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Mechanism of "aberrant liver regeneration' and its role in
treatment of liver fibrosis

QIAO Lu-yao, ZHANG Xiao-wei’

(Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing 100050, China)

Abstract: Liver fibrosis is a critical pathological structural basis of a variety of chronic liver diseases such
as alcoholic liver disease, viral hepatitis and nodular cirrhosis, while liver regeneration is the key mechanism for
protecting liver against multiple injuries, promoting inflammation resolution and reversing liver fibrosis. When
fibrosis occurs after liver injuries, the alternation of liver regeneration status in fibrosis usually plays an essential
role in the outcome of diverse liver diseases. In this review, the differences between "homeostatic regeneration",
"normal regeneration” and "aberrant regeneration" were identified in terms of the occurrence conditions, the basic
state of the liver, the effects on liver repair, the types of cells involved and the pathogenesis. Emphatically, we not
only summarize the differences of mechanisms between "aberrant regeneration" and "normal regeneration" in the
pathogenesis of liver fibrosis, but also elucidate the features of "aberrant regeneration" in various liver fibrosis
models, as well as the therapeutic strategies for the treatment of liver fibrosis based on "aberrant regeneration",
expecting to provide evidence and clues for considering the risks and proposing possible solutions in clinical
treatment of liver fibrosis.
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T F A IR AR . I NPCs 4 B 48
Jf \HSCs A1 LSECs ¥ 1] [ FF 40 i & 4 45 5, 1 2L A
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mrh, IEZ 5 T A /N DO 4 I ) FE AR e A
WA R FR, Hh Je i bk ) G A0 22 2 (axis inhi-
bition protein 2, Axin2) & &% IR 51 & Wt #H 5%
5T I B, A I ) HERS T DL A AN ) (8] 1a).
fH 2, Axin2" 40 A2 “ TE 5 B4 7 b AR A A7 AE
G, Terthieh [ i FI Axin2 * 2 i < 15 5 I AR
(R DT IR AT A ik — 2P IE Sk
1.1.2 LSECs T “IEEFEE” LSECsX“ILH T
FAE T B O, BT S P4 B 3 B 2 a2k
FRAE, S U140 200 P G G T S AR 2k (B 1a).
£« IE % HFF 2R 7 B AT 91, LSECs th ifil 8 5K 5k K 2
(angiotensin 2, ANG2) Fl TGF-B 1143 iy />, bk 1 %2
A I 39 B TGE-p 5l 2 1) JH 20 i 38 58 4 i), i i3k JH 7
A AR, FE IR AR JS 1, ANG2 230 W38, fE 1k

Table 1 Classification and comparison of liver regeneration. PHx: Partial hepatectomy; PCs: Parenchymal cells; NPCs: Nonparenchymal

cells

Type of liver regeneration Condition of regeneration

Basic state of liver

Effect on liver repair Type of cells involved

Homeostasis regeneration Homeostasis

Normal regeneration PHx/Acute injury

Aberrant regeneration Chronic injury

Healthy
Without underlying disease
Fibrosis

Benign Few hepatocytes
Benign Almost all PCs and NPCs
Benign Almost all PCs and NPCs
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Figure 1 Mechanisms of normal regeneration and aberrant regeneration. (a) In normal regeneration, LSECs promotes/inhibits the prolifera-
tion of hepatocytes by regulating the increase/decrease of ANG2 and TGF-£ in the former/later phase. In addition, the increase of CXCR7 in
LSECs promotes the proliferation of hepatocytes. Macrophages (Kupffer cells in the liver) activate hepatocyte proliferation through the 1L-6
classic signaling pathway, or activate the IL-6 trans-signaling pathway to promote HSCs to secrete HGF, which indirectly promotes hepato-
cyte proliferation. Quiescent HSCs and LSECs promote vascular endothelial formation through SDF-a and PDGF-/ interactions. HSCs can
secrete HGF, Wnt and FGF to promote liver cell proliferation and LPCs differentiation. In addition, HSCs promote the proliferation of bile
epithelial cells by NOTCH. At this time, hepatocytes are derived from Tert"¢" hepatocytes, Axin2" hepatocytes and LPCs. (b) In aberrant
regeneration, LSECs' upregulation of CXCE4 promotes the activation of HSCs and inhibits regeneration. When macrophages phagocytic
necrotic cells, they activate Wnt-related signaling pathways and promote hepatocyte proliferation. TWEAK secreted by macrophages promotes
the proliferation of bile epithelial cells, while MMPs antagonizes TIMPs secreted by HSCs and promotes the degradation of ECM. Activated
HSCs secrete HGF and SHH to promote liver cell proliferation and LPCs differentiation, but TGF-/ in the later stage inhibits liver cell
proliferation. At this time, hepatocytes are derived from HybHPs, Tert"¢" hepatocytes, LPLCs and LPCs. Hepatocytes, LPLCs and bile
epithelial cells could transform into each other under certain conditions. LSECs: Liver sinusoidal endothelial cells; ANG2: Angiotensin 2;
TGF-f: Transforming growth factor-f; CXCR7: Chemokine receptor 7; HGF: Hepatocyte growth factor; HSCs: Hepatic stellate cell; SDF1a:
Stromal cell derived factor 1a; PDGF-p: Platelet-derived growth factor receptor f; FGF: Fibroblast growth factor; LPCs: Liver progenitor
cells; Tert"s"hepatocytes: High telomerase expression hepatocytes; Axin2: Axis inhibition protein 2; CXCR4: Chemokine receptor 4;
TWEAK: Tumor necrosis factor-like weak inducer of apoptosis; MMPs: Matrix metalloproteinases; TIMPs: Tissue inhibitors of matrix

metalloproteinases; ECM: Extracellular matrix; SHH: Sonic hedgehog; HybHP: Hybrid hepatocytes; LPLCs: Liver progenitor-like cells
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WA,
9 41 1/~ % -6 (interleukin-6, 1L-6) 7E “ IE ¥ T T
A eh g ¥ B AR Y, HGF ATIL-6 W ) 78 A i 42
BT AE A 22 57 A S R B A . ECIERE T E
A RUFE IR 22 R LR 0 i s P TR T 0 T A g A
Jig, A JifJ8 2R BB Rl F--a (tumor necrosis factor-a, TNFa)
WA 77 o3 WA TL-6. TL-6 1R 15 BT 7 A2 (O AH %5 538
%R ¥ 9 R 2= A0 4 )8 KBS (a disintegrin and metallo-
peptidase, ADAM) & B2 5305 1 43 A A ADAM
ARG 1 TL-6 2 345 5 38 26 A ADAM #0G TL-6 25X
HEERN (E 1), © LM 5@+, IL-6 541
JL 5 TL-6 244 (IL-6 receptor, IL-6R) 45 &5, Bl J5 & 2
& H 130 (glycoprotein 130, gpl130) — % & M, 5 5
JAK/STAT .MAPK . PI3K/AKT 15 5 il 8% % 1t {5 IL-6
B IL-6R H0h 5 gp130 JGoE A /JU, IL-6R R IAAF1E
T UPh A i S A v /B, 455 G P2 4 R4 e, 200 B
IL-6 2 M55 HIEBOE R HAE. @ EkAE5HE
%, H ADAM £ H 8§ 7= A2 w1 IL-6 52 44 (soluble
IL-6 receptor, SIL-6R). & T 41 il 3% 1k A0 X 4% =
IL-6R 7K1, {H V) B R 5 1 sIL-6R 7K1 45 Fir 58 4,
S IR PN 1R R0 S o005 5 e S RO T RE . ARG FEIE
52, BT IL-6 R S 5 SFHM A M IL-6 {55 —FEA 7
JH AN, HIL-6 e AE 5 4% 3 2 15 AT DL 58 4 b 3
IR AR ) IL-6 48 BUE 5 7 S A A fpidk— PR
Ft. HGF ] H1 HSCs /™A, J-AE“IE W A7 35 3
YR P R E AR . R HSCs ik gp130 FlIL-
6R, {H H AL AT LLid i IL-6 2 A5 5 HI¥ HGF 1174 .
R G iR K] v AN 37 A€, {H HSCs H IL-6R [ S e 2
G R R, HORZHIL-6R & A7 /E T4 e iy
X %= i, HEMIX AT RE 2 FH & UE S5 RIA RS S .
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1,4-—5-2,4,6- = LML IE-3,5- —FRIR # (DDC) K]
R U4 A 2 4346 8 LPLCss, [ B 2 32 T 441 it A0 fIE
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e EAE R, 4RV LPLCs o 1 4R B
A2 T4 B 3 20%08 . A, 24 R IT A8 I R,
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B0 [an P9 S Bk (CCLy) FBRAR 2k e (TAA) B
Hh 2R R B 48 R A) LPLCs 1) 25 73 4000, i B3 A2 e i
S ) P R L e T4 40 ) S Y o AR 1T K
BBl 452 195 7, Tert™ieh -4 it A Sox9* LPLCs 15 BT BT 41 A
FAE, T ENS P b o IR B 0 v, A T Lok B
HybHPs 1 Tertheh fT 40 ffd . 7 T 7] &% ik J& 1] X 3% 1
HybHPs 3458 H: 1] o0 Ji] [ X3 J2, 4 h 78 52 45 i i
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45 e BELWT 14 26 28, LPCs T AE 8 IF F A2 1 B ARE 12
Y [ 20 4 I A A& LPCs, F R I JLAN 2 35 FR1E, B
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2 b 76 ) AFP RH L Ath JEE AH DG 6 ER12Y A4 A1 L] 43
AR 2.7 B 5 T2 400 B [0 B 7= A= P-4 B AR A R 4
JH, SR O [ TR 20 AT A2 4% v 78 24 LPCs WL Ao
WG Ak, 7 24 i 14 5 52 BE ) 7 B AR A v, IRAE B
40T LA RS2 A A B . AH DG SR B, AR 8
SR, FF A0 om0 TGF- AH 9% B4 8 4k N iR
bR A e,
1.2.2 LSECsET“REFBE” HEMEHHRAR,
TE % 14 JFF 453493 (¥ 175 40, LSECs i CXCR4 0% b,
AT 4 2 i A2 K R 7 52 4 1 (fibroblast growth factor
receptor 1, FGFR1) ¥ i%, CXCR7 # #1 ] 17 P& & T
CXCR7-1d1 {15 5 1% 5, T BUHSCs HYHIE A4 58, {2
FAEAE AR A 4EAGE P (B 1b).
123 EEMMPAT‘FEFEE” £EEHD
o JEYR H 2 B AR, 4R R 5, S 5 2 B A
FEXFRAGOL T, R 4 f 73 WA 1 fit 988 DR B8 BRL 5 O 12
595 57 (tumor necrosis factor-like weak inducer of
apoptosis, TWEAK) 7] DL 04 b R 20 B i) 38 56
JHF 40 B 0 T BRI ARG I, 1 R 2 AT {8 A T 2 1
JFrHIDyae, I o Wt ()3, (2 3 40 i 1 58, (5]
A FE AN R RT3 IR A S I A REL 24 B ) 44 1) 43
A, AT RSO A, FEAL R0 TR A 2 (A T &
KE IR (K 1b). BRitbz b, FELF4E0 I,
W 4 i R 12 R 2EL RO AR ) DR B, B 2 5 R
PRI BR . ELF 4B B, S50 IR AH OC 1) B R 41 i
A CD11BhiF4/80intLy-6Chi, i £ J& Ji ¥4 18 ¥ 8] & 47
F= %y CD11BhiF4/80intLy-6Clo. 7 #5115 i iE iy Bt 5
2% A b Y iS5 R TR R D 14D 1k 4T < R o S ol i T 1
PR, IEAL ) HSCs 38 i B 2t i 42 s 28 g 2H 21
H1 1 5% (tissue inhibitors of matrix metalloproteinases,
TIMPs) X 18 P 451477 480 L0 S B2, ) 470 5 T I 200 i 5%
AT MMPs (B 1b). 7B IR IRk R ep, L T Hi4F
et I 5, Hoh BV B RAT T R E M A 4R
031 TIMPs 15 F#4K, 1 MMPs 354 38 i1, HSCs & 52
NERS R AERET . X ORI MMPs B AT Bk i)
iz 7 5k R 9 A %) e B AL /N B, A5 12 PR30 S 1 ik 1,
FSC T 4 B A T 4 R S I AH 48 R R 1 B 52 3 i

ol i B [0 41 A i 1o 259 MM Ps AT {2 3k AT R A, 3
HARMLH G R — B8R
124 HSCsET“SERBE" 1ERLH0 5 H,
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A2 R A A AR L, — 7 TR g A
(R 75 A, CAER A0 0 30 8 5 o — 7 T e adk 4 4R AL it
JE& 0] P AR FL 43 W % 41 i IR, B G HGF A
(hedgehog, HH) [F ¥ JG v UM JUE A= K, MU 453 495 i
ST B AN AR 20 B A 5 R AT, 2Ok T R AT
1 (E 1b).

FE AR T AE 5 T, 35 A6 0 HSCs 38 1 7= AR 1 AR Rk
AT 7 R R 5 P R 44T e R JEE 20 G 5 ) BRL T, o O
ECM 2 51 BATIEF2E, O A W 7 B o I 5 9
X HFEFEdb vl RIEIRITVE RS, 5“5 i AR I B
BT B, HSCs e 3k LPCs A 40 g () 34 58 . & AT Tk )
OS2 A DX ) LA A K, T P B A I T 4 i R 92
41 P 55 4 2 T RS, el I L3R BH, 1S 46 1 HSCs
Al REZE I b R 40 i~ 7] 78 51 #% 4K (epithelial-mesenchy-
mal transition, EMT), M 534t & LPCs. £ 44k AT I
I 35455 )5, HSCs 43 ¥ NOTCH B 44, 50 1 JH A
EE Py AIJE B () NOTCH {5 5 18 %, M 2k 7 I k-
B2 40 M A1 LPCs ) 4 . HSCs 7% 42 HGF f — Fh i 78
A 48 3R B (24K PTSNTR, B 1E AT £F 4E L T
145 5 i HSCs " ik, P7SNTR i i Rho {12 #f HSCs
TS, TS (K HSCs 49 b HGF LA 8 5 28 39 1] 1) BT
40 i 1 Y. HH AF 5 1% 5 72 B A i A% o HSCs Al
YA BEAER M 5 — N EBE AR RN RS
HSCs, 7] & % 78 K7 (sonic hedgehog, SHH), 1F 4l
ML B 3 WA R o FEAR Y, HH BC AR © 8% I B AT
75 A4 R IE AEEY . (E 159 = A, W51 1 HSCs 2
%5 ECM E ¥ TIMPs (1) 3 Z k. [H N ECM REfE
B 25 2 35 1 2T, M BB T 1 7= A2 R ECM T 2 9 T
Rt e —REIEERA . Bk, B T BHE 0wl i
[R5~ 4b, W A6 HSCs 18 AT LLidE i I ECM 7= 4 5 % i
PR TN PR IR SR R TR

TE AR 41 4 A A 1) 75 4= 75 T, HSCs @ i B2 i TIMPs
Xof 1 P 453 45 At R B2, T DAV T8 Bl A SR A
) MMPs, 56520 it A1 HSCs 2 8] B9 AH BLAE F vse 141
U545 R R DR B R S IR 2 1A P . 7R R,
HSCs 7] fg i@ it TGF-g I miRIES 5 A M & . i
JE A B ) Bt 3 BE DN a2 TGF-B, HSCs 72 7 4
TGF-A It E ZE AN Mo . 5 O BA I 3 2= n s i 5-
F2 1% 2B (5-HT,p) 32 4, 78 )5 AR/ B HSCs H 2 3t
TGF-p1 1L, H 5-HT,, #% #01 J5, PHx.BDL.CCl,
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AR v JF 24 P 184 B 1 I, (a3 AU A5 40 12 2
IR OS2 20 IR S, e 4e eI AEA R .
o 2 (1) R 2H 2R 2 F0 I 40 M A LPCs 1 38 4, H: 5 A
Al B 5 ECM 02 75 A8 PR 480 55 47 o2 11 BEL B A/ F A
Ko Jir LA HSCs it FE i A K A2 A5 JHF 48 4t A gk Jg , 9F: gk
— R NI REAL, $L 2 R I vl A
125 PEE LRAMAT‘SERBE” S mit
9 M AN [F), R b R g B 3 08 w2 A i A B o
(neural cell adhesion molecule, NCAM), % 4> T+ &
g i 5 40 B 4 e S R S A AR . SR M VR R
(polysialic acid) /& NCAM [ # ¥ J5 (&1 1, 7EIHE =
N FE g R, 159 NCAM FIE R, (e ke b )%
2 i AU P A (] 1)

1 1 7 B JH 40347 A7 A6 240 M ) JIE A R 4 e ) A
o WntfE 5 Al ik 4 e 3G 58, i NOTCH {5 5 I ££
JRAE R B oG E 2. {8 FH R A OG0 B A 10 A e 9
18 W HL AL IR T B 4 i PR i 95 3R B, £ NOTCH
FIE M 20 B AT R A IR B R AR . /N R
JIFE v 2 65 Hippo F 3 PR 2R 5 487 1 AH 40 g g fE 48 |
B4 M 3R 8 5 A0 45 5 08 i, 1% R TR SUR 4 i A
Yap/NOTCH2 i 14: 11 77 =R AL A 9 I b R 4
J, {2 BEE B Rz 4 1 2R 07 (18] 1) TGF-g & 1%
N A 72 Alagille 5 G fiE /) A AL Hh, 48 i 1) IR |
B E N EES S E 2 —.

18 1 7 B 450497 15 5 HE Y b 5 40 B el 4 B ) A
o WL RN, i bRic IR b B 48R, 2R 4E AL B
A — SRR A b R 2 M mT R DAk R LA O K
e Rl JHF 45 45 T 2 A g JFE 4 PR3 B G i B 2R e I U
JH- 248 P A B2 A o o BOIE S b R A i A A O T
Mo X LB AL R W, 2 A 5z 3 B 40 O B
HYBEE e 7132 B4, IR b R 40 i i) o A A B T
JHA0 R A= o AE O R R, A0 AR S PR e s R 7,
FF 41 B #% [l F 4o (hepatocyte nuclear factor 4 alpha,
Hnfda) (130 5 MEE b R 40 B 1m) 20 B 0 % A0 A o6 o
i B 5 f AR BT 5 L e T IR B R 40 i T 9
PR T o 0 LR R A% R 3RS o . i b
[A] Y5 7 T %% 5% [F T (prospero-related homeobox tran-
scription factor, Prox1) Al Hnf4a )% S, 7l Jk /> fH VT _E
B 40 1 e RO A e B 2 x4k (B 1b)e B AR, K
mTORC1 A1 BMP i 4% ] 15 B L £ JH - 1 Sz 40 1
2 YL ) A 3 o 2 I B TR I £ R R 7L 30 0 H U 2 T P
JE2H 2R 45 K ) B R 22 S, AE I S Bh ) vh b 25k — B B
EX R4 . Ak, O M 7T R B, ECM £ JH 41
6 ) R A R 4 i B 3 A T A R R B AR Y B
VTR T BAE b R A i 2 TA) A7 A8 e o 1tk . DTk, IR

B A R R B IR RE R AR Rl — b
5T
2 HAHNMSISEFIMERLRIEEEN‘RER
g

JFF £ 4 A4 4 22 il PR PR JE 2 95 34 e 1) 3 [R] B B
DAL b %o} 21 4 4 2% A T 10 S T A7 R T 7 R A5 A
B, HAT SRR, 7R S R AR A nT R 7 4 A
) 200 Pt 2% 78 = B 9 A 10 P 4 R BB I R T
LPCs. 7E“5 o FF R A7 o mT 22 5 38 5 (1 J1F 200 o 37 284
= B Terthie [T 21 i F1 HybHPs, 2L— #8707 #4736 Ny
LPLCs, ifi i [z B 71 (f) LPCs 7] #£ — & 4% F 0tk A
FFEm M RO AR b i . SR £F 4L sh i AL < 57
A AR A ) 2 BERYRAN [ o 7R B, Xl R R
T 56 B o5 FH 000 J Lo T 47 S A RS B 1 S 3 A 7 v 3
A7 87 B3 M1, AR IC I 1 4 Ak 5 T F3 AR 22 8] B0 AH L EG
RIS .
2.1 CCLBFSHAHEMIRE

CCl, 3 N\ JH-4H Mo i, 20 Hg €4 3% P450s 4 CCLAX
NCCLHME, HS Ko Fmda, T8 g
Ut AMN . BHEES T = MEO RS S,
) 5 2 4 AL, 0% Disse 25 [A] [ HSCs. A # 111k
ST R A VA ORI G DA A e e
FE AN R i SR AL S AR R R A R, 2 S R IR &K
MR oD R R . AR A R A 1 B R
J&, Bt 2 B EE VR BUE S B, AT A 453 4 3T
HIB. MR, mAEAEY RS HLUEE, Fim
SEERG#E— PR, & SEITI, XRH U
BN F BN EA . TR A4 S5 FEAE 7 B 72
W, B I L2 CCL AL . CCl B T34l
451493 YR FE I 9RE AT AL, 5 4% S BUFIE LB,
FHOCHIT FL 3 B, 4205 52 1) T B AN RE B 2 e T Bt
AR R R A5 RMAL s
SATAE NP A A R I R Mg T % . CClL %51k
S0 B T 49 5 A L B P AR 2 T L IE B A
1E— 58 IR 25 08 FR 2 S I TR A o b, I M e e
B 58 o i FE AR CC, 3 i 2T 4 A6 AN T A [ A ELBG R
FEXF BN 5 R BT 4 44k IR T i B — 2 148 5
fEH
211 CCLE"RERYE"MNAARY-REXFE O
HHWFFFEH, CCl, (2.0 mL-kg") 5 /T F4 2 [0 A2 4E —
TE ML 2 I - B e B, BB R e se AR B
Z K25 2o e 3 2 b R, CCl, (2.0 mL-kg™)
LR Z )5, AT DL 2H 23 R 96 0 5 kLR I S PR AR
BE, AN IRIR I, TR WU, 24 hik BIWEAE, [F] A I 5 4%
ARGV R LI, R AR . SR 5 I AR,



Tr i RS <5 HFREAEY B R LE WU B AR BT AT A0 vR T T AR H © 2249 -

48 h J T A 0k B 0, 72 h R JLF R R I IE F
JIF JE 4 2 24507, 5 CCl, (2.0 mL-kg™") & A 2 Ik, &
SR 8~12 I E G52, W4 44k 46 & J& , HSCs #
T TV P T 24 B 200 6 5 93 D 2 D, I8 D6 T AL 2R S
IR, IR AL FEPTAR I — B AR, B R R A
JHEREARCO . 76 FF 45 4 Ak 1) R A R F 1 ik v, 452 1k
i CCL Ja, I3 B2 AR, FFAE A R B M A0 28 hE
THIR.
212 CCLE“REBEWAE-REXHE EKE
R I CCLA 2, it sl iRHLN M B EBE,
IR R E, SR . MR, SRR
SHMHHSEE, iR, K& SR
T8, Sf eV Sprague-Dawley K 5 B2 5 40 6% 57
) CCl, (0.1~4 mL-kg" i.p., KK ), 38 i I 375 A6 5%
e o R 2L 2L A W) PR 453 4, 3 ok ST - i e e 45 N JHE
ZH A% DNA KU PP 200 P 398 B, 45 SR 3 W A8 R 1) o 34 3
1) CCL 45 2 I}, JHF 7 AR 800G 7 2 2 77 & s S8 1) 3 40
i, 2HZVE S LA E AR 7 2 N, 30 2 B AE 7
I (2 mL-kg), B TR)E O E B AR, O e A
J&i, B SRR RN, A 4UE 0T 46 ) H B AR B
JEIR YRGS, B L5101 4f BE I, 2R B A% 1 —
WR . CCl 2 58 o 40 M 73 L R I B o BT LR B,
IV EE T 1) 20 D 3 B, R ) A T A B A T G
FISHAZ |, =R TR, 45T KK 4 mL-kg' CCILTE
48 h N 5] 2 BT R IA F| 80%, KM 20% 173 K B &
L, AR R RS R RN T 56507, X iE
B T 20 4B 527 o RS A9 R A5 8 1 A7 3 2R 7 THT ) SR
TER, BB FFaa H SUE S0 T ik e 2 0 B 2,
213 CCLE5“SEBYE"MNRE-REXRE AR
R, B T HLUEE TR, I ZUE 5 I ) 4
SE T ARG O FE B2, HOK B3R R4 24 )5 48 hfiT
JUE A I B 0 o LA IR [A) 5G R TE 45 24 U B - I TR O
R OA TEHIR

DA b5 2R S FAE R AN G BN 4T .
S48 [N AE 4 A 1 38 B 43 Ak 7E CCIL BE B o i) A
FLBD o CCLHFEF Y- Ak Sy oo 8 ik R BBl 45 £ 455 28, 3
2 55 A 1) T 40 A 2 2 Terthie i 41 i Fl HybHPs
(F2)o OB — TUME T S 56 25 SR BoR, bR 4 i b

b4 5> ¥ (Epcam) 4l ffd £ 85 1 19 (CK19) FIA & Bt
(GGT) 5 i 38 e B 1) B B4R bR 72 CCL R A
A, $2R CCL S T 1 T £F 4E AL B A v] REAZAE T8
L 5| R SR i T AR 0

22 TAAFSHTAHRE

TAA KR AR H R8I EiR b % # ) i K
FERMEERN—BE. BES5 XS HHHERADA
[, K7 & TAA £ 504 I Dl i 56 v A B8 T2 1A 0K 1)
I [H) B (3.5~7 K)o M0 AE HoAth B8 ¥ JIF 54 W CCly
X LIRS B W  CHCL S5 245, a2 £ 12~24 h N
BET B, X AE TAA 5 I A2 YA L 2 A B 81
PRFABS, CCI AR B T AR 1) 77 - s I 5% 2 AT ] = Je
BLG R FREE R T TAA B SR8 f A2 5 .
@ FIE-ON 5 F: HEE SD KRR 2 ) 2 55 T 50,150,
300 #1600 mg-kg' 7 & K] TAA, £E 0~96 h [ i [a] py ]
BB AAR T AL, 48R ER, iT=/&E
TAA A 7= AR AR 2 T 70 A 0 i, HLGSE
ToRAE. 4 FEFIE (600 mgkg') TAA J&, 48~60 h
YA R I SRR S A SR, B I 90% BB T,
1M 7E 45 T TAA J5 72 h, 2123 H A4 1038 i L -7 v] BL 2.
WS AT, SH- AR E 5 AR PCNA 2 MR, sl o
HAUE T N Z BHMHI R IEIR o X BRI, TAA
153405 A7 ££ B AA 77 & (FE A1 v 09 300~600 mg-kg™),
HABHEFEML, @ - KR LFH,
300~600 mg-kg! TAA Z [A] BF, JH- 24 Hi 5 A2 U6 H IR
F£36~48 h 2 [8]081,

W78 7R, TAA H RS S B 1) 418 338 JFF 2 448 75 1)
TGS T AEL S ) T A R JE R 0 ) 4 e 32 8 30
(£ 2). {HTAA A S 5] 4 B 38 B8 A1 A 75
BE— PR
2.3 BEELEIARFSIFFELER

JIELY YA AR JHE A 0 2 — b D B0 PR, BABFE
MR IR B B RG RFE o I PR ARV VR R IR R IR 22 b 22
B, W2t JE 48 95 5 KL TSRS T AT 90 R0 24 4 T 45
% o FFWE P R0 s A EL A 40 B 35 M 1Y) BAS 7E
JFF R AR 2t AR R, SR AP AE T . WA R iR
I7, BRI A 5 BUFF 27 440 R A0 0 T 32 o 41421,
BDL ] if5 T/ BB /SRR I 453495

Table 2 Summary and comparison of four common animal models of liver fibrosis. BDL: Bile duct ligation; BAs: Bile acids; PBG:

Peribiliary gland

Type of model Feature of model

Classification

Source of hepatocytes

CCL, Frequency/dose/time-response correlation
TAA Dose/time-response correlation
BDL BAs level increases significantly

DDC Accompanied by PBG hyperplasia

Pericentral liver injury
Pericentral liver injury
Periportal liver injury
Periportal liver injury

HybHPs, Tert"¢" hepatocytes, few ductular reaction
HybHPs, Tert"s" hepatocytes, few ductular reaction
LPLCs, Tert"e" hepatocytes, more ductular reaction
LPLCs, Tert"¢" hepatocytes, more ductular reaction
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2.3.1 BDL#EZEFFSRMMEM“SEERE” KIE
FERHH A RURE I 3 BARAE 2 —, R RIGTT AR
A RE VA BURE 9697 B s 2 —, A I BENPCs, JE 3
& G AN M (R P R 40 PR RN W AT AR, 7E RE T AR
PERF B4 I VE F ©2 3 3 T BON FEAIIG I 7849, (3
SRR IR M FE 45493 v B 4 M 0 B ) 9 R X A
o B ) TR 5T SR, AT A S M H ] miRNA
AR AR AR, S — 5T, I 2H A 2 5 4
4s Sk f2 . Bl R A0 T 5 40 B RNA I 7
(scRNA-seq) # 7~ T BDL 41 44 e 1E & JiT 41 B (19 A [
1%, TE A0 M 7K P B RAE T R A JA R 1 JHT 20 P %) 2 5%
SURFAE, BAA T IR T IR AT 4 5 A 4 B AR 4k, A
R AR R0 I o7 B AL T B R . AR
7, BRI AR A 10 B 4B 2 AN 3 A1 10, Foar i 6 AN
[ (7%, B A BDL 4547 19 JHF i o 2 5 1 6 28 R4 i, 5
6 ZH 21 Mo 1) e S AR AEAS ), ThEE R &AM A . S,
BDL-5 T4 it 4 7 4 26 028 1 2 400 Pt 43 4 A0 4 it J) 340 1
FH, I 2 kLK 1 E (Cenpe) A% A7 1 95 8 14 4 5% 2
11 (Nusapl)~ 5. 58 FE SR Ki-67 % € FI PR (MKi67).
cyclin A2 (Ccna2)~cyclin B1 (Cenbl) 5. 41 it i # &
1 2.7, BDL-5 40 f )1 T~ 4 30 /2 3 58 40 PR, 7 JCE 5K
BDL-5 JH- 4t i /& BDL H £ 55 B AR A -4 . 1
BDL-5 X 7 4= 5 T 41 B ) 13.49%, i B 7F BDL #5574 /)
SR, TR S5 40 A T AR 50 55895, BDL #5145 J& T 11 ik
JE B 4547, Y 440 A5 4 52 0 F2 o DA Tert™sh T 441 By
F, JEHAEA LPLCs AR IR (3R 2). 45 R 3R RF 4L 47
FEI, LPLCs 7] 7344 9 IR 4 i .
232 BDLERFEMMEXN“TERE” EF
oK BAs # WA A 7E AL 375 5 10 B TP A v R 9 B AR
o 558 OB A RH T AR I 7 1) B B2 W FR A, JL
R a5 B b A B B SR R b R A
AT, AT B 2R R AR S A, S 5T
(A B R 25 P4 . AT AT R B, S48 ON — 5 T
AT DA g — b L0 SR P, 3 b 4HL 41t T DA 434k B A
271 it A 4 B DA 5 R O A 5 — T, BT S
STk A 4T Ak, B R FE N TR AL IF 5 S0t
T-04, BDL il E b Bz 40 A A 1 % 40 ff (T 40 i AE
YN Ay 3, T BN B AE R R T K A E R £ 4
B8 (3 2)0 3D- TG FEFUR AR B IH A IR BOR,
TERE YR RRURE H /N (B REEF T2 B, TE Al — A ¢
I K 2 SO B0 W 4%, 8 i R TR 404K S i, 1k w]
R 2 388 5 JIEL 7 () IR SO Dk 2 L YRR Y

BRIt 2 Ah, OV KT O BAs 38 AT 3 3 40 1 T
B A b FE P STAT3 (1 B 2 1h AN 1 52 M0 BT 7 A= 140), 7E
INERHR, TE A B R BT A A4 AN B 2 R L, BT

A1 NS S =R I N e e o Ty o e R i
A HR ) TR R G IR A 1 SCR AR IE o 7E 7™ 5 R 4 RO T
S B 5200 S IR 450 T, JFE R 44 X P AR 1 DT R
A ZEMEAT R 3 — P AT
2.4 DDCIRRIFSIFAUEMIRE

DDC R & &5l ARE 5, 5] kK Fik 58 kM,
S BUFF T 27 4 4b R0 T AR 2 BH TE 3519 A AT 4 4L 1 A
HW, DDC it Ja, 1 # A % (Bl-integrin) /11 /) i
JFE R & LR, H p1-integrin fI/fl /N FRAEK GEZE T BT 41
L Ki67 Fl p21 (3R, FE3G 0 1 454 19 1385 w5 &4,
F W pl-integrin 8 4% T DDC i 155 J& JT 41 o () 3% 54 .
DDC J& T 1T # Rk A Bl 45457, JL P A8 4 i T2 2 5 BDL
BEAIAH AL

B I 745 SRR, /N DDC 4547 B4 1 i 7Y
FR) JER R PR A M B R (PSC) 2H 400 B 24 40 405, (4
HEE R4k (PBG) 328 fl 545 I M. (3R 2). 7£ DDC 5] it
% )5, PBG 8 24E 32 5HAE L 4 i H 4 Wt {5
5 finh & JIELTE AH 2 g 4% 5 AT %, NOTCH ig 1215 5 3L
IR TR T,

g5 B AT, P b 4 R A 2 FLRR A5, W CCL R A7 7
95 5 URERU AR BB TR - s S AH M, TAA AETE 25 24 71 e/
I 8] - J2 B AH 9% 4, BDL 1 BAs & & 17, DDC H1 {7 7£
PBG [ 35 4 H 4 P B A7 7E — @ B R, CCL 5
TAA 2 [7] J& F o0 B ik B Bl 453495, 4 M R I LA
HybHPs I Terteh Ji- 41 fg 4 &, 1fi BDL 5 DDC [A] )& T
"1 Bk JE B4 493, JHF 400 P SRR D Terteh R4 i 3, H
TEAE P40 B2 1) LPLCs B804k (22).
3 ETEE"RENRBEGITIA%E WL

ok LRTIR, AR 4E 4 R A7 TR 10 S5 A7 2 Tk
532 Y AL A4 PSP TS I AF 4R b ) 0Bk . B
WEFE R, T HT SR “ 3 F R AR I B, 50 2
oAb b AT P AR B SR I EL RGBT 0 B AT [ 4
HSCs PA S AEAE b Bz 41 i 1) Jes s e g e mes, FEgPE 254
THAL R ) BEAR (1 g (AR LRI AR B ORY). BRIt
ANEALE— e B R P A A D A 4l PR IR 1 SR
Fh SEWEAE K IR T VR T ) TR I Y AR AR TR AE (K6 )T AU o
3.1 F4HARANE N ZEAR A TT IR BS KB TE XS

ANJEPE RN 78 AT HE FE AR B 4B 4 B T VR LE T
ARG R AT B R 2R . LB
2 B i T 2 R SCURN [ 78 5T T 48 BB UAE CCL i 2
() JFF 4 S AR Y T 38 B R AT R0 4R BT VR BE AT BAARR
PEANTE T, BT LLRh 78 S s 4

AMIE RN 7S A YA T AT e AL S — i [ B
FORCR o TE KRR FF AR A5 o i g b ] Bk 53 1
‘B B8 YR LSECs tH 2 Ja 75 FF Uk o 7% 5% LSECs, {12 2 T 7



Tr i RS <5 HFREAEY B R LE WU B AR BT AT A0 vR T T AR H -+ 2251 -

A2 SR T R N U I R ST R B,
BE T 240 P y7 VL oD BF 4R 4 Ak, 2038 AT Zh e

AMIEPE AN T G 2 A0 R TR MR B I A SR TN
WA . RS, UH R E A, 755 %
AR EBEAE R, S RA G T B FE 5% i
BUE R AE FH 0 S e i M A R AT ST . LAE RN
5], = 555 1 50 400 R 4l T O SR R 2 24 ) MIMIPs, 38
I 22 Al A A DR 3 PR T T 4 B TR L R 4T i A
LPCs, #h 78 F A (1) 17 40 fat4, B3 ik 8 1 « 7 8 1 75
AL R R AT AT Al o BEAL, ANUEIE b 78 At 1 W 4
A B 2 508 R AR A T P TR A ) SR 4,
T HE — 25 188 5 LA PO, {H A VRS A0 [ W 4 i A
JHF R Hh A7 3 ) (AR A, 655 0 WA FH R A0 B 1o I
FE R A — 7 R N RIS e A, B 5 — 7
M EETAN.

FRUE A Y I AR 7 20 i B B2 45 (1 42 A
HE“ S AR SR VR T BT LR 44k, (BN R I #b 78 40 i
A 8 77 52 S s ST A B 5 o R ) 3 5 o A A
S5 X6 A EHE 40 PR SN A7 FE AN B 58 T, T REAEAE B
HE 7 2 07 38 At AN R S BE, e o vk B4 PR S ATS
EAERER I RS o I 22 4 s 6 AMR AN (it 2 T
I B I S o B A ) SRIAT IR KA GUB &, 2k —
Woe ARG . thAL, IR N B ARG T ik
ARG ST % AR &, B4l BT IL 8 B R
517, RN B 1 18 2 1 e HE e, B8 i BR T
G P T EE . A L % 3 25 ] g
T S [0 ML 5 998 XU B 0 A 4 g i IR 384,
T AT B e B R G AVE B A 251 . R,
I KB 7T L5 M) R 30 S R oA S Al B RS 5 18
6% 01 6] 5 T A 3R 2L R T A K 0 T, B R b R - 3R
M, BB HE B B T 40T VR e L S UB S R A
3.2 HSCs 5REE B XS

FE LT AR P« 5 B R A2 115 0 R, HSCs K& 4%
SRR AR P, e — 7 T 3 4 i TIMP AR 500 25 £ 4
s 5 — 77 THI 4 W HGF A1 SHH 25 41 fifg P 1412 32 JH
BABE. BHarx T fi HSCs 1897 BT e e 1k 11 it 7
Nk e e o KR R o A S R i R SR s (2
FA, Gn 7R FH 1% 220 I8 T il 400 1) 770 910 /) HSCs % 1 EGFR 1Y
FIE, TP HSCs 354K, AT & 4% 1 24F 4 4L 1F 59,
08 HSCs 1& AL J5 , 15 9 HSCs A2 7547 SR 1 BE H A 2t
A E A fe it — 0 09T . Bl 1) — T 70 R
BE, 38 3 P 4T 4E R 1 B 1 (GFAP) Ja 3l 7 Sk B
S A 5% R 1) R IA, AT LA /)N R 48 5 i) HSCs 5 529
BRI 510 A6 1200, S AR T AR AL (1 — AR S BE S TE A
S % 15 (¥ HSCs B A VL £F 4 40 i (1 45 08, 76

A P BE 1) 19 5 1¥) HSCs, A 1L HSCs (WA ST 8240 13
() LB AN 7% H HTRI I A B S e 5 A g
A7 v B A A R, SR AE P AR T AR R 2 i HSCs
25467,

Ah, EF B 7T o, HSCs A2 B A4 A Y 2 18 v
A e ik FT 4l B % (hepatocellular carcinoma, HCC) ) &
JEBS, R ZHOEE R, 44222k HCC, H 2 /i
2R AR HCC R A2 1 5 Jia e B AR R AL ik ) A 5%
AR A A R B . Rk, T R 12F HSCs 12 75 4E

YEF 0367 F B, B 7873 25 8 Hot HCC AT £F 44t
IS o

3.3 PEE LR YMARTRER RIBENXE

REAE b R 40 TR S B A A AR 5 A I
RS EA I T R P EE A 1R N S
I, B I FEKs & S AL S IR AR e L S
JE A A 17 o 252 B [0 0590, g e R 8 4 A 285 4 DA ol JHF 40
J T 3 B0, X Ko AFF AT IR b R A A R s kT
“R AR B TTRR SR AL TR IRE R . HAE S AT
S, B H 3 5 B ) R A e 8, 1 Pk B T A A AT
SRAG AT BE AT T 1 A L 25 1T T2 0, I B R A I R i
Az T8 3 AN A2 DL SE A TR A A A 5 5 | RS A B P2
DRI, Attt HEEF b Rz 4 B A0 JEL A Iz o2 F S G BT 52 2 2>
e Ak, MBI 5T S WS R B A7 AR B B R, PRI (i gk IE
BN R 3G FE AR FE A R, R G PR 2 AT A % R
P JIE A I B IR B0y PR 4 A AX SOBE, AN T 0 Ja 2 44K
34 “BIHMERPREREP RBERNE

Iy — PR AT 4 AL R 0 2H AR IR SR 2, i
FH B R R S5 Y5 Ak B 0 1) TR 24 00 S AT A 448
52, B IR B A A A7 4 24 R R AT 4 Ak T IE 1
SR RFREAR”, B 1B S SO A AL A
“A” (ARG B A RMAE B (7R
RIS . B AR ORYT C & AE CCLI TAASIAN
Xof Tk 28 FHE By O3 46 15 VE ) T 49 B B IE, T S R AR A
TE TAA 5 X 2T 28 5 By B A 1S4 1) wF 7 v 43 21 36 4F
FH T b b SR B A T B M A S 08 R T A 4
b, BT BASE Rl 7 SO0 F s 25 A& 0 A (R 45 2575 i
T 2 25 L SR A, EL L TIAE 24 1R RORR K PR 1)
TSRS G R o
3.5 YT AN L0 A R SRS BB TE RS

JFAth, S % A, 5 A8 Y 245 4 1) 71 S 4 R L T OB
JHF 20 36 5 o AEL ol S s E R A5 AS B A 2 g 0 2 IR
AR B R AR, IR A DA A — o)
JHF 200 Ja 386 5 51 R PR R AR AT Ok B VE 9T I AR 4k
CHE RN TE WG HEAT AR . R 40 R AR TR R R T
(GCSF) TEIR R AT A th D215 2 iz, H OgiE
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FFY T SRR A O PEE 4 P 8 B, AT gk 2 B 5 4 A 2T
A5, [ i 3 JH 41 o 38 B DA A1, GCSF ik 4 4 B 7]
PASE i LPCS f 38 58 A2 2, AT A Bh T 7 AR el, Il
PR — T 5% T 12 1 1 3 o 1) 2 2 Bl AL 5 FE K 0 HiE B
GCSF F{# AT LA B8 5 1 AR A7 238 R k4 i o)
A 8 7E A8 VR 0 2055, 4l GCSF ] B 2 ol s
HhPE L2 Th e, T AR R 7 AR X R AE FH AL 7
BHT I FUE SE, A K A R 7 11 (GDF11) sk 38 fin i
JUE HH LPCs (P38 58, X £F 4E 40 7= A= LR 4 81,

2 2 R i HE P I T A I, AN B B ) R B
1E HCC WYV 7R R« BB 06 250 2% & HCC (1) 20 g it
Ui AHICHEIE R B, 5P R HCC /) BRUBEAY b i i kS
5T 200 6 7 A A JEL A R S 200 i B R A S I T 7 A= 1
AH 2 Ao, PRt R e B2 5] &k HCC 1 RS 35 /0, B i)
RO F1 S £ Ph ZE AR 9 P 5 T 40T o 9 A 4] 3B 4 5
HCC. &IRMIBss BT — P o7 58, FAE B IR
£ L T 0 R, A HE AR AT 40 i R B R AR R
JIHIZRARFL A, 5 HCC w1 5848 B R 3k 47 Lu e, B /e
Pk 3k th 400 A B R i 2 T A SO 5 ke o AR 1) AR
[R], SR 25 P 6 1 JHF A 110 JHE 47 Ak 76 97 SR g 3 it 77
AL EE R B 5o R0, b 3@ i Ry k0 ik
I Arid1a 26 [H 2848 Lk IE SEFE /N BRBEY B A 0 2%
R 33E JFF O 4R O
4 NEERE

WTAER, CART 1 440 S A % B 52 995 1 R 08 R
BT, A EREF SRR OG0 R T OR (g f fH 1 R LR
WA A, I, AP 4R IT IR IR
i RAR 7o AR SCEE A 53 40 M 2B P 2 WL g T B A
TCIEE A" S 5 AR A X ), it
TG I Z b 240 it ) R0 A ELAE R, B &8 BT o 98 0 4
55 L BT Ak 1 4 B B B A A B S B DG . AR,
SRR 22 (I 7T 28 T 4f 6 R [R1 40 R L B Ak F 24 5%
BEAT PR 2 H ) L e, WA R 5 ol 200 R 4 75 AR AR FH T
5 1100 200 Y AR 358 R0 A Y B 5 i S P A VR 9T
YN EFEER L. M5 CEHR T CCL.TAA,
BDL 1 DDC &5 5 WL I PR 1 28 4 A0 A5 A0 vh i “ S5 1 7
A AE L, R AR I R BT AT LAt T HR S
% o HILAA A — 2 n) G R ER B, W1 CCL, A TAA 15
RS RN I DT ERAT R 3 — 2P E . EAb, LPCs
TE SRR (/R FHAR S8 H HT 22 K FH 0 ) JH- 40 B 1 5 s
W% LPCs 4344 119 77 32, 1 75 240 Jf 384 L HE B () 1 4
LPCs /& 3 A7 15 B¢ FAE“ 7 i T 7 2R 7 b 1) STk AR BE AT
ARG, Tt — PR . ARG E AR 1 DLt
CSH R RRAET N B OARIR T BT AT 4E Ak 1R SR s RN TE X
R, LAMA A PR DA T £ 4 Ak R JE Al () 2 95 $2 146 3 (10 ¥

TR MBI T BRCH TR G IT SR Ak, T AE
KK & 7T 12 78 microRNA 7 BT 45 446 A1 AT 7328 v ok
FEEEAMEH . K2 H microRNA DL 4 i s 5 1 A0
HAURe e 77 A RIE, WIS 5 e 48 B 4T
YEA . miR-29 AT | 22 MR R L R, 4011 HSCs /Y
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& miR-21 . miR-23b 1 miR-22105, 4k, 4 & 4>
microRNA # iiF B 2 #7542, 41 miR-217 B A 3458
/R TS, {H H Fi R 22 52 microRNA fE 4148 5
“EEPEAETZRIPEER . %T microRNA 7E 41 4
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AT RAT IR T I TR, AR 40 M AR AR A
— 8 FAH S, I PR AR a2k < e B B AR IR 9T AT 4E AL
F, N AR T B AR 2 2R B8 B AT RSB 2 AR
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