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X iR

H g7 K RO B Bk L BB A3 43 DD B T AR, % 50 XU B ik I i BB 490 2 T
DI A G BhL iR D e A0 S FL S BF A Z R R &R
T 1. BN 54 X 6-8 JHEVEIB S SD KRR KIS 3 4, 737 68%H 4 VIR 2
(partial hepatectomy, PH) 2. AR (sham operation group, SO) . 68%HFTIFx4s
& T IE U EE B ik it (liver dual arterial blood supply, LDABS) #H. &4 k3 s 2 S 4E
ARJG 0. 12, 24, 72, 120 1 168h BUbf. Western blot £ 4 R 56 i) Ki-67. zh /1
HAHI%E A 1 (dynamin-related proteinl, Drpl) . ZikifAfl &4 1 (mitochondrial fusion
protein 1, MEN1) K& M E A 1 3%8E 3 (microtubule- associated proteinl light chain 3,
LC3)HIFKIE. 2. ] SPSS 27.0, x+s iR TFE TRl GuilF7iE R B H &7 Z 04T,
TFEFCE, AR B W L EE ] LSD K #55 ZE AN, MIE ] Brown-Forsythe
5, P<0.05 i, WHNFESRIMHES, AHREEE L.
ZER (1) MELT SO 41, PH 41K LDABS 4A GG EIE s £ mRIBIRAE, HpE
ARJ5 72-120h I [A]BL N, LDABS 5 PH 411 Ki67 Fix&EH & T SO 4 (P<<0.05) , A
R EEER; I LDABS 415 PH 4140, BREEEGHTHGE, HIFLREEER.
(2) 5 SO #HAHL, LDABS %H & PH HE KA AR E H Drpl RIEW 2L EFHET
e, HooARE 1200 BAEREWEZES (P<0.05) , MrEHAKRF L, LDABS 4
RisEBREmTHAWA, HALEEMZER. (3) RJF 12h, PH 5 LDABS AL ifk
Al A ARG I MENT (R IXBET SO 41, HEAEFEMZER (P<0.05) ; RJF 24h,
LDABS 41 MFN1 ik &5 T PH 4, BAEFEMEER (P<0.05) ; K5 168h, LDABS
215 PH 4 MFN1 Rk 85T SO 4, BA BE M%7 (P<0.05) . AR A] i LDABS
LA /K B m, (AHLREEER. (4) AKJ524-120h, LDABS ALKtk H
WE TR AR LC3 KRS EANTHRPIH, HAP7ERIGH 24h-1200 fA7E B EMEZE R (P
<0.05) ; ARJ5 168h, LDABS Ml PH 41 LC3 KiEEH & T SO 4, HFHEREMZER (P
<0.05) ; HAWHE A LC3 RiEK TR EMEZER.
25 LDABS EI B AKTFIFREE RS, 5 PHAMEL, LDABS Zkifh /) 20K
SN, SRR RLE B WK T8 B e AR S 1 i
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Changes in mitochondrial fission fusion autophagy and its
relationship with liver regeneration in a rat model of dual arterial

blood supply combined with partial hepatectomy

ABSTRACT

Objective : Establish a rat model of dual arterial blood supply combined with partial

hepatectomy to explore the effects and patterns of dual arterial blood supply on liver
regeneration and mitochondrial function changes after partial hepatectomy.

Methods: : 1. 54 6-8 week male clean grade SD rats were randomly divided into three groups:
68% partial hepatectomy (PH group), sham operation group (SO group), and 68% liver
resection combined with dual arterial blood supply (LDABS group). After successful
modeling, samples were taken at 0, 12, 24, 72, 120, and 168 hours postoperatively. Western
blot was used to detect the expression of cell proliferation antigen Ki-67, dynamic related
protein 1 (Drpl), mitochondrial fusion protein 1 (MFN1), and microtubule associated protein
1 light chain 3 (LC3).2. Use SPSS 27.0, x = s to describe the quantitative data, and use
one-way analysis of variance. When the variance is homogeneous, use LSD test for pairwise
comparison of multiple group means. If the variance is not homogeneous, use Brown
Forsythe test. When P<0.05, statistical differences are considered significant and significant.
Results: (1) Compared with the SO group, the postoperative cell proliferation indicators in the
PH group and LDABS group were highly expressed. During the postoperative period of
72-120 hours, the Ki67 expression levels in LDABS and PH groups were significantly higher
than those in the SO group (P<0.05), indicating a significant difference; Compared with the
PH group, the LDABS group showed an increase in expression levels, but there was no
significant difference.(2) Compared with the SO group, the expression of mitochondrial
division related protein Drpl in both the LDABS group and the PH group showed a trend of
first increasing and then decreasing. There was a significant difference at 120 hours after

surgery (P<0.05), while at other time points, although the expression level of the LDABS
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group was higher than the other two groups, there was no significant difference.(3) After 12
hours of surgery, the expression levels of mitochondrial fusion related protein MFNI1 in the
PH and LDABS groups were lower than those in the SO group, and there was a significant
difference (P<0.05); 24 hours after surgery, the expression level of MFN1 in the LDABS
group was higher than that in the PH group, with a significant difference (P<0.05); 168 hours
after surgery, the expression levels of MFN1 in the LDABS group and the PH group were
both higher than those in the SO group, with significant differences (P<0.05). At other time
points, although the mitochondrial fusion level in the LDABS group increased, there was no
significant difference.(4) At 24-120 hours post surgery, the expression level of mitochondrial
autophagy related indicator LC3 in the LDABS group was lower than that in the other two
groups, with a significant difference observed between 24 hours and 120 hours post surgery
(P<0.05); After 168 hours of surgery, the expression levels of LC3 in the LDABS and PH
groups were higher than those in the SO group, with significant differences (P<0.05); There
was no significant difference in the expression level of LC3 at other time points.

Conclusions : The level of liver regeneration after LDABS did not significantly improve.

Compared with the PH group, the mitochondrial division level of LDABS increased, and the
levels of mitochondrial fusion and autophagy showed a trend of first decreasing and then
increasing.

KEY WORDS: Liver regeneration, Liver dual arterial blood supply, Mitochondrial division,

fusion, and autophagy, Partial hepatectomy
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NE BRI HEEL & FB 7 AF VIR K AR B sh e R4 57 L Rh & B ERY
THUHBELRESHBENXR

]

IEHAEBABGUN, BEE A A e R K S S Bk SE R AL, BB icks 2 40 &
RN, 118K AR B AL TE & &8 IR o I MBI, 33X 2 4ERF I 1E H
IhRERFERY . XWE S MAL (liver dual arterial blood supply, LDABS) &8 7 545 AT &
AN AERTHE T, FEAT KGR 2 sl A 30id i S ki g v, B0 Sy JFE U XO0EE 3 ik i £
BiAR . TTE kAL 5 FFE SR ML) 75%, BT, ST T ER K R
TR S PR A SR R UL, A LDABS AT R 2> SEHLER AR ) 2R 0,

Hi - LDABS U8 1 IE 5 IR 254 , 1Tk i M e o A ML 3l 28 R A T B0
#113 LDABS Ji5 i T FR AL 5 8 B0 70 F DI BR R (partial hepatectomy, PH) AN[A.
B AT % PH KB LA K LDABS 454 PH KR AF LA TP AL, 5 LR Riik o
245K — R A s EMREA 1(dynamin-relatedprotein 1, Drpl) ik & HI
TR LJt. Drpl REELR A HIZOED, BEREZ MRS, A3z
RLAR 73 AT OR 4P 25 A 20 2 G0 52 N BOPE L 05 S R AR 3G 9 R 7 Caugmenter of liver
regeneration, ALR) I Id Drpl il ek fAs 75 24 (2 1k 2R i P s 1) il AN T i 2 22
RLARA0 . DL A8 SRR B, Drpl AT AR 15 4 WAk 50 /) 2 5k 5% e 40 ff 7 A= g
770 BEAL, RTEATHSZEG N LDABS A JG A BRI A H WK HE TR, R BEAR G R,
LR H KT 258 T A BT . Drpl /3 RIZRAR 7 25 Lok ik B A2 R] LA
FESW, JEEPERM, Drpl FIZRARIE 52 H sh bk B b i) P IR, x AN
AR A, RFILE LDABS J5 I F A AR MRS Bh T R BT A2 38 A 7 A 1) 7 5K
L% 58 3% LDABS B R .

PR AT A FE T LDABS X 7 A2 4R i e s AR Y 52 181 &2 LDABS % i F- A
AR IR IAP, K IL LDABS A& FF A AR S5 PH 4LH LA 7= A A
SN, 5 SO AAHHLRES (R HEAN L T AH S B Bel-2 (B-cell lymphoma 2) 3k . [A]
I LDABS 7EF AR R e AR AR, r il 52 e fig i A 10 Oy sOR (2 3k P
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4. {H LDABS 2 m Rk 2. fa &k BV AIRIE. 9050 LDABS X PH )&
LRk sy 2. A R BRI R SRR G R, AT AR . Wit g ar
LDABS & PH FARBAL, K40 I8 iR Ki-67 ZekifAsr 244028 [ Drpl. 2ok
A fl & 2 E 1 (mitochondrial fusion protein 1, MEN1) KM/ KE A | H 5 3
(microtubule- associated proteinl light chain 3, LC3)H3ik, KIR 7% LDABS Xf PH J5 4k
Rk, b X E R AR AGRURE X L SR A R R . 1S54 R AR 1Y i LDABS
BRI AT, AR SR Ut —E BB A,  DUN A R .
1 M55k
1.1 SEEA R
1.1.1 sEX s

#E# 54 HAKRE N 200-300g. JE#H 6-8 B HEVE. TS SD KR, &M HE LR
YEEFIAEAE], BIIYFAIES: SCXK (i) 2021-0006, #5523 EhMIN LI = &N,
ez 1w BRI E iR, JIIA) IR B2 50 B8 52 2243°C 55+5%. FEALIE T A S5
PRI iR 3 4: SO (n=18) . PHZ (n=18) . LDABS 4l (n=18) . #5IF
ARJE 0. 120 24, 72, 120, 168 h BN A siFEHLESE 3 RLI0aYIAbst, 4 prad B
PRASEN-80 $5 QLKA N BLIIAE . BT 0 & DU AR i~y (ST 455 S50 3)
Pire SR L) (2006 BRD o BLIHSEIGAT 115 2RISR T 55— PR B A B HE ] (No:
IRB2021001)
1.1.2 FEEEF. AR
1.1.2.1 FEEEREF S48

B R NS T S - 2547 PR 22
Fit R B 3 it T S T A P 1] s ) 245 JB A A PR
Bk R ST S T EipEAAIE AR (D 259 RR A
0.9% AL SR AFREVY AR 22 7]
5% Wi A BEHE SR AR EN A IR A ]
10-0 AEn] MR ST = 48 15 2 I & IEBST de A IR 7]
4-0 FRI i B 42 4% ZNE ANV
B FH b A skt T R AR ML A R 2 7]

H A FEIOR AbatE RERAEDE A ARG R A A
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BCA 1 H K EEIIE kit
B A5+ &= marker
A1 77

=P

=g S EAS
SDS-PAGE #i fix £ %
KI67

PCNA

LC3B

DRPI

MFN1

Mitofusin 2

NC i (0.22um)
3MM JELK

1.1.2.2 FESLIHINE

Jlit € 3% PRAX 35

HLVKAX

B0

SDS-PAGE LIk #5
B s R 5t

W RO R Gt
TR InRE S

FEL AT IR 7K T A
-80°CHEEIR TR VK A4F

4°CH JRIK A

R AR 5 A =R
{45 2N B ) AR BRI IR IR L
B S F RS

B SIS T T AL IE R 3R O

7

b5t BB R AEDE A BEARE R A A
SN SRR IR 2 7]

b5t BERAEDE A ARG R A ]
B AR AV R AR ARF IR A A
B RED

b RERAEYEFEARAR A A
LI RBHEYIOE T AT IR ]
LI RRHEYIO U AT PR ]
LIRR AT T DA IR A T
LIRR AT T DA IR A T
L RBHEYIOE T AT PR ]
LI SRR T O A PR 2 7]
LS DT FIE AR A IR~ 7]
Rr &

T T HAR DLRA i i 22 W)

AL BAEMBARAE R A

AB ST AR RO IR 2 7]
fHARE AR 2 AT BR A ]

b A AT PR

EHFE RS R A A
EHEERIEEREATIR 22 7]

g 1ER A AR A TR A T

IR AEMIRTT A BR 22 7

FEER IR B IR 7]

AR 2 WO A R G AT IR 7
RN T RAB A A BB A PR 2 7]
BT SRR A PR 2 7]

b TR R R AT
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1.2 LA
1.2.1 SEIORERY &

LDABS 2H: AZH K SRS 1 1) 45 % F A [ BA AT A 72 LDABS A8 [y a7 5 2

o OO S e R 6.

D KERARRTZEAD 12 /N2, RROK;

2) ARG 2 /NS R RS,

3) F K BB DN AR IR, A8 S o 5 Al S8R G R, e eIk B 5%
1.5%IM 447, I E 3L/min;

4) FRE;

) BRBBERK G L, &K, HE;

6) WIEIHBIEFYIN Sem 247, EZREE SR 0.5cm, & ZHEIE;

7) 4-0 [ FH 22 g0 g S 5t 1h) LARES, BRI R A A B AT

8) fdH RAMET Y R ORI . S W

9) 4-0 BEH 2 LG I At Rt A, ) BRI, 44, TEREATAS A

FAG 0 T IERRRK, Al DU AR At I 1

100 S AUETET RSN S, AEBRER K RsE, VIBREIHALZ I 2, FlR it

MK 3;

1D HABBAKRIEE SO pE O EE, RN ETIRESNE, RbhBhF e

ATAEREANA B ERK, 20 RIS

12) fEHESARFRA RS T, SR & M EE ik, A SCE 4-0 B2

2w M

13) RAERIEE IE K, (R TF KRS T AL T8OE 4-0 B2 22804 H
14) s A BRI, THCE 4-0 2445 1

15) 75N IESER KA ME S 3K, K 4

16) 7253k T 77 OB AR 4-0 5 H 22 2% H

17) A ER K TR 0 e R BRI, A0 s 22 A (0 AR B R OK

18) I S e A A B Bk

19) #% PR AE PR B IS 5 1.5em AT 453t ., WA 5,

20) SEHLA BRI
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21) THRELL T AT/, AR OIEE, WK 6;

22) “AHEROIHE, BOTMAE SR, 7T WYKL 7R LI, WIS o,
TR P R PAD I K 5

23) FENRERK ET7 SRR AR AL, A SRR AT T D

24) WLRUCEEE I AT TR KGO, RATR TR IKEBTOT, R OEERA, Eid
L IMUAR e, P AR R B 2 ik L A S O 5

25) BEFNEEE J R L)@ 1 1 s

26) TUI LB WK

27) AFRER KM R

28) ML I T ko i, 8 1 22 23 45 0 78 T Jes i al O

29) FREEIKET —f IDRYIE, 10-0 &V 1TTEIK S T EEk, TR - m- K-
SN REAT )&, W) 1 T P S S P << A AR 2K 88 5 T BT

300 &G EAREIN, SEANFTES, KT TR ORIk 00 M8 S BOT, 8 it i
T, RIS Tml 35 38 N K& S 2K N I i Bk AT e

3D T4k e —4%, WMAEYE DA TBNEAE, VEREERELNE 7,

32) feA A AR L, EEAER KM, WG R .

AR B

1) fEHEAT PH I, BYRRAOIR I v BN ZEA 00 2 ik, 03y HH B4 /43 St
Bpmr, gh4Lmhm) B4 vk e 25 LB o T sk, SE0E;

2 [TEkEEILE 5, JEAHATIE, W SN OBRIE, SRR ] F
ik B A I S BUR ML £

3) R EERIK, R RS N7 RS sk TR, DA kA i

4) LEUFES B BRI, W BLNY S, ARy ST — & 4, EE AL B M T 43
FA T EE AT I

5) BEIKIEAN R CIHERS, FEREA BB AL, AR R R LIS ;

6) WM ENBE NEEKE, IFARTRBHZK, SWREHKRESER, RO
B 2242mm AH

T BB FREFK TSR E, N Q& K e It as, By
s AN T AN VR RS SN i E SN N=A P A P i RIS
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8) FEUFES [ THRIKING, i B8 T TR ARG BE S 20 SCR IR FE LR B, AR Lk 1 ffs i )
VRSN G SN VR E WS d i Lk

PH 41

D KRARFTZED 12 /M2, REROK;

2) ARG 2 /NS R RS A,

3) B R BIBN DB AR BRI, A8 S s 55 AR G R, R ek B 5% 175
T, 1.5%0 B 4ERE, SRR 3L/min;

4) FREL;

5 BREBERR G F, &K, HE;

6) BUEHBIEFYIN Sem /247, FEBIE 815 0.5em, &ZEE;

7) 4-0 BEH L2 1R IF M B, B IR A B B T

8) 8 H RGBT BT R ORR IR . B B

9) 4-0 BE 22 LB GeH fe bt S e it IR, 1) BRI, T4, TERATENA
LG T R K

100 RIS S, AR ER KB,

1D fEAEsh i, K.

SO #H: A% K MR LDABS & PH ALAHH, REIRRSCREIN . AT B #77
IEPNR

K1 g5 HZBE Xt
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K2 VIBRIAT 4

K3 BHoRrIFHE
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K7 1 s A A 0 ) 5
AR R RATHE ;s BATE Shk-5 1 T#E OB 3R M8 4, CSRS KT TRk
D.SER R RUITRE kS s bkom Y & 1 s E453LE BRIk F RS G.E3hik
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1.2.2 a5

R BB LE /N BN SRR LA, 6 S SRU0E BRIV 2% 148 R AR SE KRR, TG HOK B
JHARZA, A= P ER KR 5 DR A7 T-80°C 4 H
1.2.3 Western Blot il Ki-67 &bk 3 . @& & BWEAHX$EHR Drpl. MFN1, LC3.
1.2.3.1 BAEH

DAEMIEHZUINAR R, K] AL B .

)0 1 =T+ PBS, SLjiti 5 /-8R B0 AbHE, FREA 500g.

3R A T PBS TR, JRNFFALLREA 5 R AR, MIKES .

4)TUK BT st 3 o 7 fE v A, ThEEh 20%, i I 10 F5.

5)SZii 15 23 EhES O TR (12000rpm. 4°C) , WEE FIETRHHE OE T,

6)# [ b4 Buffer 5 E B 4mg/ml, 7 T-20°CF, fiH. A0 2R EL G
1.2.3.2 BEKRENE

DX IE A EE (BSA) ARtk S ATEE MR AL FE

2)5E i BCA T AR %

3) 11 1 A AL AR P BN AL B TR i 5 AN R R FE B 1 AR v o, &% E TN
BCA LR, MIKRE .

4%, B 37°CHEL MR (30-60min) .

SYSEIRE R P 2w iR K, 6 ISR A BARHERE A, T 562nm AR X £ R B
P SR A I E

6)1HHIOGAA
1.2.3.3 SDS-PAGE Hijk

1)#14¢ SDS-PAGE ¥tk

AR B EARSE, FET, Be E, RHRIE T R RO AR S LA (5
FESAR T 5 T 7 AR R 0.5-1.0em )

Bl 4% 8ml 1) 10%7> SR CHARBCE WL R , Pl HRE v m) i N,
TN SR S AT CGRETE IR A EG SO TERD

CHUHBINEETIK, HRIES (HURRAETS, MEREEAREYD , T=
I P R E 40min 25 AT IR R], 20 s R ARGk [

D. il # 4ml W4 REN 5%) -
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ER 7 26 0GRt I8 I WK ARk B 1 BT A VB A ok s«

F R OCHE BN B, ARSI N 5%l i CRETE: 3118 L% i AN 24 TR O
PR FE S AEN,  Z I B A HE 40min.

GRB LT, 8 UK 5B [T R B A, LR

SDS-PAGE #ticHic kb %

10%74) B 112 5% 4 ik
SRR
8mL 4mL 4mL 2mL
30% I )i Pk Ji 2.67mL 1.33mL 0.66mL 0.33mL

1.5M Tris-cl (PH 8.8) 2.0mL 1.0mL / /
1.0M Tris-cl (PH 6.8) / / 0.5mL 0.25mL

10%SDS 0.08mL 0.04mL 0.04mL 0.02mL

10%AP 0.08mL 0.04mL 0.04mL 0.02mL

TEMED 3.2ul 1.6ul 4ul 2ul
2) ¥k
AU St FE PR BNIK A 5

BRI EH AT EL R, BNFEMULZEMR (5% , "pRE, BT 95°CFEN
10min, MIEIHRIKA, & H;

C.I B FL AR, 80V HEK, AF4F &l i IR 48 s Al 43 B e

D AF RIS R R BE B IX 4k, 5 1 Lk

B35 R iR Wik i 75 U8 B 1 2% 1) NC IR BB ED
1.2.3.4 Western Blot

1) i

A NC R E 100%MT WiZil (2-3min) , FEKERERE, 2 /08ham, B35
B AT R, 2 Al ORI, A

BAMEARHAT & FERT L, NG IR, 15

CHBCTFHIIKAR, BURE R, BUFBIEIR, B2 REIR, BHREGE:

D.SEHUR . FER I FERIA 22 %e, B, Jeiganiis, ZJE IRz (3
J2) B NIEAR, BRI, HEMRUOR NC ., JE402 (3 )2, BRI EF,
WL SN, B BB I (N BRI D N
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E.7E 100v 1E & T8 5 60 708

F.UA marker Jyx {8, S EHEAT S EET (MBS ERZT S TEAKP .

PALIIRGS iac

AFH: KRR R H RN, BT SR TR — /N

B.—HURI: FRRE—P0, IS 5 BN R — P TAER N, 4°Cid i

C.UefE: RN E T PO, TBST (1x) Wik 3, KA %o —Hiaissk
f5io

D.HUM: TBST (1x) 4 —Hifiks 300 fi5; —HiEE T P TIERN, =R
SRARS 1 /NEE, A

E.JEME: @it TBST (1x) P, H07s —Puisved.
1.2.3.5 BEBEBEG

D% 1: 1 (v/v) , X ECLFIE N 2 KA FITIRS .

2)li NC R 51l IR AWE, ZEREE 1 85 RGO RE R 5
544 -
1.3 FENEIER

IEREEE R, 0% SO 41 PH 40 5 LDABS 4L A F B 55 1 1158 Bk BEL OB ek 1 5 01
52 3 QSIS ST RIS OB REAIOIRAS . TR S B B S W 3 A sk
J& 3d AEAPIRL; ES K RIET - $ i ; Western Blot £ Ki-67. PCNA LA £ KAk 7324 |
RiG M B WA S HE bR Drpl. MEN1. LC3.
1.4 SIHZEHE

ff /] SPSS 27.0, xts HRTHERRE, GEil kR BE R £ 5047, FEFN, £
S B ¥ K50 I LU A3 LSD 36 #5777 ZAN5%, MI# A Brown-Forsythe #646. P<0.05
B, WAREST ¥R, BABEERE .
2 4R
2.1 FHRBARBEAREHELR

3 HSLIR AN B @KL, 7 LDABS 4, KERFAME A 90+10 min, [TEHKIT
U TEIZE 5 RV LA, TIWr4 R 15+5mine 4% F 6 BRZEL &% 3043 VI 28K BT AR F
BRI A 30£5 min, [ ERBKBEBT (R 10 438k 3 ARG BT IERE8), R
T, BR 6 /N EHIBHERES, F#Ef REF. LDABS LKA G 72h BE % 61%
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(1118 , HAFRI3 R, HiERs 2 R, Wi 1 2, maErgksE 1 . 55

TR . RJE CG 4 PH HAEFE 100%.

2.2 Western blot flll Ki-67 X RiA> . BiA K& BBEAHRTEM Drpl. MFN1. LC3.
Iy BB H LR S IE A ZS B, JFH Western blot 7724 M Ki-67 &

LRRAA Y2 RS K E WA 36 FR Drpl. MFN1. LC3 A RAEM, 45580 ~NE.

SO 2H.
Oh 12h 24h 72h 120h 168h
Ki67 -
Drpl -

LC3 S G YEEEy YNy S —

ACTIN | e RS - G S —

PHZH
Oh 12h 24h 72h 120h 168h
Ki67 - > Gh aeuid G
Drpl
MEN1
LC3 e QD (SN S— —
ACTIN | e S R G S —
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LDABSZH
Oh 12h 24h 72h 120h 168h

T L e I —

Drpl -

MFN1

LC3 - ——

ACTIN | oo s S—  cmmmaee S S—

2.2.1 PR Kie7 4R WE

XA ZA Ki67 RiL/KFHEATIE, 4REW: MET SO 4, PH 412 LDABS 41
ARG S I T AR A7 B m R ISRES, R EARJS 72-120h B A B N, LDABS 5 PH 41
Ki67 KikE¥mT SO 4l (P<0.05) , BAREWZESR: 1 LDABS 45 PH AL,

BREESA T, EIFEREER.

kie7
1.5
B PH
LI T -
.g 1.0 & 1 = mm | DABS
2 o
; 1
©
X 0.5-
0.0

OH 12H 24H 72H 120H 168H
I ]
2.2.2 FFAER Drpl SR E
X RFHZR Drpl FRik/K-FREATIE, 45R3EH]: 5 SO HAHLL, LDABS 41K PH A
LR > 2 G A Drpl RiIE¥ 5% EFHE FREMES, HARE 1200 AA BEEZE
F(P<0.05) , MEHARNAL, LDABS EAERFETILAMA, EILEENER,
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Drp1
0.8-
SO
o6 s PH
Hm LDABS

%%

*
OH 12H 24H 72H 120H 168H
I [i]

Drp1/actin
o
F-N
|

=
N
]

=
(=

2.2.3 FFHH MFN1 45 270 5E

XA MENT A /K-FREATINE, 455R3EW]: RJ5 12h, PH 5 LDABS 42k
A HISSE [ MENT (IRIBEIET SO 4, HAFEEEER (P<005) ; KFE
24h, LDABS 41 MFN1 A& T PH A, HAEFEEER (P<0.05) ; A5 168h,
LDABS 415 PH 41 MFN1 A& & T SO H, HAREEES (P<0.05) . HARH
[f] )l LDABS HERLARRL & /KF BT, HIFLREZER.

MFN1
* %k
0.8+ * % l **I SO
bk |
0.6- ] ** - PH
£ [ mm LDABS
< ¥
;: 04_ |
: }
L
=
0.2
0.0

OH 12H 24H 72H 120H 168H
I [H]

2.2.4 FFHZ LC3 &R ME
XTHFHZ LC3 Rik/K-FREATINGE , 45 REM: ARJ5 24-120h, LDABS HE Kk H
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WA e bR LC3 IR IZE(R T HAMA, HAPERER 24h-120h FFEEEEMNZR (P
<0.05) ; AJ5 168h,LDABS f1 PH 4 LC3 FiEEWE T SO 4, HFEZEEER (P
<0.05) ; HAWE S LC3 Riz/KFHLEEMZER.

LC3
* 3k * % * %k * %
1.5 Ko
-] * .
= - ‘ = SO
| ] == PH
£ 1.0 | mm LDABS
©
©
>
O
=1 0.5
0.0

OH 12H 24H 72H 120H 168H
I [i]

3 Wik

JF e NAR N B A R AR SR 28 B 5 430 o0 I D R J5 B3O 8 6 708 J5L A o 28
WA BN BEZR TP, AT AR IS R A R 50 . DI BR AR V6T 2 M IR
ARFBZ—, WHAER SRS AMG LR R M e 45 . (B R DIBR A
JE TR AR R /N BT KA, TEiR4ERR I 3 B Thae, BHRZS 5 IR AR 130,
(et R A IR T IR PR . 8 DD BR R o A RS A VB 7E SR U4, R, SR 2L
(RO P 7 A T B I PR B THF DT BR AR i J 711 32 22 H ARl

HiT- LDABS U8 1 IEH AT AR BRARRIOC &, T TR KR LB ety 5 ML 5 70 2% K
AT AR, HIF BN S 2 PH 5 AN G, #85 LDABS J& R
(IHLER A 1 BB T 07 W)« AT 45 R s LDABS 5 PH 5 iFAE/K T34 T SO
1, {H LDABS 5 PH AAHLL, AIFE—ERE R bARSEHIE A, (HACRIFAPIE.

LR AN B ) FR, ORI R A L B R . R R R — P — B
AT ENAARAG A2, RENS ANTIEAT RS R > 2UEIR, (R ARA KN TR S50
b N AL S i A AR S e SE EER T || D5 N A K L N 5 % AN A s = TR Sy A
REME VIR, Sk VB2 o0 . btk e d B e btk e B g%, o
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I AMKEE 1(Drpl) FEME SR E A, MHANE 2528 B (MFNL Al MFN2)
U A7 S AR AR R AR A 0T ATV T 52 B PR AR, DAR R AR R AR 3 2R & K 3l
AP DL R A AN AR A R AR R RE R T SRS, £V 2 A RTh AR, btk s
A fRSEE RS CEAMER, B85 ATP 754, ZEHi{A DNA (mitochondrial DNA,
mtDNA)K 5370 515 S5 ZORARMPIOES) . M E T DA A TS o 2Rk 3]
J12E P AT 23 T B RLAR A5 M SR R TH BB, 2Rk 7y 2470 43 nI A L s, Rk
SZARRRLATAR, AR R T8 7 AlE 7T 51 R ORLARE L, DTHT 5 e 200 i P 1 Th e

LR RS> ZEIF LR AT LB S B AN R A0 ML B, AT 23 B 2 kb ik, DA E
IR A W 1) 7 2T B S AR SR A I R A S AR, BRI T DU Sy — P s LI,
1] LDABS {ER—FRe (9 FAR TR, 3T ARG A 5 GOk 7 2R & Je B WGk ¥ 5
HEIANEE, A Ssen] LR T AR R IF 57635 LDABS HLR R .

MR A BRI Y ZL0T, Drpl ML 4 4 55 BIZRLAR A I, DL SR AR B Y 2R
PRITE 2 BB TE 52 8K, AR SME RG220, HHE 7R, Drpl 2 AFAER
O JFEBR ML HEVE #5145 (ischemia-reperfusion injury, IRD) R K3E/EH L8 EA,
A RN LA 53 228 7] LRI &P 2 G 52 SRR 7, IRTO), 1y Bk A4 T Re B i
UNARL A S IR AT R . ATP A Bl D R ASRLAR 73 R & 58, S Inid H-£r4Ed . il
AOHN 200 B 1 e P e 21230, I P A 38 5 DK 7 VT J Ik Drp 1 41k Zbr 4 73 2 (i idh 2
LA P JIE P R AT 9 2 R A R 4731240 o IR 1 VP s 22 8 1) /N BRUBSE 8 B, Drrpl )
FIE IR MFN1 1205 AR 5 2R A Th AR 240 ¢ . fE N, RS PEAT 4 &6
I E SR Drpl B3 B, R BIZRA I AT LU 2 KAk 3l /) % 1) e B L
R EWREE ), FEX AR AR AR 7 K, Drpl 3R3E 0 B SOk i 7> 2488 m, 17X
55 120 o e 1R P9 Rz A e R A D200, MIFNTL 1 1A D) 5 44 e e P e 2 213 o 1 5
RACHITGE AR UL AT W, SokniRsh /2 5T M i AR AR AR A ORIt . A Fi 4t SR
7~: LDABS ARG FFIEERLAR 7 25 R B i T H AR WAL, JIF 2% EAHE TR, H
HORJE 24h B BB S AL 1200 FILRPIAE W35 % 5+ . LDABS HZRLAAR Rl & 7K -F NI 7E
ARJG 24h 8 PH AR REER .

ZORL AR B W By L 20 6 AT T AN 2 R 20 VK 2T — Bl G REOR AT BLE AR VE PR AR
(reactive oxygen species, ROS)E &G, RERA L. AIMEEEIMBHEREIEH T, vl
ZHHE PN mDNA JEBFH AT RAN, (7] AT 5 B0 M Py 2R A IR L R B, R AR R ARAE
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Wi o T AT A AR R BN P e, AT B G 32 2oL A0 4 s et 5, B
Wk e 2 e S VE A AR e I BB AR I S5 VARG AR R &, FRATTRR N ERi ik e m] ] B 2
fEN: BRRLAAR [ W — e I AR S5 V7 A A BT P D R A B SR A, DT 2 R 4R R A
Thae e BRI N IR SR fa S i — P Btk F e . fERBR B A S 7
(recombinant autophagy related protein 7, Atg7) oS FALBE AR, 3@ ] B
Wk 350 PH 5 P AR KT A0 B S 5 A1, 9 T DAOBREGE P 453 0 7L 50 A 40 A P A28, 3
T A S A 5 ®if% (recombinant autophagy related protein 5 knockoutAtg5s KO,
Atg5 KO) JG IR/ R I, 1E 90% PH Mk, K49 50% 0% B2 /N A7 IS, T
FITH Atg5 KO /INEUTE 24 /NI JEAETS o 3K 3 B I Wk P 3 SR 82 S0 8 1 FH 400 it 2 0 R
M A RO E . (RIS, D) R S 384 B 7 FF 200 0 8 W R 0 v RS T R A T
FOFFIE AR PR AT J5 T, LA [ W TE XoF 2 Tk B2 B M 15 5 1) T A4 P 453 1% 1)
W BRI EEAE BT, IR AME R R — /MR RN R, i R B
TR DX )2 AR A, AT SR G e 5 B 00 5 IO 4R S BY . XA B T B A
s IF AR RIRF 50073 R R AE T EEMARER . AP 45 R B R: LDABS J5 24-120h, 2§
RLAR B ACE SR T HARPA, HABEER.
4 &R

AR R: 5 PH AL, LDABS RJ5 Ki67 ik /K F BERpEE mRIE, HHALE
75 Drpl. MFN1 RIE/KPLES /3 I A1 BN W2 v T PH 4H, 1 LC3 3Rk 7K -1 BY
AT PH 4. LDABS ML 5EGHHVIBRA, FARBELK, @ExiR, BT
JEA (VI G54 o 73 PR 80 Bk ph 3 o o e v K i ] EL BT 1 75 ik th 2 30
e /PR R A A5, 33 T B T R (R 38405 o R A 23 KT 1 B T 3 A2 AR B (1
RO, RORARRL G AT PR & SR ERRLARTAE S, TS A0 (1 1% Thig . ARFEAWT 7T
Z5HEN: LDABS RJ5 M, Zobifhsr 2ma AT m, wILARD> Z ARk AR &
T 2L B WK P32 B0, A B THUARLE MR S5 M R ARG S , FRAR AT 2R 7T LA
BEAT HIREE, TSI ERL A e AT, AR AR AR T — e R R It
HACRIFA R .

2% TR, LDABS J& PR KFIf R B34 %, 5 PH ZHAHEL, LDABS Zikifk
SRR, ORI Rl E I F WK T35 B e PR 1S = (& % . LDABS 1EA—FhaEH
MIFARTT I, FEBWUANRAE—RINE m AR E TR, BIRCAHUS T —E MR,
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SRRERIE

FHfr R BE S BRI X &

TR F RS — MR A N R 23 AU R e VA I A e A o iR P9 S T O )t
RAEFFANMI N FR S, IR AT DO AR e TR AR . AT AE R IR RN A A RE T, £
ZRWYE, TR EA, WIKE IR IR D, ati)snELEELS B
IR AH R AR SCERR T A WS AR 05 5 B AR Z IS &R, JFEIE 1 2RI AR A 59k
T AR

R}EEiE: A, M, BN

The relationship between liver regeneration and autophagy after

liver injury

ABSTRACT: Autophagy is a metabolic process in organisms that involves the degradation of

useless substances by lysosomes to maintain cellular homeostasis, while also providing nutrients
and energy for living organisms. The liver has a strong regenerative ability, and after being
damaged, it will undergo repair and regeneration to restore normal liver function. The
regeneration after liver injury is strongly correlated with autophagy. This article reviews the
relationship between autophagy and liver regeneration after liver injury, and elucidates the role of
mitochondria in related diseases.

KEY WORDS: Liver regeneration, liver injury, autophagy

PR N AR A RE TR R A A% B 288 23 BT DI BR AR Jm BT IE 2% 8 10 IR AR . g
WA AN RE R I, R AT AR R I R NAZ 450 . WF TR, R0 R A e 5
MR T AN S S BRI A kW A AR DN EARE R, AR RE S @R A F
Byt RIn AT IR i b, BE AR A Y, AR e R Ak, A A i gt
N B IR B R A A N R — o AR D 3, e AR o AR T P 4 N

» RYEFFARANRRES, JFrTBIRALE FRMAERD. AADGE —FRER . ARIEFEER
B AL, 38 mT DLGE S s v RO e gl i 2H 7, BRI B2 451 B 2Rk Ad, DA 3k 2 14 1) 55 e

R AR LRI B W ST ERFEOR AR TR B, B A B85 2 B B B A% HL
IR 7)) P e i D E S B S ST (i ) 115 N = O A S AN T B
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JREEAL . i FE v I R A5, b T IEH AR BRI, BIRTES) R IR R M AR 44k T
W WERh = R AKE TR S MR SIS DU, B KT R TR Y K
FESE TN, R RO 4HM T ATP (AR, BT B WS AR Z [ OR R A B T 3RA A 24 i
YT I TR R SRS o

1 #MAHVIBRAREHBEEE BREIK R

DI BR AR I TT 22 PTG ST Be e —, AR SR 4 (1 I /N B0 2 KA
TVEAERE R AR E ThRE, ARJGHRE 5 I RRET), (et FF AR 2 e T 8 i . 31
o FFOIBR A 5 R R AR VB AR SR U0 R, 4R 280 I 7 A T B I IR 3T
B G TS B 3 2 H AR

HREFARIE, #HYIA (partial hepatectomy, PH) & 40 M (4 [ /K SF 555 T 4
J& FH (#3402, Chih-Wen Lin 2538 35T 70% FF D) Bk (¥4 145 sh 205 3L (K8 58 R B,  LC3-TI
B A/KFE PH R 6h J5 380, % 72h i 2W(, FH7E 120h W BEEHEKF . i@ /e
HLBE 0 H RS R I, AR ARECRTE PH J5 B350, 24h-72h I F|IE{H, 7E 168h
JERIZ BT . FERR Atg7 BH e T 2R (Y o, a4 ) 1 e 52380 PHL 5 4T
NESGTEREAC, JF T AR 453007 730 B 40 M A2 8 00« XS HT 1 EWRAE PH S R
ARG O HE T R AR R A,

Takeo Toshima 2544 FH| Atg5 KO /)N BRI 7T H WAH S ERAE PH J5 I AR A 1EH
TN 90% PH /NRABEAY, KL 90% PH J&, KZI S0%MI5FIEAL /N R AFTE, MATH Atgs
KO /INRTE 24 /NS FET o 3% 32 B 1 Wk P SRR P38 F 18 1% FFF 440 PR 10 R 4 L 388 1) 45 Fl &
KREE, [\, YIRS, M5 20 M PRS0 vT Re s e 1 200 M A 375 A0 7 AR 030,
H W34 ] DO R A R g 2, AE p21 WoE RS R, AR OGRS
JRERE R AR B ARAH G o A, i) B R R T R R RIS, AR S A G IL-6 A1 IL-8
(Rroy b S5 FRAE, WG AT 7 A T o ol B O PR A e A R I A P, i
PR R,

AL R 2/3 FFUIBRBR AR TR I, FEARJGH) 6-36h t, HIEAHIGHEEE pS3 JRES,
mTOR, AMPK, PI3K /AKT 1 Hedgehog A A~ [EF2 B s, 75 KR VIBRARAR G 6 71
BF P, ATP & & AW/, i 0 00 F AR AR T K B Re &, A LURNRE SAH G 1 AMPK
5 5@ WIS, FRRBIAHK ATP ORI BT ERIEE L Re & . W RIC K, H#ESS5H
Wik (VA T A P B 1 DA R K R RR M /K R i RIA LR, ZRobiAk A AR G EE A & 238,
UE PR T 2R R I T RE AR R AR B R . ST SR B TR S R RLR BRI LA . £
BERRL G B AR SS, A ITA SRR B A B, SOk P AN BEAR S BT A T — b
ARPRES, DUHCRPUESE AL Re =Y, HUbrT W, FRBAVIBRAR S, EWRTLA— 2 72 A i
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WA, B A .
2 FEERE RN R R EE S BRI R AR

LS LS W7 PE % (non alcoholic fatty liver disease, NAFLD) & S35 I fE 5% (1
O WR L, CEEEE T 2 RGO IR G, AR AR L AEPRS P S 0T 1 48 (non
alcoholic steatohepatitis, NASH). FFAf{bA1AFH A0l BT S A & 2 3 B84 F AT
AERERFUT, THTE NAFLD ME G0 T, AR AR 1 2 ik — 5 o = A oot sshe V453 45 PR BURR P, 38
STE N EAZ 5 I v i) 55 A P P AR 718

CVH 2 U 582 B F WEE NAFLD 193 ke 21 = 20 FU), 28 B pAy i ot 14388 m T Ak
AR W NI A ¥ P9 B BT 4L i, AT MK T B MR RN B AR 25 5 R 0, 23
W yg /D20, #E NAFLD 1 NASH /MR R A, JH IR AR B W 4], ifidid i ik Atg7 14
SRR T3, B ARG T R IR /N BB (1 JER AR 7 AR 210,

FAME RN AR AR ORI, IR BT s A E R, 2 T 4% NAFLD
Ik . FEVUHCRES T, YEERI B WS BUIR T 2 R ANIF 25 FA 748, SRELEISMI Be 2RI
FEFFIE R TS 2 MR LT, R RS S5 U o 1 s HERR PR A4 1 221,

3 MRS B

SPEUS Cacute liver injury, ALD FdE 45 NIERA BB ER T, H&
KRB SVERIE DI Re 5 2500 . 1 2 IR R 2 23 ALL Horh BTG U
Bl Zi. FFRIEAMG . RN GRE. BN SRR ) %

3.1 X ZBEEm

Xf 1 28 B (acetaminophen, APAP)J2 i I I BUR AR R, (Hid &/ APAP 7]
SIERFRENE, RXIEWTZ RIEEF R R 5 Rt il R EEREP, gk, 2
FRIMEMESE T APAP SR, X — 1R K B W MR B A 2 35 s Th A6 2 R 1)
RSy o TR, IXAIE B e — P 3G RO, Sd It B W RHETY APAP 753 i #
PERA, RIS NAEXT ALR B2 H VAR APAP 5506 /I RS0 AT 4 43 RO 7 v R0
[ Wk A LA s a2 SR M I B S A I R, SRR BRL AR5 7 5L 1) S A RN AR BE 4
FETI), S AL B APAP SFEUH I — A FE R &, el i 25 5 H K (glutathione, GSH)
FEEFI ROS [R5 A5 KA IR A B B AL 20, At Zebifd ml LABSOK AL RS 5 im g
25 APAP 7 5 L0 (R A A L AR 271,

Hong-Ming Ni S5 [FI 8 7R B, £ IR B Wi R DX A 0 XAl DRG0 4 200 Mt P 334 B 46
(PCNA)ZPHPE. 1 FFHE H FRAS 2 68 71 7T LAAE APAP 75 5 1A FFF 40 M 53 473 28 0 0 52 9 B R 4
HEAER, WEEAEMEE R — AR RN RR, A RIS BRI B s X 2
TERIR, SRILEREE B RGRIE P, T APAP SEINF 5, 55 A W /2k 4
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H bR R A BT BRGIIRZEIX 38, (R AR AR AR . DRI, R W/ T T e R
J7 APAP 3 EUIHTF BTG IR Bt — B it ia 7 42120

3.2 CCH4

VUS4 H% (carbon tetrachloride,CCL4) J& 334k 1 5477 1O % LR K 2 —, i1 CCL4
FHEA ALL B2 H AT R ROEAL, ARy, fEEESTKEDY 0.1%CCLA VRETA]
g2 ALY, SHREBZEIFIFRIL, CCl4 1@ _FiAEE S T4 5 7~ 1a(HIF- 1o) FIZRIA TGS
TLR4/NF-kB i&1%17% S FH VA AR 458 RFERIRET-BY, 7€ CCl4 5 511 ALF #i%4rh, KLF6
fIRikiEId 55 ATGT A Beclin-1 LA p53 (#5105 At om E AT AR ORI, BWRRHEEE
AEITRY CClA AT B R 5 4.

RS AEXT CCl4 B R A AL (At 78 B, ALR+CCl4 TF-F2H i) H A G R A
LC3. Becln-1. Atg7 fE S5 H I FRIEAK T & T CCl4 F TR 4L, #EN ALR &
T W3 4 P4 R SR AR E CC4 15 5 1A B PR RS0 ) 1A B P-4 T 24 e ok B WA S 2R TR
ALR TCVEMREE CCl4 75 5 1 2 8493 J (9 P AR B30,

UbAh, HHGERR, £ CCl4 SRR A, CCl4 A3 24 /NI fS, HR
HISAR S RIE B3 HR, TI4RMIR 740 TNF-a f1 IL-1b FIRIEURE B, RoRItp B
YU B WIS IR, JORE SN K T D-gal/LPS 2H. D-gal/LPS 45| 1 5w 4 (40 i IR -1 X
SEUHMMMEIR, HT, AR, S AR E R B, B R ER CCl4
1 PCNA #l cyclin D1 R EF- &, fEdt i HAERAEER,

4 EREMEARIFEA S B

PRSP JH-J (alcoholic liver disease, ALD)2 48 A (K THREK 20 g Z8%) 51 &1 45
15, g AR . RS A T M BT (alcoholic fatty liver disease, AFLD). JFASPE AT 48 A2 i
R AT ARSI,

TEAS 12 98 (A LD)AEAF7E tH 5T 1] A 3 20 200 73 ABET-0OL, G S BT IR R
FEATIE AR AS 1 . FFRF LT Ak, . RS PERT 4. FFREAL FO AT 40 0% Chepatocellular carcinoma,
HCC) . MmN )G, LEEME L B2 S B (alcohol dehydrogenase, ADH)#44k Ky .5, 1§
# CYP2E1 AU/ 4= ROS. 1fi ROS W] DS 4H A A 1 25 V5 B A 2 i A8, 51 RSP S 5 16 T
WA, MR TEEENE, 51 DNA RAZ, R4 S8R FI T 45 5. ALR AT Agi@E
(I B R AR WS ORA VR R M 903 ) RO 853005 (R P2 . FEAR Y A& ST, ALR i 3Rk
AL B AtgS Hil beclin-1 FIRIE, FFIEI0 T LBERIF)S Parkin [ ZE KA K 2y fir. IX 2645
R, ALR M5 7 HVERIZRR G, DR LB 5 1 A5 BT

TEVRRE PENG 7 ML R (AFLD) - R AR ok i W, 7 1 Wk /KT (B 43
ARSI R R4 T EEAE ] . FoxO3a 55 AL 15 W v LA TR FFF A s 28 P A 2 i
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ZERIBEIR, IS AMPK-FoxO3a J@ %, 1852 3306 2ok i B W ThRE1S 2 555, ik
Gb, BARGERR, WO AR WA 00 4 AR 2 2 TR s LR F W, I 7T R SR B T NS
Joi S B R T B AT B YR T R A R R, ORRIRDRE M I S 1 W R S R LA B R
11— TR S FBARNRKR, JENZEIIRRIETT BT .
5 fHESEW

FEF 200t e P95 BT 2R A A b 1 DX 33 A 07 56 3, B4R L AR T B A BRAE 70 )5 DA 139401,
TN —Fh i SE T A, HCC i 1E 1R B 5 VF 2 R AR TE M DG 1, I & 28 JF 98 0 75
(hepatitis B virus, HBV)& 4L, 72T 4 %% 5% (hepatitis C virus, HCV)& 4L, T %A1 (ALD)
LRGBS PR I MR (NAFLD) o 78 S8 HCC BmMm ek &g, Ok et 3 KT
TFESHIN NAFLD. ALD. HBV 5 HCV HR B & A KB40l anibay W, B kK-
FHCC [ LI T e AG 5% . 8IS fiigs AN [y B i BE 2R MEREAT A 70 I, MR AT e
FEH ARG R T RE . AT ATE L5 200 1) e 0 A 2 A T X g 200 i P 8 B i34 0 1)
A3 [ ot 2 R 3 L 0 e 8 200 v ST P R JEE ) i 5 W T R UL A 4 L A i
MR FEANE, PO ES T I B V6 A B RRRAE R o a0, ar s B AP 5 T+ 2595
TR AR B TR T RE, TR B A CE R AR PR 250 T R e e AT VAT AR

FEXS e B H | AR BE T T, R R PR . AEIR IR B, E R LA
TP B SZ A5 20 B 25 0 7 A o P A P P A R o T 2 e R B S A, e A0 R P T
DIFKHUSE e, M SN2 . NAFLD. ALD DL 3R QLR a8 5 51 % E m K
SRR, HEME R HCC. WM, 7ERiIE HCC i, T Al AN [H] i 40 ok 5 il | i,
LATRI Fifedg 11 5 A

Beth Levine 18 L/NHIIF R G R BIR, 24 beclinl &/ NRANTFZHL (FHFID
HAFEAE E R PR L 5145490, ]I beclinl I PR 5 HCC ARG . FFAERS 4
Atg5 (5( Atg7) KO /NP2 L E A VEFFIE R, R s A e 4k AR G
BT Re AN H B R 0T bR 2 I IS FT R A 00, 5 LA AR R A L R, iy S
AR LG N R SRR S 8, 3 24 3 S50 i o S A 2 £ 50541

Yap /2 Hippo {5 542 00 F B BGH 7y, [FII R IEH HRILBOE N F1EH . Lee 5% %
MEEH], FEIERE R Atg7 KO /NER 0 FAR A0 MR S5 40 A% Y, f77E K& Yap BE AR, i
9 Yap t A AEEE R ik B, S4h, AW BEEHE], W2 LR Yap HAMRILE, H
AT W Yap B AT BEAE F W I B R i s N A . RIS IR R Atg7 KO /MR
AR AL, Yap B FRIAE IS SEUFGIMIAR /N AR 4E4b ST 980 7= . Thi7E
Yap/Atg7 XU KO /NN, 2 FFIE R K /N fir e 240 it 5 9 2 R LSS

T IH 5 E WU 2 [ (mammalian target of rapamycin,mTOR )& ix I 15 40 g & B A2 A 81,
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T 6 2 200 336 T 75 1) e o R 2 P00 e 2R 5 v, WO 9 T A P ek AR E A 1 12 7
A NSIEAE, B AEAE mTOR S8 ISR . mTOR [RERAEIED T 405 (2 4 H K)Atg5 KO
NI RAESIMRFET:, (HAR RIS LR 4Efb = A 5 . %40 F 6-12 A H K
AtgS/mTOR /NS, FREMAZRENE e, JRFETET IR/ RARTE 12 4~ H KT U8
61, 1/2 PA_Ef) Atg5/mTOR @B/ BRI E R YEMRE, 1 AtgS KO /NRAE 6 AN A A RIS T
FITEM. 45 AR, Yap Al mTOR #1225 1 F MRk FA AR A 2R o

i R P AtgS B Atg7 KO /N BRIKIB 78 R I, 186 T B MRk B /N BRORES 2 #A 2
HILENE HCC, XK, EMBEEREY, AWM asE T RGBT AWE#H
MR AR, W2 MR A (PRI xR, 299, EKEFRIF. HA
P A S 1 2 ROSR R IR, 2 WA WIS B, HEIRE R B R B R AT
BE SRR, [FRRATT R IERE TI6E, BeRS 4k SRIHTARUN, BRI R R, X
2 R T 2 i A A7 (1 AL 5830,

B2, fEFER R, AW S RE DR MR, B ]
LA b8 200 L 0 JR 0, (L0 T 3 e g 1 o SOk o Sk PP e e o A v 1 W P
FOA BT IRATVE T AL, I IR I BT R R IR R K
6 FREFMAF RS B

S 2 (HBV) M B 2 35 (HCV) 2 8V IR AL prAh £ 2 R s, JF S
JH 4T 4EAL 3t &y HCC #H2K14. Chen %5 ARZR | miR-155 £ HBV S Hlth/EH, Ik M
miR-155 814 1 5% SOCS1/Akt/mTOR Hl {2 #E H WK 58 HBV B Hi165), Bk 2 HEHE &
Y, HBV 1 HCV Ao {2, 3808 WoKF B, HBV HEFIH B AT 4
3% X & [ (hepatitis B virus x protein, HBx)[¥Jid B ik il 155 A WA 0. EHLH E, X
W A AN R EE LY 3-34/5 (Phosphatidylinositide 3-kinases, PI3K) E %454, #THEH G,
/3T 4H i N B gL IR &7, AR T AP0 HBV N CAEE, [FE% HBV A%
I8 (R F T e A H 4 A

11 HCV J&GL [F) R R H2 e H Wk (R K, 45 B WA TE 2 1R v Ak, 51K F IR
KPR, Z 5 T B TR H HCV BTECE Wa/K PR B 1 B (] 2R A4 5 . HOV B m] F3K
H WK AL, FERTET HCV b E WK P IS MBI, SR E N5 HH BT 52 i 45 K 168091, HCV
A LLIE I 2 ML R 5 N ) KO, 523 HOV JE45 M) £ 8 (Hepatitis C Virus
non-structural protein NS-3/NS5B, HCV NS3-NS5B) FisRIFM, H5 HWAAAE B2 5.
% % A % GTPase ZX % M #& [ (Immunity-Related GTPase Family M Protein, IRGM)J& T
GTPase /N J, ERTLLHT Atg5. Atgl0 PREIVER, AIxs B WREAT 7. SL3iEsE, HCV
NS3 1 IRGM HARYER, #EIf a5 5 H/K-F I3 E 0, 514h, E8—38 RNA K&,
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NS5B % RNA A K, [FRE HCV SHlE G pass, HA Atgs #HATH FRIVEA,
DAAR i RSP B TR R BRI A, HCV YL T DB A 5T 4 RO 4 A
WG (RS S AU, BR T LK BRI, HCV 5 HBV AR AE62 11/ Parkin
5 Pinkl (93, LLARARHE Drpl AHICHIZRRIR S 2L, Wi HE N kA B WK P

gi bRTiR, (et 2 HBV K& HCV @it 1% 5 AW 7 sORIEERT R R 8, IF
PELIE PR A=
7 SRR S B

JH 28 2 P R 32 R LA P RE Y TT DAAE A P 175 3 PH R 0L P JEE 9 4H B0 403 (IR D) AN A E SN
JHFIRT W73 9k IRT 07 IRT, FEMG 4 Z2RZ0 WA IRT &b, DA T2, SRAEAT H IR
= EERRONRHIE . FEHFVIBRAR . SERH 22258 5 1E (sinusoidal obstruction syndrome, SOS).
o EARSE L o EERAE . AN 1 N BN 2 I e b A AT ek A 2 IR
MR e, 2 BRI IRT. 174 IRT & — R AU AT A2 A8 (liver transplantation,LT) £
(R, A2 fEE AR IRT B B BTK ARk (4 R R A7 AE AR A B b 512 R

FHALA I IRL B35 A GRVERT, i Mg /N BRUBE R R I, L RE A8 T 1A 1ML 77 % 20 LA
SRR 17K, (R A (s BRI 19 B kst . 594k, DLEkS 0 IRT FFZH 239 T4 e
(¥ W i B R A o R 5 S I e P IR SR PN BT DR, S8 D R L PR L A
B EINL(10-15 F3%h), SR BN ML BT 51 6 40 8 s of P RE vE R B, R I T AL B (ischemia
preconditioning,IP) A LAy /> S 4% 7 A 58 JiE 41 I R - e J5OH T K225 19 I B WP, AT DR
FFEH 2360 5% IRT 75 S (145475 o 328 i R 1f 94 2 (remote ischemic preconditioning,RIPC) CL# 1iE
IR 15 3 223 05 A B VAR R P WK R A JHF U . 32 TRT 453695073 o SR 25 T S B
FARI T HFFARSIP FREmAL, (AT BoR IP REESCE VIR AR IT 58 &N
TS+, B DA T AR A 1P AR R 15 A DA et £ ) T fS /K S T E 18

— LGRS, WA TR ) Sk TN EE AR AT, T E MR SR T I IR B . Atg 7
B DR R B T = JFFE IRT 453495, IF3a s A IR B WM AR SR A A ) R P AR D7) 7R JH IRT
BRI, @K Parkin R Bk A7 AT LA 2Rk AR B WIS IR AR AR TS, 50 DNA
SRR, AT R AR R RO SR, A R, R IO 2 n T IRT
i, M0 E BRI e LB 1k PH O S 0505 RSN ELH, MIR-17 F RIS T H
Wi KSF, BEJSINE TR IRDB345078. M7E 70%PH /N R, @it i ps3 98 Tl
4 2 (apoptosis stimulating protein 2 of p53, ASPP2) A& ¥l, mTORCI &% S 1 EH WK
HBLUFBE, I EEE T 70% PH J5 /N BT I FEAE),

— MR, R RS B A R — P R A I S 32 IRT A5 5 RO 1o B Wk T 4 A
DAy LA T PP 200 AR/ S Sl S A R T R o R R R TRT 547 P AL
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HEWE. RICAGIE T R A BAE A G, EAAIREEIN Y, R E s B Re i kAT
JEFRAE . R PR R k7% P IRT J B A A5 A AT AE LR, DR B B A 4 i A 2
R IR 2R A RS M R AT SR B . 2R, ERRYEAA M IE IR d, H%HE
WG 89 4 P I T 45 RADER A — B BB WTTER I, WGP B B AT DL JAE . 4 i
AT AR FE T OR AP BT S 52 AR Elv4 IRT 453405 o 10 AE 8 70 SRR ey, B Wt ) 8 5 0 2 o B
JFFRE IR 453605 o F Wt R X0 AR I s b 3 B 1 B K1 RT e A2 0 3 0 4 Ria T 7 3R
. FESNIRR R A, G I SR R B B 7V T AR E WK, T B — MR T R
i 5 W 2 AR TE DR AE T IRT AR A iz A i — oA 2K R4 B DI RE IR 7 U7 ik Tk
FPOREARS AT AN TR ARIA T, WAt B0t s
INGE

FPREAE 9 BAT s R AR AERE D A B, AW AU e Sese ANt <6 Thig, 72T E
ZERAFE SRR JE, S RAEH KK EAR S, B B WK R 8 E A4 5
B ROLEE R TE RS ARG I AN A S 4% DL A2 BT 4R M PRI 5, H ok 5 B i 453
Ja IR DL o AEER 7> FF VIR A G RO 0 o, W3 T (i 3t P 240 8 7 5 )8 42 T 4 i
CIERIRIEARALHE T AR A, - AT 35 BB BE DI Je AR B 2, e =2 AT s
FFAEE R e AR BR 2 Lohifh . SEOtRERE S ALR RAEHE AR, AR ORI 3245140 i JF
FESRATAERIRE ST £E NAFLD 1, 40 3 Jig o Ao 18 ondisl 1 B i, kot B A AL ThRg 2R
M AE HCC MR T, HWAYER SRR E IR MRy, FHEMHThee, H
(7 IR0 kg 0 it e DA S AR B (R AR s A2 R AT 8 th HBV & HCV I %5 A W1
77 AORAEHEIF R B, FFRHAE AR 7R IRT B o, IR ot — o R ER 7
HRERNGTT J7ik. DRk, i 1A A7 sUHE om B ) E 0, T DO AN RIS B0 B s 05 e
I7 7 SRR BEHT I R TR
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