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Hepatic Fibrogenesis

Kwan Sik Lee, M.D.
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Department of Internal Medicine, Yonsei University College of Medicine

In acute injury, liver recovers completely without any scarring change or complication. However, large portion of

liver is changed into fibrotic state by excessive production of extracellular matrix (ECM) under chronic injury.

Excessive production of ECM results in hepatic fibrosis and repeated process of hepatic fibrosis progress into liver

cirthosis. Liver cirrhosis is an irreversible and terminal state of chronic liver disease and one of the major causes

of death in Korea. To block the progression to liver cirrhosis, various studies in the field of virology and

immunology have been proceeded. Recently, studies on the hepatic fibrogenesis have progressed with the

development of molecular biology. Hepatic stellate cells (HSC) play a key role in the pathogenesis of hepatic

fibrosis by producing ECM. The degree of hepatic fibrosis depends on the proliferation and activation of HSC and

increased net production of collagen. Therefore, inhibition of HSC activation is one of the main ways to block the

progression of hepatic fibrosis. Many kinds of factors such as oxidative stress, acetaldehyde, ascorbic acid,
transforming growth factor-beta (TGF-[3) and carbon tetrachloride (CCls) have been reported to activate HSC and

stimulate collagen gene expression. Although there are no definite and effective antifibrogenic agents, possible

candidates are antioxidants, interferon, retinoids such as [3-carotene, flavonoids, renin-angiotensin system inhibitors

and peroxisome proliferator activated receptor-gamma (PPAR-gamma) agonists. We tried to evaluate the charateristics
of HSC in order to develop agents that inhibit hepatic fibrogenesis. (Korean J Gastroenterol 2006;48:297-305)
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7I_|- M EI_O' I-lOl
o] ez ZHAE7L &4 7HA A E(hepatic
stellate cell)@} T3 A E(Kupffer cell) 52| A3 280l 9
3l Z+E Aol EFIQIT &4 A4 Fol ABAE R, o] & <l
3 FA3tE A EE A)E L) 7] A (extracellular ma-
trix, ECM)& AJ4ksket. o3k A A4 (fibrogenesis) o+
Ao g AiE ECM< ZHAE7} shrso] A7 8l F7+
< AMHFA T FeE A IS sk 54 1A
ol A& 2 E F7HE ZHAIZ7} oA A A ske] x| 9] 7ol
wg} o o4 ECM Ad¥o] Fax] grolx] ECM< I}
3= A8l (fibrolysis) ¥ o] EubelAl dolvt A4
Zroz 3Eat. aEy vk 7Rl E HAIE}
A&H o7 =], AF&3l Aol vl FHH o2
AGAA BA o] FEelA A&Hd wel EcMo] o4
FAEe] TAFFToE R8st
ek o 2 7HIFES 71 o)A, thin fibrilE TAIE
747 FAo] YA 7Y dRle] aAEH A4 3] 50]
Thssh}, 7H-6= F4o] HiE A o & A <EW ECM 7]
31733k (crosslinking)©] S7Fso] thick fibril-s Asta A
o] v 7w e Zlegsict,
ECM2 24 (collagen), Bl (glycoprotein), ZZE] 2

©O:

w BN g

T;_L—D']'Olﬂ(proteoglycan) o7 FAEI) o] F Ev] g
Z7he MRS 23 Y9lo] Hla aYPAL ofe] el

ol sl BAskE HAAAES F2 AR

HAdRsE AAelA AEE A4 71483 iAERE
star, 71A3F W fEAL AeALsle] AES =ZA3)
webA] BCMell ek Q1717 ool Befshiz 215 AIE 7]
A, AE FA3}E 71H, AolEFI), 4 -5-31 A (antifibro-
genic agents)oll tgk 17 Fof oﬂab}x] o2 ksl
AP35, AF BFEE BECM A ASHAA 774w
AYE AAlsh= Zelch

N

843

MzZ271&

A 7+z2Z 9] ECME 7| A]}H(basement membrane) ECM
o 0 BOMe.R Fshod] ZAES B2kl A
 (sinusoidal endothelial cell) Ato]e] B A|7}(space of Disse)
& T4k g 712 BOME 2 48 U7, laminin
heparan sulfate proteoglycan S22 o|FolA Qlz, 7HA
ECM2 F% 1, 3% 2923} fibronectin, undulin 528
K53 BASIS Aol B 42 E Fade
2 fA s 98s )

ECM?- ol#f3t #2417 A& o]elole ZHE mizfE4

Table 1. Types of Collagen Composition

Type
Fibril-forming collagens LI, IO, vV, XT
Fibril-associated collagens » IX, XII, XTIV, XVI, XIX
Sheet-forming collagens : IV, VIIIL, X

Beaded filament-forming collagen : VI
Anchoring fibril-forming collagen : VII

LA ell Pofsiar, of2] AL} okt integring 1 A

e B AT GHeE 2000,

AL AA 1 FE 1989714 deiA gl 1, 2, 3, 5,
113 53} 22 banded Y= fibril forming type} 4, 6, 7, 8,
9, 108 52 72 non-banded H=3= non-fibril forming type 2
2 FE3I o] AlEsP Table 13 2ok 7kn) oldto)

S L2 1,345, 6ol B Bl 13 3te)
77 A QA 404557 UHES AAsn R F

71
9] ol thi(bundle) el %iﬁ}vﬂ, 492 F 7%=
712 29lof] AWE 7] A (low density matrix) FEfE FE
Bl 582 5-10% % Zh4sd F-lell FE3ch A4 7
DAL A FAL] F 0.5%0]3 132} 332 u]Fo] A<
Zrov}, AL 108 o] Ao 7 =rtsla 183} 38]9]
Hlgo] oF 4:182 F& 130] ol T7gil. o] 5o 4
K R froll A Z7lell= F2 33 o] Frlsh} 7] vkE A
o= 13o] RS RA|sl= Aoz Hol 7hAWE 7+
L wzglto 2 o3 F 9t

R

[e5

AAFEE AT 20 20 Sz el ol of
2 Aol Sl WU S AT 2 Aol
Z7VAY, Z9AE ElA7]= collagenase 714 5O
e a, 294s Adsle Al ¢ TR Fedk U9
olct.

A FAAE ASATIE AL ¢S AEEY
ot EStHslol =, Ay EEoll At T& Folslsl
< vl AES+= A3F AAKfibrogenic factor), oFA~F 2H]
A, AA AR A9l malondialdehyde®)  4-hydroxyno-
nenal, A3} 5‘753?_] Z}-Bi (transforming growth factor-{3;, TGF-
By el tzAe]ar o]eloll:= ofe] FHe] $IrkTable 2). 3L
A4 TX*X}E A= 2L cAMP, FAF EE]F 0]
E, AEEE, Zr2EER 9 dEliee]l= 5ol St
(Table 3).

294 $347) AFE AAgo] Zrlele] AT

A3 2] B3l K procollagen mRNA)o] A w31 At dA



Table 2. Positive Effectors of Collagen Gene Expression

ol#4. #3299

Table 3. Negative Effectors of Collagen Gene Expression

Effectors Collagen .Cell or Effectors Collagen .Cell or

types tissue type types tissue type
Ascorbate I, I Fibroblasts Dibutyryl cAMP I, Il Fibroblasts
Acetaldehyde I, I Fibroblasts Epidermal growth factor I, II  Kidney epithelioid cells
Bleomycin I, III Lung Estradiol I, I Aorta smooth-muscle cells
Carbon tetrachloride I, III Liver Glucocorticoid I Fibroblasts
Dimethylnitrosamine I, III Liver 1 Liver, hepatocytes
Estradiol I, II Uterus Interferon I, Il Fibroblasts
Ethanol 1 Liver I, I Liver
Hepatic fibrogenic factor I, I Fibroblasts Prostaglandin I, I  Synovial cells
Hepatitis virus I Liver I, I Fibroblasts
Indomethacin I, III Synovial cells I, I Fibroblasts
Insulin I, III Fibroblasts Relaxin I, I Fibroblasts
Insulin-like growth factor I, III Fibroblasts Retinoid I, I Preadipocytes
Interleukin-1 I, I Fibroblasts Tumor necrosis factor-a I, Il Fibroblasts

I, I Synovial cells I Preadipocytes
Leukotriene Cy4 I, III Fibroblasts Tumor promoter 1 Fibroblasts
Malondialdehyde I, III Fibroblasts 1 Epidermal cells
Schistosoma mansoni I Liver Tumor virus I, Il Fibroblasts
Thioacetamide I, III Fibroblasts Vasopressin I Hepatocytes
Transforming growth factor-B I, III Fibroblasts

I, I Hepatic lipocytes
Tumor necrosis factor-a I, III Fibroblasts

I, III Adipocytes

Aol F7Ietel o= a chainolgl b 7] chain
lysylZ} prolyl residues®] hydroxylation®} hydroxyl lysyl
residues®] glycosylation 52| posttranslation 35 A% F
v ZSAE Aol triple helixS A3} o] = v|A| LS
Sl AlE o= Fu|EAL Al WellA collagenaseol] 2]zl
alEck Az o7 FulE AFadde esy B3
& 2YAo| I3 lysyl oxidaseoll 2]3l| lysineZ} hydro-
xylysine side chain®] aldehydesE- 346} o] aldehydes 7t
9] 3%, = wiple helix 7+ FHAEE ol Fv 2ETT
e Ax 9 /“-‘r’r(ﬁbnl)—‘ HAg) LutA 0 2 triple helix
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& ©|F3L o|F lateral?} end to end -3-7F](aggregation)2 5-3f]
2AA A5 Al o] ECMe] F AR o= A
SHAY collagenase 5oll ]3] B!
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matrix metalloprotease (MMP) o]z} P——ﬂ— o]
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x

= = o
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2 Bl stromelysin (MMP 3, 10), 43 2935 Bl
© 4% collagenase (MMP 2, 9) 5°] 3L FF ZHA]4HA
o} FHAZAA YR} 73} wolle o] 52 Aol

sk, AAEAQ a-macroglobulin?} tissue  inhibitors
of metalloprotease (TIMP) G-o] 4 shel 7HAAA| ol 4] A
Axa 2L Bal7) gaste] A afd-e] Sl

e e’ 22 283 AEE AT, 2E A

X 7]%5S =743t} Fibronectin, laminin, vitronectin, te-

nascin, undulin, thrombospondin, osteonectin, elastin 2! nidogen
(entactin) 5°] &¢vA 9t

1) Fibronectin

Fibronectin 450 kDe] Hehuida galoall = Aq|E
fibronectin J 2 FEAHgl}. A|E fibronectine ZPA-S AZE
of] A7) &gt o] 2]el] ECM &Adell Fofslal collagenase
9} Aglslo] 7lee AR, AE olgdt ASANE gk
3}8ka24] Q12K chemoattractant) @] 7|5 ZHar Qlck. =gk dxb
fibronectin %JA] 3-3L, opsonization?} ZZ|AHAY Gl Froiict

Fibronectin =&+ integrin 7 % 3l}o] 3L vitronectin,
st 2709 sub-
unit, & o2} [ transmembrane heterodimerS -4 gHch(os3
1. Integrin chain®] A|ZA W FAEAZE vinculin, talin,
fibulin G-°] ¥¢#JA 3L tenascine fibronectin?} 73 Rs}o]
Azsle) R ol

Fibronectin> ZHIAAIE, 7HAIZE 9] FEFEINIAE

fibrinogen, laminin, thrombospondin 53} 7
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2) Laminin
LamininS lace®} 2 AAFZE 33 93 b2 ECM
= IARATE dE8E =t 53] 48 294, nidogen,

perlecan 53} €A 71A2E Ak} Nidogens laminin
ALt 4ol 3 48 YA sheetE: AAAIA FaL
petlecan< lamininol] F-&t=]o] = HelE sk ) =Y
Englebreth-Holm- Swarm (EHS) mouse tumorol|4] A &
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SollAl AAE S, S ol AR F 2
oA F2 F7ksta R wels Frheke”
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gocytosis) S
AT

3. = 2H2=2l0|ZHProteoglycan, PG)

PGE SAchulZ o] Hatrlo] 9l ofd] el glycosa-
minoglycan (GAG) A2 o] FolA Sl EHZA GAG 4
Fof] w}2} heparan sulfate, dermatan sulfate, chondroitin sulfate
1) keratan sulfate 52} nonsulfated hyaluronic acid 522
Farel A4 7boll A= heparan sulfate”} 60% ©]4 XFA| 3}
glor} wHA 7FA3lollA:= dermatan sulfate®} chondroitin
sulfate”} Z7}6}3L heparan sulfater= FtHZ 22 50% o]st=
4t 77 Holl A= GAGT}E <F sull o] oz 7))
ZHIAAE So] AAFSEAL decorin, intracellular PG serglycan
(dermatan/chondroitin sulfate), basement membrane PG perlecan
(heparan sulfate), interstitial PG versican (dermatan/chondroitin
sulfate), transmembrane PG syndecan (heparan/chondroitin
sulfate), biglycan 5©] <&A v}

Ml x
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T3t = A9k (lipid droplet) S Z-3L QoA vitamin

A storing cell, fat storing cell Y= perisinusoidal hepatic
lipocyte 522 E2l2rh

A oA = 3, 48 2% 7‘3'/} laminin 55 Ak 18
YA Ae) A shork, S-S AT T2
E Soll ] o3 o2 Ao|E7IloI Akl o
ol A58 Wrom platelet derived growth factor (PDGF)2}
TGF-B3,9] 8417} wdsla, o]} tlEo] 43 collagenase
£ THlsle] AlZ FHE FH4a e 7IATe SR
o b e 2 FlAle EOME RIS S5t 2t
2 oAtz ofdl FlAlete] 4 HARAEE LA
A 71} A 3kEl 7PN EE 22 A Aol At tigk uke-
& Z/171% 18 294 Be) BV AR Z7HA70
ARR 18 ZAALE A AEE B 5 24370
olflo|=  collagenase®] JAIEA2l  g-macroglobulin¥}
TIMP %g /U—]/H‘: éy}/qﬁ 7:1-1,L 7}/{-! Og}/] 2/&1 oﬂ-sl—.#
o) sk x7)o] £A4kE Z)A e 13 29 A3} fibronec-
fin 0.2 OjX)5 3, ol Slefo] Ex keIt Aok
EAaste] 98X o} AHEL 75 ol As}Elet.

AR AN EE T4 FA E (myofibroblast) &3 el
9] A& wislslo] dulgzLHEl(o-smooth muscle actin)
I} e A|EZA A A cytoskeletal filament) 52 At
v AS SHrslal Qe AasA o] Zha oy &4lyw
v 3% AR A ZZA WA rough endoplasmic reticulum) 4=

AL walth. o]} aATslo] FARM Fule] Agshs 7

gAY, F 4«] Afrehe A A E(portal
myofibroblast)7} gddtvhs Wik Qlek e LA
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Table 4. Cytokines Related with the Proliferation of Hepatic
Stellate Cells

Platelet derived growth factor
Transforming growth factor-a

Epidermal growth factor

Insulin like growth factor

Heparin binding growth factor

Hepatic fibrogenic factor induced by CCls
Hepatocytes conditioned media

Kupffer cells conditioned media




FEAH o] %1014“4 TGF- [317} walsla o2 sl 7R
A7} GA43kE ], GAskE 7HA 3
] Whdsle] 7RIS AMHE TS sl okegte] R
P2 5 ook w3t ZHA|ES} T AAEE FA st
AredstebaZ x|k 79l ZhAlES} 143 1919 7H4
A EE 2 hd FAR7E 2 A
A A Ae FAYE 5 I’ BA uiekA 02%
fetal calf serum AEE Z3S AlRkE ot 7HAAAE7}
Ao FAske 2 Wl ole THAIEAA
28] %)= insulin-like growth factor-1 (IGF-I)ell 2|3+ Az}t
THAE7 ECME AAsHE FAZeE AE 9ot o
Hrle ZHYAAIEZE BCM AJAEe] sl AA| o] o] 5
BA3shed] ZHAIET) G3Fe vk Zo)? HAo|t,

3. FHME

FHAEE &5 W doldx] F93) A sl &4
W2 THAIES ARRgsle] &Sk interleulein-1 (IL-1),
IL-6, PDGF, TNF-q, TGF—BI, type IV collagenase 5-& F-u]s}
of 7493tol] Tofde.

4. SRAHTUNIIMNE

E_ =Xe)

°n-'

d

FFNIAEE Zd THllHe H(fenestrae)o] )
o] 71"t 8l ZRAIZ e} o] F3l A HAREF A
Yxlu] Ao] 7} FhAEo] It RAE RS s
TR 4 o] AP 4= ). o] ZHAFoll+= nonsulfated PG

hyaluronic acid®] S717} ZFoddhu},

AIO|E72I

1. TGF-5

TGF-BE 25 kD9 E2 24 latent TGF-B; binding
protein¥} 73¢+slo] inactive latent FEfZ EH| =3 1, 48 2
U4, laminin, decorin £2] ECMZ} Z3tel Ael 2 Exls}w]
o714 Z};"ﬂ ﬂﬁﬂ % ‘435}5]‘;]'
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mRNAE 71713 ZHAAAA A TGF-B, A4S Abs
2} (autostimulation)sle] Z7}A] 71},

TESE collagenase A3AHS ZHASEAU, collagenase A E2
g S7Vsle] adAS FVHAIFIA Sl A AlE
oA ZEoFy]| Al A tumor necrosis factor-a, TNF-a), IL-13}
PDGF 59| A4E S7HA171m 2+ 3A1Zel thst PDGFe]
s 73kt

vlo]2] 21} schistosomiasis 5ol 2|3t 35 W3} Aedst

4 5] SAEol o3k Widl uf] B ZFrletar, £3] wlo]
2 AR A QIEHAIE Fo] Foll TGF-BAI7} FH4
a7

2. PDGF

PDGFE 30 kD E4=24% AA, AB, BB formo] 9laL
170180 kDS F84lae, af, BHS A} PDGFE
TWRARES] 71A 7bEgr ZX)eizlg S Kﬂ}: = /L_\ﬂ,
FERIEFNIAE, FILAE SollA] 4= fibronec-
ing PG AN F7HAIRIC w2 oAz $A3E B
3l dFuhg= ReEAFIck

3. TNF-a

TNE-o ghlg) ciA Al Eol| A Aabs| 3 [L-13} A|E
Z 2 A=-9 A (colony stimulating factor, CSF) 23X+ Z71A|
A meo] dZnle S guly h;}% YA L] =418 A=
sht A A7k AAbell taliAl= oF =rke] WAL
collagenase$} PG AJAHS S71A171c)

4. IL-1

IL-12 gkl A A ol 4] A= 3 CSF AAHS =71
AlA dAAE 22220 ZA3E FEvh TGF-3,9] A4+

Injury of — — —  Activation of
hepatocytes Kupffer cells
VL T TN
| TGF-B;, — — TNF-a. — CSF
} 2% Lt
S A

Hepatic stellate cells +— «— <— PDGF

|

Extracellular matrix

Fig. 1. Interrelation between cells and cytokines in extracellular
matrix production.

TGF, transforming growth factor; TNF, tumor necrosis factor; CSF,
colony stimulating factor; IL, interleukin, PDGF, platelet derived
growth factor.
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Table 5. Oxidative Stress

The offenser The defenser

1. Oxygen free radical; superoxide, singlet O,, H-O,, OH-, 1. Enzymatic antioxidants; SOD, catalase, GSH peroxidase

organic hydroperoxide 2. Soluble antioxidants; GSH, uric acid, albumin,
2. Phagocytes; NADPH oxidase, myeloperoxidase, haptoglobin/hemopexin

hydrochlorous acid, N-chloramines 3. Nutritional antioxidants, vitamin E, [3-carotene,
3. Oxidants; iron, copper, pollutants selenium

4. Transition metal sequestrants; transferrin, lactoferrin,
ferritin, ceruloplasmin

SOD, superoxide dismutase; GSH, glutathione; NADPH, nicotinamide adenine dinucleotide phosphate.

ARe] AAE Z7HA719 TIMP A 7let 28
AAo] F71k

5. CSF 1. SEEENRL ST
CSF+= AJAkst= All3Eoll whe} granulocyte macrophage CSF Nitric oxide®} relaxin 52 dI=AA|= 4§ d37t
(GM- CSF), G-CSF, M-CSF S22 HE&F3tch TNF-a} IL-1 931, norepinephrine, angiotensin 1T 2! endothelin-1 52| J2t
Soll Slal Aol Z7hel CSFE MRS BAHAA % SHAE ZAFIE A o] % angiotensin IR renin-
Z Aol BRI FH|E HFAIAZIL o] ofe] Ao]Egt angiotensin I ell Frofsi=vl, o] IF3 AAPH A3t
olo] A AAS Aelshdd Fig 13} 2} = 3AFE X3 angiotensin II:= G5 Alo|EFQle] Hu| &
FRRNAA 78] 1% frdellie tofste] THAAIEE 24
A._I‘i}ﬁEEﬂﬁw'n'zs $}X]7]a1, o] I}l NADPH oxidaseol] ]38}t radical oxygen

species (ROS)9| A§4to] shofdit. wheha] Azl Alhs]aL gl

2177 (free radical)= &]F-HAIEol #S o] FA X3t A < angiotensin 1T receptor blocker 5-°] &G4l 249 715

Z}% ZEa Q7] wirell vk A ERE AAE ““H°L°]' & Aol A
2= A3l Aol Stk ool visl gAkskAl=
2. Adipokines

Z719] Ak ZEATIAY Felzrlek Zdtste] ;4174"}
th o3t frelzbrle] A4t AlAC BT el okA el Hkskte] AAEE ob FAARE F3l lepting 4|5}
Z717F ol  uff AlEu 222 AStAEdE WA F 3L, lepting: Algslioll ZHgsto] 2831 AlFFTtol o
th ARStEd 2ol W3l 3717k} WolAE el 3]+ anabolic substances wHIE A7, A 85 o Als)
tH(Table 5). + catabolic substancesS Z7HAA A=k AFE FolHv &

7] dde g AAE IS AMH0,) = $HEE Aol 28 314 =k Leptin 7HIAAEZ A 3hol] Folsla 7+
T2l o] 23 4h477] (oxygen radical)] Eg& Wrof 3= AGAEE 18EE Ao dHfA e, i caTt
AZE7 (hydroxyl radical) & A gke}. o= AlZwtel] 3l vk A shAellA winbe] THAFERe] K-S fribele 71A
S Z 3R Hpolyunsaturated fatty acid)@} ZAgtste] 223} leptinol] &gt Ao2 Ardsla 951 v|LI-EA|W7edo] A
AeE o] F3 thAEZQ malondialdehydet} 4-hydroxyno- 43} FANE Toddlt) Leptine EF ok T u) A Fol|A]
nenal 5 Al W} shillZolu} DNASE Adtsle] E45 F TGF-Br= S7HI7IAW, 1+4 o“ﬂf-j'—% R R
I AR FHAY] AAES ST 3t PPAR-gamma ligandQ] thiazolidinedione A|Al= w]wk

A7 o] [AQlell o3l ASt-Ed~E vHbom Az A] Teptin WS AABl= Aoz 44 e, 2H

QA FARS] AAge] S7klER ASt~Ed e 14 AGAE7} L&A leptin 80| S7F8Fal PPAR-gam-

T

ojft

sko] Fe3dt A9 F shjolrh 3t cmyb = NFkB  ma ligand7} o] 5 AAlste] 7HAR3HE A3 7hs4deol 9
o] AARIAT} AGAE Al stol] Frofghet” k. Adiponectin®=. A2Hs AAltE 2= geiA Qe



3. Cyclooxygenase 2 (COX-2)

TAGAES] BAS THgell cox-27h L 2
COX-2-prostanoids A1 Z AL Algo] 7HAGAES A3}
Aol ToIde AT} GAQE A ZA] COX2 AAA]
ool thelAl= oFF] =xte] glem ool 3k 77t 21
& Foltt.

L =

HA & = 93, A A3 wkel o] A8k AR
AR A7t AGEE 4 e, 8L ¥
Al A ARS AERF HoF7] o A

b RS
o), &4 AA 55 A=3kaL 3l Fibroscans 2%
o] w3l A = (elasticity)oll Wt 259b7F A== 571
o2 Aol Zelslo] g W o2 A, 7] 4 B9 &
ol Al 27zt A3 elasticity 2] H TS AR A3 gro g
A AEE A% A7 9 A 7149 v
ste] fAksltRE A7) at, Tl Fulell A% Ajegskar
ct.
X ZA= AST, ALT,

30

dagh Z2ERH] B9, vGT, «
2-macroglobulin, apolipoprotein Al 58] 245 Z}7F =33}
o Bk o 7kA] AAe] 7K ZAIARS} 1, 3, 4% 29A
3} P EOM EE o] WAFE, Af-Lalie} #E MVP
s} TIMP, olsh Falel Aol E7}el St 2e A7 EAA}
el 93 AAte 2= AP} 9, GAE el vk =8
ol Adielel S ¥ 4 ek

x| =

ARZE 719 RAlZA A%HQ 1453 74
o Als 383 4 gla, el uzkedEel gl

P P e
glek. obe SEelgt Ak g AEAE ALEA eske
U 729 GENSS ke AL A, PGAE
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