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Abstract

Acute and chronic damage such as infection, metabolic disorders, alcohol abuse, and malignant
tumors can lead to the occurrence of end-stage liver disease (ESLD). Liver transplantation is still
the only proven effective treatment for ESLD. However, due to the severe shortage of donor num-
bers, the clinical development of liver transplantation has been greatly limited. Many patients
miss the opportunity of liver transplantation or even die due to disease progression while waiting
for the donors. Therefore, how to improve liver function of ESLD patients is of great clinical signi-
ficance. As a branch of tissue engineering and molecular biology transformation research, rege-
nerative medicine aims to replace, repair and even reconstruct various tissues and organs in the
human body through cutting-edge fields such as clinical medicine, materials science and life sciences.
The liver, as the only regenerative visceral organ in the mammal, can still recover to its original
function after subtotal hepatectomy (75%) to meet the metabolic needs of the body. Because of its
huge regenerative capacity, the liver has attracted much attention in the field of regenerative
medicine. Liver regenerative medicine mainly includes three main aspects: self-regeneration, cell
therapy and tissue engineering. This paper will review the clinical application of the above tech-
niques in the treatment of liver diseases in recent years.
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1. 518

JHFWE A2 4 B i KSR MRS, B A ST oK & Teli . 4eE =R, AR o
B, 7= AALFE AR R S R B N 0K R i AR 1 DA A B R A B R 1 DA S B A LAt B8 A2
HETRE[1]. 1931 4F Higgins A1 Anderson i Y K B 2/3 IR R (partial hepatectomy, PH) S 4637 i i
JEoR T N NI AE R J0[2]. IEER T HARE PR AR RE 77, ARG IR B rl@ sl VYRR TR 2 4167 & F
OB, EAERZHEAEN T, SREE PSSR 1 DR 1 (R ERAS 2 7 E I
A R BE 13k 1T S5 B0 R BAIIT (end-stage liver disease, ESLD)f) %& 42 [3]. ESLD #2& H i & )45k AL T
A fE R, HeME—A R HIE YT I R BF S A (liver transplantation, LT), B {44 5 48 Bl 2 1 o E B i
PR, 83 20% 0955 N AR S5 A5 28 B (R B JE T [4] « 11 45 5K 35 44 FF A% 48 (living donor liver transplantation,
LDLT)H AR MR & AR —BEEGRAR T HES2 ™ B R AT, TR RS AR 5 A G I R A K 22 55 s 48475 IH R
1 2 SR HR B B [5) [6]. F42 152 (regenerative medicine) 7E BEAE 20 4E N KUk J&, (H15 B AT
(alternative treatment)fEIlG R HA FATHE, HRGEME 7 LT £1697 ESLD HHIZ[7]. |7 X EdF, ARfT
Yer, BREBSCERGA SR T R ME YT AR 8 T B A R 2 RO SO ey, P R 2B S 2 1 2R A
H FA5 5 B 5 Al L N T A B A IR RO AU E . R, ASOR SRR H AT I IR Bl AR BE AR T
ESLD [ =271k, B 78 5 A TH I DA TR AR 2 25 A R A S % B F AN

2. M FERFSHEBRE
FARIGR B BT 23697 AR i 32 205 50, 1R 5 I D) 58 32 34 (postoperative liver failure, PLF)&#"
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KT AR G 8 WA T R [8] o 78 SEBRIG R TAE 75 28 25 IR B A2 6 A Sk T IR 5k 4% (Future liver
remnant, FLR) DA PLF & 28 CL o $e i RO VIBRZR 1) E 22 [EhG . X T IE#E N, FLR > 25% 5 H AR
B LA PLF: SR 18 I (E 5 A JHAE A P BB S0 5 75 22 3000 17 AB A B AL (EL A5 1D e ik v s ) 2
HRDTE 40%I1 FLR. JHIE B & 98 KW A fe SR AMRHE AR B — B30 Tl 35
FLR 3% 50>k % PLF.1990 4 Makuuchi &5 [9] & /X HiE 1 @it 17 ik #4: ZE K (portal vein embolization, PVE)
55 70 A FFF R RO SR B84 0 B DTS A6 97 JFF 1T AR 870 (19 22 4 o B 5 Adam S5 [10] AR T I — 2B 1
PR AR (two-stage hepatectomy, TSH)ZEXUH:- fHfifeg 228 S0 RO VIBR I F-B. 1]&# k45 4L (portal vein li-
gation, PVL)JF 1] %5 5 5 PVE ARBLER 5 47 (Y A2 S M [11] o 7E TSH A AR () 171 % ik L %€ )57 (PVE 5%,
PVL), AI7E 3~8 NI INZ & 40%1) FLR, {HEIHZ) 27% NTCiEHT & 2 BAVIBRFAR, JLRH EF 55
R BN R K FAREGIEMKC[12]. TR 5N, B R 25 W R0 ] ik 45 4L — 20 FFDIBR A
(associating liver partition and portal vein ligation for staged hepatectomy, ALPPS) Wiz 4. 2007 -8 [F =
A SRR R TR T JE 2R, “ ALPPS” A7 . Schlitt [13145% T 92 i vy & SR B4 HE4T JFAL 20 B (i situ
splitting, ISS)LA G-V & B AEA &, RIS 253U AT TE KIS 1 1 BIER DAt b A FLR. 1
WFAR 8 RG] CT fdridn /B AIEK, b5 Zm NIR]5E il KIFA DI AR . 2012 4,
Schnitzbauer %5 A\J@it 25 #il5 A B RST A IE SR T IXFPFAR DT L& 4 Santibanes %551 A4
ALPPS [13] [14]. f&4t ALPPS 2648 1 JHFARERE : F4ma O WE 5 1E 5 T 43 0 55 T 00 FHE U 1D Ak
SCIATEESL, FHod IV BN BT BT T K Bk DA S B 43 S e — A 43 29 R BELWT, AR B A5 BT B e
Wk B AEE 510, A 1~2 A G @ A2 T 3 K 2 B iR BTl RO IE D) B8 5 AT 2 IHFR. 2 IHFR
F TS AT T B bk S TG BT 4747 =M DI R [14]. JT4ESR, APLLS 7E 4Bk Hh D448 A6 i
BN ALPPS. JB& ALPPS. #4> ALPPS Z5:7E I AN A B R A [15].

ALPPS 5 K AR s /2 AT ZE RIS [B] 75 FLR R B AE A% 48 TSH 5 5 2 & FLR 75 224 32~210 K,
1l ALPPS 1% 75 7~14 KEI A ff FLR /0 47%~93% [16]. ALPPS d1 T FEA= ML = 3 J = J5Hi[17] [18]:
PVL 5l M2 1150078 1SS Ja M 5 7 A= (B AL AR R I B & 75 SR DB ) 1SS Frids S (e 38 5
IR 7RIS FIARLHI AT RE R ALPPS REBRH 75 5 I A AR 1) E 22 A . [RII ALPPS (w474 % 2 3
RO VIBRF Wiz e T4 TSH. fEF AT ™ B2 RSO T, ALPPS BLF- 21697 A il U1 BR FFAE g
M OTAT i1k #4uit, ALPPS FIRTATIH A 97%, 2 HIF- AR STt %420 100% [19]. thAah, FHFARAIE A,
SEATREG T AL TSH &5 FF AT P A2 18] B £ s i Jg o FLR (PRI B A [RIRHORIE T 2 BIF AR B AT 4T
Mo BUR B 7R W] ALPPS ) RO P13 ik 83%~100% A%, X —FIHf7t47m RO PIERZE A 0% [20].
EIR ALPPS L4t TSH A ANt WA A, ERJE SR 3. KRR 3 LS R 52k © oA i £
R EEL R K A Schnitzbauer 25 5 W18 ALPPS i, HOR R FBE AT 57 68% . 12% [14].
AR (AR B3 KR PRI T ALPPS HIZE T 3R AURIR 2, H AT SA T T ACRE KA 220 90 RAET- 25371 N 36%
J 0% [21]. FRiERERIZ ALPPS 7Ef2i FLR (1 [FI o] g S 8UME A K . Jeiiif 7t D& IESE PVE KRG 4
S Eh R A VS Ve N[22]. 10 Oldhafer Z5[233 ¥AWF 787~ : ALPPS [ EH 5 PVE MRS, £
7% ALPPS RJ5EE A 6 LHIMBEE R, P KIEN 8 A H . Fukami 55 [24]7E 5 — KA~k
TG A & Sz AP [F]— B e R o kAT VRS, 45 RHE7R Ki-67 bric 84t 55— IR FARIAIR A 60%14 i 2
80%, PET-CT S W e 4 46 WA b b 70 S R v RO RE R o RV Z A A @ 0 R F H b B
DRI RS g B (i T mT e, H H AT ALPPS IR FAER Z R PRI B8, TR UAHARF 51
JFFRE AR A= 32 70 DA K TS RN i R e AR 2 TR ) R AP IC A, A Bl AR R BRI T T R 2 2
BREAL, X7 R IER A%, JLEDEFSE . Sl TR, EBEA MY FB, 15T TR TT ik
i, H2EA—ESAEARFRELESRE I, ABRMIE, XA LR 8 B G0 A
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WA (a4 ) B ORBR . B i 2 2 RH2YT)s HIR, FARENAERAAAES L, AL ALPPS F2FF A 23
3 i PVE 8 ALPPS A BRI KR AL TR HE 5 T . KIS 7 2078 2 ot Z miH R A
I PR A A S B 2

3. FremRRTiE

S 5 40 PR AT B - DD R S A i, [ AT 4 i £2 e (hepatocyte transplantation, HT) & 4 ity
PRI EIETT SR, HT I7H LT A E /N A S AT IR B RAAE 5AT LT 1%
P B (BRI TRV EEC R 07 59 A B 1) 46 ) S 458 70 B SR IR B T A i O L T 2 A4S U VR 97 [25]
HAl, WK HT BHEEEEEaRAETTEIK. IR LG A, RS S thid vy DU IS %
35 L B oK P 200 B A 201D 5 ik o [26] o A6t 1T 3 i e i AN 4 I 2 ) SR, T Ml P4
I AE Al L BRI ROk o s BN IS, R R T I B S R v/ N Fadid, AR T HF4
J R AR A D e (R A 2B Lk 1 S e AR M ki [27] . R b HT W] F 33677 & A R AQ P
(Crigler-Najjar ZEG1E FREIGIERLE 2 VI PR ik = 55) F1 S T 2 8 3 45 (acute liver failure, ALF) [28].
U LT 42 Crigler-Najjar ZE A AERFIEIAVRITIERE, EAGERRAEY R T SR AL 2 58U it 2
TheeRahs . A SCHERIRIE HT J3)7 41 T 8 44 Crigler-Najjar & 1E B F IMHLT & UGT Bigib ik DAL gk
TEIT IR R[29]0 HT AMUAT 24038 IR RGP B I B M O R A, 187G Bl T FRAR S e 1k s A ]
B IMAE R39S LDL /KF. HT 2Rl T ALF & 76T 76 10 0 B &M 5 R S 300 AFL B, 2
BIEEAE HT 2 JGRT IR e & 8% 7 LT 697, 3 4B E AT IhS 500 B 0GE 3+ T 5 BRI T LT
HIT[30]e R FIRWFA R T HT IGARRH RIIe:, (HiZE ARG 2 @ s A g © i K&
SR BT R LSS SEIF A @ SR A2 A AR IR R A7 2 00 A RS 1R 3 RIS, ) dnd]
ST M PR SZ AT A R S HE e SRR RORES s @ FERRGITEOL T HT (RS RS AL S A 58 4 W M
WA B A A S IR IR A s ©® Al &k HT BRI T & B ki . WSEIOEMERE, HT ME
B RORE AN R R NE A [ TER K LA T B, 7™ B35 ] 3 P Tk R A A B AR 2E . 76 HT i rh
A I K e AR A 2 B P PRt P AR o RIS TR UE S S, HT 3@ T T ki 3 5 2 90 K — i vk i)
U1k R ST REAR T o AHIE A IR BT HEAT IR AR HT v A DL 7™ B8 RE (148 [31] -

JH- 41 H 40 B (hepatocyte-like cells, HLCs) B [A] T4 i s BE AR ALK AR BE D B, A2 H AT HT el AR
R, 2 Fh A AE A [F) 261 R AT 9% 5204k A HLCs. 55 £ fE T-41 g (induced pluripotent stem cells, iPSCs)
5T HRE RN, 768 %A% 1 (bone morphogenetic protein, BMP)AI 4 fitd £ K: K -T-(hepatocyte-growth
factor, HGF) Rl 3D A T HE B AF KRR IE FR A 55 T 2046 9 HLCs [32]. iPSCs 4] HLCs 2 3| &
FARN B A WOE R R G, R RS R [33]. S8k iPSCs BT FRIG S RE AT T B K
HLCs &, ALV EHIEVENEZ 2B . (AF5ER iPSCs >KiEM HLCs HAFEH Il A RIL, [
B EH T c-Myc 2 JSIa L TR T, DRI 12 1S 4 PRI A I FHY A7 7 15 R I P XU [34] . Huaing 55 N\ T i 1897
BEAE Y HNFlo. HNF4o F1 FOXA3 S5 s A1 s D s 3G ) LA N &5 45 20 23 1 21 4 RE4H g (Fibroblast)
HYfE HLCs [35]. [F] iPSCs 5519 HLCs —FF, T4 REA KI5 HLCs [1RF 57 1 7T BH 2 FRAIG S e
FRANZ AL AERFAIMRIER HLCs JEAR &K TCIRIESAE /), BARARH T BB EE
o UbAh, 254 REAH M X BT #4431k (transdifferentiation) 2B B A HEHUE A, [FIB 3% S0 HLCs 74>
TREA LT YE BRI R AE 221017, R LT 4E RR A0 M =28 HLCs Hd e rp, LS 5o R TRkt —
SN S AN AT R 44 PEAIK HLCs J)BE[36]. (8] 78 /5 141 i (mesenchymal stem cells, MSCs)/& HLCs
N —EERIR, HAR “ o2 e B AR TE 008 4 G028 15 o 46 52 5V E « MSCs 1T DU SRR 2 21 b (B
B8 R W7 et 56) 7 85 5 il it BMP. Af 4E 40 g 4= < X+ (fibroblast growth factor, FGF). i ZEK 44 & IL-16
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IR A T AL HLCs [37] o 10 78 7= AR I 4H FRE 5 7E RS 95 J5 2~3 JEI SR I HE T 40 M AR BRARRAIE, KBS 3%
M2 SR TEEER[37]. Kk, MSCs KIE HLCs S 75 A8 N2 A BT I HR 15 2 W R The H au sk 47
L. {H MSCs it Z MHC-I/MHC-1I SZARF S EASTES T i Mg, Ha b T 40
WVEA AR TR, OO T IR A B T 4B F AR [38] . 7E HT YA T I T A % M MSCs 5 T4 iR
EAENMIM AR e E N . 5 HAD HLCs AR, FEAEtH40 i (hepatic progenitor cells, HPCs)>KJ& ) HLCs
Tk B RN bR ifE . 42 HPCs 734 HLCs fEMAAMI R A FE A7 E 8 E 0 W L A i . 35 pa50 i
PESE AR PURFIE . Sokal Z5[39]i1d HPCs B AHZZ AR 1 H AL HT ARBESCE IR AREIR, fERHE)E 14 JAIGH
K R 3% AR AN B A7 76 8 A b e A7 - FRERT I, HLCs PIGPRS. FH LA IR KR, (H
H A5 A —Fh HLCs 7] LS8 & HUREAF AR ThRE DI, ¥k B 2 IR £ 2T IR R %242 F
34 f HLCs.

4. 3D EFTENFHEAR

T R AR b H a0 R SR, AR TR H i s mOT AT TR I S . rT AR
NIBERFIE TR R W R BE =i B wBNIKE R4 N TSN EHARE, B&
AR IR A A B 22 T RE[40] . ST 7E28 5 3D A4 T ENHUAS %) 3 DR A b o Al N JF U P49 s AR 2 P
NERE. FEZBARFEIT, CERI R G S B S RGBS R4t (FAMSHAT
FREBATVRIIEAR, B UL “AEWEK” (B P AN AR 55 ) R R 4 Az s B s 5 Bkl it
FTENHLZ E RIS E 28 B I = 484589 . Faulkner-Jones Z5[41]% iPSCs 1/ i 41 ffd (embryonic stem cells,
ESCs) T E[ B 3 R /K B h 65 S H b oA HLCs, ARSI RO BIFIATIE R A FFERR S
(HNFda. F 8 H55) LR T RE ; Lee S5 [42]18 1 IR J5 22 5 A AR« A\ JHF bk P4 B 21 i (human umbilical
vein endothelial cell, HUVECs) & T 4E4H iUt 8L 3D E-aml fa e 4E 45 4 Thae: Ma S5 [43]F)
HUVECs FIJig i K IE ) MSCs 3 [F4T Bl K358 HPCs (1 g SR AL, HRMES ) 2D 159758 3D Ki9%
I E LRI TS . R MR = . B, FLAT R e A Wi 1 4T BN 4L 2 238 5 I PR
AT . NovoGen AEWFT BT & HRE T 25— AHOC LRI 3F T 2016 4F 57 T Organovo Inc. A, FFK
H TSRS exVive3BD™ A KIS, i 1% A A 4T EIEEAR, Robbins Z5H] H iPSC. A B 41
JHF LR A A A A A A FE AR N TFIE, EERIUN: RIRHLEAREE . =SS /.
X = 2R VLK Z R IR SR (R E A IHE R, F4EERAE. BREA%)EREL T
RFE[44]. (EBNPISESEF, 3D 4T BN /NBLFE RIS T MR . I HL-7702 J-40 i 5 4T ED O AT
JUE .2 A3 T E DD AR BT 4 5 S P IR i S A T SR A /N BRI AR A7 BT [R] [45] . 3D T ERFIFJIE
(122 Ak A SR K BB AR o OO BIESE, AR NG R ) HLCs B Kk 4 A4
Vg, NG IR R A R 7 IR S LTS 2 ALF [46].

FRB TR AR R B 3D FT ENTESCHFAT AR A SR R G R A o RIS R2 A 3D #T B IR /N AL
AR GE 7 & R R T SN T D RE v . BOR i AT LI 3D AT BRI i E S R RS
W TIEZNIhRE[4T]. Bfi%E HLCs F¢ 51 S AE AR TAIAE K, Rk 3D A4T BN R AE IR YT ESLD Hk
FEEBEH.

5 RE

REE NS — NDRE, HAb a2 R BN FNy, o A2 5 b O R %
Gedfox N 2 (KB 5K (AL 3 2 AR DO 38 K 45 05 - DO RERR NS B s 2t 1T 32 ESLD B /&
HF R E L E . SRS ™ E R = R O 2K LB RTR, KM IUOCRE T UME SR

DOI: 10.12677/acm.2022.1281048 7260 I IR = =23t e


https://doi.org/10.12677/acm.2022.1281048

Rt 4

FARANEARZEN G I 20T T ARV HA TN TAEY AR R 30, CHIb e

A~ HEA T

mRIRYT ESLD MIBELKIE 1. FHAEBEZM CER IR EE BRSSP ANER, B0 HliEHA

SEIHINAC, FEARRA LR ESLD fEN IR IRIEF RHMERE, SIR LR TRIGST Z 51
R REROR .
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