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Abstract .  Histopathological mapping study was performed on the development and
progression of urinary bladder tumor induced by N-butyl-N-(4-hydroxybutyl)nitrosamine
(BBN) in five adult beagle dogs and four adult mongrel dogs. The results are as follows :

1) Urinary bladder tumors induced by low doses of BBN showed papillary, non-inva-
sive type, G1-2, pTa-1 carcinomas which were similar to human superficial bladder
cancer ;

2) Microinvasion was occasionally observed in the papillary, non-invasive tumors
induced by low doses of BBN, especially in the proliferated cells.with atypia in the lamina
propria ;

3) Urinary bladder tumors induced by high doses of BBN showed. non-papillary,
invasive type, G 2-3, pT3b, and carcinoma in situ(CIS), which were similar to human
invasive bladder cancer ;

4) No malignant progression was seen in low-grade, low-stage tumors during observa-
tion through the whole life of the dogs;

5) The duration and the total dosage of BBN until bladder tumor occurred in beagle
dogs were longer and higher than those of BBN in mongrel dogs;

6) Those changes such as mild dysplasia and Brunn’s nests-like lesion in lamina
propria were seen during the development of low grade, papillary and non-invasive bladder
tumors induced by low dose of BBN. On the other hand, those changes such as severe
dysplasia and carcinoma in situ were seen during the development of non-papillary, invasive
transitional cell carcinomas induced by high dose of BBN. The present study suggests that
it contributed to knowledge of the natural history of bladder carcinogenesis in dogs, and is
a valuable model of bladder carcinoma in humans.
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Table 1. Urinary bladder tumors induced by BBN in dogs

Histopathological finding

Mean total dose

Mean obsavation Mean total

Mean duration at

No. of

at first observed

experimental
period (wk)

period without

first observed

Histology Grade Stage

tumors (g)

tumors (weeks) BBN treatment (wk)

dogs

Dog

Dose

(mg/day)

1T pT1b

TCC»

98.4

205

205

Beagle

80

pT1b, pT2

I
I

TCC
TCC

114.22

135
584

16
447

119
137

Mongrel

Beagle

160

pTis, pT1b

131.48

pTis, pT3b
pTis, pT3b

TCC
TCC

175.5
369.0

59
220

0.5

58.5
123

Mongrel
Beagle

500

m
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Fig. 1. Male Beagle Dog No.B-3. BBN 80 mg/day

for 205 weeks. Sacrificed at 205 weeks.
Papillary, non-invasive transitional cell car-
cinoma, grade 2, stage pTlb, were seen at
various parts of the mucosa.
([]: Normal; : No carcinoma, [FE7]
" Hyperplasia, [E#8 . Dysplasia, B&g . CIS,
== Papillary, non-invasive transitional
cell carcinoma, B2 : Non-papillary, non-
invasive transitional cell carcinoma, .
Non-papillary, invasive transitional cell car-
cinoma)
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Fig. 2. Female Mongrel Dog No.25. BBN 160 mg/

day for 134 weeks. Sacrificed at 150 weeks.
Papillary, non-invasive transitional cell car-
cinoma, grade 2, stage pT1b, were seen at
various parts of the mucosa.
(] Normal, ) : No carcinoma,
. Hyperplasia, : Dysplasia, [B&: CIS,
E=: Papillary, non-invasive transitional
cell carcinoma, [B&Y: Non-papillary, non-
invasive transitional cell carcinoma, [Il:
Non-papillary, invasive transitional cell car-
cinoma)
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Fig. 3. Female Beagle Dog No.B-5. BBN 160 mg/

day for 142 weeks. Sacrificed at 598 weeks.
Papillary, non-invasive transitional cell car-
cinoma, grade 2> 3, stage pT1b, were seen at
various parts of the mucosa and CIS, were
seen at anterior, right and left walls and
trigone.
([ Normal, : No carcinoma,
. Hyperplasia, [ Dysplasia, &8 CIS,
E=]: Papillary, non-invasive transitional
cell carcinoma, [E&3: Non-papillary, non-
invasive transitional cell carcinoma, :
Non-papillary, invasive transitional cell car-
cinoma) '
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day for 72 weeks. Sacrificed at 73 weeks.
Non-papillary, invasive transitional cell car-
cinoma, grade 3, stage pT3b, were seen at
various parts of the mucosa and non-
papillary, invasive transitional cell carcinoma
grade 3, stage pT1b, were seen at anterior,
posterior and left walls and trigone.

([J: Normal, @) : No carcinoma,
. Hyperplasia, [E#55 © Dysplasia, L CIS,
E=] . Papillary, non-invasive transitional
cell carcinoma, BE3: Non-papillary, non-
invasive transitional cell carcinoma, [J:
Non-papillary, invasive transitional cell car-
cinoma)
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Fig. 5. Female Mongrel Dog No.37. BBN 500 mg/
day for 45 weeks. Sacrificed at 45 weeks.
Hyperplasia and severe dysplasia in various
parts of the mucosa and CIS, pTis partly.
([]: Normal, ##) : No carcinoma, [=
. Hyperplasia, § . Dysplasia, % . CIS,
=] : Papillary, non-invasive transitional
cell carcinoma, [E23: Non-papillary, non-
invasive transitional cell carcinoma, [N :
Non-papillary, invasive transitional cell car-
cinoma) '
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Fig. 6. Female Beagle Dog No. B-12. BBN 500 mg/
day for 220 weeks. Sacrificed at 220 weeks.
Non-invasive and invasive, non-papillary
transitional cell carcinoma, grade 3, stage
pT3, papillary, non-invasive transitional cell
carcinoma and CIS, were seen at various parts
of the mucosa.

([]: Normal, ZZ) : No carcinoma,

. Hyperplasia, ###3 . Dysplasia, § . CIS,
E=]: Papillary, non-invasive transitional

cell carcinoma, & Non-papillary, non-

invasive transitional cell carcinoma, '
Non-papillary, invasive transitional cell car-
cinoma)
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Plate 14.

Plate 1. Gross finding of the urinary bladder in beagle dog No. B-3 treated with 80 mg/day of BBN for 205
weeks. Multiple variously sized papillary tumors are seen in all areas of the urinary bladder.

Plate 2. Papillary, non-invasive transitional cell carcinoma, grade 2 in beagle dog No. B-3. H & E.X40

Plate 3. Gross finding of the urinary bladder in mongrel dog No. 25 treated with 160 mg/day of BBN for 134
weeks. Multiple variously sized papillary tumors are seen in all areas of the urinary bladder.

Plate 4. Papillary, non-invasive transitional cell carcinoma, grade 2 in mongrel dog No. 24 treated with 160 mg/
day of BBN for 104 weeks. H & E.X100

Plate 5. Non-papillary, non-invasive transitional cell carcinoma grade 1 in mongrel dog No. 25. Proliferation
of Brunn’s nests-like lesions are seen. H & E. X100

Plate 6. Cystoscopic appearance of beagle dog No. B-5 at 194 weeks of treatment with 160 mg/day of BBN for
142 weeks. Broad bean and soybean-sized papillary tumors are seen.

Plate 7. Cystoscopic appearance of beagle dog No. B-5 at 350 weeks after 3 years from Plate 6. Papillary
tumors are not seen enlargement and development.

Plate 8. Gross finding of the urinary bladder in beagle dog No. B-5 treated with 160 mg/day of BBN for 142
weeks. Variously sized papillary or nodular tumors are seen in all areas of the urinary bladder.

Plate 9. Papillary, non-invasive transitional cell carcinoma grade 2 in beagle dog No. B-5. H & E. X200

Plate 10. Non-papillary, non-invasive transitional cell carcinoma grade 3 in beagle dog No. B-5. Proliferation
of Brunn’s nests-like lesions are seen. H & E. X100

Plate 11. Moderate dysplasia of urothelium in beagle dog No.B-5. H & E. X100

Plate 12. Non-papillary, invasive transitional cell carcinoma grade 3 in mongrel dog No. 32 treated with 500
mg/day of BBN for 72 weeks. Note infiltrative growth of cancer cells in the submucosa. H & E. X
100 )

Plate 13. Severe dysplasia of urothelium in mongrel dog No. 37 treated with 500 mg/day.of BBN for 45 weeks.
H& E. X240

Plate 14. Carcinoma in situ in mongrel dog No. 37. H & E. X240
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Plate 15. Gross finding of the urinary bladder in beagle dog No. B-12 treated with 500 mg/day of BBN for 220
weeks. Small nodular tumors are seen in all areas of the urinary bladder.

Plate 16. Non-papillary, invasive transitional cell carcinoma grade 3 in beagle dog No. B-12. H & E. X100
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