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Development of Thyroid Tumors by 'Carcinogens and Its Expression of p2l
& p53 Protein in Rats

Jong Min Baek, M.D., Suk Kyun Chang, M.D.
Department of Surgery, College of Medicine, The Catholic University of Korea, Seoul, Korea

Objectives : The development of thyroid tumor has a relationship with carcinogen, oncogene and tumor
suppressor gene. With aminotriazole, radioactive iodine and nitrosomethylurea as carcinogens in rat, authors
investigate the incidence in type of the thyroid tumors, p21 and p53 protein expression pattern by
immunohistochemical stain and the relationship between the tumors and p21-p53 protein expressions.

Materials and Methods : 80 cxperimental animals were divided into four groups; group l(control, no
carcinogen, n=20), group 2(oral administration of aminotriazole for 36 weeks, n=20), group 3(intraperitoneal
injection of 1311 for one time and oral administration of aminotriazole for 36 weeks, n=20), group 4(oral
administration of nitrosomethylurea for 3 days and aminotriazole for 36 weeks, n=20). After 40 weeks they
were sacrificed with pathologic examination and we performed immunohistochemical staining with pan-ras
monoclonal antibody for p21 protein and CMI polyclonal antibody for p53 protein with paraffin-embedded
specimens.

Results : 1) No tumors were observed in group 1, but 38.3% of nodular goiters, 11.7% of adenomas and 50.0%
of carcinomas were observed in carcinogen treated groups(group 2, 3, 4). 2) The incidence of nodular goiter,
adenoma and carcinoma were 70%, 20% and 10% in group 2, 40%, 15% and 45% in group 3 and 5%, 0% and 95%
in group 4. 3) p21 protein was not expressed in normal thyroid tissues but was expressed in 26.1% of nodular
goiters, 42.9% of adenomas and 6.7% of carcinomas. On the other hands, p53 protein was not expressed in
normal thyroid tissues, nodular goiters, adenomas and in well differentiated thyroid carcinomas by
immunohistochemical stain.

Conclusion : The authors suggest that aminotrizole, 1311, nitrosomethylurea can be etiologic agents in the
development of thyroid tumor and the p21 protein can be expressed in the early stage and in benign condition
of thyroid tumor but p53 protein is not expressed in all conditions of development in rats.

KEY WORDS : Carcinogenesis - Nitrosomethylurea - Aminotriazole - 1311 - p21-p53 protein.
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2 sHRE o 37} 8] B8 vis) £ 9P Yana-
plastic carcinoma)7tAl ThFste] 13 AA 9] A
Aot dF= «F38t7] o2l deleltt. 19704
27 & 3 7Y 52 X Hede] WA
o2 FUgt MFog AAHAD A oh2 ool v F>
3] & AYEEE nTohE Y ExlollA] A X
5ol A8 o Fo] WS Hste] ] M2 X
TRAAA 2 aefsfol drte Ale ek,

A Fde] DA a3 EAMESL 7]HL & g
A AR Fout, g - Aol HdelA o] & felzl
ThEAQl 724 Wo|7h 1 Tl 82 5 ok,
Z o2 T79 gollA Be] YeUE ras gAAbe p5b3
S A fRAke] Blo] FollA ras SRR R £X19
AZA o] p2l(mutant p21) BWA-E AAsta Fobd
A 27158 Ui T2 AN TR E o]
P = Hol| o] LHsRT o] A=A Hol7t HH
Axt At Aoz dEA U Eg A4 17pdl] &
Aehe pb3 A FxkE BdE e ddAl 28-S 8
< wild-type p532Z EAsht Wol7} wAste W] p
53(mutant-p53) FAAZ}E HH FA| frAAREA ) 1%
< 2AH Ha ol TAYEtE Wol= p53 Ho] Tl o]
S7¥he A2 FF/e 3Rl TE p53 @A Agilo]
48] glolA = FRzE S A 7HA] eRd TR,

AAE-E AR 374 23T fARE BFE videz
WA T kA 2 HdEA ofste] g Foke]
Fo e gm0 AR, FAEF 4 T
NA ras GRAAS} A Ho] p21 @R Hol ps
A o] WEol Rol A= g doliy] ata] B AP S A
=3t
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HENY R YH
1. 4958 3 ap
AYFES AT 6579 §AHOR AT 100g AFY

%O
WistarAl®] & BF & AMsIon vt 2o 472
2 T & Ak AlERe 2 ARGE A 13 (U R, 20
ul2]) : 0.1% ATA(Sigma Co., USA)E 3653 A7 54
g A 2(20m1) IR A7A, @) 50~100uCi
E 18] B2 Ut 0.1% ATAS 3653 2+ 53
A 37+(207}8]) : NMU(Sigma Co., USA) 40mg/kgs
3UZF AT Fosla 0.1% ATAS 36533 747 FoJ3t A
47 (20m}2])2 2.2 o] Al
Z AR FES AY T3 AFS Systn 1434
& ARl 49402 FPLUFTE Bavdon ©
=%

gt 7+ 222 F=red| 373l hematoxylin-eosin @

Fall

=3

o

2. p21 X p53 HE A MOARX oS ]

p21 ©A AMLe anti-mouse total [gG) pan-ras
Reazd A& A3t pan-ras immunohistoche-
mistry system(Oncogene Science, USA) 2= Oncogene
Science immunohistochemistry system® Instruction
(Cat. No. HSC02)o w2} Ald)stden, ps3 ©ald <
ML anti-rabbit IgG CM1 Zelaz2d IAE A&l
proliferating cell nuclear antigen(°]3} PCNA) 4™
(Instructions DAKO LSAB Kit, Cat. No. PL0154-1092)
o2 At} G4 MicroProbe Incubator(Bio-
meda Co., USA)E AHE-31H

A
iAol TufE 22 4~5um FAY 2APHOR
tt5o] B4 A" &glo|=(poly-L-lysine coated probe
on plus microscopic slides, Fisher Scientific, USA)e]|
FAAZ F AN 3083 A A Basi

2) 22t mete A4 3K Deparaffinization and rehydration)

Z2 AL 37T 12413 o) AZAIZL F histo
clears} xylene®] Eg&A o7 1HZF 60TAA] 43] B
AH 9 A2 T Ao &F SZEH 95% SF-Eo|
A&H o2 23 Mg F Berg 509 WA 284 &
o (target unmasking fluid, Kreatech Biotechnology,
Amsterdam, ©]3} TUF)dl] do] 95ColA 1083t 223}
ALl 1583 BRI T SR €59 phos-
phate buffered saline(0.05M, pH 7.4, Tris-HCL buff-
er, DAKO TBS, code No. S3001, ©|3} PBR)L.2 30%
7t 28] AlH sk

Agld ZAER FstriTE FAsto] 40Tl
287+ Wh3A17]3L PBS #go® A|A 3 & T Block-
ing §4< HA sl 287 Hesta 38l (1% +3
g3 439 &5 0.05M Tris-HCI buffer, pH 7.2~7.6,
antibody dilution, code No. S809)¢l| p21 Aol o
Bled &= mouse total IgG pan-ras BeAz2e A (On-
cogene Science Inc., USA)E 1: 3022, p53 wej & o]
)8t & rabbit IgG antibody CM1 E8]2248A4(D-
AKO Co., USA)E 1: 752 gAsle E&sta FAAIZ
F 40ColA 1087 B2t 1 F PBS ¢Fdos
108] Ald3taL F/HFZ A A
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4) CIAZH A HEU S

p217} p53ll tidle] Z2he] o] 2] vhg-& p21L an-
timouse total IgG A< pan-ras °]xFJA] (Oncogene
Science Inc., USA)E, ph3<S antirabbit IgG FAY
CM1 ©)2HHA (DAKO Co., USA)E 22zt &efej=of A
ZAF) 2L, 40CoNA 883 1087 B3 & 23] A4t
th. TA] streptavidin peroxidase® 483F ¥HgA71aL
PBS ¢&d o & A2 3 & chromogenC 2 THIF E24]

2 % 2852 A

23] BFATE SRl 28] AFsta, 5% gEYolsd
527 23] MH3ta, THT R 95% LAEe B F A4
g v 1, p5h3 BNA L SRV ol E g3 H
& A @z SABRF S vk & 47| getolme
pristine mount(Research Genetics, cat. No., 750135,
USA)E A3t Bdsta Bedn 4 oz #3aart.
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WS wsle] AA| L] 25%7HA] A< <
+1, 50%7MAE +2, 5%IME +3, 5% ©1% 4
£ +42 3t +2 o1 He A& oz BHsT
4, 3HNE

2zt 7 2 #AFALG tg 93 =& Chi-square test

2 AR ow FoFEe 5% o3RIt
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1. ATA, 'l ¥ NMU 28 AN ey

A 1Tl M FF B gt Al 2, 3, 47 (L=
A FolF, 60<)elME AAAY 13434 %F (nodular goiter)
o] 38.3%(234) (Fig. 1), 334 % (adenoma)°] 11.7%
(79) (Fig. 2), 744 <Hcarcinoma)el 50.0% (309)) (Fig.
3, 4)ollA BASHATHp<0.01) (Table 1).

Zg TSN A 27 AR 3AF] 70.0%,

AT 20.0%, ALl 10.0%4 Tyse
W Al 3Tl E 40.0%. 15.0%, 45.0%0°04 EAstA A
2d] vlall PP BAL Aot I9 By

Fig. 2. Photomicroscopic findings showings follicular adenoma in
aminotriazole and radioactive iodine treatment group. Hema-
toxylin-eosin stain(X 200).

A # sk
R N =
T '_:w%x'ﬁug;{‘&&sg,
- - ;;;}{ «:&W&i‘? :f‘
%4 v{x'ﬁ;«“ RPN <L,
B GE T R
£ P ;f‘%‘; K
¥ o o B ;“‘ ﬁ«ﬁ ?ﬁ‘, Boft
%, 'ﬁ;hi’ L .

Fig. 3. Photomicroscopic findings showings follicular carcinoma in-
vaded the capsule in aminotriazole and nitrosomethylurea
treatment group. Hematoxylin-easin stain{X 100).
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5.0%, 0.
E2o]a1(

< dA3| F7IIR e (p<0.01)) A 4TI E
0%, 95.0%°1A ZAst A 27l H]3ld=
<0.01) A 3ol Hlgt = ekel WrAje] AA B =715t
Hp<0.05)(Table 1).

A AA 22S BE GAANET ko) A9 g
1A %7} 2 ueE Gxy 439 8 e e
8 AT IAYe] SHA 2AE Yehyon] RuA

_xlm o>'

Fig. 4. Photomicroscopic findings showings multifocal follicular car-
cinoma in nitrosomethylurea and aminotriazole group. Hema-
toxylin-eosin stain(X 40).

Fig. 5. Photomicroscopic findings showings positive control of p21
ras protein in human colon carcinoma. Brown colored
staining(arrow). Immunohistochemical stain(X 200).

Table 1. Agent specific thyroid tumor production

L.
1_

,4).

2. p21 BN &y

g 2 oA G4 A2 2L A Xdo]| 7
o2 gago] p2ig o] At FEHATHFig. 5).
AnEe A 17 L Y M E p21 wldo] A
4 5)%)

58 Balgte] 2748 U7 = Stk (Fig. 2,

3

23tom (Fig. 6), 284 W3dFdX = 26.1%)

Fig. 6. Photomicroscopic findings showing negative expression of p
21 ras protein in normal rat thyroid. Immunohistochemical
stain(X 200).

Fig. 7. Photomicroscopic findings showing positive expression of p
21 ras protein in nodular goiter. Brown colored cytoplasmic
staining(arrow). Immunohistochemical stain(X 200).

Normal Nodular goiter Adenoma Carcinoma Total
No treat(group 1) 20(100) 0( 0.0) 0( 0.0) 0( 0.0 20
ATA(group 2) 0( 0.0) 14(70.0) 4(20.0) 2(10.0) 20
RI+ATA(group 3) 0( 0.0) 8(40.0) 3(15.0) 9(45.0)** 20
NMU+ATA(group 4) 0( 0.0) 1( 5.0 0( 0.0 19(95.0)* 20
Treatment(group 2, 3, 4) 0( 0.0) 23(38.3)* 7(11.7)* 30(50.0)* 60

ATA : aminotriazole, Rl :
()%
* 1 p<0.01, compared to group 2

radioactive iodine, NMU : nitrosomethylurea
*: p<0.01, compared to control group
*: p<0.01, compared to group 2, p< 0.05, compared to group 3
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Fig. 8. Photomicroscopic findings showing positive expression of p
21 ras protein in follicular carcinoma. Red-brown colored
cytoplasmic staining(arrow). Immunohistochemical stain( X
100).

Table 2. p21 protein positivity by immunohistochemical stain

Normal Nodular goiter Adenoma Carcinoma

n=18)  (n=23) (h=7)  (n=30)
No treat 0

(0.0) 0(00)  00(00)  0(0.0)

(group 1)
ATA 000)  6114(42.8)  2/450.0) 0/ 0.0)
(group 2)
RIFATA 0(0.0) 0/8(0.0)  153333)  1/(11.1)
(group 3)
NMU+ATA 50 0) 01(00)  00(00 1/19(53)
(group 4)
Total 0 6232610 3/742.9% 2/30( 6.7)

ATA : aminotriazole, Rl : radioactive iodine
NMU : nitrosomethylurea
()%

* 1 p<0.05, compared to carcinorma group

Table 3. p53 protein positivity by immunohistochemical stain

Result Positive Negative
Normal 0(0.0) 20(100)
Nodular goiter 0(0.0) 23(100)
Adenoma 0(0.0) 7(100)
Carcinoma 000.0) 30(100)
()%

M (Fig. 7). AR ZANME 42.9%004, Al e
6.7%°14 (Fig. 8) F&E Ho Pl vigle] FIFF

A @A Ee TAES UEHTH(p<0.05)(Table 2).

3. p53 Tty ol Wy

At 28 o] Mz AA
2 gaE]o] p53 wlAo] MMk PFREYeH A
Z X = Ad GAER] gdsic) AFFS9] 3ato] 2
A PAEEAAL AEH BAZAHAN A=

ol 1 FollA 2k
|37} 2& Holt}, 7k
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ool FEEo] thgst FAEAY ] & &
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g1 AR 3ALZEe) B o EAAESH 7)A
o] & gulA YA govt, FF A BHIE A=
Hl #ajdle AAelrt, 44, dadx 2 AR
59| tetAl A 5 Wolr) 1A ¢ SR =
g Aol AP,
Ao AL Al AT fatete, g A
FEZ 7MY o] AMSETY. & AgdAe S
W gl odhelBRal z NMU, 1, ATAS ARSI = 2
& ATA7} 124 (thyroxine)d] A4HS A8t
AN ATz HHE &R FTMFHLEA
AZU DNA 73 2@ MERET gite] Exd Uy
S QoA NEEAL /ER e, NMUY ¥le ¢ =
7ol ERIA R FAg3he oz delA U, Schaff-
erst Muller®s F A NMUE F48 3 85 F2E &

A9] Foko] BHYsI ZtE SAVIME o 2

FRAAT 3B AFo R FAHEGC] dojut B
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XA Fgo] FE AT T B AFM=
NMUS$F ATAE Fo 3k 79) 95%9A, 9} ATAE 5
& 79 45.0%004 Aol wAse] fAle 2AE B
FAGE B9} ATA FoJF-9] 4E7)12k0] Lemoine £Vl
Hjate] #t7] W&o el7t e Aoz Aztdct v
FdE%e “‘“232 ATA FoitollA T2 Fof Blste &
A w2 ERES Bl T L & FLEH dig =
EA3t ‘Q"g'—‘r—‘?ﬂ] g 7] &4
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LA ALREte ARG QAS A F AT

p21 ¥l A YehlE ras Al 11 G

Axeh= N-ras, 119 G0A2] H-ras, 1291 G439
K-ras 5o lon, Edrold] ofsle] Fofo] WAt
Al E 20~40% = 71 Beo] EAst 1 9 Haget
He, F4 254 98y Y 2 gt ® 2T,
ot AFeke] 3¢ Fearon® Vogelsteinol 2l8PA ras &
Azre] Hojzt class 1 thigAEol e 9%, class 1T Ui
AFANAE 58%, WAL 5829 &5 B %
gy Zo)d BoelE AL € 4 YUt p2l gwAe
GTPase 243t A3} 2488 o GDP Z2¢AE ¥
A3kl GTP 845 AAAZIA =& Hol7l A714E &
33l GTP {AF+2E FolA Ho] 4A-R5=A % (growth-
promoting signals)& A& oz BA3ksH e Aol
o Fzke] §3 3 ras GRAALY] WolE FiA &
ARMAZA FFEA 2715H Yeld & lon, FAFS
A etdFgo olgEE Ao Po] Uehirir} ¢o)
Y= AY Aol7b HA HAp s o= ras A
2tel]l 23t g gko] Zaslar AH&A M E (autocrine tu-
mor growth)°©] &7}5F7] wl&o]ekar e,

Lemoine $9& Alghe] 714 Fofolld Ao xAd 744
Aol A 50.0%, AEFLNME 53.3%, FFALolA
20.0%9] ras 32}k WMol & Busl9 i, Namba 5'9&
Ao 24 FAEA A 25.0%, 04315"&%‘01]7\1’” 0.0%. %
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TGN E 0.0 %9 HolE Hudle] ras S04 ¥
= A 49 20~50%04 el Ao s 1
ot 2 AR dEAY g 26.1%, 1A
oA 30.0%, AXFLANAE 6.7%9 TdS B

=

o}

Ir

L

~{ﬂ1~

2y ©

% 3@ 0 Ho rfo

il

A FHEAY 2Pl Hodte A2 4 5 U
Hdo R B3t APEFE A YA TS kR B
e Ao s AzhET

Hole Alge] diAet, AY 5 A8 ¢FdA 7
A= e F318 HEl2A 09 H 2 PN TGN T
57] Az en wild-type ph3 AR dHAA}
ol3k Aol FANY WA T FF FUEY A
& A= Aol LA 1 wild-type ph3 IR A
o} Aol FE AL ofg] TgoA LHE F
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T 2 e AR FEY TSN ras &
AR} ARE Wo) p21 Thl A} o] ph3 T A o]
HojF @ AZ gopry] gste] ANAIEE o] §T &
(A 12, Bz2D), 3% fdeQd aminotriazolett
< @ F(A 27), WL =(PDS aminotria-
zole AT (A 37), shehd EARQ] nitrosomethy-
lurea$t aminotriazole® Fj& (A 41) o2 242 1
o, zholx] 2AE Fg FRHe HIeE Bt W
o] p21 T 3 pan-ras ExI2d FA G W]
p53 Tl g CM1 Zelazg A E o]&-3l
o 2251814 AAL Algsle] 2 EHE BRo mE 23
AEE ol A B ARG A\msle oo 28 A
At 2 ATA, ¥ @ NMUel 92 3734 S
A 1Tl ME % B0 9T, A 27A e 224
A Z0) 70.0%. WA Aol 20.0%, A3l 10%
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