1
RILT I8 45715, (252 B (e #8 i2 GFP, )i B
A S 5 40 Sk R 1R B A B R AR 5 S E AN T
FS IR o

5 [ JERRK/E E TRt i

11 ik J L 400 47 A5 28 0, 455 L 45 FL (bile
duct ligation, BDL)# Y FI3,5- — A figFE-1,4- 4 —H
fitLmE (3,5-diethoxycarbonyl-1,4-dihydrocollidine, DDC)
IR AR o XX PR A5 A5 28 0 A d e i R
TR SR AT LT 4EAL I o R SR AR R — T B PHLAS
R BN A S B AS RE - HE T 220 o R SR AR

N2> SRS I 2R, HLA545 H 20 B AN 4 A, e

Tk 22 P T DR TS AT 4 20 B DA R 20 P o 3 S5 sk
PR, FEUF L4,
5.1 REEZEFLiEE

JIEE 5 U B S5 vz O F L RE A 5 4 A 4
FAR) 738, RAEVF 2 FRT i A /7 1 H s AR
HIUCAN R SEFLARAE A IR IAAR, RS
RS TIRB I JONE 40105 IE /S 20 AN 2 i, AT
20 M 1 3 o FEDTAR, 36 O 21 4R, R &
FLIE R R0 PT DA R AR R 4T e ok 2, T LA
MR G s e Y bR IR A b R 4R ICK 19, W52 2
A HH A S SR AE o

HAN %5 P2 %t Sox9-CreER; Hnf4a-DreER,; R26-
Ai66/)N FRAETAMIES 28 2 J5T#4TBDL, KILSOX9"
JF 40 i mT B> A N B B . fEMFSD2A™ AT
4i T 7 R 7 BDL, Mfsd2a-CreER; Rosa26-
LSL-RF P 2 576 52 i BDL 2 4 5 vE 5 TAMARid
MFSD2A* [ JH 41 i, #EBDLA7 45 2 J& & IRREP 4 i
B2 IR (7.14%+0.35%), R A T EHKRE FE P2 =
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JZ 41 HH R A RFP IR IA, TR TR 4 I RFP 41 i
1731.89%+2.62%, 31X 15t BH I ik & [6] % JHF 4 e 25 5
52 B A A T ZE B4 52, BLAE B I At R AL
F4) BT 441 i 2 % FJEMFSD2A T 41 il . HEZ5BYF H 87
R B 7N B R i (ProTracer)/MN i, 7EJiE4TBDL 3. 4.
TR G BT BURE S AT, RILGFP /E2IX & 4, IX K2
X [ 40 B3 5 7E BDL S 3 I 8 5 b A 4 B %L
TER
52 35-ZZfsHE-14-— S = RMIERBIRG

DDCH 175 45 74 52 FH SR AiF 58 JE 45 s I A AT 4 it
SR b R A0 A LA R R, i S 5
A P b MRHERL . IEERERE, 5 BOUHE 28 F0 1] #8 ik
JE L R £ A 00, AR N SRR s, iR R PR A A
REE 56« DR R PR RS IR AR A0 DA % 24 9 1 HEL 3 5475 o
' FHIRIDDCH % J5 15 2 45 /N B £70.1% DDCIY)
TRDRE, WAL I (AR A S5 H A B AT

Z WA BB\ LGRS 40 B kAT 1 F 7 i sk
5, RILT RAEAE IR B L% A LGRS 4, 2
20N R TDDCHR A J5 KL T LGRS A 1
111 Hi R FEF 248 B AT TR I AR T AT A A i H R,
RGBT AR FE KR E, MR ERIE
JEAE b Rz 2 A 2 M FE A 3 ) (CK 19 FTHNF40),
SRR B TR R A 9 PRI R TT A2k A
Jfl, JX 3K PILGRS 40 M 2 4534515 T 1 AP AH 40 .

YANGER%P 8 1% 42 [FIDDCH 1 2 5 30—
L R0 P ) s kAR AR, R AR B R A Y
FKA, TARLOWZEP i 5 53 20 7 ) LSOX9TE
JFF 4 B SR YR R HELAE b R A v 3Rk, T At AT
F] 1 Sox9-CreER™; ROSA-mTmG /] §3., {EDDCH 1j4
JE 5o L A B SR AT AR A, R K 2 L GFPY
Y1 i 2% 35 O (5 41 B 1R A A6 . Bl S R R /N BRUIE
AR N BRI XKk S GFP 4
MBI AT Fr e M 22, R DK B 40 5 GFP* T 40 i
R G WIIARISf, X RTEDDCHI RS, Fik
JFFE B e 25 A0 R B TR 40 o AH R B I i 4
Ha, AR 2455 12 ST, DK 22 H50H 4 ke IR 1 iE
YN PR A0 i S EE AR O R AR . (HOR FRATITIAN T
RS — R4 AEAT 1 IR Dy k. HANZEPIX)
Sox9-CreER; Hnf4a-DreER; R26-Ai6 61 7 /N R S
B 252 J5 JT i DDCHR AT, 104758 8 Ja AT HURE 43
My, 769256 20 dh & B0 7 RFPYCK 19" ) XU BH 14 4 i, {5
SETESE N T SOX9 4 H Sk IS AR A b 5z 240 B i) [R] B

SOX9"4H i Sk U8 1 JHT 248 A %0 2 AH B T %) HE 2 gl 2>
T (W4 1.07%%0.14%; XF B8 41 2.59%+0.29%).
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