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Expression of BrdU and C-Ha-ras in Experimentally Induced
Enzyme Altered Foei of the Liver and Hepatocellular Carcinoma

Myung Sook Kim M.D, Woo Ho Kim, M.D. and Yong Il Kim, M.D.
Department of Pathology, Seowl National Universiy College of Medicine

Four sequential phenotypic changes including enzyme altered hepatocytic foci, hyperplastic
nodules, hepatocellular adenomas and carcinomas were produced in Sprague-Dawley rats by Solt-
Farber method (administration of diethylnitrosamine and acetylaminofluorene (AAF), and par-
tial hepatectomy). The immunohistochemical expressions of glutathione S transferase P (GST-P)
and bromodeoxyuridine (BrdU) were assessed for selective proliferative activity in the enzyme
altered foci and the subsequently developed lesions by double immunohistochemical staining
technique.

Immunoreactive areas against GSTP gradually increased from early period of carciogenesis.
Brdl labeling in such areas remained high during the first week, but decreased thereafter. BrdU
labeling index remained low in the GSTF negative area throughout the experimental period.
This suggests that cells in the enzyme altered foci keep away from the suppressor effect of AAF
in contrast to the normal cells in which their growth are inhibited by AAF. BrdU labeling index
remained very low in both hyperplastic nodule and adenoma which were prevalent during the
mid-experimental period, but increased markedly in carcinoma. The long period of low BrdU la-
beling index seems to correspond to the “slowly growing step of persistent nodule” during
hepatocarcinogenesis. The differentiation index, a ratio of 5 phase fraction between GSTP posi-
tive and negative areas, was low in adenoma-developing period and high in carcinoma-develop-
ing period. C-Ha-ras p2l was not expressed in foci of enzyme altered hepatocyte and hyperplasia,
but highly positive in carcinoma. This indicates that the c-Ha-ras may involve the late step of
hepatocarcinogenesis. (Korean J Pathol 1994; 28: 584 ~595)

Key Words: Brdl, Enzyme altered foci, C-Ha-ras p2l, Hepatocarcinogenesis, Double immu-
nohistochemical stain
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AgH o2 JbFE FEde WY FE Solt-Farber
7b A1 g4 gz eellve chrlzle] 2r|wiw
al Ml E(ELa) el A(foci of cellular alteration)®
H4A =22 & 7] od-Fel wel o5 gl e
2rlefd wabEaEe] gls] Fryl 714 4 E(initi-
ated hepatocyte)?t <& 47 A 9 A
g Al Ade Aes FHPHT glor) o]Fo] o
EHeoz wlgche AL Pl o e Zoldo)e &
o| 312 f¢=}. Farber+« olw = clale] s 22 32
ol o o] AEy 49 AL+4 A (persistent nod-
ule) 4| ZEube] b4 LotE S HUdlcln st en e
+ WHEA Fodel 28 A=A Aol E Yo A
B4 R EF HAE 2 o) 5o AlE F4e 2 gicln
F 385 .

#EHel 4= 42 hematoxylin-eosin(H & E)
Hlof A AAdwce}l ozl 32} w]kdl 278 He
ARl glon] HEHe wddale] wlal TR, &
4], 7, oy ERHERZ UE o4 oy 9
Heltys A4 22 gamma glutamyl trans-
peptidase(GGT)e +¥W*"2 glucose-6-phospha-
tase " adenosine triphosphatase? 74 ez
periodic acid Schiff(PAS) <14 =}o] 9442 e}
el dldza sldlsoz edld el glutathione S-
transferase(GSTP)#t S3d ez Jehdan* =
ras 52 F% FAA 4dE 23} GSTPE
ol dE v EY A gt Eaey oA 2 o4
WHell 4 4=+ steroidAl=l =84 FHE3 AE3F
o o] F& ERHHRAF A WAl F, #HFAGE
o Feglel. GSTP %4 A FEdHe|4E o|aled A}
A M2 FAAZ oM gle GGT %4 Hol4
o dagic)e Aldde] Fuis]et~n d¢gH Floted
o4 GSTP#F 24 #a=l2 de] o|&=lx 9o}

=4 2| Foll= bt glelelalbe] stz Fok F4
Ade] H5Hezr PESD gled o F ras F2a
2 4 Frhe @Ay zlAghAlel e Lo}
. dhes As'Wel 7| H b SEhse] e 2pEel 4
A Jepdede s 4] gl

A= htdols] H2zF AL Ba)des Yo s
‘H-thymidine$ °| &3 =Azpdapdsg pho] A&
dle gtot AP 7le] Ha wlals Exe] $Hed
WA Wy wqle] oHE F ome e
glch. Gratzner™ & o|2{¢l clg§ weldpds DNA
@4 MEiwg FAs= 5-bromo-2-deoxyruidine
(BrdU)& o] 8% 22w} oAl g sy
2 2 A= *H-thymidine® & &8 2 abel o 5
Gopiin slgol & M| Zde]bo FaAatgl GSTP
2§l e gelel=el] o|FHAde] rlEdeme

fiawe| 42 BrdUUg c-Ha-ras @8 —

H-E =4 #slsa] g 2749 g g @34 o
gl AP oz olAF 4+ Yo ulely wulwz
8% 4 A=F VA 4 v Ao e}

AaEE b 433 dalAela] dtalerw o
Efvte W Fa =343 Wil GSTP 44449
54 9w Ax 449 A= E c|FHdza e
8 zAela ras FH Ak wEHsr]E wgo gy
Solt-Farber 2wl«il4 2] &= wiqlaag Foldan
= #hed e},

Mz S U
1. AHSE W A

2 Ayl 285 Sprague-Dawleyd 3+ A&
o gda FEASA(MEA] Fep)els FoF dbgke}
Diethylnitrosamine(DEN), Z-acetylaminofluo-
renelAAF), bromodeoxyuridine(BrdU), pe-
roxidase-antiperoxidase complex, poly-L-ly-
sine, chloronaphthol, diaminobenzidine{DAR)
% glycergel® Sigma Chemical Inc.(5t. Louis,
MO, USA)lAM -Foldldn A4 ek 83,
biotinylated anti-mouse immunoglobulin, avi-
din-biotin-peroxidase complex+ Vector Lab.
(Burlingame, CA, USA)¢l4, monoclonal anti-
bromodeoxyuridine antibody+  Synbio{Uden,
Netherlands)el4, 2|2 biotinylated goat anti-
rat immunoglobulin® Oncogene Science, Inc.
(Uniondale, NY, USA)l4d FYUdlden anti-
GSTF #4#+= Kivomi Sato =<(% 2 Hirosaki ¢
el Al A Fedutel Al

2. al# Uy

1) ZHHIZRE T WY #F<] 150~200 gm=!
Sprague-Dawley# #3«|# Solt-Farber uw&
Heshe] bl ZobEg $kazg, AF 1 kgt
DEN 200 mg& &7bdel Fedala 253258 0.02%
2-acetylaminofluorene{AAF) &4+4z5 4371
FolgElael, AAF E94 88§ Soila) |55 28
244 A 5(PH)& Al#3leledl ether vhasio] A%
sl b Foldat #Hoe AAEE Fao Fashd
T 67%2 e AlAse e degdE i 23 4
0€(G0), 1€(G1), 29(G2), 34(G3), 54(G4), 1=
(G5), 27(GE), 3F(GT), 43(G8), 85(GY9), 165
(G10), 325(G11), 645(G12)e #tate o] 2
Fupel 3~Oujaly & Qs (Fig. 1),

ez ik DEN Fojsl ¥ ¥ztadqlee 493
# FEA AldgEideod AAF E44E of4l ddk
A8E T 427 [0Y(G0)~23(GE) =1t =}
T2 Gupee spgsieich §hadz) dEe HAE Y
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DEN PH
200mg/kg '
—t 4t o~ I ]
3 2 -1 0 1 2 3 4 8 16 32 64
whs wks whs whks wks
Group G0 G5 G6 G7 GB GY 10 11 G112
Gl
G2
G3
G4
Fig. 1. Experimental procedures of rat hepatocarcinogenesis.
DEN : diethylnitrosamine G5 : 1 wk after PH group
AAF : acetyl aminofluorene G6 . 2 whk after PH group
PH : partial hepatectomy G7 : 3 wk after PH group
GO 10 day after PH group G3 : 4 wk after PH group
Gl : 1 day after PH group 9 : B wk after PH group
G2 :2 day after PH group Gl10 : 16 wk after PH group
G3 : 3 day after PH group Gll 132 wk after PH group
G4 -4 day after PH group Gl2 : 64 wk after PH group
e w4 22170 Hel BrdU(Q0mM)E FF 3F A 7)€z GSTP skdwule]4st GSTP 44 F

1 kg9 2mild ¥z Fabepa e,

2) dHel==as HY: e Smm FA2Z Ze
acetone §49¢ 5¥¢3 =4 B3 benzenef®
Ew a7l o2 paraffinel £13 4 pm FASE %
by et 2HE =22 F4sq) whdie] mel H &
E <4z PAS o4& «dsn Fide]sez 3
& o,

3) HEEE s F@a: A =32 whefld
#Ae Az sea)g oOF 03% HO.E el
peroxidases A A4 wof WAy 9-F F
rabbit anti-GSTP= 30%3F 4939, Mouse
anti-rabbit IgG® *g|ska peroxidase anti-per-
oxidase® <44 F chloronaphthol® Wk 3% o
GSTP =44 «138 % o &efe]=F IN HCI
60°C ovenoll4d 1057+ Heldl mouse anti-BrdU
o wkS-4]7] ¥ biotinylated anti-mouse lgGE 3
gl#ld o, 2% avidin-biotin-peroxidase complex
2 4% diaminobenzidinec g i}y on
Mever's hematoxyline® <4931 glycergel®
golalgel gy F22 a4 rl(Leitz #AHE
AHEdlel zlz"Jd GSTP 94 £49 271§ AF
ghed cbg] AP M EZee|4e w1F(mm'/cm?), 5
A el AEolte] Ax(A/em’) el ME
wo|4e] @ ghdAd(mmt)E TEg . 2 el

9] 722 #Ho|zapz Hodsied o) FuWle] BrdlU %
A el 244245 sef BrdU #H=H<5(label-
ing index)# A wA|ls(differentiation index)&
TFibslch®, ZAASE A FAEZEF BrdU 44
Azdel ¢F Jehiie ddA$= GSTP 4454
sl SAvoe] ¥aMae w24 depdich o]
Kupffer A%, Ito A%, G942 oejn €34 W
PESSE T PR '

C-Ha-ras 94 whal =24 wsjztgl, £,
4 peroxidase #A#YE 74 ¥ saponin2Z A
HEz AA ook #HAE el 5 biotinylated
horse anti-mouse [gGell 4H&4|#eh ¥ strep-
tavidin-horseradish peroxidase«l =493 5 dia-
minobenzidine2 2 #1447 hematoxyline =
el dgl & Helxdeon P4sts R FHE
A7) 2 F 4] sl el

4 H o F
1. gt2| met +A

A#F He ke Sealzlog ghrbde] Fcokwg 2
down 22 8F(GO7AAE Solgh £43E U 5
gleich A4 A 325 el Bviel F 1=t==l4
105 mm =72 4 shFe] WHHUD F 3
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mm 278 F449 FHuly 2AATe] Foidct 2.
34 A Sedvk 43 100ty = delz2]| o 4|
H UEE Hald 4 gldem 215 BR gujag g
R AR E Az gl M Fig 20

2, e B Mo|AH 4

A ghel viebole FEHET[ AL P AR
Maronpat 5= <18 WNational Toxicology
Frogram ==iyidl €25l 24 4z 2r5y
2w Qoo wlel Institute of Laboratory Animal

Fig. 2 A  well  demarcated
grayish tan mass (hepatncal-
lular carcinomal is seen at- -
week 64 (Group [ 2],

Fig. 3. Basaphilic cell focus
(area) induced in the rat liver
by Solt-Farber method. Baszo-
philic cells are the main com-
ponent in this altered hepato-
Cy¥Tic [ocus. A pseudoglandular
structure is noted ac the center
af the field.

Resources(ILAR%] £H5 #aalgrh

-1} HIZ #ol&{Foci of cellular alteratinn); 414
edA(G2) ¥ el Ada A Eulol Lo} ole] Talla] v}
elil o o B E9.4 AFe T45]e] iz T
T HHAE rlaln gldeNFig 3. o] 4EzS2
PAS el 3tg Agdale o adadqd wgss 4
E2EE 7R defH S A TEET Ay 2w
Chvi=s

AE 717te] AAREE dedelre A o
7HFrba A F AL qhgsiA g Al ala)
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ol = 2Ax 2ol a4y HE(pseudogland =
+ oacinus) Wl o] weded ol Ad 130G
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2) @4|Z&(Focal hepatocellular hyperplasial;
o] B Sefa sl T4 ML e a2
Aol 189~22mm T4 ol=gla A7 294
(GEIYE 4R(GB)Aelol Sz T ddch o 74
4 #HolFlzy S3e T 7 =ag qetsiaal o
S 2AL Buagd, AL ol g4e gnes 4
zhe] A mpigel] wel T4 Al dde| FoEE
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Fig. 4. [lepatocellular adenoma
HAY iz well delineated from
the admcent Lissue by thin fi-
brous capsule formation.

Fig. 5 Atypical nodule (AN)
appears in adenoma at rhe
week 32 in a pattern of “nodule
in nodule”. The adenoma
shows  [ocal hvpercellularity,
hyperchromatic  nueclei  with
clear cytoplasm and scartered
mitntic fignres.

3) M RME(Hepatocellular adenomal 3kl £
AZg 2y A BGoSH debhdir] aiztale] 44
w7|el G4dFba]l oAeputo, o2 SFAE FAAHEA
A S Fows ghe b g4, ME 244 F4
Aak dadd FEa 44 eeldd(Fig 4).

] Fha s H-E000-1, 11-3, 11-5, 12-2, 12-h)
o A4y 44 wdnodule in nodule ®+= car-
cinoma in nodulele] zhME gzl ol&F TAEe
Ar=s AT FYas desc 207 Fa Ty
g a4 g 213 e AF Fgade] alg: Sabe| g
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4) I Egt&H(Hepatorellular carcinomal) < &
A 32F(GI1E 1el(11-2)8F 645-(G12)2] aedl(l 2-
2a, 2b, 4, 5, 6, 10) %3 Tolel| s ks FetZa] 2t
sl

A TN Eo v 8 ofFez o|dals 248 2y
Gl ool = 2al{l2-2a, 12-5)"3 32 M) ez Eabd o
2 Bala] Fledlded olE2] AAHE 4~18 mme]
et 2717 2 WP Hupel A Hads|e g

et At e 2o E At £S5y

Fig, 6. Trabecular type nf
hepatncellular carcinoma whi-
ch developed at rthe woek G4,

Fig. 7. Photomicrograph of an
enzyme altered focns. The nu-
clei of 5-phase colls are stained
with AR (dark brown color),
while the cyroplasm of the
focus are stained wirh c¢hloro-
naphthol {gray color). (Anti-
Brdl) & antl-CSTP double
stain)

. d@rlAEez 59 M LFe] oide|gin 3
ool MESE PP en A4y fEon F
2]sted glsl=HFig. 6).

3. GETP 24 F32 4= iy 5x|

GSTP a4 ®le|t+= chloronaphtholel 2]sha
AT de) s7Me sz dasges Brdll skdel §
A7 Axe] dlg DABs] gls) €& ez 2y
ol Zzb 4A e =9l (Fig 7). GSTP-Brdl o &
e weia| =27 2 A8 E27(G0~GR)e &
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gho] AalEtdz =2 o] Felle d4 e zztho
od g A #ele] v]m F4H3%E .

1) Al 2|2 e AP ofzFeld 2
GSTP k4l A Eue|ce Ad dawg 4lzde]s
wl &l zhzae] BrdlU FalAd4e ddAsE olm
stelet, Alegls Hale AEFeld Al 19« 0.2%,
39la] 1.3%, 59 2.0%, ol 23 ol 35l 25,
g el 222% 8 A4 Fr7HE Loy dEzFdMe
01~03% #Hs el = Feich Alzuiolis] Hash
wal g A#Fede AsHoer FAdHe 2T
dld e A2l 251k tebd(Table 1) 42 o]+
o Abced® Zz} ekabal w|sdlec} o] GSTP <F
A Wo| o Aol Frlrl Helie A FriEd
wo| Ao =7 FErlel 2gE o 5 sl

GSTP %4 wolAWe BrdU EAAsE 48F
A dzF 25l EAE F FA43 FrhEdod
o ofAle gle)dpd 2Ebck(Table 2). & 443 o

Table 1. Change of mean area of cellular alteration
foci by days after procedure

day Experimen Fal Control
grouplmm?) grouplmm?®)
0 0.02 0.02
1 0.02 0.01
3 0.04 0.04
5 0.10 0.05
7 0.14 0,03
14 0.32 0.03
21 0.33 -

Z2F 25 443 |qsde] 15~20%% FrlElH o,
A|7re] HEoll wel e 39 o|F FHY Fad
b (B8.5%0]8}) AgFolde 774 20% o4

50 -
10 —
5_
1.-
o——=0 Control
0.5 7 e——a Experimental
0.1 - '+
Ll 1 | | | 1
0L 3 5 7 14 21 g

Fig. 8. Sequential change of GSTF positive areas in
the livers of the experimental and control ani-
mals. The GSTP positive area (expressed as
mm®/cm’ total area) increased linearly in
semilo-garithmic chart in the experimental
group. [t remains nearly constant in the con-
trol animals,

Table 2. BrdU labeling and differentiation indices of proliferating cells in DEN-AAF-PH Model.

e — ——=

Experimental group Control group
Group
LI{%) LI%) diff. LI{%) LI{%) diff.
GSTP(+)area GSTP(-)area Index GSTP(+)area GSTP(—)area index
|l day 155 21 73 196 1848 1.0
3 days 224 04 2.4 6.8 4.8 1.4
5 days 21.2 4.1 5.2 8.5 7.6 11
7 days 25.5 6.7 3.8 3.0 5.7 05
2 wks 6.8 5.7 1.2 1.0 1.0 1.0
3 wks 5.1 33 1.6 - - -
4 wks 6.8 1.9 3.5 - - -
B wks 7.1 1.7 4.1 - - -
16 wks 71 1.7 41 - - —
32 wks 6.9 0.6 11.1 — - —
64 wks 4.1 0.3 126 - - -

LI: labeling index(% BrdU positive hepatocytes among total hepatocytes)

— 590 —



— s 5] 290 Al Eade] 40 BedUU9 c-Ha-ras %4

Table 3. Histopathologic features. Brdll labeling index and differentiation index of prolliferating cells in rars

with hepatocellular carcinomsa

Animaul Tumor size Capauls Portal vein Histologic Labeling
N, (diameter, mm) formation invasinn tye index{%.)
11-2 105 - - trabecular 2H5
12-2a 14 - + trabecular 175
12-2b b + solid B.3
12-4 14 - - - trabecular 16.2
125 4 + - glandular T8
12-6 - 81 - gladndular 16.0
L2-10 14.6 - — trabecular 206

e A abgg Buld GSTP £449 F4 127
o] FA Al Azmge A He|Sdie Falaldel
Fabale] AEl ATl of | S wlebljgdo o Al g
Aol = 21 ~4 4% FaA A4 viepde] 24-~7.3
we] F7hE] A eA)eQg #elg 4 olelc)

2) AH 71 N F7o WY FlAdd 4F
gia JF HH GETP fde] k4 b8 v
vl 4 Te] e o]l F T ke sfalA] WA=
vt GESTP a4 §5« g Brdl LA+ 4144
G od Al A5 5 s NS EaA[ A Rl A
Al zient obF bl ] A dxs s
sk

al 41714] Brdl) F a4 GSTP ok K el 4
41 =-T1%E d¢ 27[{155~25.5%) =] s =}
45 2o GSTE &4 43, & a4 7F 332
BAAS03~109%)% 24 et AdHAes 4

Fig. 9. FPhotomicrographs of
hepatocellular  adenoma  {A)
and carcinoma (B) in immaua-
nohistochemical steining for c-
Ha-ras pZl. The adenoma re-
veals a few scatrorcd positive
cells, while the carcinoma cells
are diffusely stained. (FPAD

stain)

Fle] ZARss sl 56 o WA (3258
64738 AlFollA = 1117 1264 ¥ 444
vhebA g o,

° =4 Ao BrdU A7+ 83~285%%
W cheroiglent st @aie] Fuldn 2elE A9
Al & 16% olAbe) 32 AAE rhyd i Ta-
ble 3).

4, C-Ha-ras pZ1H| ci#l YHHE=E 8™ 43

C-Ha-ras p21 =2 oz ol 4] gk skidul
B TR AMEAL reof wliel galae]v} gzt
23 HA4sle] 2lglol BolipgEet 1$7la]2l A€
sf = 5 e ghd Eolob okyd dgl-E2 ¥ oo
| 2ol isl2l wlagg g2 4 glgdic

A% JapeE] ok Wi ke L5 0] F4 wlad ol A
webglen) = 471 whal ghnis olHF gk b4
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EAZAAE FAasel dbd QA LREAAE A
4oz 29 G444 velckFig 9).

i &

AEao g Frgl shehr] wolnalpe dylxle s
7lAl 2k d(initiation)® %234 (promotion)& # 3
o] Fo] A} 7l Bl Ho|gh diqlglo] M T FHA
(DN A)e] Harz=g Wil #AA sz Feos dha
T G 7l HAErE HAEE AP MEY
HY g wgich, B AL Aol =izl
dx2] A3 AS5EHY o FH49d 2le HA dx
of daE APy HT Hy g Hxqh:
F4 A e g dibeh dd=lex §3 A
H HAz2FE glsle A2 off oeid el zjul
e HSelle o rtA] sk =2 a ¢4 2 ghApg
2 ahaahe wabsle] 3 iy gl 2 A e
iy gldx vz <22l Solt-Farber W& 4
Eilgcl. § DEN Folel 2fdled wHs] lalz
AAF o Fox F4e| Hasz] gfn Alegziez
45k o] ohAg] Agky g &4 5A e
o] el 52 szjuty Asieta E4E& elaa 44
Haldh 4 gloh REHEAEE g Ee gk A4
THE Foidle fdFA4 H3AE Fa 54 zHA
E8) Asg w287 oTol Ak wwe d43al
A7k wEle] Fe|d dfal)el| Bo] i) o]F A
e e i S I - R o e i
eb 4l £ o] & (foci of cellular alteration, enzyme-
altered foci), ¥4 (focal hepatocellular hy-
perplasia, hyperplastic nodule, neoplastic nod-
ule), 4l £4% (hepatocellular adenoma, hy-
perplastic nodule, neoplastic nodule) 2% T
Taka glemf shEf ole{dl WA o|dlglicty S
Pk Y& =Feolepon,

7] wifel HZHolae H & E o4 E Lol 4
A 2] o dado] w2} 57la] M2 F o)y HE
(basophilic cell), 44 4 £{eosinophilic cell),
Fr 4 E£(clear cell), +24 4 Z(vacuolated cell),
an E% A EL({mixed cell)® F5get £ 42
el 4= & TH59 M27)} Al 0% ol4-g A
g2 E3a 4o fle FFolc) A Ewolie FF
= A7t 9 sanAel e} cpExel 4§27
AR Ml EHe]Ar GEpyicrl FHak FoHH 2R o
AEw Ag7|de] FelBe5 Hab Az 2] gl
o] Zridln guFe] Friele] T A Zuie

27 grled o] Egrld MEe FAHAR i A

sh4 ="wloleln F= 5 el glop aeid Solt B9
2 27 daldd FE Zdr)Y MEzwle| st gho|
veltelrt A3 s 27 F4AIE o) & o
5 THHEE g44 MEekn e oy &

A+ zhel dHsn gl & 4 A29(G2)= 54
vebtz] Azl A Eelies B ZHAAY AR
2 TA4Ele] glody A% ATU(GCE)A] AL 2 =
7|2} 7} Frhelgavi(Table 1) o] 5o F42dael
v} FH EAFo s s A T4 AZd Fo4
22 A= gl

¥+ A#olq MZF(GE) TN Py F4AHdE
Maronpot F%e] A& Algkgl waezi o Hoj
Squires} Levitt®, el [LARY=} #<lglh Fok4d
A4 (neoplastic nodule)el #ictgct, <2l Ma-
ronpot 58 o2 T 5 rhA| o) ol Fof Feok
A Hdolepe oo NAob4dE Fabalgco, Al e
Fro Fokdzdelsl g qlulxos Uy zi4g 2
Fke g2 Azhsled AAE o« Jebve Sk A
Ae cfi-re WA Fo FRE AHETE 3]
2, ghe FE4AAc|gte WAL A4 Fokat v
FoFd W 25§ E28dbcleE FHeloh, weps 2 oo
TollHe FYHAAE FARAN AT HFR F
gipelon] AZHFE AZwe] | ZHER
Al Foks o Uiz v 2AE el 24
HE e WA 23] o)A e 2 el 8] F ok
wils] 2e)x g4 ze wWHes AgEgch F4
AA D HFL Wl S FAsle A2 o|HA A
oe|a 4 Aal sls| zel s alel 3] 5 F oslx|
Heog W& £« g, F AFL F o 277} 21,
Flufa] W HallEF F4, £ A EE il
= Az AE oY e A wr FolEle A Fel

3 Aol o AA woly dForo o
+ UFa2 25 71 #1R g MEE
A o g gl T o] 5L F4 kA4S BAEbg e
BrdU& o/ 8% =3 doalsld gagier 439
b, BrdUsl| 21§ A3 =d%#= o372 19824
Gratznero| =& s§dbs] 2™ 34bs] A abels W)
ok 2 & BrdUsel 58&4t =F4]7w <k 5%~} <
Moz FA|xl=d 23 o FvkE heterochroma-
tin® interchromatin®l 7 #8%e| EA]=jv] 30%
¥ interchromatin®l =2ja == 20%+ hete-
rochromatinsl 4522 27 47«4+ in-
terchromatin domain®l4 single replication
units] #F4#z Jepdx F7 F$47elH+= inter-
chromatin® heterochromatined4 ==} fejr}
+ daie] L WE der 2S5 gl

Brdl atdie g # x5 4 x2 'H-thymidines 2
F2H M2 £37 A g A2 o4 o}
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