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Metabolic Adaptation of Activated Hepatic Stellate Cells

During Hepatic Fibrogenesis
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(Department of Gastroenterology and Hepatology, Zhong Shan Hospital, Fudan University,
Shanghai Institute of Liver Diseases, Shanghai 200032, China)

Abstract HF (hepatic fibrosis) is a common wound-repair reaction in injured liver induced by a variety of
pathogenic factors. The most distinct and crucial step during HF is the activation of HSCs (hepatic stellate cells). Once
activated, HSC transdifferentiate into MFB (myofibroblasts) and acquire the abilities to be chemotactic, proliferate, se-
crete profibrogenic factors and ECM (extracellular matrix) components including fibrillar collagens type I and III. The
excessive accumulation of ECM disrupts the physiological structure of liver and ultimately leads to liver dysfunction and
portal hypertension. A series of metabolic alterations occur during the activation of HSCs including upregulation of both
glycolysis and oxidative phosphorylation, elevation of glutaminolysis, and autophagic degradation of retinyl ester lipid
stored in the cell cytoplasm. These metabolic reprogramming processes generate sufficient substances and energy required
for HSCs activation and positively regulate fibrogenic signaling pathways. By elucidating these metabolic alterations and
relative mechanisms, novel therapeutic targets and drugs are being discovered against HF.
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Table 1 Major metabolic changes during liver fibrosis

AN 2 ffu R SCHR

Intracellular components Cell Metabolic changes References

Glucose HSC Elevated glycolysis [1-9]
(Warburg-like effect)

Reactive oxygen species (ROS) HSC, liver cell, KC, LSEC Increased ROS [10-16]
production

Endoplasmic reticulum HSC Activated unfolded [17-19]
protein response

Retinyl ester/Retinol acid HSC Increased hydrolysis [21-26]
of retinyl ester which
produces retinoid and
FFA

Triglyceride HSC Triglyceride produces [27-31]
substantial FFA that
provides energy by
B-oxidation

Glutamine/glutamate HSC Increased hydrolysis [37-38]

of glutamine produces

more glutamate

FF AR B (hepatic stellate cells, HSC) & 5 .
FL 1] 78 5T 40 A, 1 E T HSCAE T IEIRES, f7
T2 5 52 9 R 4B B 2 1) 1) DisselA] B, 7E#% 8
Ji v b DA 3 B2 B (retiny] ester, RE) AT A fif A7 4
HERA, RN AR EEM &R U2
e, FFEfe. 223 Jh 4 (Kupffer cells, KC). At
SEN AN /MRS i R AR, BOE
W A5 5 0 B T 5 20 HSCAZ AR 21 2 A0 2L [ 1)
&, M HSCHA O BA WAt . B 58 1 f oy b 1t
FILR AT 4E 41 H (myofibroblasts, MFB). %4k &
MFB ] ;=4 o-Fi UVLEN & [ (a-smooth muscle ac-
tin, a-SMA) LR 1. IR SR 474 (Collagen I/IT1)5E
41 AhFE T (extracellular matrix, ECM) 4y, 4l
ZABL 5 4 @ B BG4 P51 (tissue inhibitor of me-
talloproteinases, TIMP)#Iill £ 5 4 J& &5 1 i (matrix
metalloproteinase, MMP) &P, FECECM &,
IR IR /NI 254, B 2% 3 SO IR 2% IR 8 T
At X—A R R EREE M TR, HIHT
UG Lo A 50 U A 20 L 4 5 A i B T AR B
BNEEAT . BESS . R & A = K B S R e
RAMIIETE . . b, TSR B RS RS
fE ATPLL K /NG TP (WA FE RS ) ISR
FLR I, HSCid bt i b2 Ak — R AR, ]
RNHGEAE R R e &, 2 M E S Tt —

SIIEHSC o A SO HSCIE A A2 3 B 1 4 i A it
AR, Je AH AR BT 1 4 Ab AR R S WL 14T S8 0R
FEER S R AT g .

1 B
1.1 HSCSELATHIZE Warburg{ 2

PEERAN G FENREREL —. £EAR
JE R SRATT 2 o i 55 H e ) 0 AT AL B R AL
(oxidative phosphorylation, OXPHOS), #ix 44 il K&
ATP(30E:32/> ). CO.MTH,0, Jy4 il & Fl 2E diri& 3
PEftne s . AMESECIRES TS, P & BT 0
FNEREAR , AR B ATPQAN) LALIR . TEMIE
Y PO 5L R, RIEAE AU AR R 2R, dEA SR
e S B0 AT W T A AN 2 SR AL B R AL 7 A ATP, X —
RN Warburg 08 1. ELARBEEE M 7~ A2 1 ATP
eIt/ b T A BERRAK, (H A ATP R FE S R, R
% 35 2 20 PR PR S TR N () R B R oK o AE HSCIE AL IF:
oA MFBIS At R A ALl AR 2, B4
PfLIEE s R R A R E R FE AR, X — IR AR
FHKWarburg R N1,

BE R g R ST Bl L AU 2(hexokinase
2, HK2). WIS 1(phosphofiuctokinase-1, PFK1).
PR PR B M2(pyruvate kinase isozymes M2, PKM2) LA
R IE N LI o 5 PR R 5 B e 12 2R (glucose
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F6P—>F 1,6-P \/
Hhhw
"I Lysosome
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Lactate €= Pyruvate i
A e 2 Contens
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acid LY cle FAO
succinyl ‘/ ‘3 </
o / \COA/ Glutamate
dehyincgenase = o¥igorequcie o
[l Glutamine
HSC Release

Glutamine
hydrolysis U

of free
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activation

Glutamine
HSCHITEAL R — e FERE IV I RE, FEBE — RAVGTAR A ALE N, R A WEE AR A AL BERR AL B3, 08 e R0 ;28 & e e 2 i 5 s 2 i
P T ) AR 1 R R TN ) A A RE R, S A MR A PR SR R R R, R A

The activation of hepatic stellate cells (HSC) is a high energy consuming process accompanied by a series of metabolic alterations and adaptation. It is

manifested in up-regulation of both glycolysis and oxidative phosphorylation, increased production of free oxidative radicals, and increased glutamine

decomposition. On the other hand, lipid droplets containing retinol esters in the cells degrade via autophagy to generate energy and materials that are
required for cellular activation. These metabolism alterations eventually promote HSC activation.
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Fig.1 Major metabolic alterations in HSC during liver fibrogenesis

transporters, GLUTs). 7 & 8., 71k HSC(activated
hepatic stellate cell, aHSC) kI ) #h W A& 1 25
PKM2A1 GLUTI, 5if /2 HSC(quiescent hepatic stel-
late cell, qHSC)fl & f&, W] 3EIX LE 20 i) i& 615 )
bb, FCHNIAMA S, qHSCTRT b ifiL e A Rz AR K R 7
(vascular endothelial growth factor, VEGF)[3R1A, X
— it 57 B B 5 KT 1(hypoxia-inducible factor
1, HIF-D) % S A% . HIF-1/2 2856 18 2 4]
¥, AR ERAEINT, HIF-1383E A IEE shvegfs pkm2.
lutFEREFE DR [R5 55, Il 4% TR Rk, {2
HEETE AR GRS 1) & . HSCHEALEY , HIF-1/5%
15 BT, X 1] A 5 Hedgehogiffi i b i AH G,

P4 T R U8t (PKOMD) B 35 793 A A2 28 PKIMLT A
PKM2 .. PKM 1 AJ K it 8 I i X Ay R 2 A 9 TR B R
Je & sk LR B 2 B (lactate dehydrogenase, LDH)f#
WJE LR . PRM2AFAE PURPZ5 30, DU JR 44
PKM2F ] 5 PKM1ZEAL; 1 — 34 PKM2 W] O 3
IS, 5 20 N mycFlcend 155 R 5L N i 6 5%, dl
Wnt/B-cateninit B¢ 1 HSCIVE AL ). HIF-17] i/

PKM2{1 3k, (A% HSCE fb . T 41 fil PKM2
RARAZE Ry — SRR W] RE N HE AT HE S 2 —
CUPE B (HIK) A4 4 N 40 1% 96 46 B 3 A0 D 6- B TR
W RIERR AL 5 A0 &R o A, X —
JNE 2 i T g 5 R B A RO S N . B R
BB 1(PFK 1) RE 8 AL 6- 10 IR FUWE 2R B 1,6- — IR
M, IX R WERE AR AP IR . 6-BETR RME -2-
T /AR -2,6- TR 3(6-phosphofructo-2-kinase/
fructose-2,6-bisphosphatase-3, PFKFB3)/E 15 1L, 6-
TR R A 1 2,6- R SR , J 2 PI0 PRK1AZ
Py H e % UR Bl B A . HSCIE AL, R £ R AR
FIR L o454 5 A 4(cytoplasmic polyadenylation
element binding protein 4, CPEB4)3 ik i, it
5 PFKFB3) 3"-ARfH PF X 35k (3"-UTR) H 1 i 5T 2 5%
RRFFER 1L 7ot (cytoplasmic polyadenylation element,
CPE)4: 4, L IAPFKFB3MERIE, (e b pl R,
LDHZ2 A AL IR ) < g2 —, N1 LDH-A—
7 T ] B FLER AR G 73— J7 1T, LDH-ART 5
hk2. pfk-1. pkm2%51% A REFE R 456, HH] X 2L 5]
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Ik, TR . WE TR, AR EE S T i
LDH-ARFIL , 0] e 4% 1 40 1) HSC L4 1
AE

H'S C o A U Y o A2 38 32 3 32 W 38 A% 27 1
% . DNAH R FLHE 1(DNA methyltransferase 1,
DNMT ) A 2 1 F R 2 I G9alt 3R Wi 1% 24 4%
Wi HSCAR Y hoBE I A 1 I ™). (RS RE FRITHSCHY,
AL A KA Bl (transforming growth factor beta 1,
TGF-P1) 5L IX LG RE G ik . 7E B TGF-B1
7 3OS B RSP HSCRE AL | [ 4 DNMT 141
GOan] fHIE A R K BIqHSCIK T
1.2 HSCHEWRZRIIA T LB ILIE N

HSCHITE R — N mFERe i A%, g R 4w
B AR AR b 10 B 28 5 B2 52 5y ATP A4 & DA
KA 2 AL bRk s 5 . ADPR] I R jy 7
ALy ATP: JIEY) BB R A0 A S AL BE IR 1k (OX-
PHOS), MUa#& N L. 1ETEH N HSCH LS 1§l %
i A TR A [R] IR 858 Jon 001, 3 7= RIS %A 3 i
BT A 3R, A7) 7 S AL BRI SR Bt ATP . 5K
56 2 WL BRI/ B A HS C H 2 Rk 18 4 B A
B G 0 A S A I AR 1 40 AT SR AR T
T 52 #E4H % (oxygen consumption rate, OCR). 4|
AR 1L 2 (extracellular acidification rate, EACR)
LR PR S LA RN F1-Fo ATP R AT AL 5% 31 2 R A4 1 14
fmm M, KRR 2 5 HSCHIA M HE I iX
—RI AR AL RE R . A AR RR BT FCCP I & &5 3
FIAEHSC AL bR B4 (2R B I IR S5 HS Coxt
TGF-B1I1 i

fERMBE RS R = A H,0, OH L Oy
SR PG RR N SO E VRS (reactive oxygen
species, ROS). ROS&— 44k ™ W), 1£ 1E & 4 i,
ROSE EYERFAE IEH /K5 240 i 32 2 a6 X 11
B, ROSAERCEN 2, AR AL R, PLsLan i
R A S ) IF 0 40 il DNA, 528 S H T
F R A A . ROSTEZEHZKIA 4, NADPHA
1.l (nicotinamide adenine dinucleotide phosphate ox-
idase, NOX)s& H 7 A F2 ) L B g . NOX
NOX2 & NOX4] VZ A7 1£ T HSCLL & HoAth 8] 78 5 41
frb, @ PIROSTEBEHS CHIVE b S e 1A
NOXHJ EL4%Z 5 HSCIF L5 5 il i DL G o HoAf i
JE4H AT F4R A . KC. LSECEF (4L #E HSCif L,
SR R HE R ZE AR R . KONGRS IR B, ML

J % [RlF (serum response factor, SRF) A i@ i 414
LA R BEKATS - NOX I 11 I AENCF 12 (13K 1E,
fieit ROSHIA . ROS/ L1 £ 34 5 TGF-B/Smad.
RhoA/ROCK™,  Ifil & 55K 3 II(AngI)" LA & TLR4/
NF-xB. % MR4: & 5 R R Z A H A (nu-
cleotide-binding oligomerization domain, leucine-rich
repeat and pyrin domain containing proteins, NLRP)!"®
SR AT T E K LA K.

ROS 7 fif (1 189 i3 HE 5 3375 46 HSC (activated
hepatic stellate cells, aHSC)H ¥ P J5E X 238, P JoiE X
HE RIS ECRITSEARER, BalRkTTEaEo
J ¥ (unfolded protein response, UPR) AT i £ Fil {E
F 7 AR RE 4 o M ) DhRe , BdE ER AR 207 A0
Hr S W B R SR AA 8 Bl 1 s B 4 1 9 Joi
W8 73 S B 0 R SRk AT VA AR 2 AR U R A
5o HyOL B Y HSC [z LB TR IR SR P4 J5
W SR ) ATF4. ATF6. IRE1IFIXBP1455R1A |-
WU S B UPR, B4 244 8 5 AR Y P9 5T I S
bR EWK -1, 55 GRP78. C/EBPRIJEHE H (C/
EBP-homologous protein, CHOP)F1 XU RNA K i 1]
B EEERFE P 5 X BB (protein kinase R-like endo-
plasmic reticulum kinase, PERK)!""; i 31X Grp 78K
NS, BRI AR A R R, S
TGF-B1. a-SMA. Col lalF1 TIMPI, #7834 i
G AR AT 5 5 R N 5 R R T HS G A4 1) 3K 3))
Rz —

PHIE A & A R AR BV B 2 —, T g 22 B A
ROSI &P HLAN 1) 1E 5 546 Je e mi& 3l , 38 B 22
PR . AEHSCISIL AR, & FhE S 18 B K0S A
AN 3 sk AR T e R v % R P Y T 5 T = A
FRSANA P2 28, Hid 77 A — SO B P P e 2
WL AT 57 X S 2 PRI D e, ek 2T AR .

2 BRI
2.1 HSCEURRARSETBMEDE LR
TEIEH R, 442 28 AR IR ) T4 e 7 7%
FHSC i 221 G 19 i AE 3] 15 18 Pt 5 4% 72 15§ (lecithin
retinol acyltransferase, LRAT)[1Jfg4t, A REITE
A7 1E iR ¥ (lipid droplets, LD)H, 1 A1 34 fig o] 285
— R A AR B R (retinol acid, RA). RAEL
LRATHE BT B RE, SEREARNIE 2, )
il HSCHITE L . M 3G R 24K (retinoic acid receptors,
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RAR)/ML 5 X 3Z4& (retinoid X receptors, RXR) &
— R, w5 ER B3 XA A T
{4 (retinoic acid receptor response element, RARE)4%
&, IEEEE R R R, FEAE BN, HSCH
%2 RAR. RXR. I S AW 38 58 W) 80 =2 1k
Y(peroxisome proliferator-activated-y, PPAR-y)&5 1] ]I
R AL FE K i a-SMA . TGF-pA5 13335, deks
FERA . MHSCIEE SN, RENRH/KEFERE
J RA G A I 3 8 52 4 100 i) 2 4 Ak 10 4 FH sk
55, MEAF4EALIE R R E RIS . I, HSCX LI )
fiti A7 1] DAEC B 4 r 20 B e SRS IR

TE &I/ R SR AEAR SN TR T HS CAT L
MELR), HSCEALIEFE R, BiJ5T P9 AR 73 DA A 3
W2 BB ek P, CORTESHS PRI, 4E4E 3 A
R 4= I s\ 4E AR (all-trans-retinoic acid, ATRA) W]
I RAR-B T LER & H 42 HE2(myosin light chain 2,
MLC2)[1#3%, 540 28 52 [, SZIMFBIK)
Wit LA R ECMFT TR, S HF I R AE R e L 2
JFEAS . 534k, RAR/RXR A i B 432 45 2 4 i 4%
555 [ 7305 85 1 - 1 (activating protein-1, AP-1)[]1E
PEIEME R, MR 4E B (3R, FHHSCH
. TkEE HSCHIWEAL , RAYW /D, Toidimid Haz ik
S BN £ e R E A

S 15 s i OV AT S AR b uyas X LN E I EE
I RR ST A 25y 4H B e AT E TR i
H W 1] ABR ) HS C i A4 I HE 0 29 ik 0 A e 1k g
S H 0 R R B MR IR S, SRR S G
FSC AR V2 il A 2400 AR B T e 7K A 1) 24 L 7 TR
PR B I S i S AR R , Jo & A s A ek pe &
A B R 15 R R e A S AL — B R R TR AL R
¥4 (adenosine 5’-monophosphate-activated protein
kinase, AMPK)/ULK-1(unc-51 like autophagy activat-
ing kinase 1)L A T 1 75 0% 2 855 [ (mammalian
target of rapamycin, mTOR)SEZH . AMPK#FR LIS
ULK- 152 % 5 H W/ MA S ) SG B2 B, T mTOR A 411
) ULK-1103% L. £ HSCHeAL y MFBIE 2, F1IH
G TG LS B H W AH G H 1 (W1 ATGS55 ) BL &
ULK-15RIAH 2 | 1T mTORFKIE D . Rab257E—K
RAS GTPH, HSCIf AL HRGA W] & B IR, fleit B
MR R A, TTROSAIfE#HiX — i F82%, 5
&b, ROSi%E DNATR 7 5 I i ADPAZ HE 5 & - (poly
ADP-ribose polymerase 1, PARP-1)[J3KIA, 7] &

UM E . FESRZ H R Y R T ATGTHIZN BRI,
HSCICE R 22 J T 73 1 BUAE 4 405 e i 40 B2 45
T AR VTR TR R R SR B £ HSC, 1T 4 R
M S PT AR S AR e 2

22 HIB=F

HSCIEAGI, T =18 /K g A5 Bl 25 g 7 R
(free fatty acid, FFA), J5# & 1T B-A b A B H1ER
£, i = REREIA (tricarboxylic acid cycle, TCA)
FEAE ATP, fRIERE & 2127, SHESE PSR I, WA g i
TR K AR B-SA AL T AE K & O, P2AEI R A5 I
HIF-1af)3i%, Ja# it — D et HSCHWE k. H
T =R (triglyceride, TG)2HSCH I 3 Z24 B8 75
Z—, B4R E|, HSCIE AL FFA R @ B-4 4k ™
4= ATP, $efitResE . 1 7E R TAS VAR 7 £ (non-
alcoholic fatty liver diseases, NAFLD)HE &K | TG
T K A B8 8 i T IR A 0 2 T 3 R R F
e BRI 2 — .

Jig 5 i (de novo lipogenesis, DNL)$&F I £
JfLHh i) FEA LA BB 2R 45 SRR 5 B TG . BATESAE )
IR FT o, 4] DNL A I QB Bl £ 1958 CoAFR LI
(acetyl-CoA carboxylase, ACC)(Kf ZBECoAFEAL NTA
Tk CoA) FIE L 4EFE HSCH TG/KF, AT #1141
M s . YRR 7 P HE /N AL : 7E NAFLD
B e 4] ACCHI 98D g Jog AE pld 22 7 SR 1 i 25
PR H0 R HEZERE ; FEA 5101 15 5 1) HE AL A |
ACCH ) 751) 56 1 2 15 248 . g 5 7K ~F- DT 4100 1) 3 £
. 534b, $ ACCH) Tl e id ] 38 3 5 i B 19 fidt
SRR S AR AR A HSCIR AL, 4772
JIE 7 12 s 7 0 G A JiR K] 3501 T A A R R Y
JIg 5 AR R K i i A RT REAEAE AR I A2 AL . FESIR
95 VP o, TGS g o 3 FE DU RR ]t s Jig 75428
M7 K HSCE AL ;T A8 Fo At 18 4 JH e i o, IR
Jo & B AR — 2 Y6 ] A AT A HSCOR KR 1E 5 IR TR 2
&, JH 40 B o

12 5 TG/K il 1) Bl ] A7 R fIHSCif 4k, n
I H i =8 A D 5 (adipose triacylglyceride lipase,
ATGL)REWE IR /N AR B 2 AL FR BE DO Aok %
52 R 1 B 048 2 1 (perilipin) .2 5 B HSCH 1)
JE AR . WK B, HFZNE A4 Y PerilipinS(PlinS)
FEIR B LD T AN VE PlinS B8 38 ik 5w 4 PRI
ATGL¥#)7] abhdS, 18> TGHIZKAE Y. 5341, Plins
AT 3 5 B B AMPKORH S8 40 I HS C Hh i Jo 7K A,
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e 3E A 5 A BSORH OS2 AR W I X2 4% (liver X recep-
tor, LXR). PPAR-yZ5 15215 K 4ERF 20 i 1 g TR 7K
P LA HSCHI R BARES o

3 EAR-A RN

AU LR 2R 4 4 R A o R o O
TEH. BER LA E S — KL FEER, 7
H5REGEWRA AN, 25 2 FAiEs). @it
EH qHSC5 aHSCH AR AH IG L DR (1) 22 e R IE R L,
AR 6% (1) 35k [K1 2= 55 0 AR T 38% R K 2 5t 1 i
R, R R B AL 7 3 T7 1R A2 SRR 2
Jlt & aHSC ) B 2 fe BRI . DUSE PRI, EAEI
54 g 77 PR BT %8 (non-alcoholic steatohepatitis, NASH)
FE A4 N T, BE AR A, &
ZR I ) 23 fe 14 0 LA 2R /45 A Bk i K ¥ 5 4
et ERRE RPN (glutaminase,
Gls) FEHZ 5 AW 1) 73 i AU, /£ HF i f
S SR AN T ) Gls 1R IE 3G 0, JCH R AR T 2
JoT 2 i o BE R R T Gls 1 R IE R MFB
Wi R qHSC . HSCHIZF 4 2 I % J5 7T Ja 2 g Joi (1)
&M, B PPAR-yIILIE, M IR RE . A
Pk Jiiz o3 fie P2 AR Y 2 IR 5, J5 B W AN o T — 1R
(a-ketoglutarate, a-KG)Z 5 2| =R (TCA)H,
AR ATP, 1X— 132 7] i85 Hedgehog-YestH 5%
5 1 1(Yes-associated protein 1, YAP1)f 1,

YAP1 & Hedgehogif #% 1) &4 B 73 12—, 10|
Hedgehogifi % J5 YAP1 mRNA I iA/KF 53 R %,
7£ HSCH Hedgehog/YAP1 1] {i¢ 3 qHSC ] MFB )%
o S34N, IEA G ) MFB A I8 i 1% 360 {50 Fi 400 o i3
AN POE I FEARAS , IR IE 2R B Hedgehogit #%
Z 5 HSCHIS L, i RS 73 T Glis sh 4T
HEALAH IR K IE . Hedgehogifi Bt 5 5 B 5
Tk Jiz 1) 23 fife , DRI A% 308 B I ) A 5% ) 7 S T e g A
B RIS Kk, TS v 2 5 3R R 4F
Y11 LA RO L IR 1) B B Y. 7E HSCIE AL
ANERT B, A2 It i R A SR S o i R ik SR 3
ANFEPRES, P72 2 i 19 23 e 3 X — IR AN
s HSCiE LI 2 FR R AE AR A2 2 —, HEA
7 FHSCIH LI T fE -

4 B2
HSCIf At R r (0 A A2 10 2 30 4 R I W 7T

Bz —, i TR HSCIE AL R TR W K e
Ak AR B AH OC A DA R G R SR S TR IR
L HF T ETRI T Ao IN7E NAFLD /) AR Y A |
ACCHIHI ) e % BELT IR 0 P AR A, AR MR 23
R FE A8 R 0481 751 FEL BB PROMI2 f) 45 R AR Ak, ek HL 4 K5 Y
SR 25 6 0% 400 DA T2 A0 4k 1T 410 skt HSCE AL s 1
— S TSR 5 AR B it 5 i 4 AR T R B Bt
YEAPER . WIETER, — 5 I nl s g T R
17 B-4E4L, BHWT HSCIE Ak 1) 8 5 R 5 LA S 4] el T
B-ZE AL R I HIF-107 = A2 48 22 28 5 —J5HI, JE i 4
H]LXR/SREBP-1c#, T FFARIZERL, #IHINAFLD
IF1) 2T A B B IR & J2 B, 25 Ik i 2 aH SC ) 22 2
REEORUR, 1R PRSI L BRHSC I I & WL, 278
FERIPLETF 4EAL TR )T #E 5 B3, B HSCAH, HoAth]a] 78 /5
Y0 i A S T AN M TE HF R A R FE i 2 kA A
N7 AR B A8 DL 5 HSC 2 [ A7-AE ) RN i B () 38
Mo BRETE XA 4E L fE A AR L e
FRiE— W FT, ARAS Bl A X S DML A R R —
A5G, BRSO HF B3 1 K S8 AR YT T
LFIITIE o
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