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Abstract : This study was performed to compare DNA content by flow cytometer (FCM) and glu-
tathione S-transferase placental form (GST-P) positive foci for searching objective and accurated prop-
erties of tumor.

Sprague-Dawley rats aged six weeks were divided into three groups and group 1 and 2 of rats were
given an intraperitoneal injection of diethylnitrosamine at 200mg/kg body weight and group 3 of rats were
given saline. Three weeks after beginning of the experiment, all groups were performed partial
hepatectomy. Group 1 of rats were begun to feed on diets containing 0.02% 2-acetylaminofluorene as a
promoter for six weeks, group 2 and 3 of rats were begun to feed on basal diets. At 4, 6, and 8 weeks af-
ter initiation, all groups of rats were killed, livers were extracted for H & E stain, immunohistochemical
stain, and DNA ploidy analysis.

In quantitative analysis for GST-P positive lesion number and area by using Image Analyzer, group 1
and 2 represented significant difference in comparison with group 3. In ploidy distribution, diploid cells of
group 1 and 2 were increased significantly in comparison with those of group 3 at 4, 6, and 8 weeks after
initiation, respectively tetraploid cells were reduced. But S-phase cells were not changed significantly.

1t is concluded that ploidy change by FCM is useful as objective data for early detection in hepatocar-
cinogenesis. Therefore, methodology and study of DNA content are carried out for more objective and
accurate ploidy analysis in liver tumor.

Key words . flow cytometer, glutathione S-transferase placental form positive foci, DNA content, ploidy,
diploid, tetraploid, S- phase, hepatocarcinogenesis.
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Text-fig 1. Relationship between cell cycle and DNA
histogram by flow cytometry.
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Text-fig 3. Mean body weight changes.

DEN : diethylnitrosamine, Saline : 0. 9% NaCl, PH : Partial hepatectomy.
AAF ! 2-Acetylaminofluorene
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Table 1. Final body weight and liver/body weight ratios at 4 weeks

Group treatment Animal number Final body weight(g)  Final liver weight(g)  Liver/body weight ratio{ %)
1 DEN+PH+AAF 7 197.86+21.12 *** 4.6410.71*** 2.34+0.26 ***
2 DEN+PH 318.50+13. 64 11.91+0.52 3.7410.14
3 Saline+PH 5 312.90410.11 12.141+1.02 3.8810.28
Each value : mean+SD
DEN ! Diethylnitrosamine, Saline : 0.9% NaCl, PH : Partial hepatectomy,
AAF ! 2-Acetylaminofluorene
** % Significantly different from group 3(p<0.001)
Table 2. Final body weight and liver/body weight ratios at 6 weeks
Group treatment Animal number Final body weight(g)  Final liver weight(g)  Liver/body weight ratio( %)
1 DEN+PH+AAF 6 228.331£18.30*** 11.4341.43 * 5.01+0.57 **
2 DEN+PH 333.75455.41 11.2443.00 3.31£0.43
3 Saline+PH 6 368.50+18.12 13.7241.24 3.6210.24
Each value : mean+S.D
DEN : Diethylnitrosamine, Saline : 0. 9% NaCl, PH : Partial hepatectomy,
AAF ! 2-Acetylaminofluorene
* . Significantly different from group 3(p<0.05)
** ! Significantly different from group 3(p<0.01)
*** Significantly different from group 3(p<0.001)
Table 3. Final body weight and liver/body weight ratios at 8 weeks
Group treatment Animal number Final body weight(g)  Final liver weight(g)  Liver/body weight ratio( %)
1 DEN+PH+AAF 6 278.00126.43 *** 19.08+3.43* 6.82+0.70 ***
2 DEN+PH 8 386.19+35.37 * 12.71+1.86** 3.28+0.30
3 Saline+PH 6 435. 30+ 30. 12 15. 3310. 67 3.53+0.11

Each value : mean+SD
DEN ! Diethylnitrosamine, Saline : 0. 9% NaCl. PH : Partial hepatectomy,
AAF | 2-Acetylaminofluorene
* : Significantly different from group 3(p<0.05)
** . Significantly different from group 3(p<001)
*** ! Significantly different from group 3(p<0.001)

Table 4. Number and total area of glutathione S-transferase placental form (GST-P) posivite lesions at 4, 6 and 8 weeks

Group 1 (DEN+PH+AAF) Group 2 (DEN+PH) Group 3 (Saline+PH)
Weeks No/cm? Area/cm® No/cm? Area/cm? No/cm? Area/cm®
4 Week 37.13 *** 4.45** 17.07 0.62 - -
+6. 29 +1.83 +6.51 +0.31
6 Week 60.87 *** 37.61 *** 23.56 0.98 - -
+12.98 +9.32 +6.31 +0.40
8 Week 28.79 *** 47.35*** 26.41 1.15 - -
+17.31 +7.9 +14.05 +0.79

Each value : mean+S.D
DEN : Diethylnitrosamine, Saline : 0.9% NaCl, PH : Partial hepatectomy,
AAF : 2-Acetylaminofluorene
** . Significantly different from group 3(p<0.01)
. Significantly different from group 3(p<<0.001)
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Table 5. Ploidy distribution in sample from rat livers

Weeks after Group Number of Percentages of cells
initiation samples Gi-cell(2N) S-cell(2N-4N) GzM-cell(4N)
4 1 5 66.76+4.30** 23.3811.69 9.86+3.47
2 5 68.66+5.00** 25.4413.44 5.86+1.95 **
3 5 54. (065, 95 28.08+5.08 17.86£7.03
6 1 5 68.52+4.79%* 24.00+4.00 7.7042.25"
2 5 65.60+6.16 20.98+3.58 * 13.4245.00
3 5 58, 2214, 52 27.6412.95 14.1244.53
8 1 5 64.42+6.59 *** 25.76+3.45 9.80+3.54 ***
2 5 59.2243.36**" 26,70+ 3. 66 14.08+6.717**
3 5 31.40+8.41 29.3446.17 39.2443.16
Each value | mean+S.D **  Significantly different from group 3(p<0.01)
*  Significantly different from group 3(p<0.05) *** : Significantly different from group 3(p<0.001)
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Text-fig 4. Percentages of DNA ploidy in rat liver.
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s dimethylnitrosamine(DMN) & A4 #}.§- 2o Fo
8} 3 2-acetylaminofluorene(2-AAF )& A So)] T3y
et 3l 7 Aol A YEYE euploidy*l A aneuploidy(cla-
stogens# turbagens) 22} A #(shift) & 49392, M-
ori $%L 2-AAFE 59 Aol q B3 349
DNA valuex euploid¥ (2C~6C)& JeRY = ¥ hyp-
erbasophilic foci® aneuploid ¥ (2C~18C) & vell =
d] ©] A2 hepatocellular carcinoma®} DNA value(2C~
23C) %} A2 2 hyperplastic foci7} hepatocellular c-
arcinoma®] A &) A -7 (precursor lesion) 2 2 A}
599 FHstavh. =3 el o] ploidy ¥ 3}
of g A& Bol suUdE Schwarze 52 DENs}
2-AAFE 5o @ A=o A 943 (centrifugal elutr-
iation technique)ll 18] &5 & fraction FolA £
g A3, 4 A=9] A tetraploid hepatocyte S B 0]
e vy g Edg 45" Y A R dipl
oid hepatocyte® 7HA 1 vt B ot o FA @
43 fAQo M YEl Y= ploidy W3 E A7E o He
Bo] AHg-3kE olfre 119 A$ AfEA o) 7]E A
Xuoe 43 AE7t iAo golr AXE &
817] §-ol5t7] Mg og AR HET)

e AAZ g0l B R EAES 9 UAMF
42 53l A2 njdo] 7hed BERE upo
L VB2 B AAES ML Sled
o Mot Ao gzt F3ee Aoz d8A Ao
“ £3) 2 Zo|A 7 -glutamyltranspeptidase$} glutathio-
ns S-transferase placental form %-& A% W A4 F7}
e £4T2A4 % ¢8A Aot Sargent 5% Perai-
noE 2 7 Solt-Farber 24 -& o] &3 thdAl zbiedsls
ol GGT* hepatocyte GGT™ hepatocyte & ¥ 2] 3}
Z+z} 9] ploidy #+¥& FAH A3 GGT  hepatocyte 7}
23~33% 9 diploid¢l W8 GGT* hepatocyte & 75~
80% 7} diploid & el A o o) M= diploidization
S Uehitt Rastgoh

FCM& ol &3 Al x2] B3ty Jige] AL A
#Aoln Agsivte AL /M2 Ae v ¥k
o 93E 7kA 1 k. AAE FCMo g B4 37] ¢
A= Al £E H 73 (cell suspension) Al # ofF sh=H]
H X9 o] A 8} (heterogeneity) W ol FFF-F-of HH
& sfH st £XE7 7 ol L] Az
A el AFEME o]9)e) 7]t MIE A& EW 319
7% endothelial cell®] Y} kupffer cell 5] &) 7} e}
gt} Ex2 I3 M X (mononucleated cell) 8} o] A ¥
{binucleated cell) 2] 78& HE3A & Fojof 3}

(Fig 8). 94& &% mononucleated tetraploid(4N), binu-
cleated diploid (2% 2N) %} 27 2] mononucleated diploid
(2N+2N) N XEL& 2% tetraploid2 ¥4 8 & 457}
HAY £ oenz ol AL BAN FAY F &3
TFEL #Folof Bk V¥ Az A g Fug 717
9] 2 & (alignment)oll )3 @ x}7} G =] o]H A
2ol = Coefficient of Variance(CV)7} ZA Yeldch
CV g& EF0xE Y7o Yr gog 371 3
£5& resolving power”} FoFA| 1L CV gto] E5 pe-
ak7l WA 22 Go/Goll 7PA X se g g AE
T& ZohA £ o) AR 289d ddsinA
o sloJA] o] g DNA &olu} ploidyel ¥ 37} Ho|#
A7} st A Fol A7l B dFdMe FAAY
AR Eol Yox e utaltl Ry AfEx
2.3 9t} Danielson 5 vb$-2 wotglat Aol A plo-
idy W3l A4 protocold] o FAPRE 3lvtu F3
&1, Castelain $°% diploidization®l @4=¥ 712 &
oz ¢t ENojgty dAAE = L R A B
A8 ARHNSAE Rgd B asgr)

£ A¥ol A DNA ploidy #483} o]&A7) &, &
3 45755 diploid(2N) 7} Al 1, 23 A Z2F2 A
STRT KA UA F71ste ploidy ¥ 37t 2etsl ot
Al ol o)A Q) Mtz etk 83549 A
olz| g AL vl & F3& A Al 379 diploid cell 3} t-
etraploid cell®] ¥]-&o] A9 1:12 v|&£@ Jrz et
ke Al 1, 229 diploid cell®} tetraploid cell®} ¥] &
2971004 41 A2 diploid cell®) F717} o) $-
FRgAnt. 53] FE8oF & & GST-P 449
g2} WA o] 2-AAFE £ EHE ALEF A 123 AL
432 & A 27 Zpo) vt AsHAl Yo plo-
idy W3te o] £39) zle)7 Ha vehA] ¢ Re
2 v Fo] Ho} FCME A48 DNA ploidy 4 & 7
%t carcinogendl A ko] o}y 2} v] 3} carcinogen©ll
A% e ME TH 2 WIS 25 8T
Aoz Atggd. 28y ol F ploidyol o & 7123
A E7E ol &350 2L Folgis EFo wak A
A<l ploidy ®¥ 2} Ae]7t e mg®? 72256 B3
A7t o @o) o] Fojxjof & Aot}

A 29 ploidy ratio?}t ¥ 3}3hE 7| A& o4 & &3}
A F8A 12 FA T Tulp T4 ANL 73] o] 2N
S AR YEg o HgEd A9 5 e 5H)
A7) g &l of 973t n B 13190 0] Neald} Butle-
%2 polyploid cell&o] ¥etg ol o 9733t3 diploid
Axzoz e A3 H A polyploid cellEol o)) o=
He] At =334 19E Sl 2 Steele F%2



diploid cello] O @& 2] A73lttn B na K.
a3 Westy A7 9 ploidy ratios}e] 8L glo
W ol g Wiste Y EAe] wREAG B UA
ghwrohE g o) gl Aol itk B usigich

22 oz st o)A ploidy W stel] gt
A7 AL A S ol e Fa ARE AT
B2 ol g ¢st HAell Ao] DNA #isgle] thg A
T7+ § ®el o] FojA ok 5t FCM ¢ & ploidy ¥
Ee gdstagdd Aol 2719 g0l 5 ¢
c AAAY RE2 F&3L AEHY U] J&3a
ABAJN FME A8 A SE 27 7|28
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4 £

B AL i fAolA FAH oz AXEE &
g 8t1 o] A& flow cytometer(FCM) 2 ¥4 o2 X
o] At A4S A ESE F£FA FAEY F
Aol o] g §AH o] aAHow AYELE A
Asled oM e ARERT o F-83 FAL
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Fel=s

1. Ploidy 22| AojA ¢ HE4F7F A 1, 23
5% )22 A 3z} diploid7t f2 4 A F7Hs
¢ 2.13(p<0.01), S-phase cell& 24 sle Hsl7t ¢
ek

2. R 6350l A 12| diploid7t 214
AA =718 .21 (p<0.01) S-phase cell#} tetraploid
o A% ztzt Al 223} 1A KR UA F&3AT
(p<0.05).

3. L& 8FFoll e FRFel F3lo] veht A
1, 229 diploid7} Al 329l e A2s) FIAUAN &
7hg W (p<0. 001) tetraploid= 93 A A 7243}
HAoH(p<0.001). 221} S-phase cell®l A% #2439
£ s 9A YA gt

ol 43 2 A g FCMeoll 93t ploidy ¥ ¥+ 3t
Wotsl #Ael AoA 7)) FAEH ¢ A AH
Al 252 F43cn AeEY o F&stn 4B
QG A sty 2 7 E2REY dF Y
ol FolAof & Ao g Az,

Legends for figures

Fig 1. Preneoplastic lesion induced with diethylnitrosamine (DENA) as an initiator and promoted by
2-acetylaminofluorene(2-AAF) for 2 weeks in partially hepatectomized rat(H&E staining, X100).

Fig 2. GST-P positive preneoplastic lesion. Serial section to that of Fig 5(ABC staining, X100).

Fig 3. Hyperplastic nodules induced with DENA as an initiator and promoted by 2-AAF for 6 weeks(H&E statn-

ing, X40).

Fig 4. GST-P positive hyperplastic nodules. Serial section to that of Fig 7(ABC staining, X40).

Fig 5. A clear cell foct of the rat liver induced by liver carcinogen(H&E staining, X40).

Fig 6. Magnified figure to that of Fig 9(H&E staining, X 100).

Fig 7. Large GST-P positive hyperplastic nodules induced with DENA as an initiator and promoted by 2-AAF for

2 weeks(ABC staining, X40).

Fig 8. Fluorescence micrograph of hepatocytes from normal rat liver in cell suspension(stain : propidium iodide, X
400) . MD = mononucleated diploid cell ; BD = binucleated diploid cell ; MT = mononucleated tetraploid

cell.
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