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Short-term Effect of Iron on the Hyperplastie
Lesions of Chemical Hepatocarcinogenesis

Young Nyun Park, M., Woo Hee Jung, M.D. Soon Hee Jung, }M.D. and Chanil Park, M.D.
Department of Pathology, Y omsel Universily College of Medicine

This study was undertaken to elucidate the short-term effect of iron on the hyvperplastic lesions of
experimental hepatocarcinogenesis. The Solt-Farber's resistant hepatocyte model was chosen for the
experiment, and Sprague-Dawley rats were divided into six groups: normal contrel, iron-rich diet
administration with or without hydroxyquinoline, carcinogen administration, carcinogen plus iron-
rich diet administration with or without hydroxyquinoline. The iron content, microscopic changes,
bromodeoxyuridine(BrdU) labelling index and the DN A ploidy were studied. In the carcinogen
administered group, oval cell proliferation and consecutive hyperplastic lesions of hepatocyte devel-
oped regardless of iron administration. The hepatic iron content was increased remarkably by iron
administration, but gradually decreased as the hyperplastic lesions developed in carcinogen
administered groups. Although the administration of iron without carcinogen induced hepatic accu-
mulation of stainable iron, the hyperplastic lesions appeared to be lack of it. BrdU labelling indices of
the oval cells and the hyperplastic Iseions of hepatocyte were very high and were not significantly
altered by iron administration. Most liver cells had diploid or tetraploid DN A content, but there was
an increase of diploidy as the development of hyperplastic lesions regardless of iron administration.
The results indicate that the chemical carcinogen-induced hyperplastic lesions of hepatocyte do not
accurnulate iron, and that short-term iron administration does not affect the development of
hyperplastic lesions and their proliferative activity and DN A ploidy. (Korean J Pathol 1994; 28: 569~
583)

Key Words: Hepatic carcinogenesis, Hyperplastic lesions, Iron, DN A ploidy, Bromodeoxyuridine
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A(initiation) -F#EAe|c”, =g F3<tA(pro-
motion)E fitdleE Ao 2+ phenobarbital, CCl,
reaztdAs 5ol 4d U Ag4 AR
% & (resistant hepatocyte model) 4l Solt-Far-
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it DEN<| 2j#f] H3Eg k4 =2 4HaE Fa47]=
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o] zjopEA ] SAukr] A Aol ch, Fle] H 2] o
Aol 4 3o Yojuiy AFr|HA T 2oLzt
Fubsle] zhAlE ale] Zels|v Axtx oz lz3
o] M58 AT o gl 2okFe] gAY £ g
o =4 HE Be AR 43 4]l S5
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Bi& 25% ferrous sulfate{(Sigma Chemical Co.,
St. Louis, Mo, USA)E ##d 4el2 AL&8lde
o, [-C7#2& 25% ferrous sulfate®t HQISigma
Chemical Co., St. Louis, Mo, USA)& ghwdF 4]o]
2 Apgdtel, 165, 185 o 235 F 5uled wakal
Hch

spapukels  Hofgel (I o33 Fe] Solt-
Farberwsj =2 33 3lglct, 5§ DEN(Sigma Che-
mical Co., St. Louis, Mo, USA)E 5% A% kgt
200 mgd del4daed 5o H7HE Foda
DEN 5ed 23 H5e AAF(Sigma Chemical Co.,
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AbEabgch AAFSo A1 33 Tolde] 8 213 As
% Ald#sle] o] & A 035 slx 34, 15, 23, 3F,
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W
A%

DEM(200 ma/kg) Partial hepatectomy
_ + 4
| — — S S : | | -
-15 -3 =2 =1 0 1 2 3 4 8 weeks
A A A A A & sacrifice

WS N-acetyl-aminofluorene 0.02%
DEM : Diethyl nitrosamine

Fig. 1. Schedule for drug administration in carcinogen administered groups.

7] 125 ALE 4472 25% ferrous sulfate
7} #73 Yeol2 AE3gley, [I-C#& 2.5% fer-
rous sulfates] 0.8% HQel -5l 4ol Ab&sbd
HFig. 1).

2) WHESEY @ U 4 A7 3 5o
Alakgl A5 7L 4gE dgles, DNAH 7
HEE E2 s Yl AdEFEE = 4E0 2431
Holl EF MEHE m*t 200 mgel bromode-
oxyuridine(BrdU)Sigma Chemical Co., St
Louis, Mo, USA)E 5% Zxc} & 250cce] =
me]FYe| FUsisich 3 HEdhd fokaiql W
5 Hasig o

3) ZhEEW 3 MY 8F: A4 2tz gi &
Zhdell @ar 7pd 7lellA] E7hy qke] A RE Aza4)]
F ErhE ssZe] &7 400°Cell+  #H24) #Hel
iy Mg Aol 43F C-HNO; 2mlg 4
cha] 7l 7| el ghda] H=42)2 400°CHA 2 3
AlHet, AlErh WMoz slds Hasld A2eofs
A8l £ 5% HCl 15mlE #7beled o2 (Filter
paper No. 42)8l 2 25 ml volumetric flaskel] §&
¥ of4] 5% HCIE 3¥7lele 25 mle §3 & 93q
ob, HaAge 332 =H(Shimadazu AA-650, To-
kyo, Japan)® # EZ£<4(5, 10, 20ppm)s H=2F
FEE FAEA FRAE AHHEln o] ekl A
dled 4B folo] A FEF Y9

4) Zte| RAYHEQl T ESH M4 7l e 9y F
10% F4 formalin®<eo] naldln ale}ale] ofs)
of 5~6pumFHg <45 FHE wE o2 A
g w35 928§ hematoxylin-eosin(H-
E)d Wz 3 =48 8794 Perl's Prussian-blue
g Ao, Sy 98 27 H4 peried-
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Hil FHEHUE o &b

5) Glucose-6-phosphatasec] [# A XX !I
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o] E-ated odE 180°Cel4 2 a4z 15*~
20 pme] A2 9t Ele] Sele| ol abg) g 2
modified Wachstein Meisel medium [0.25M
Tris-Maleic acid buffer{PH 7.2), 5.0mM M gSO,
7H.O, 5.0mM PbiN Os);, 0.8mM EIUCUEE'E'DhD‘E—
phate E3k= Joil @ 36°Cel 4] 208 3F 9247},
10% F4 formalinsl 4 24§ o2 $458z,
0.5~1.0% ammonium sulfide 8oz 2g &
4| wrdled balsameo s £9lstec)

6) BrdUEX|ME &Y : slezle] o5 =27
= o &dle] Wzt ael Fad=al #a]zE
F F avidin-biotin complex(ABC) kit({Vector
laboratories Inc., Burlingame, CA, USA)E A&
dted G4 5ldet, # BrdUekf~ &4(Dako Santa
Babara, CA, USA)§ ¥a#4dZ 343 amino-
ethylcarbazole® %4slsie™ hematoxylinez
chzod A 8o}, o)A &8 Balgl a8 o) 5
A ozt W g Faale AE 50048 Mo 3 oo
o] & BrdU#sle] 945 4ze] wirigs i
BrdU# a4 2 g},

7) FMEZE&H(flow cytometry): 4148 =% «
48 10mls] RPMIs=] 7} Eolglys sl=a)d s g
o F3 AlAe] HEr) FRE5EE No 20 T2 A
o] H FGelg eHEelch Pepsin % RN Aase
(2.0 mg/ml)W orthington Biochemical, Free-
whold, NJ, USA)2} alefz wbf-4)7]2 42 ] ~3x
10°70 /m1E propidium iodide(l : 200 =2 <)2} yb
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Fote® AT + 3l 279 AAL A=A Y
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2. TE=EFHY E #3Ee HS

A4 da2Fe k=AW A ke Az god AT
T33pgelyon =zZbza & #ekd Table ] w EE}
et daz F S Fo4F% AS A d=dud
22 Y Hake] goten, 58 Mg 5% [-BE
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2 oA 3 3Y o 13 AA dl2Fol v A g
ge] FabecHP<0.05), 2F o] Fele H4 dZ=F
ul=abd ol [I-Bv] A #skd d=F9 [-BF2 v
Ay i yglew [[.CEdlMde 3 g7
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3. He|EEEE 4
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Fig. 2. Surface features of the liver in carcinogen
administered groups. A: Granular surface of
the liver(4-week after partial hepatectomy).
B: Numerous small yellow-white nodules(8-
weelk after partial hepatectomy).

Table 1. Hepatic iron content( pg/g wet liver weight) of the control groups

Weeks of iron administration
Group
0 16 18 23
3
[-A 73.3+£840(7)
I-B8 251 .3+093%5) 228.8 £16.64%(5) 21 7.0+£50.92%6)
I-C 546.4+30.47(4) 57T1.6126.32(4) 4304127 55(4)

( ) Mumber of animals
Values are mean + standard deviation.

*Significant difference when compared with the respective values of [-C(P-<2005 Mann-W hitney test)

— 372 —



—uhodnd o] 3al: 44 AT 244 wels) Ae) e

a2 AL [-BFuc ¥ HQE #Y Eo4) [-
CE=H watz 3 F«73le] 245 o "alsizic)
HE Ade] G MEE S AR FalLdE w
Hov FhA 29 wid 9 ghie Hale|glnm HfHs
gl el et

Shababebal] o Tol A& whel g L2 247} 314
E FA4 we] dldgen Y A4 E o4zl

7 el mE FA4Y dule) gl e & ghEeo
A ge] FEHolglch £ 5 A 3Y F¥g £y
Hol UG L7 2487 A o], 153 7 234
£ Bl F5e] ez wdaAg Laue =
4stgeni(Fig. 3A), THY T4 FU84LE
o] mof fj7HE A Az Jibstget $¥ 03
A FE 3Fele Ak Aol gz FaHa)

Table 2. Hepatic iron content( ug/g wet liver weight)in the carcinogen administered groups

m———_

Time after partial hepatectomy

Gruop

3 days 1 wk 2 wks 3 wks dwks Bwks
[1-A 1G28=2462"(6) 1046+£637"(5) 683+ 7.19(5) 71.5+391(7) 75,945 40(9) G688 +8.08(8)
[1-B* 2445+ 70.04(5) 2925+35.77(5) 171.6+£3592(5) 811 +587(5) 76.1 £2.60(5) 1102 +£]1229(5)
I1-c* 37309£111.47(7T) 178.0+£18.30(4) 1853+2466(5) 243.0+3395(5) 341 4+ 45.995) 247.9+32.20(7)

( ): Number of animals
WValues are mean tstandard deviation.
1) Significantly different from I-A

2) Values of 3 to B weeks after partial hepatectomy are significantly lower than the respective values of [-B

(16 to 23 weeks)(p<0.05, Mann-W hitney test).

3) Significantly different from the respective values of I-Clp<0.05, Mann-W hitney test)

Table 3. Degree of oval cell proliferation and hyperplastic lesions of hepatocyte in the carcinogen administered

EToups
—— = — .= e a———————— e

Time after Group No. of Owal cell prolif HL of hepatocyte
o animals + 2+ 3+ 4+ 5+ 1+ 2+ 3+ 4+ 5+
Jdays II-A ] 6 (] 0 0 1] & 0 0 0 ]
[I-B ) 3 1 | ] 0 5 0 0 0 0
[1-C 7 7 0 0 1] 1] 6 | 0 0 0
lwk I1-A a 2 0 3 0 0 3 1 l 0 0
1I-B 5 4 | | 0 0 3 2 1) ] 0
11-C 4 2 2 1] 0 0 3 1 0 0 0
2wks I1-A ) 0 2 1 2 0 0 2 3 0 0
II-B b 0 1] 4 ] 0 0 ) 0 1] 0
[I-C 5 0 5 0] 0 0 0 5 0 0 0
Jwhks II-A 7 0 ) 0 ] 0 0 fi | ] 0
II-B o 0 3 1] 2 0 0 2 0 0 0
11-C 4] 1) 5 0 ( i) | 4 1 0 0
dwks II-A g 0 8 0 1 0 0 ] 3 0 ]
II-B 5 1] 3 0 2 0 0 2 K] 0 0
-C ] 0 ] 0 0 0 0 4 | ] 0
Bwks I-A 8 0 6 0 1 0 4 3 0 1
II-B 5] 0 3 0 1 ] 3 1 0 1
11-C 7 0 3 0 4 0 0 1 5 1 1]

Frolif: proliferation, HL: hyperplastic lesion, PH: partial hepatectomy

— 573 —



—cghd e kel A 28 9 M6 E 1994

2
i i - oh
s

s HE T o

:1:!_;,‘_1'{- A

“

$ i
A ke

o

Y - ’

Fig. 3. Proliferative lesions developed in carcinogen administered groups. A: Oval cell proliferation with insinu-
ation into the hepatic lobule and a basophilic hyperplastic focus(arrow) showing close relation to the oval
cells(l-week after partial hepatectomy). B: An eosinophile hyperplastic focus with abundant clear and
eosinophilic cytoplasms(4-week after partial hepatectomy). C: Hyperplastic nodule surrounded by prolife-
rating oval cells and fibrosis(8-week after partial hepatectomy). D: Cholangiofibrosis found in the group
with administration of carcinogen and ferrous sulfate with or without 8-hydroxvquinoline(8-week after

partial hepatectomy).

Z4e] pAsgden] 438 45 GHHAE F
fz ske dfdeh Slsid, AL T4 F
g8 EFeisr] A 2babaan, 83l TAE FAA
Hel S5 e FM4 o GHlEA e
AN E g e F|Fez o] 2t T3H2] A
o)l & Almigolel Il g} Fojed oo 4
g 245 Ael 1+, Adddef S FAE
e HeE 2+, T FYo fabeld-E sl AE
L o3+, ZhAE F4EE Fede He] Yol
HaEle Ae o ode] o4 s ASE A
4+5F 5+ % shedch GRS Ee] FAHEE A W
o] ofHof A gle] [-AF, [-BF o 11-C#el
A w]<=#9icH Table 3).

THA|E 244 WMo 2 B4 T P4
T4 2 24P L-SYAMe| 22 hdsiaic
Bu zlas § 3dele g4 HHIER o] Fefal
e YEzFa wlart Tad ddsiegen [ F2 2
FolE 474 A2 FAHAA} of AAn 2 FA
b Falsfzwd s EEFE FEive s
(Fig. 3A). 29714 A2 S48 4o walzrles
Al ESe] B 28 R x e FAEHE B o
W A8 277} Fobitel ofe} ZA4b gkl £2] 8 e g
Edg slsalgdc) BE A F 330 456l o
f FH4 24 = ol Az e AEE
2 FAH5 E44 A2 F4AYss 2hgsiaiciFig
3B). #l1zkel A dgkell whe} oleddh wae] 2 Hat
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Fig. 4. Distribution of iron accumulation in iran and hydroxyquinoline administered groups(Prussian blue stain).
A: In the control group, the iron accumulates predominancly in acinar zone 1. B: ln the carcinogen
administered gproups, the hyperplastic lesioni{arrow jeontaing no scainable iron in conrrast Lo che siround-

ing liver.

Fosgia, AP FAYLt A4des e
d3gbdal & ogpelt 4% 1 mmel4d) $444
of rgsec, TARDEL ) @ RizEdd
A A EL Feidel gldles AZEL 9T F4

"':—'! "
JC) FAAE ANl AT e 2~33
2l i ZFe] ued EGFHE afgd el o glgieh
Al A4 e F-Tol 20 um~~500 gm 0l gt
&' = 1+, 230 pm =Int 24, 300 gm~1mm=]

2 3+, 1 mm~2Z2mm vab 44, Zmmeldal H5
T h+E use T by Arxale]g w|agt At

II-A Al §38 18A F 25 Az T4
el o4 e A ol 2ldlE 1-AZF, [I-BE 9 1-
CFael=l 2 o]t wlgicHTahle 3).

At bbb & Wil Rea [-Bes [-Ce 4
£ 24 A 5 836l Az TohEF 40b{57%),
Sobel 3 2ukRi(40% )04 A5 Sl e kA s
glovt gatuiela glERed Folsls 3 AEIT E
ot oleldl WA Gach 454 HaFAe A
F4 sl oyl ol o349 s HdrHFig 3D).

1. Prussian hlue H&47
1) tf=22| Pruesian blue¥AH A7 =4 oz

Tl Prussian blues-i4t B4el4ie} A&

gk Bt 1-CavellAle 2z Kupffersl 2
ol Eedes] A4 H S 4 o5 qlud, 2
& ¥eig BT F 1657 5§ Al s,
T2 1y bz ] Kupffers Tef s H 4o
mebelA] FEAAYm 1857 Fedaels o Ey A
&ale] fFelqh bgdao z ulsian] 2332l Fola
ol FE L) AT E HHe ofd FobsElAd
. oolel zellelHde KupfferdEe 3 2o 7h4
Y Halleld ZasEgol A HQE ## 2oddl I-C
T F laFa Bodgl 2gse de] F2 21z 142
T TollH e Igadle s Sagqon] & Kol
THE Fobel =) ZEE BoPeb 3o | Ze HE
Ay n Kupfferd To] A 23 4s o 335 F
#rEl ol (Fig. 4A), Kuiferdl£s 3 3H3te] ghis
A0 1dly gh4d] &2 F g FHwd, diaEE
A 4 dxF Sciotw%# Fl(Table d)sl wfg}
) ®%l 7= Table 52 3=} Ferrous sulfate®
HGE 3858 [.CFell 4] ferrous sulfarent $od
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Table 4. [ron storage scoring system by Sciot et al™

Hepatocytes

Kupffer cellsiKCs)

Portal tracts/Septa

0: no iron

1: fine hemosiderin granules
focal distribution

2: fine hemosiderin granules
(at least)zonal distribution

3 coarse hemosiderin granules
zonal distribution

0: no iron

1: nccasional fine hemosiderin
granules in some KCs

2: fine hemosiderin granules in
maost of the KCs

3: coarse hemosiderin granules
in hypertrophic KCs

(: no iron

l: trace of fine hemosiderin granules

2: scattered fine hemosiderin
granules

3 coarse clumping of hemosiderin
granules

4: massive deposition of hemosiderin

4: diffuse coarse granules 4: coarse hemosiderin granules granules

in all KCs
Score A O~4 0~4 0~4
Coefficient 3 1 1
Score B" 0~12 0~4 0~4
Tuotal score 0 1 ~5 6~10 11=~15 16~20
Final grade 0 | [1 11 v

1} Score B is obtained by multiplying the elementary score A by a coefficient 3 for the hepatocytes and by a
coefficient 1 for the Kupffer cells and portal tracts/septa. The total, scored on a scale of 0-20, is then divid-

ed into 5 grades(0-I1V).

Table 5. Grading of iron storage in the control groups

Grade of iron storage”

Group Weeks of iron adm. Ma. of animals

| | Il 11 AY
[-A 0 7 7 0 0 0 1]
I-B 16 2 ] ) 0 0 0
I-B 18 5 0 0 2 3 0
I-B 23 i 0 0 0 G 0
I-C 16 q ] 0 0 4 0
[-C 18 4 0 0 0 3 |
I-C 23 4 0 ] 0 | 3

adm: administration

* Statistical significance was determined when comparing I-B with [-C of the same duration of iron

administration by the x* test (p<<0.05).

 [-B7ach & e of giolen 54 165 %
235 S g FolH gegde el E Rgdp<
0.05).

2) sjetetetd| £oi22| Prussian blue g4
o FEbobdl g dEFoigl [[-ATe M= A &4
o] Zhale| =] ofgbet,

Ao ekl E Wiro g [I-BF [I-C3
44 Prussian bluesd 44t HH4E 44 wui 39
g A4 zhd 23} Kupflersl e o] 22z =
Mol A S3o] gieicHFig 4B). II-CelAde

WuFu o) Al 74 Lol H H2e] o|d mhels o
we| FElslA] 4 Elzicl, HE AlSEle] Feoidledx
FHHE F44 w2 Prussian bluedd Aol |44k
& ¥gow Y A X BFele FAUE, 2
Bl F44 s F ookl Ee) dfd chalgy
4 4% Prussian blued el §A4ub-&§& 3o,

5. Glucose-6-phosphatase &2 HE
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Fig. 5. Distribution ot the G6Pase activity in carcinogen administered groups (Enzyme histochemical stain for
G6Pase). A: The basophilic hyperplastic foci showing much less GEPase activity in contrast to the
strong activity of the surrounding liver. B: A hyperplastic nodule showing persistent lack of G6Pase
activity, whereas most of the nodules restoring the enzyme activity.

Table 6. Erdll labelling indices of hepatocyte in the control Eroups

Duration of iron administration(weeks)
Group —
] 16 1 § 23
I-A 0.3+008 ()
[-B 024005 (5) 0.3+008 (5) 054020 (6)
I-C 04014 (4) 1.540.91% (4) 1.7+046% (4)

Values are mean +standard deviation.

{ kNumber of animals

* Significant difference when compared with [-A and the respective values of I-B(P<0.05, Mann-W hitney
test)

. o H 7hEled o @ Ghdkalk E o SE i
I'l':ﬂl: i'-]rl'li]} |-+ '-"] nL |'.M-—51.. ﬁl’ PRESEH| Fod 2 6. BrdUEIIIIfT‘*
HAE A4 wel s GEPasefl4de] A£4s|q
o, F ZhA o Erlele 374 AR 24 Brdll 242 x gloza)sels odasl o] =

42 mEfabd welch g4 dxel AT 24 2
BrdU #AA++ %4 030)goq, Hut Seg |-
Ba#l BrdUXa[z]4= [LAZ2 o) sesdic. 345
HQ& i Feddt [CFolss Sods)zlel ofa
BrdU# 2| =7} F71sle] 1852} 233 Fofs] LA

27 @l sl G6Pase@4de] £45 247
et At ofa] gjdsle] oy Fab Az Z4dv
45 H4T P Zagddel S49ES e
FHAY TN E G6Pase @42 A% #is)e] £4

4 AdEg AS5Hs] F44E8E ¥ UcHFig 5).

GEPaseft4o] £ 4% wule PASH Ao 3te 3
Haez s gd4slglon) o FHe zdzs
w4 g ¥ol A =) epEA o As|eo)

Z % [-BEel vis] 2]ofglA EebeHp<0.05) Table
6],
Shatnbabal Fof Foll 4 bl F4]uiwe) BrdUs
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Fig. 6. BrdU labelling cells of the proliferative lesions developed in carcinogen administered groups
{Immunohistochemical stain, ABC method). A: Most of the labelled cells are oval cells. B: Labelled
cells are more numerous in the basophilic hyperplastic focus than the surrounding liver. C: Only a few
labelled cells are seen in the hyperplastic nodules. D: Cholangiofibrosis shows a very high labelling

index.

Table 7. BrdU labelling indices of oval cell in the carcinogen administered groups

Time after partial hepatectomy

Group

3 days 1 wk 2 wks 3 wks 4 whs 8 whks
II-A T7.0=1.25(6) 11.5+£2.69(5) B.7=255(5) 29+0.48(7) 4.4 +2.0009) 40=1_TH(B)
I1-B 15.7£3.52%5) 10.2+1.89%5) 6.2+2.03(5) 6.2 =1.56(5) 5.0x1.32(5) 48+1.27(5)
11-C 7425137 5.1 +=0.81(4) 5.4+ 2.09(5) 33+041(5) 3.3+£057(5) 48+1.85(7)

WValues are mean + standard deviation.
{ ): Number of animals

* Significant difference when compared with the respective values of 1I-A and I[-C (P<0.05, anova)

A7 45 394 ALl vlshed Eoke 24 gl
BrdUE A A4& chia Rt

FUFAEe BrdUEAA4E QUYAE T4
SR ¥ Al § 35 130l ¥stes 2 %

Hal a5k 11-A, 1I-B 5 [I-CFd=le & 3
ol7b flgled FF haA & 3% 159 BrdUR
A A 7b -CFellH of % Fudck(p<0.05)(Table 7).
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Table 8. ErdU labelling indices of the hepatocyte of hyperplastic lesions in the carcinogen administered

HTOUpS
Time after partial hepatectomy
Gruop
3 days 1 wk 2 wks 3 whks 4 wks 8 wks
11-a 49+0.90(6) 48%] B&(5) 5.5+0.71%(5) 25+044(7) 2.2+].33(9) 1.2+053(8)
II-B 34£1.31(5) 45+] 64(5) 3.5+1.33(5) 4.9+1.13(5) 21 £060(5) 1.9+£051(5)
I1-C 6.7 £ 4.85(T) 5.7=1.07(4) 2.0+0.36(5) 1.B+0.22(5) 25+ 0.67(5) 2.241.00(7)

Values are mean £ standard deviation,
{ ) Number of animals

* Significant difference when compared with the respective values of 1I-B and II-C (p< 0,05, anova)

Table 9. Ratio of DN A tetraploidy/diploidy in the carcinogen administered groups

Time after partical hepatectomy

Group
3 days 1 wk 2 wks 3 wks 4 wks B whks

II-A 0.2 0z 0.0 04 0.2 02

0.5 0.3 0.3 0.6" 0.8" 0.2
(Mean +5D) 035+0212 0.25+0.070 0150212 0.50+0.141 0.50x0.424 0.2040.000
1I-B 0.1 0l 06 0.2 0.2 0.0

0.6 0.6 0.6 0.5 0.4 0.4
iMean+5D) 0.35=0.353 0.35+£0353 (.60 £ 0.000 035+0212 0.30=0141 0.20+0.282
In-C 02 04 0.2 0.2 0l 02

0.5 08 0.4 0.4 0.3 01
(Mean+5D) 0350212 0.60 £0.283 0.30=0.141 0.30£0141 0.20+0.141 0.15+0.071

1) aneuploidy is developed in one of each group.

A dlzFe T Ee wlal] Fehed} oheld 4 2
BrdU# 22| ¢8 f= Satel(Fig 6A)NTable 8). =1
AE FA4Y 9w BrdUfaA4E <8+ 23}
olalriz] e B4 7hd A § 393 | 5 Zrlslglclr}
Hial FiEgled $474 A3 F49 el Al
®5teh, BrdUs 35 37]4 A2 244 E T4
fhe A EZE FollH ALAe oke| Az JE M T
A ze] FHAE volyr AEFHH FA=gc
(Fig. 6B). Z4l4 Mz FTalals o Falxdado] way
el wel BrdUEA =4+ aat zghasieloci(Fig
6C), ¥ A £ B2 [I-BFe F977F #s=t
Fodg [-BZEo 2 BrdUEz2 245 vxdervHp
<0.05) [I-C#4 BrdUZ=zl+= Z<d7z iz
HQ+ 9 iFeldt [[CFo vlxslgct AT S44
Hwlel BrdUEA =+ dz 2 &l #dFede =&
gegle Aol F Ho|A] fsto 35 A F 25
2 [I-AFe] II-B2 % [-C#=l d]8 & BrdU%
A A5 291k p<0.05).

A4 syt 24wEe] BrdUE=a|s 2y 7
B & B39 [-B+3 [I-C#ell4 == 1206+

1.9407F 1387+1.1198 59 Foly L85 gy
HAZ o FHE F44 Hele] vlsled FabeHFig
6D p<0.05).

7. FHIZ §97(2 Y DNA uisde] Hst

Hab dl=F 4oo} spetddald] FeolFe] zb 4 Fe
A FAA4 wWwe] st alA Yok N E 2ol HE)
ile] Rl EHH7|E B4Edch DNAvSN e 79
< EE Told F2 2 44 2 ol
Aol okibE Moen] zhFo] qugd] 2l 4
Z2] v|= Table 98 3o}, A4 d=F2] 4efl4/2
a4 2] w)e 1134059692l onf, Fahubola] Fof
Tell e F44 widle] whaldtel wa} fel44 A
T2 Fasln 2l A FTFo| Frheldod, & o
ool w2 Aol glodch FE 27 Jdeld= )
A2 F44 ae] of ghe] whAgF Ralo Y 264
A2 Fe wge] of 3.

ghalekals| clEFofFaq] [[-AFe|s Fakd 42
Ao 4o g A sl a f 330 430 o4
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Wiadel lofd [sglon) SF4HAe Yo 2y
i A FHEAl F BTl elsui4e] A=A g
steh, ol alade] ARl 2o2] 4ul4eA] /2004 2
il T4 0634 0.8%x, o dex rlE @
DN A4 2ws4elglct, shebdalast H§
Wrd @ II-BT % II-CeellHde olsuis4de] I3
5]z gkaket,

al &

e} diokAle) 3 A zish A Tl o
Bl Witz JdAYze F4, AHAE F44
W w Mg oaiEde] gloh WA EEL 4
g Redd B3 s spal e usgl 3
HE HEe, gabwaAE gl FAE o 24
4 2SS stddsichge] WA Floeg w
o] Gl ErL gpgdae] sa2y shgpade] ©
cpi e} AT F4A wele] qErEy sy
of HE}led = o4 HA4ie] gl

Solt-Farberdl & ol &% JHH«xe F43 7
A2 F44 dulo] bl gl dbe] HFa ghpiRale)
g 4hdsla) or] wf-fel 0 AL FA4 uiw
2] HedgrAE od7Erle] =g 2 dgely
% Solt-Farber#j & ol &4 73} H-EQ 44 s
A2 F43 A4 PHZ FA4 o] LAY
A, 27 FHAE FA4 el FY97|4 FA9 4
F TAEe AEZEe] UM T Y [HTY F
AMeE v olz|d £HL E F44 ay
of wHHlHA Lol Fallficls BLEHE ZFE =
ghute] AR el FAetn AzbEie], sfeba] a4
Te gz gt re Lalsbe FEE 71A
HA] DEAZY oz walcpEd oldle| HE zH4|
% %+ (hepatocellular carcinoma, HCC) &3228
W 7k EF A4 DA EAAL] sl A
7HE A EE W HEEe ¥ AE £
+ eled o] HMEEE cvtokeratin 1920 e
fetoproteins @ £ ofjah Ml bl Fod
efgl o} wiEdlcb™ aejoz gl#e] HCC= 31
A ze}l gz Fildle SEHE A Bely
LA 7| dFery FE LR FEg A
ol gt Al zhghe}

M E FA4Y Wy T 2] Yeg] SAAYLFL 4
ko] el w2} Hal A qidde] o £+ 238
4 dtgch, ole|d #Hae FAEHAES F OAEHo
i AEF FEE §49 A F45T Yoia] o
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v M E F4)4 Hwe 277 FrE e BrdU
FA Ay 288 Fag Aoz del A3 JEHE
72 FEelelr F4eie] wi=4] g Ae ehdE
% 4 ql=h
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