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= Abstract =

DNA Ploidy and S-Phase Fraction in Proliferative Hepatic Lesions of Rat
Liver Induced by Diethylnitrosamine and Partial Hepatectomy

Chan Choi, M.D,, Sung Hee Cho, M.D.,, Hyung Bae Moon, M.D., Ki Jung Yun, M.D.,
Hun Taeg Chung* M.D., and Sang Woo Juhng** M.D.

Department of Pathology and Department of Immunology®™ Wonkwang University Medica School I¥i. 570-749
Departmeni of Pathology, Chonnam University Medical*™® School, Kwangiy 501-190,

We have investigated the changes of DNA ploidy and S-phase fraction in proliferative lesions
of rat liver. Proliferative lesions were induced by diethylnitrosamine and partial hepatectomy.
DMNA ploidy was measured by flow cytometer, and S-phase fraction was measured by in situ
bromodeoxyuridine(BRdU)-anti BRAU monoclonal antibody techniques,

Normal liver and initiated lesion revealed DNA diploidy or DNA tetraploidy. Hepatocyte nod-
ule (NODULE) and hepatocellular carcinoma (HCC) revealed DNA diploidy, tetraploidy or
aneuploidy. S-phase fraction was 1.0£0.9, 1.0+0.9, 3.7+2.3, 5.5+4.9 and 13.8+11.6 in
normal liver, initiated lesion, NODULE not associated with HCC, NODULE associated with
HCC, and HCC, respectively. In NODULE associated with HCC, it was widely distributed, rang-
ing from 0.8 to 15.5%. In conclusion, S-phase fraction appeared to be increased as the
hepatocarcinogenesis proceeded, but DNA ploidy did not. There was a heterogeneity of DNA
ploidy and S-phase fraction in the proliferative hepatic lesions.

Key Words: DNA ploidy, S-phase fraction, Hepatocellular carcinoma, Flow cytometry,
Bromodeoxvuridine
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S ooy ofa] ald SFojejel gl Hiw welb
EAE R o] WAz Al AR 7] 7he]
dele T 7]zhe el Fale] ofel| e} ohac,

T 29 oy JHE AN w3
st = 70 4] (initiation) o)=f, Wl Eo] DNAe] =
deld ded] 2agch o)ud k2] T8} uj
el EFHsS =Ew, k| EelH= glucose-6-
phosphatase 2t ATPase 7} 3h4:319, y-glutamy-
Itransferase™, NA(DJH dehydrogenase®”, epoxide
hydrolase®™, ¢} glutathione S-transferase®Se] &
7Habe}, FH#+= &2 (promotion)e] o]tk o
T HAE 2Ae] FaMog FAEE FHo A,
7|24 (microscopic nodule) o1, & #e] 0.5~
| mm el F9) hedn pese b Edy
(hepatocyte nodule) @] yH5eialc}, ¢]5e] guy
+ wdkebe] dake] TER 3, Qper zplEel
FME AEee hHEe AT Mz Heh M E
H 4ol M= cytochrome P-450, cyochrome b5 %}
mixed function oxygenase *} 3tidpe, UDP-
glucuronyl transferase I, glutathione, glutathione
S-transferase, r-glutamyl transferase, epoxide
hydrolase, DT-diaphorase -2} 32}=Fs] 2100 kd 2!
2| el =7} F2)8b sulfotransferase 7} zh4-a}#)
ok == 2138 progression)e] e 2.4 7h4
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Fo| wigHFig. 1). Diethylnitrosamine (DEN) &
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Fig. 1. Schematic representation of step-by-step sequence in hepatocarcinogenesis. Modified from Farber
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Fig. 2. Experimental protocols used for the induction of proliferative lesions in rat liver. PH: two-thirds
partial hepatectowmy

7T subcutanceous injection of diethylnitrosamine (DEN ; 16.5 mg/'kg), weekly
o subcutaneous injection of saline (1 ml), weekly
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Zogke] 6 oAkl A opt PHEg). DNA
index = diploidy=} 215! G, peak 2] DNA <k2] =
ribE diploid G, peak ®) DNA oF¢] Sadares v}
Fol sl e,
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BRAU ¢ 88 @3 o|8d we =a|zhaly
dH 5 db] fEke] ehgtio| = EgE] Hvy] 3o
4 Lim*F7 = A2tk sodium ethoxide & ol
tHelE EEE Arlsbdck olEE 37CHM N

Fig. 3. Hepatocyte noduleMODTTLEYL A few white-
gray nodules are noted in normal appearing
liver.

Fig. 5. Normal liver(NOR), Hepatocvtes are regu-
larly arranged in trabecular pattern. A few
Eupffer cells are positively stained. BR4U
immunchistoechemical staining.

HCl 8-« 205 zb Ajddsl %+ 37°Cel+f 0.05%
proteinase (Sigma A, type XXTV) o 205 4F B3
Fhel o, 1% periodic acid® 15 £ %l Al ale] o
N4 peroxide® #4320 phosphate buffered
saline(PBS, 10mb, pHY.6)2 2 el al=)
W oelik e W 5ely 7§hE Halite] fske] 2
I % "3 15 I F zEA3 45
BRAU W=+ k4 (DAKOA 1:200 84«2 16
Aldb =astgl s PBSE stk 2] bioting-
lated antimouse Ig G o 1A]3Y S9F Ha|7 &

Fig. 4. Hepatocellular carcinemailHCCh Many nod-
ules are noted on the surface, they are vel-
low-brown . The liver is replaced by nod-
ules, some of them reveal hemorrhagic ne-
CTDEIS,

Fig. 6. Initiated lesien(INI) Hepatocvtes are irreg-
ularly distributed, and some show fatty
change, A few Kupffer cells are positively
stained. BRAL immunohistochemical stain-

ing
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avidin DH-biotinvlated horseradish peroxidase H
complex (Vectastain ABC kit, PK 4002} =F8-4]
#ich 1% 3.3-diaminobenzidine & ¥ ¢4t PBS «l
4] wb#H2)7) & hematoxylin 2% o g4k A
Astec). d@aqujolc 23 g of4 PESYHE =X
A7) 23 BRAUE F4pah2] folyd =58 27
o heith AE M EellA de) e 54
o2 =g

Fig. 7. Hepatocyte nodule(NODULE). Pleomorphic
hepatocytes are aggregated, which compress
surrounding hepatocytes. Some hepatocytes
are positively stained. BRdU immunohis-
tochemical staining.

Fig. 9. Well differentiated hepatocellular carcino-
ma. Three or four layers of hepatocytes are
arranged in trabecular pattern. Some of
them are positively stained. BEdAU immu-
nohistochemical staining.

# 25 Al 4& 1991 —

6. M7 ME2 T8

BRAU & st&2 3§ o &8 9 =25y
o Bg gt ke Axwa(g Y LRE 59
g wash gledt AAwel Wl 470 Ry
Schever ¢ Emmelot'® 2 wiijefls] i ThAlE
% DENE #3 lkeg 3 10mg & ¥ Foistriels
f3 o) el EAEHH Yajo| W Bys) I 24
et 1500 3¢ ol4Fe] skaErsichks a)bed s Pitot3™

Fig. 8. Hepatocyte nodule associated with hepa-
tocellular cancinoma. The cells of hepa-
tocyte nodule compress surrounding hepa-
tocytes. Some of the hepatocytes are posi-
tively stained. BRAU immunohistoche-mical
staining.

Fig. 10. Moderately differentiated hepatocellular
carcinoma. Pleomorphic hepatocytes are
irregularly arranged. Many hepatocytes
are positively stained. BRAU immunohis-
tochemical staining
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7. DNA ploidy

DNA index 7} 0.95 «4 1.05 o' DNA
diploidy =, 1.90 <4 2.10 Ake|w Ss} G4/M
tetraploid stemline ] #3=>{v} DNA diploidy 2|
X shelHa GyMeE| e &= dlE 57
Ho 2] 10% =)4Fe]® DNA tetraploidyvi &gl
DNA index 7F 2 #]2] efl4] f3=l& d5-= DNA
aneuploidy = stgick & e)l42| DNA stemline
o] 2l A4 7 w|AAE<e] DNA index i+
ploidy & 23 sped o=,

8. St W EXBE A

o 23 A EAEE 540 2~-3mmAE H
o oEEY Zadua ke s dadefs] gharEgle
o, #Aipd 82 flsickFig. 3) 9 T 22
Fa L gzhdelglen a7y 22 FPFe] W] FF
Hen Tl Fdedl #9 E= A el w1l
(Fig. 4). 3te] =3&3 L84 44HFig 5), 714 4
H (Fig. 6), 1H4 22 2 (Fig. 9,100 ¥ HAl 24F(Fig. 9,
10)e = gl

= e
1. Sef % =&Y 4+

DENE 20 F &<t ddst F2Hg &l 1 Felld, 14
vle] F 10 vlejel A AR o] S 4vfe
oAl AQAEEe] aledeh Al 2 lellAis 16vheE] & 2
ahejell A T EgEFe] AAZ, 130Helels AEA
de] 2Ela Joie]el e AHAEHEY ek A3T
16mk2] % 3vlelel ] b EtBe] 11nke]sl4] 4%

Wy 7habe] Zala wio]s] DNA 243l ghads] dxe] g —

Table 1. Hepatic lesions induced by DEN and PH.
Mumber in parentheses reparesents per-
centage of induced lesions in each group

-

Lesion  \woR INI  Nodule HCC Lot
Group number
Group | 4(28.6) 10(71.4) 14
Group 2 1{6.3) 13(81.3) 2(12.5) 16
Group 3 20125) 11{68.8) 3({18.8) 16
Group 4 1(25.0) 3(75.0) 4
Group 5 30 100) 3
Group 6 40 100) 4
Control 7

70100)

HAHa] ]y 2ulE]e]|a] A2|dHHa] gl Al4T 4
ulg)g 2 vipE]ef|l4 Tk EstHo], |ole|eila] Tk Eglk
Fo} ohgby EgbEe] mela IejaleAs M EA
o] Yz} ASFE Ivie] glon 2ulelor= T E
ko] lojglol| A Thd ekt ohybs Egbdo] 4
Ack A 672 4vle] zlow 3Ivie|e] Al Zhe) EobE
o] Iupelsfl A Fh EqRED) ghabig E£ehEe] Ak

FhdjEHAE 2Ado] 0.6mm AT BEE 5mme|at
A chefabEck fhlE gREE ol B

(trabecular pattern}s Yol 23 ghfolgl ot 5
4771 A4 FEE 28 9 E i 29 Agh
29 FA o7 ASFHAY o2 AF|R He|gF of =
aalct A= Tobele] 3 2AL 80 A4 2ol
ek (Table 1)

2, DNA &3

A Bg)sh 912 A g 23] 42 B4
ol Z4Ystgdon, b 2shEal gabd £9tPe] F4
off 3 Aol T EGEFE] E2AATE YR
stalck wie] Alpe] dadghs 4.7 elgick A 3
%7 124 3 gelell4] DNA diploidy (Fig. 11-A)z.2.
of, 4ofoi+] DNA tetraploidy €ivh.  6ell2] #j+|w
% 2 ==+ DNA diploidy €1, 4s+l+] DNA tet-
raploidy <} 612 ~§A|¥sHF 2«2 DNA
diploidy 3%, 49«4 DNA tetraploidy{Fig. |1-B)
glch,  13+¢] Al £ AE 3«-l4 DNA diploidy
92 Gedlel4] DNA tetraploidy, 22|32 4ei«]4
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Fig. 11. DNA dipoldy in normal liver (A) DNA tetraploidy in initiated lesion (B). DNA aneuploidy in
hepatocyte nodule (C) and hepatocellular carcinoma (D). DI DNA index CV: Coefficient of varia-

tion
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Fig. 12. Percentage of DNA ploidy in various proliferative lesions of rat liver induced by DEN and PH.

— 352 —

L




— 3 3 5] 54l w4 Ags] FA4 WEelAe DNA 243 @47 dE 28 -

8
NODULE
B HCC

E_

Mumber of cazes
i =Y
1

: 1 1

L] ' ¥ L]

0.5~0.7 0.7~09 08~1.1

1.1~13 13~15 1.7~19

19~21 2.1~23

DA index

Fig. 13. Frequency of DNA index of 12 hepatocyte nodules and 13 hepatocellular carcinomas.

204
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o tr et D

T L] T T

NOR INI

. Ly
NODULE NODULE HCC
in HCC
Fig. 14. Mean and standard deviation (bar) of S-
phase fraction in hepatic lesions induced
by DEN and PH. NODULE in HCC:
hepatocyte nodule associated with hepa-

tocellular carcinoma.

DNA aneuploidy(Fig. 11-C) slch.  7haf] £952E  [34]]
+ 5= DNA diploidy %22 3¢+~ DNA tetra-
ploidy 2] 57+= DNA aneuploidy (Fig. 11-D) <
c}. WwHe| o E DNA ploidy 2% k42 Fig 123}

#rh

P 2 H A A 49l2] DNA aneuploidy 5 344
DNA index =} 0.7# 0.9 pe|ol, Io+= 1,77} 1.9
Abelef glgdet. TRAlE §FE<l4] DNA aneuploidy
& M9l beflF 2o~ DNA index 7} 0.7 = 0.9 4}
olel, ldli= 1.1 3 1.3 Apelel]l el b ] 24

= 1.7 2k 1.94be]el 2lgdch(Fig. 13)
3. BTl Mz 7Y

ak hEER gl A= 1.0£0.9(EF LR
o A3 gden, P EH A= 3.742.3 o]gich
el ZgbEal gk EH o] FA|of whaggh wwol 1k
MEAMA M= 5.544.9 i Tk EghPef =
13.8+11.6 <dchFig. 14) #&AaF 5 A slofa] g
abe ohE WA Boh Geka(P<0.05) AHHEY
o) g o W Wl s=ebclP<0.05) Akl EE
HeflA] §47] dx 2o 15 #H3R=2.3 28 1
g] 2R wekAlgl, FhlEGET A 2R o] FA)
b gk W e g A A A= 49 gla, A R
ofl A= 11,622 27} =% cHFig. 15).
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Fig. 15. Distribution of S-phase fractions in HCC, NODULE in HCC, and NODULE not associated with HCC.
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DEN & 20 5 st 5oigt Al 1, 4 23, & 37
T A hdAlEE Alslg Al 27ah A 3T 7
AlEsrEa s EdAe] o agFAG o)#|gh 3o
= AR AbmaAlEe] $d94Y A (mitogenic stim-
ulusF* o2z b o] F45-& 831477 uffie
A ok ARk R gk e A)se Al7)el o
& Aol widdclh. DENS 305 Fsob 34 %5
£ OAE HAlEd A fe TelAe halE gE
o] dbg Wizt g e okl

A4 Az A He A= DNA diploidy ¥
DNA tetraploidy & <f4o] Fhat=|g] ow] )
«|4 DNA tetraploidy 7} ol w@atch o) 224
2] HEzFe] A4 AERcE o Eatyslr] ojigl A
2oy, A ER "D Thd ZbFol 4= DNA diploidy
g DNA tetraploidy % DNA aneuploidy 7} =%
aslgdel. o]2) b]S=7 &3S DEN 22 fdtd
Al wiaje] b W gl oafse] gk B3 sl g
et gAe) TRk oA b ek e) Alste)
b eI o) By gl b} glch

B oAdellA] B EAg DA EGTAM = Y
AxEe} A de] DNA aneuploidy 7| 3
#=lgirh. olelgt 2o g BE F 71A] RsdE 4
7tk 4= glcy. A DNA aneuploidy 7} $Har=l=
W g A E= A o] AR HEEA T EH
el 4 DNA aneuploidy 5 el 425 yb 2pEz)o
& AMAele] M EtFo g A AEidelck F
A gt B =5 ME7E FAEEA GAM T Rt
el =] dA sEl= £ DNA aneuploidy & ¥
st elgjgh A-fe] 23] zpale] ofd e o= F3hit
7HeAde|eh AbH| 4Rel X DNA diploidy 2+ DNA
tetraploidy <k4te| 35| o= Fale] dae] 1
bt A 7l

Danielson 5'#& DEN =& 4 Ada2] 7k s
«|/] DNA ploidy 7} A4 Fkzzeaiz} 3 ale]7}
32w DNA aneuploidy += 3##=2] s sl
an, ARF ul w8 gk opel albgke] M EYE
el x wlsgh Azl B slgiep oAl =}
o oizl DNA ploidy 2 9F4e] of& #1s]2 948
2] k=A% DNA o84 whie] zpe], S w2 3
o3, Fo] ate] Bl gk wbH e Fe] & W A P2
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o] A4 Aol eh w]qt A ek g7 M Ee
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A EgFe] eMR Frkednh A ESEA §
A2l A BEE o R WA Egkalsh, zha
o] ghF el 147 HlE Rl 3 ]1HE] 43.2
% 7HA] W cHHe REsldch ols ANlEdE
e ey wffel] vl Aoz gpgichRE 74
EFa A ERA] FAd A% W] A E
AdelME §4d7) dx 28 94 0.8 B 155%
212 WS Hee HA lgdch AHEHARE AE
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th| AP A ER EEElA gl Que Sspaa) ¢
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2} gt e

= 3

DEN fFo{s} 85 dalE2 g 2404 70 o
‘Hell 4] DNA ploidy % #47] 42 §82 wisg
Tus] 52 F3EF Lk

1) gade] Fhaeza) 2w 4= DNA diploidy
s} DNA tetraploidy 7+ #Hitwlgl om, =4} 7h2 20
44= DNA diploidy 7} o] 3Hat=|gd o} 7 2] W #ef
4+= DNA tetraploidy 7} of &&# s3=¢c) zb
HlaEddal i EekEel = DNA diplidy, DNA
tetraploidy % DNA aneuploidy 7} #3=]g] 21}, o)
= Wl 42| 3pe]= 2] =] ggh)

2) A7) Mlxze] Rl 4 ghxa]al )]
A 1.040.9% 2 Fhehony, 7k Eglde] Euke]a)
o M EA o 4]3= 3.7+2.3%, DM ESED
bE hd EH A4 5.5+4.9% 9w, M ELE
o 44= 13.8+11.6% o]gich kM EghEe] Euig
T E Aol Ay 5.5+4.9% 21, Tha EokEed
= 13.8%211.6% ¢)sich  Zhd EghFe] Fukgl 74|
THEAAAM2] g dE 2EHe e 9
slsith

AEH ez, 7] AEs] 288 ghafEghZe]
o= el #Hal Frlele deRE B =yl
DNA ploidy + %A ¢hebch. —elyw zxehxeq

FYUg WX DNA ploidyas} §47) MEe 2
B2 vheFsbdch
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