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Analysis of DNA Ploidy Patterns and Nuclear Morphometry in
Diethylnitrosamine Induced Hepatoeyte Nodules
and Hepatocellular Carcinoma of Rats

Chan Choi, M D', Myung Kwan Kim, M D*, Kwon Mook Chae, M.D*
Eun Cheol Kim, M.[** and Hyung Bae Moon, M.D.

Department of Pathology and General Surgery®, Medical School
Deprtment of Oval Pathology*® Dental college, Wonkwang University

This study was designed to answer the question; (1) How does the DN A ploidy pattern change
in hepatocarcinogenesis? (2) How does the nuclear morphology change in hepatocarcinogenesis?

Diethylnitrosamine(DEN) (165 mg per kgl was subcutaneously injected to female Sprague-
Dawley rats(150~200g) by weekly interval for 30 weeks. DNA ploidy and parameters of nuclear
morphology were measured by image analyser(IBAS 2000, Kontron, FRG). The DNA ploidy pat-
tern was divided into three basic patterns(diploid, polyploid, and aneuploid modes).

In 8 cases of saline-injected control rats, the DNA histograms showed all polyploid pattern. In
hepatocyte nodulesithvperplastic nodules), DNA diploidy was the most frequent pattern, being
followed by polyploid and aneuploid DNA patterns, contrast to hepatocellular carcinomas in
which polyploid DNA pattern was most frequently noted being followed by diploid and aneuploid
DNA pattern.

Although the nuclei of hepatocytes in hepatocyte nodules and hepatocellular carcinomas were
larger and more pleomorphic than those of normal hepatocytes, they were as same as those of
normal hepatocytes in regard to nuclear hyperchromasia. DN A content, which was increased in
hepatocarcinogenesis, was significantly related to the nuclear area. (Korean J Pathol 1993; 27:
226--234)

Key Words: Hepatocellular carcinoma, Hepatocyte nodule, DNA pleidy, Morphometry, mage
analvsis
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Diethylnitrosamine(DEN)& 2alEal 4 2] 5o
Foldld del=lez witgl 59 (chemically al-
tered foci), ol4 ##H(microscopic nodule), 74
* #3(hepatocyte nodule)?] AL A3 A Z
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stEo] A7A e FE FHAPL A2} T4
22 FA8ke Fwe] 722 S glulsing Fujds)
+ =z, 24 27 AA 05~1 mmelitel
o}, Zhdl E dgle] cfRE(95~98%)2 sl cf4)
A4 Alz3 o s 5 Fol AP, YE(Z~3%)E 2
2 el AFEE F435]{autonomous prolifera-
tion) $Fe AGEA Hoh o wde= zhAE A
o] ubEo{al 7|7be] el upa} 42 HE(growth
fraction) = 42 £4%(cell loss)?t Az =751+
=t gk 4] 7)o}t AE

ot 48 Feoddled ofe] dhdlldlels] AL ole]
Wolvpel stz Gy =+ ME F2lehe e}
tfe=o] #Heo #eiel DNA §eke] 2 2(DNA ploidy)
= HEA Ecof oldata] ZHAE glelnd a4y o
2] DNA ploidy+ 972kl w2} e otz v
ot #HE"2 HAalH g4 o] shelzle 2 W sy
F#l(chemically altered foci)® z}=2& DNA
diploidy = DNA tetraploidy o4& ®eo|zfqt, 7}
HAE AFz i Eodel = diploidvet tetraploi-
dy®ut opdet DNA aneuploidy 24 = ojelsdcla
stgon o8] o AFAEYE HEYIHew Fub
4] 7l k8] Fkel 4 polyploid £+ aneuploid 4l Z
dlo] Fagicty stgel = Algle] A E e =
DNA aneuploidv?l 39%ol4 60% 7= hadsicla
W E g 28w Danielson$'", Digernes
" % Saeter®™e A4 A=<l H £ DAN te-
traploidy 2] of4del=lul, Fol4 4d3zeoz oyl
bl E A" w ke ® kel = DNA diploidy =
¥ DNA tetraploidy <k4e]el sh4ic},

olallma] Fokel DNA ploidye #Holz 2354
H{microspectrophotometry)e]v} 44 € 4y
(flow cyvtometry)el 23t FA=lqich 222 A
Abere] wiete slssiA] § #A 249 o] gFw
Fabalel HAGE A)lsslate] mEH e 2hd 4
Z2 DNA ploidy# 3% #ub offe} =z 4«22
e A St Hakg F4e] 3% £+ ac

&+ dge hlE she] Wy sbEe4q DNA
ploidysh 4 22| alefjdds S4le W3S odgz]of
ol ez #ated 42 sjglcl

e 5 UH
1. 48 83 2 7¢

A% 10~12F38 &F 150~200 g2 4= 43
Sprague-Dawley ®]4je] chel dle] 225% o4 £3t
oA ou fasE dh Aed Faled, 23 4
Ee vkedE oA shelc AT Tobe] ded,
#% 1kes 165 megs) DEN(Sigma #)& 42| 4
A4 1mlel 5of of3 & Al 303 Fab A8 F
stetelch, o2& 8ele] geov] DEN =41 el 4

g4 1mldE 305 59t @5 3 ey gs} F4b
dtgony AL Aze 305 fol 25 AY S22
Sabdle] Pabatge), AgToldE 25 e Aol
AR e fxF2 7} =Hell HE} glgek 3 A
HF el H4 Zmm o4 He Hokd A9 Eo]
Tolglsl4 =5 159742 A4d& <dsich dfz=Fol4
= i clElelld & =zhd =& il 25 B9
4z ¢,

2, =35 ®H& HE

7 Aol 4= e HAH G £ o ddlesz
o], Hckle] WA E A 10% F4 LEgEle
aAdtn ztekdle] #Fefdted hematoxylin-eosin 4
Haled habspad e,

3. B& ME Uy

Hedley ™7 Jacobsen&™g] whe]E wd4)#
ghety za A2 M2 SfelE abEgic, glebm
Za Hofla & T0pm FHle] FHE xylenessz
28 A u]sle] mapEE dASE D S oA A
Fr 4F(06%, 64%, 32%, 16%)3 FFoF A

4%l & phosphate buffered saline(PBS) sl
#(pH 74, 0.IM)=2 #x&xdc xS 0.1%
protease(Sigma H) #fo 603k 37CollH £
4l 7ew] SLAF bE, 104, 204, 30 = 605l
srEle ez iz L34 wlEsie A 4
27} 3 wWojx 5% sgen] NaE 47Ce PBS=E
A& sdct, M2 2F4E 45pm F7H9 JE =)
+ & o7 A7n, oajel] &2 HE 57} 2x10Y
ml7} S5 § ZHile AF HZ FLFH4E 5]
AZ Ffod | mlE poly-L-lysine] £25 & &
dholEof] 2 4 F4H =5 HE FEL 9bE
olch, BEE d&ol4 5N HCll 75E7F =847
e 4b-8 7l E#4lq]l ok, Schiffib-§e 2 Feul-
gen %48 4|2

4. 2 4ol 2 BAISEHY HY &Y

dd Ay #Ho|z A4S &4 B4 FA(IBAS
2000, Kontron, FRG)2 TV telzlst analog-dig-
ital ®l g7 5 Ssbo] 25602 § E(grey level)® X
#H == grey image® w47}, £ el 3
o B4 chiirl BEY S+ 9de 854 i e 040
0.40 prn (5% 0.40 pgm)¥ el Grey images =
ka7l E S (segmentation)ell #8be] Az
akz| o] % &4 binary imagelsl 7l #4Htem-
plate imagel& T3l 71E s4o g HE &g
HAH S &asten, 7lE #4AHE wiele g dhed fled
2| grey image® 6 #H{ ¢]7 #=(mean back-
ground grey value)st |z #¥2] #H+ #=(mean
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nuclear grey value)s ZA|343 Habs 23sq
o}, #e] A gl DNA §Hke ofbf A 23] 4
E3k9 )

DNA #sk=[ H#H=(0ptical density)=<[ 2] oiz ]

(g AL 3=)
(3 ez 3x)

7} oot 3040 A== 549 a7k 20070 o)4
2] FHAEE FERS R Add9sle] s} 2h4 28
DNA #3F 2+ DNA histogram-4 24 gte] A
+ 73k 11 =& 12¢] $#5= A4 sz 2 v
of & AT Fokel FEle A4 2=e ¢ 4 9

'E‘ "-ig'-"_'- = _lﬂg'.u

Fig. 1. The liver is totally replaced by multiple nod-
ules, which turns out to be either hepa-
tocellular carcinomas or hepatocyte nodules,
microscopically,

25 9o UF4 @279 DNA = =2s) Fhd 29
s @2t ®)= 1:1.29]glke|dleny, kA L8 3
o 225 DNA dl+42 2C slaea Agside
o, 2C @22 AF 77 11 =& 122 2wl $
&b AF 78 4C=lz AHosigxn, 44l 4
)& AT TR 8Cetn A 2 sl o),

o] Ab2] Moo 2)ded Halgl DNA histogram-£
DNA #eke] § ¥ ckdo] wlel b2 Fe] 4oz
=alel a4 1 #(DNA diploidy); DNA #tske] #ul
gke] 2Cel HEalx, #alle] 20% o|ubs] 2Ce|H 4C
o] wgell F2alud 4C o4t MEs Ay gl A
2(Fig. 5A). 3 2 8(DNA polyploidy): DNA &gk
2] #Hmiglte] 2C =+ 4C, 8C el lews 4C
eded o] 4 Fol M zl4 L] 5% o]42 aaA]she
7% (Fig. 5B). 4 3%(DNA aneuploidy); 42 =}
£ 2 g3z 27 ol4b el @b #Hulghe]
2Co| o sl 2Ce] 2el47h opd B(al)el &
Ebupe], o] 5 #lae] 2el4 s #£sl 4C %W 2xqC
o] = #e] X Zd}= AS(Fig. 5C).

5) BAIH wd HE

A4 dz2ds deddelds S FgE v AY
o] Kruskal-Wallis 1 £ #4 #43 Mann-
Whitney Uz &2z o7 2lelg] ds| & 2o 3
0,050 & 7 2 &b 5l b,

A H

1. 8o U ==&gH 4+ H
g Fola] zh2 Fatdelglen] 7} P In

Fig. 2. The low power view of
hepatocyte nodule which is
surrounded by fibrous tissue,
compressing the adjacent he-
patocytes.
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e #HAz do QlacHFig. 1), H4 =2 He
he A Ade|gln, Fele Heldlgen A4 wy
+ flgleh #old AaelME gzl FralMo e
W=, #e] ar]le FUddech Ay Ade] =
2|43 okale] olel zldE A AHFE glFez
THisgch FAE Fe] chdHE Wy 17.0 mm?
(EFHal 93 mmi) e, HAge 42 mm’, 2
= Sdd mmieel slEe] #He A4 FadzE wo
A# o}, 27+ YA YetcHFig 2, 3). }E 3

Zlell Helztzvt a4 S48 Yriete de] FAAn
27| 7b A s, R FE ool 4ez =Ag
(Fig. 4), #4} ® o] eppd 74 E gbFoz 2
FEtE e, T3 geize HE 446 mmAEEH
A bl mmi)Hern, #H4gE §3mm® e
2833 mmisich Tolzle] Aol o2 M3y |59
NE AR E HHE 124-0(78.0%)31 0 ZhA 2 o
= J07H(Z2.0%) wck. Telelsd Golelo H = 3 o]
4o FAeM HHE odFe] 23 g} 1ulE]e]

Fig. 3. The central portion of
hepatocyte nodule. Althouth
the nuclei are slightly large
and pleomorphic, the liver cell
plates are one-cell thick.

Fig. 4. The hepatocellular car-
cinoma. The nuclei are pleo-
morphic and large. The he-
patocytes are arranged in mul-
tiple cell thickness.
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Fig. 5. Ploidy patterns of hepatic lesions A: DNA diploidy, B: DNA polypoidy, C: DNA aneuploidy.

A 2k 2 Ak lslc(Table 1), # Hyedc)

_ Al zmFE Bod 2ol4 polyploid#} 2Habs]g]
. DNA ploidy2

2. DNA ploidy2d ow, Ag a4 diploidy 714, polyploid 80el,

RE slel4] JE F2ql @124 2lETE DNA % % aneuploidy 87} 23ssich(Table 2). 4718

ebo] #ulge] AT T 10 == llel s1AskE @ DNA ploidy 942 7142 #a o 742 gEe
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Table 1. Number of hepatic lesions in each rats of ex-
perimental groups(EXP) and control ones

Table 3. DNA ploidy patterns in normal liver, he-
patocyte nodule(H Nodule) and hepatocel-
lular carcinoma(HCC)

(CON)
Normal H Nodule HCC Total
I. EXF

1 0 38 0 a8

2 ] 18 3 21

3 ] 20 3 23

4 0 27 9 36

5 ] 7 2 Q

B 1] 11 2 12

7 3 17 20
Total 0 124 35 161
II. CON 8 0 0 8

Table 2. DNA ploidy patterns of hepatic lesion in
each rats of experimental groups(EXP) and

control ones(CON)
DNA ploidy pattern
— Total
Diploidy  Polypoid Aneuploidy

I. EXF .
1 18 19 1 38
2 12 B 1 21
3 9 13 1 23
4 16 18 2 36
5 4 5 0 g
6 6 6 ] 12
7 6 11 3 20
Total 71 80 ] 161
II. CON 0 B 0 8

2 FHile] atmined g4z HAeldE diploidy
21.6%, polyploid 452%, aneuploidy 3.2%~} 34t

sHalew, 4L Feld+ diploidy 20%, poly-

ploid 68.6%, aneuploidy 11.4%2] FFok48 wo
=HTable 3).

3. BA&ey YYD Foge] Ny

e FHce A4 74 2ol HE 0.1110.03(8HF
+ 49, A E AdeddeE 0.09+£0.02, 7 E
ol 0.10+£002%ch DNA #eke mal 1=
Aol = 4354182, 2H4L HAe|H = 7354205,

DNA ploidy pattern

Total
Diploidy Polypoid Aneuploidy
Normal 0 B(100) O 8
H Nodule  64(51.6) 56(452) 4(3.2) 124
HCC T250)  24(686) 4(11.4) 35

{ ). Percentage

Table 4. Parameters of nuclear morphology in normal
liver, hepatocyte nodule(H Nodule) and
hepatocellular carcinoma(HCC)

MNormal  H Nodule HCC

Optical Density 011003 009002 010+002
DNA Content 435+182 T35+£205 77.1x293

CV of DNA(%) 45 50 68
Nuclear Area

(gern’) 30.5£42 568=151" BBT+244"
CV of Nuclear

Areal%) 27 47 55
Area of Nodule

{mm’) 17.0£93 44.6+51.6""

* . Statisticallv significant compared to normalip<
0.05)

** Statistically significant compared to H nodulelp
< 0.05)

R E gl 77.1+20322 42 9kFe 7 3
#Y 5 zater] DNA #eks] wHe| A+ 24
ZhH el He 35%, 7HAlE A AHelAM e 50%, T4
olEof = 68%%dct #Me @z Feulgen ¢4&
el 5N HCIel 754 Sob 244317 o Tai, 44
Bl zH &A=l AaelM e 305+4.2 pmd,
M2 Ao E 56.8+15.1 pmd, A Z gl M
SR T7T+24 4 pm* 2 A 2R A 5 T4 £ =7
H o fe A4 4 Ee Ay SAgrez
2agle F71F 2o p<0.05). & =mizs He| A
S MA 2l zZA e 27%, 1 A ZE HHAM 47%
2a AL el 55%sch HE AL gied
Az 7 E AAo)A 170493 mmsda, 2H £ g
Zoll4 4464516 mm*2 4, FHA® 9Fe HH 2
717b 7hAlE Ao 27|} BAlEgoz 39
W+ F7HE LAl Hp<0.05)Table 4).

Hell 4 7= #He] = DNA @3, DNA %
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'I'ahle 5. Correlation coefficients between parameters
of nuclear morphology

DNA content vs, Nuclear area 0.74

CV of content vs. Nuclear area 0.47

DN A content

Optical density vs. MNuclear area —0.46

Muclear area VS, CV of 0.32
MNuclear area

Optical density vs, DNA content 021

o] wo|A, #e] FHE Abo|s] At#AE FHE
up, & 2] wi=lzl DNA §hakaje]g] A3Alsal 0.74%
24 Az W3g fHele]l &S o 4 sldlx, o2
] 2F7kel| = ) ddbe] gleick Table 5).

al Al

7l AAe 7] chAlel A df5-§ol F33EHe A
A slzaxlor ]z eials] gde}l AA2 FoElE
(autonomous proliferation) Wwe]cp ¥~ & o+
ol DENE 305 Sat A% Fodal2 FHold 4
71 A3 clodzle] H4 4mm® o4el AL A3
o og oS0 gaye sy F2yE dER o|F
ozl AL HAdY Aol

A E el DNA oFnp o8| deets S535E
A e elsle] A&, o AlEAE FHHeR
4 »wr} e ojelrla] 54& HfHos wamy
+ glc}, #o)7 EAEAelv FAMHE LA HLE
= Mllﬂﬂﬂl DNA o2 Saldled DNA ploidv+ 3
apal 4= gl=|ub, @hab suje M £ s]g] DNASEE
22 sbed ZA 215 e DNA histogram$ 9hse]
DNA 32 425 fawa 8 3 4 95 24t of
ek dzde 5A5FE 54 548 5 Qe AH
o] glc}, a4 B4dof 2]9k DNA ploidy &4kt o F
o] w} gleup i B Aol 33 o FIE F
Ao Zdats e da Al es o gle ghA el

DNA ploidyel &84 +f= stem lineg] #3
g}l o)g] M| E wldol mpiE el Al 1 HE DNA
diploidvel™ # 2 42 DNA polyploidyeli, # 3
#2 DNA aneuploidyelst. Al 18 w A2%L u
A4 stem linee] $lz A2 Fodo] ghitsiz] 4o
zAof4 aEl Moz sz, M3 w4
stemn linee] Jelhdn AFE o] gt 22 o4
Hats Ao g AlzkEich DNA ploidvel 84 +5
L 8] Agr@®a FulglEk® ol gl T ohENel 4
Axsln gl Aoz, «oF of 248y F8 J=
7 whelxw DNAS F8e wpiyicha ghoh 2 49
of 4 A cj=72] 7 2o =5 DNA poly-

ploidy k4o 2 Sdsiglet. HF'E 48 H4
7z} =34 DNA diploidy?} 66.6%, DNA tetra-
ploidy=} 33.3% Jebdoln #elen, Saeters™ ™,
Deleeners % Danielsons "2 polyploid DNA
stem line¢] F& 28 dcjz g o|gA A4
b ZelA] DNA ploidy?t M= o ol §4
ubwl o] abo]®® uwl DNA A4 whije) ae]™ufFd
7o)},

T E A 124¢)F DNA pﬂt'_l.rplmdjft 45.2%

al 56ddlof4] I slgien] DNA diploidy+ 516
%M}H 223 aneuploid stem line2 3.2%1+ 3
Aslgdc, A E abFolMd+= DNA polyploidy %4
s] 68.6%, DNA diploidy k4] 20.0%% =, DNA
aneuploidy s 72 ZAols B Frhekd 114
ool 4] FAsgich o]g AL 42 HA A FH4A
£ otFef4] DNA diploidy = DNA aneuploidy
obale] 5 BAEche 2 Sl ohlz AP 2
2 fib4 gl A2 Ao FHAE gHFelM pol-
vpoid =+ aneuploidy & 33 Inuis",
Koulish®*, Moris"™, Sarafoff%'"', Simard&"
2 ywausts Eise iiriﬂlﬂ. slgle] zHAlE ghel
4= DNA aneuploidyzl # &g 39%l4 62%7]
Patzjejirid ONA aneuploidyd] Hs+s $H=
b GEsE s 0 AdEES Sk, 2
ot & Alglo) 4] Ftdl 3o 2kl okFol4 DNA
aneuploidyel =l=7} Algle] R4l EFe A§ 2
t} g o]fe o ofale] ofWF(AbgHel daF
(#)ehs F2 #e] ofFalz], gl Hell A7 T
7} alebel 79 we ZHE eiielA s 2 ahal oo

a2 SaeterE™'# Danielsens'™E I E 9
o4 %= DNA aneuploidy+ vebdz] %52 DNA
diploidy 2 DNA polyploidygh bebued o=l ZC
odede] 43 AL Frlele by AC Poe] 42
$2le zha gopm sbelch FHE AR B2
o4 A hzaesMe sl gstnl DNA
diploidy?z} =Hit=l 2, gk ZakE2] gk ahada|
4 7]#&9 polyploidy7h ch$4-al S48 el 4]
DNA diploidv?t ®3-deql Az F4okdoz «Hil
Slepe Fapiangl datgls 4 He|c) 2% A4 DNA
aneuploidy 7} Jebht= "3 DNA diploidy %54el
2h w4 Bl 2RA|E odellH #H 3l Hs
+ A& Saeters'"9 F33 i

e He Al&eger PaF Adn A4 gk
o] zh4|E A ZhAE ste g AsHde] wel #o]
Ao, ahel =)z} HFEEA =glen DNA
o] F7hslz, DNA2l obe| RF32A = =2]qh, #He
ddde Ha 7 =zluch 2EY FiEA =Hyoh
b4 dulH o g of 4 A Aoz sheiy gl
= £d@(large nucleus), ¢ #(pleomorphic
nucleus), 334 45+ #(hyperchromatic nu-
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—# 3l 9 49l M EFE ) DNA Ploidvsl e el Ha-

cleus) & Az A== He bz gF:a 714
E A H-EsA] gheten] DNAg #eke] &
7t sl9le #olch

o =

A A= DNA ploidy obabe] bl T ghde] Ao}
v U A9 vehbeR, oo de 2]} g4
£ oy FFe 2l ogA WEeAE aolur] g
gle] o] A4S 4= et

FZHIE #HEe 4 E o4FL o3l Sprague-
Dawleyd 9 A(dF 150~2002)s #MFE lkg o
DEN 165mgs 42 44 Imlel B 3 12y
30 Fab =& Fabsbe] Azl 71 W o] par-
affin =2z Hg 0L gl 4z 9 gre
Feulgen 4§ o5 zhd ¥4ol 2l #le o
+35, DNA #es 38l gL s i
2},

1) DNA ploidy & # 1 ®(DNA diploidy), # 2 8
(DNA ploidy) % 3l 3"(DNA aneuploidy)e®
T sladel. A4 alaAeAle 25 DNA diploidy
Al A2 elgieny MEAAHE 18516
%), M 2% (45.2%), A3 H(3.2%)2 wwg Jelgdw,
A Eakgell M A 2 H(68.6%), A1 #(20.0%)7
A 3H(11.4%)2) Wlsz FHE9,

2) 345+ A4 2z, DHAEGE M2 AA e
aA 2 gaten] DNA $heks DNA #teke] we] A

v FHIEYEF, T EAA, A4 lzre] 48
trakth % w= ) ) wize] we| A4 w4 gl x
HF, A, 4 A=Ae] gor 2 ogeld
o, Ade] giFE g E FEelA ZHE A wcd
Wit

HEHe g A4 2lz2x2 DNA polyploidy <4
olglot ZhH EAA FlA)xelFEo4= DNA di-
ploidy = DNA polyploidy e DNA aneuploidy %
cheddh fkdS valm el EohEelas i ziA
of ®#|3led DNA aneuploidy2] dl=»} F7}sbedc},
4 Az FHAERFY 9 gl EEoz AP
ol whel AAe] 2z)7b A3lew, de] #H4q DNA
kol Gelala #e] ar)zl Bqfals| e ale] o
v A4 g E 2} v sl o,
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