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Expression of Cyclins (D1, A, E, and B1) in N-butyl-N-
(4-hydroxybutyl)nitrosamine-induced Rat Bladder

Gui Young Kwon, Eon Sub Park, Sung Geun Bong, Tae Jin Lee, Mi Kyung Kim,
Jae Hyung Yoo and Kye Yong Song

Department of Pathology, Chung-Ang University College of Medicine, Seoul, Korea

Background : Cell cycle deregulation plays a major role in chemical multistage carcinogen-
esis. Therefore, the evaluation of cell cycle proteins is important. Methods : In order to induce
carcinogenesis in the rat urinary bladder, 0.05% N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN)
was administered to male Sprague-Dawley rats for 30 weeks. Expressions of cyclin D1, A, E,
and B1 were examined by immunohistochemical stainings. Results : Urothelial cell hyper-
plasia appeared at 5 weeks, followed by papilloma at 10 weeks. Superficial carcinoma was
observed at 20 weeks, and invasive carcinoma developed in 40% (4/10) of the rats at 30
weeks. Expressions of cyclin D1 and A increased sequentially from normal mucosa through
hyperplasia, papilloma, and carcinoma (p<0.01). Expressions of cyclin D1, B1 and cyclin E
were higher in invasive carcinomas than in superficial carcinomas (p<0.01). In contrast, there
was no significant difference in the expression of cyclin B1 between hyperplasia, papilloma
and superficial carcinoma. Conclusions : The present results indicate the important roles of
cyclin D1 and A in the development of BBN-induced urothelial carcinoma of rats. Aberrant
expression of cyclin B1 and E may contribute to the progression from superficial to invasive
bladder cancer rather than tumorigenesis.
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Table 1. Histological classification of rat urinary bladder lesions
during carcinogenesis

;
2
3
4

Normal urothelial epithelium

Simple hyperplasia with or without squamous metaplasia
Papilloma

Urothelial cell carcinoma with or without squamous metaplasia
- Superficial

- Invasive
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Fig. 1. A rat bladder treated with BBN for 20 weeks shows multiple
papillary tumors with thickening of bladder wall.
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Table 2. Histological changes of the urinary bladder in rats
treated with 0.05% BBN

Observation No. of No.(%) of rats with

period rats

Hyperplasia Papilloma UCA(S) UCA(l)
5 weeks 10 10 (100%) - - -
10 weeks 10 6(60%)  4(40%) - -
15 weeks 10 2(20%)  8(80%) - -
20 weeks 10 - 7(70%)  3(30%) -
30 weeks 10 - - 6(60%) 4 (40%)

UCA (S), urothelial carcinoma, superficial; UCA (1), urothelial carcinoma,
invasive.
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Fig. 2. (A) Normal urinary bladder, (B) papilloma, (C) superficial urothelial carcinoma and (D) invasive urothelial carcinoma. (A-D) Histologic
features of the rat uninary bladder treated with N-butyl-N-(4-hydroxybutyl)nitrosamine.
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Table 3. Expression ratio of cyclin D1, A, B1 and E in the urinary
bladder lesions of rats during 0.05% BBN-induced carcinogen-
esis

Histologic Cyclin D1 o o o

type Number %) A (%) B1(%) E (%)
Normal 10 1.2+095 0.3+0.52 <0.1 0.4+0.31
Hyperplasia 18 10.7+251 1.3+092 04+021|, 3.2+201[°
Papiloma 19 19.3+6.33 288+1.17 05+0.17|| 45+252
UCA(S) 9 34.0+2.47 10.9+4.637¢ 0.6+0.37-| 4.83+0.18
UCA (1) 4 67.5+5.33 23.7+5.70- 18.7+4.08- 23.4+8.93
p-value <0.01 2<0.01 °<0.01 °<0.01

UCA (S), urothelial carcinoma, superficial; UCA (1), urothelial carcinoma,
invasive. “The cyclin A expression ratio of UCA (I) was significantly high-
er than that observed in UCA(S). °The cyclin B1 expression ratio of UCA
(1) was significantly higher than that observed in normal, hyperplasia,
papilloma, and UCA (S). “The cyclin E expression ratio of UCA (I) was
significantly higher than that observed in normal, hyperplasia, papilloma,
and UCA (S).
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801
e—e Cyclin D1
o—o Cyclin A
60 - v—v Cyclin E
v-v Cyclin B1

40

20

Expression of Cyclin A, D1, B1 and E (%)

Hyperplasia Papilloma Uucc, UcCcC,
superficial  invasive

Histologic type

v
Normal

Fig. 3. Comparision of expression rates of cyclin D1, A, E, and B1
among the various lesions in the rat urinary bladder during BBN-
induced carcinogenesis.
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Fig. 4. Immunohistochemical stainings for various cyclins. (A) Epithelial cells of the normal bladder mucosa are almost negative for cyclin B1.
(B) In the papillary hyperplastic bladder, epithelial cells of the proliferative basal layer express cyclin D1. (C, D) Cyclin D1 (C) is more fre-
quently expressed in the tumor cell nuclei than cyclin B1 (D) in the invasive urothelial carcinoma.
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