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Immunohistochemical Study of the Expression of p53, Pan-ras, c-erbB-2 and PCNA
in N-Nitrosomorpholine(NNM)-Induced Hepatocellular Carcinoma of Rats

Ok Kyung Kim, M.D. and Hyun Ju Shin, M.D.

Department of Pathology, Ewha Woman's University College of Medicine

The focus of this study was to analyze the morphologic expression of p53, Pan-ras, c-erbB-2,
and PCNA in preneoplastic and neoplastic liver lesions induced with NNM of rats. The
development of hepatocellular tumors was investigated by histology and electron microscope
in 65 Splague-Dawley rais administered with NNM in drinking water at low dose(S mg/100
ml) and high dose(20 mg/100 ml). Three types of hepatocytic degeneration, glycogenotic,
eosinophilic and basophilic changes were followed by the appearance of hepatocellullar carci-
noma, Hepatocellular carcinoma was increased in number and size according to NNM dosage
and to duration of exposure.

The histological classifications of hepatocellular carcinoma were trabecular type, which was
the most common, large eosinophilic, small cell, adenocarcinomatous and clear cell type. The
expression of p53, Pan-ras, c-erbB-2, PCNA was examined by immunohistochemical stains.

Eosinophilic degeneration revealed mild positivity at 18~26 weeks for expression of all
oncogenic proteins studied and PCNA, whereas precancerous lesions showed variable expression
from negative to moderate positivity on PCNA. Hepatocellular carcinoma lesions showed strong
positivity for all stains and increased intensity during experimental period. These may indicate
that chemical carcinogen produce hepatic eosinophilic degeneration and precancerous lesions by
genetic mutation, resulting in hepatocellular carcinoma. (Korean J Pathol 1995; 29: 727 ~T739)
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ghato] #leln] 53] Haras®} Kiras= A of] 24
A7 grEckA|Eo A #A4E Belgn' Pon ras
p219H-R-A Zpehul 2 qlalol] wEAIgE 7RQEe] 65% o) 4]
ob4 & Helctx' Bk v} glch

cerbB-2f-A A= Fokfudviwie g Fobs Eabe|
23 oz olxelly ofd o #HahE, g9
o] Zcla o FE FHE=d 2o|m vk HEF
A1SHI(PCNA)S A ES4e] Zyatz 4o+
A7 AER bl BE FH7HA #E 9 Sle
chujo g E3) Foko] oFE@go] F2 Ao] ¥
o},
vholad #4570l Neonitrosomorpholine(e] sl NNM
o2 okghE AgE=9 w2 Alae R A7
36T Folvle] ZhEk w7k 2] Hef¥HH o
& sia, WA, Hgwa 9 b el W
=2 ey og 587k (p53, Pan-ras, c-
erbB-2)7} A £ 8l(PCNA)L] whal & A2 Shatat
ez shands #@dx3ia o8 =7Ed 9
ko] Ego] =z ¥ AfE A Easict

HTE U Wy

1. HAFIHE

AlgEgo o 150 g el Wy esuleE 4
HAH dpd Fob 4k FaggdsAas Asw
of #FHel HSAF £ 27 Teo] A FEE F
Foled Agsbaich

412 FAYEF 130k

#H 27 NNM Azk5ol (5 mg100 ml) 26v}2]

A 35 NNM &k Fol & (20 mg/100 ml) 260}2]

A2 1 e dejAdrE s w9
ow 12572 kst 5 of 2ok} uleld E A

AZlch. NNMEo] 2 1 g(1000 mgle| SEeojd= Al
of&7lell 100 mi2] FHTE wWeol #4EF THE F
o] 2 o4 el A2FE 5 mygl00 mlZ A3
T 20 mg/l00 mlE ghEe] AR g3k sk
e A 125ata] f3w § 3esata| of 2500
= i Sl g A L B O B A

2he] zokw) Ao} ofw fell4] =2E Ao <lF
of| ApRRabgdch Ade] AE4E NNM® Sigma chemi-
cal compound, No883 IsoPAC of N7382(pfc), U.S.A
A Azt AFE Aok st

2, by

1) ZEEZg| Fotx gk 7t ellA] 125758 A
Zslod o 25vbch ANF e he] gt Fke]
ul 27)E #hdste] bk | aebgich

2) HEtE0|1AY BE: H4A 54 F=EHE 9%
pelsl G HE Wash 470 ¥elolA A
o] 10% F4 FEvralel] A Alzich mAgAA
7hal A 2] FalBof|la] 2+ cm AZ|E Z2FHE oo
spehflel] Eefgt ¥ 6 um FAZ HHste] 23 E
K5 whESl hematoxylin & eosinfH & E)od & A
bl H & Egia Az, b= Hxuide
Aol w2t F4G), ARG, TR W AR
(++4)2 Fweg Feisich

3) HAEHOAE D elAlze] wEes 1295
B 4 Wy g 9% 7q]e] Sy |
Aolld] 1~3 mm A7) 2 HAsbed 2.5%  glularalde-
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Fig. 1. Increasing number and size of tumor with time,
formaline fixed tissue.

Fig. 2. Trabecular type of hepato-
cellular carcinoma, group 111 26th
wks(H & E, = 200).

Table 1. Tumor imcindence of liver in NNM ireated rats

=

Whks Mo of turmior
12 14 16 1 2 22 2
Group A ] 0 24 26 28 30 3 4 36 Total %
| 0 0 0 0 ] 0 0 0 0 0 1] 0 0 13 0
11 0 0 0 Ll 0 0 0 0 0 0 1 2 1 4126 154
I with lung meta. O 0 | 1 1 | 0 0 0 5/26 192

0 1 0 0

Mote: I; control, 1I; rats administered with NNM at 5 mg/100 ml, III; rats administered with NNM a1 20 mg/100

ml, meta; metastasis
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Fig. 3, Clear cell ovpe of hepato-
cellular carcinoma, group 11 20th
whstH & E, =200

Fig. 4. Small cell type of hepato-
cellitlar carcinoma, group I 24th
whalH & E, -~ 100),
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Tahle 2. Light microscopic findings of liver in NNM treated rais

Hepatocyte Portal triad Carcinoma
Groups(whs)
Glyco-  Eosino- Baso-  Infla- Fibro- Cystic Hepato-  Cholan- Meta-
genotic  philic philic  mmation  sis proliferation cellular  gio stasis
112 - - — —~ - —~ — -~
35 — - —_ _— —_— - — —_ —_—
1n 12 + + + + - T - - — — -
14 + + + - — - T - - -
16 + 4 -+ — - ~ — - ~
18 + + + - - - — - -
20 + + + - 4 + - - -
22 + + + + —+ - - — —
24 + + + - -+ + - — -
26 +- - + + e il - — -
28 + - + - - - - - -
30 - + + - - - - - -
32 + + - - + —
34 - - + - - — + + -
36 - - + - - + + - -
1 12 + + 4 + + + + - - - -
14 + + + + + + + + + + + -
16 + 4+ + + + + + + - + - =
18 + + t= - + + + + + +
20 + + + + + + + + + ++ + - -
22 + + + + + + + + o ++ + - —
24 + - + 4 + + + — + 4+ + + + — +
26 + + - + + 4 + =+ + + + - -
28 + + + + + + + + + + + - +
30 — — + 4+ + R + -+ + + + + - -
32 - + + + - + + + + + + + — -
34 - - I + + + + + + + + - -
36 - = + + + + 4+ + + + + + + — —
Mote: — negative, +; trace, +: mild, + +; moderate, + + +. severe
Table 3. Classification of carcinoma in NNM ireated rats
L1 A Al e 095H PR Ao Histologic tvpe Number in tumors( %)
71 Alstglon A3 32 1855 A Frlsled :
FIEE Hoow ofZdbs 4G4 gl ghile] = Hepatocellular carcinoma 26(92.9)
H4e A2 Fueke A3Fld Fvl Zobgl g4 Trabecular ype 16(61.3)
o AF7)7le] Hojawla] HEes] mxel wi) Large eosinophilic type 5(19.2)
2 weld Clear cell type 20 7T
Tkl ok E(hepatocellular  carcinoma) == #] 2 54 Small cell type 2077
i " = il .
AAE 3256 Hol7] Aftsiglen A3geldy ConocHemomaon e e
Cholangiocarcinoma 2( 7.1)

1425E) BEslel 1%l TR of H§D
epdieh, gaeld 798 el E cholangiocarci- Total 28(100.0)
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bRl bR T8 FEelldE Y HE B
of 2¥ 4 RFE Audq Wer FRubgvh

#lafigdEe] 2oule]l(9zgsyden] o] F  wabecular
tvpe 16(61.5%), large ecsinophilic type 3(19.2%), clear
cell typedl sinall cell typee] 7H71 2(7.7%), adenocar-

Fig, 5, Adenocarcimomatogs Ly e
of hepatoosllular corcimwom, group
I 28th wksi H & T, -~ 2000

Fig, 6. Cholangiocarcinoma, group
OI Zoth whsiH & E, <1000

cinomatous type 13891 o] s dbadyl o
derEs mlal(7 148 e (Table 3, Fig, 2~6),
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Fig. 8. CerbB-2, hepatocellular
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Tahle 4. Positive reaction of immunostainings for p53

Glycogenotic  Eosinophilic  Precancerous  Cancerous

VB ara®) - area%)  oama(®)  areal%)

14 0 =1 3 3
0 3 ND 0

13 ND 2 =] 0
0 10 5 10

22 0 30 ND 10
0 3 0 3

26 0 25 ND 50
0 30 0 20

30 NI ND 0 ND
ND ND 0 ND

Mote: ND; not done

Table 5. Positive reaction of immunostainings for pan-ras

Table 6. Positive reaction of immunostainings for c-erb-2

Glycogenotic  Eosinophilic  Precancerous  Cancerous

area( %) area( o) arcai %) areaf F)

14 0 <] 0 =1
0 2 0 2

18 0 <] N 1]
0 3 0 0

22 0 20 0 |
0 2 ] 5

26 ] 10 5 70
] 30 2 S0

30 ND ND 1] 30
ND KD 0 40

Table 7. Positive reaction of immunostainings for PCNA

Glycogenotic  Eosinophilic  Precancerous  Cancerous

Wks ea(%)  area(%)  area(%)  area(%)
14 0 <1 ND <l

ND 5 0 5
18 0 3 0 <l

0 2 0 10
22 0 a0 0 10

] 2 0 2
2% 0 5 0 50

0 20 0 80
30 ND ND 0 60

ND ND 0 30
2 24Eo] glem 2szAm AATE Wwua
Ao EulEe o2 geov "iHsRle] e
Hez sl

1) p53Q| MUIE 4 ps33 Wat HEHY o
AN4g Helow gbfld WAL psie] HaxEA] o
o] A4 ﬁ_’.-d_nﬂf*i% Aylo] Zo]A4E of
Ho| Aeg F7hEE Fasledc. HYGAHH &
145=9} 18500 eksbA] Byl e, 225, 2658, 0FE
Sdeg oAz ol pilejdlas Hoel FlolE
L 27)ell 5~10%, ¥l 20~50%2] A4 EF Hy
thHTable 4).

2) Pan-ras2| RrMEER 421 Pan-rasi= A2

Glycogenotic  Eosinophilic  Precancerous  Cancerous

Whs areal ) areal %) areal %) areal %)
14 0 <] 30 80
0 5 ND S
18 1 10 40 100
] 10 1] 70
22 ] 10 0 &0
1] 15 '] B 90
26 0 10 10 10
0 20 0 70
30 ND ND 0 EO
ND ND ] 30
Hgjate g okdg Heol=d] 4w H‘r‘ =

Mo g TAAAL WAAM Hgxrel 1~5%, F7]
of 20~30%2] ok & Helch HAsHAAEE ‘“JP—
faElgn, 7gtEe el 1~-5%FE A4S Hy
ow F7|e 80%7HA] ok o] F7bE|4icHTable 5).

3) c-erbB-22| LMUIE 4 H: cebB2E FE F
okd| Entol] #Zsle] kA4S Beled ZAFY W
A7} 275 1~3% uv|ukoll4 ekdF Kozt &7
= 20-30%7 A ckd S Hgc) #HehwAl 2658
Melstr 4oz HFEgdn FGFE Frld 70
FmtA] kel FrhE| 9k Table 6)

4) PCNAZ| Zypis 22 PCNAh
A g d3led 4T Wi

1

T2 ol
= 274 1%
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2%k FELE] kA S Bel7 R sheich
A Ed| A 28T s0~90% b akd s R
qRA FNE e VR PR fEE Ky
v} Takle 7. Fip. 9, 10

5) ZratEo| w2 |xxEHE RBRH OE &3 7
HaiarZeo]  gabecular tvpeS PCNA 90%. Pan-ras
15% 4 p33st cerbB-2% S-Aelgduk large eosino-
philic type-> Pun-rus7h 70% %7 7lak ke S H

Fig, 9. PONA, vosinophilic hepa-
cyles (meoderite pogitivie), group
I 22th whe ~ 2000

Fig., 10, PCMA,  lepatocellular
CHTCIDOTIACSIPONE (silivel, group
IT 26th wket < 2000,

Hal, PONA 20%, pS538) corbB-25 202 (5% 2] <
Aleos hEsl g small cell vpe® PONALT 906,
Fun-rus&l c-crbB-237 2R 0%, p3e 20%ella oked
alguh clear cell iypeat adenocarcinomarcus Iy per
LAlolg) s grakehE s pONAME AR E obAd3 K
o chTuble &)

! &t

padshfH dboled 2 gimian vims 4027 fFulalFl
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Table 8. Positivity of immunostainings according to histologic type of carcinoma

Histologic type \ Oncoeene P33(%) Pan-ras(%) c-erbB-2(%) PCNA(%)
Hepatocellular carcinoa
Trabecular type 0 15 0 90
Large cosinophilic type 15 70 13 20
Small cell type 20 40 40 a0
Clear cell type 0 0 0 0
Adenocarcinomatous iype 0 0 0 0
Cholangl\iocarcinoma 0 0 0 60

21zhe] FokEF FEol FAse] ol FEA
ol Eelad wue] ghef o)™, ps3fA Akl A}
A= Eoke Al gl Aol pS3gR-H AR S
o] HEe] F2E ZHae o] FHUAAE 17W
o A 2| 2] chghband 13)e] §]2 & Ao}, psS3fH
Agde]ls W8 el E  gle 7hE E
fAAEAHF shlgn BaE g

w=de| 2 A= piaghiAAdg 2 4 F2
o8 (wild type)2] ps3ghfA A chufg ol uldhz] s}
A Fv] A4 ¢y shfelch weky Fel
o] pSigtfAAciE wozIfagHon PG
4 gloka Bagt wp gt

ddHoR psighaHAchee] F¥E HEY F
hqgtoll 4] kA& Heo|a™, Poller5 2 27| fHbedkel
Agl okd wbg2 Fokd R Es] AR, 2A4FH
= oul dAiERA Eals] SA4HEFI veEEo
F#Echa glon], BamesS ' pSigHg A Ajchuol
49 3ol ol &7t Ymicka g

phabef| ] pSAFHAE Fxeldoz FH Fow
o]} ®He] H&g welckn o] PuisieuxF '
+ Al H ps3e] Fdwe]rl Holnpwd psis] u]
#HAYE She] aibEefa Eavsigich

2 dge s ps37l hMEe] Eabt4 wAdHAE
off ME2] & Foluzl HEAY HAEe] 4L
vebliE ZlE slslsbE o8 el o]l gt
SH Ak e] xefo] Aol Qo) ofE A
&3 FHE velle Zleg FAEch A A
Ae A2 Sdoz Heln Jighd def =
g Bt

Pan-rasi= Ha-ras, Ki-ras 2 myc §-3825 e
Agle] AodtdH oz 0%l FhEgke] whgain
EEFAZ 60%A A o] FEEE AFH
(hybrid B6CFIyoll 4] #20%l Ha-ras, Ki-ras 3 mye

Eddle| & Yo AT HE Ftdela
ﬁr_,:ll_ﬁ,_ﬂ-l

Takeuchi 5-(1990) 2]&Py rasf-A2b2] 4429 ras
p21e] Zigtat FRFStell e cbgelm b feiwt
A4 23 dle S4oE fEED s p2lo] THHE
2] <tAdFEd F 43S ¥ Folz FHFHELL]
EHEE WA BA7E A& Akl

Voravud5'e] watelel 4] =AsE AFh, p2
myc, p2l c-ras 4 pl90 c-erbB-27} F ¥ = 2 -l
A c-mycs} cras?h efle} 18564 A sud Ak
EHE 3 cerbB2y Aol Hs wrEE]] ok
Wiiell, o] A FAHUAE FLEAE AEE 5
glekar shglct.

SinhaS .2 aflatoxine 2@ Subsl wja]o] 7helsol]
4 Nasi= 3o, Ki-rast 10, Ha-rast % 704
Feoll4 45 Holckn #gich E Age|4 Pan-
rast= AEAWY Tg|deg kAL Weled A
wWAddHe GHeg Hem, HALA HAHAAHE
A x7el 1~5%, U FX|oll= 20~-30%7} k4
& Rk FGAAAMNE SHdeoz faEgch
FAAE 270 1~5%2] oFdolzlent Fre
80%7HA] ekdo] Zvlslelon, large eosinophilic type
ol 4 sk ekAdo]it small cell typed} trabecular type
dAE AE 9 FFER okdelald

c-erhB-2 9H-H-H 2= protein kinaseF §H4 814 7o
o dal] 7diel #x|sbe] F-AFF 185KDS] ofeheS
HAdabe]™, olg|alr) e AghFelld LHHG &
& frubehEell e frel g2k 30%elA okd-E
Hol o7} b ghalelld] ubde] SviEd 5
8 gxZA Aolg Yol o4 i Eo] EHofm
ﬂ_t}il,lﬁ_

a8 uF 9 agdEFa o w9 2 AqkRe)
A cerbB-22] FHAES]} odFAolof] Halde] gl
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FUPCNAWI High wel 24808 A7

ou] olfelatz A ¢ ok s

7hA| E9tmt Gakgtell 9] cebB-2%HRAHA EE
o] i Bug 7hetol A 8%, Htqhat HERAE
2 0%E R &9 cebB-29| AFEAS T
Q3 gaeteld S EE L& AL ohidta
#edeb® el Brunt ) Swanson” 2 c-erbB-27F 3F
AEst gtz F4ed F427 & ¢ ka3
of, 7helel chlglel|ld] FAH o gha|Evte] k4
o7 do|7|E &b 7hRAEE, ZEqheiabzha)Esh
Z, gH4dE, MEAZTAE F42E FEHA
otz #felch 53] c-erbB-27F fiubd S| Al el
oll 4 ofAl o] g opldl FEE FFEAAT
2 ik seld

B A%e|AE cerbB2y B Eqtd] o E
Halr] o]k c-erbB-2 54 77} epidermal growth
factor receptor(EGFR)2} F=FHezd {44 irans-
membrane receptorgHs FAF} A el EATA
M HdAe 7ol 1% olghelld gbdes Hem
F7|ell 20~30%7 7 <kAe] Frlalbeld. HsbHa
v S4eln] JAER A F7ol T0%IEA] G
o] Fohslgrt

M E =4 s (Proliferating  cell  nuclear  antigen;
PCNA)E DNA polymerase-delta®] B ZHAZ 3I6KD
¢) Hazjeks ="" nonhistone nuclear antigene|w
o] ghufe] 45 DNA SHIF F7|Gleld S
A zhabe] 44 7)ol Hoilvh sle] g ghadich

M ESA F APl KioTell ds] E£Egkgle]
A7 gretR EojzAdl AR HEe] vHedtebe
Hel gid}.

Garcia'5- 7ol o]ab £ 8 414] PCNA ob4-Eo]
G EER A 28 A7) AEEEG &
44 vebdcka gl

2 AydlAE PCNAE Z474 #HARAEE =
7ol 1% w]ubelld] F7loll 20% AES] SAHEF Hu
o AHeHAAL 30-40%2] FEE9 ¢4 Hurt
stAALe 2 Re F7|7A] A NS B
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