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Abstract Bladder tumors were induced by N-butyl-N-
(4-hydroxybutyl)nitrosamine (BBN) in five Beagles and
four mongrel dogs. The tumors were observed for long
periods and the tumor progression was traced using
histopathological mapping. The results indicated (1) that
low-dose BBN over a long period induced multiple low-
grade (G1-2) and low-stage (pTa-1) papillary tumors,
resembling superficial bladder cancer in humans; (2) that
high-dose BBN over a short period induced high-grade
(G2-3) and high-stage (pT3b) nonpapillary tumors and
carcinoma in situ (CIS) resembling invasive cancer and
CIS in humans; (3) that beagle dogs required longer
periods and higher total doses of BBN as compared with
mongrel dogs; (4) that the tumors induced by low-dose
BBN in beagles were observed without BBN as long as
the animals lived, and neither increasing numbers of
tumors nor malignant features such as deep infiltration
and metastasis was observed; and (5) that low-dose BBN
seems to induce mild dysplasia, which is followed by
Brunn’s nest-like proliferation in the lamina propria and
nodular change, eventually leading to the development
of papillary noninvasive transitional cell carcinoma
(TCC); and that high-dose BBN seems to induce severe
dysplasia which leads to CIS and nonpapillary invasive
TCC. These results may contribute to clarifying the
natural history of human bladder cancer.
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Introduction

About two-thirds of human urinary bladder cancers are
of a papillary, noninvasive type, while the remaining
one-third are nonpapillary and invasive. The former
type shows lesser degrees of cell atypism and has a better
prognosis. The latter type shows greater degrees of cell
atypism and has a higher incidence of metastasis and a
pooOT prognosis.

To clarify the natural history of human bladder
cancer, it is indispensable to establish valid animal
models of human bladder cancer. This is one of the
important issues pertaining to the study of chemical-
induced cancer.

Druckrey et al. [2] synthesized N-butyl-N-(4-hydroxy-
buty)nitrosamine (BBN) and reported that BBN is a
carcinogen whose only target of action inratsis the urinary
bladder. Thercafter, BBN-induced experimental urinary
bladder tumorsin rats [6] and mice [12] were established as
models of human bladder cancer. These models have been
usedtostudyvariousfactorsrelated tothedevelopmentand
progression of bladder cancer in detail. BBN induced
papillary, noninvasive tumor in rats, while in mice
nonpapillary, invasive tumor was induced. It has therefore
beendesirabletodevelopatechniquebywhichbothtypesof
urinary bladder tumor, resembling human bladder cancer,
can be experimentally induced.

When we induced bladder tumor in dogs by oral
treatment with BBN, papillary, noninvasive tumors were
induced at a low dose of BBN, while nonpapillary,
invasive tumors were induced at a higher dose [13].
Histopathological examination revealed that the BBN-
induced bladder tumor was very similar to human
bladder cancer, and that the development of tumor
correlated with the dose of the carcinogen. We also re-
ported that oral treatment with BBN following instilla-
tion of N-methyl-N-nitrosourea (MNU) into the urinary
bladder resulted in the development of carcinoma in situ
(CIS) short periods after the start of BBN treatment
even when the dose of BBN was low [14]. It has thus
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been demonstrated that bladder tumor, induced experi-
mentally in dogs, shows a natural history similar to that
of human bladder cancer and is therefore useful as a
model of human bladder cancer.

In the present study we carried out (1) histopatho-
logical examination of the papillary, noninvasive urinary
bladder tumors induced by low-dose BBN in mongrel
dogs as well as the nonpapillary, invasive urinary blad-
der tumor induced by high-dose BBN in mongrel dogs,
(2) histopathological observation of the course of
tumors over long periods after tumor development in
beagle dogs, and (3) investigation of the manner of onset
and progression of urinary bladder tumors in dogs.

Materials and methods

Experimental animals

Four adult female mongrel dogs (weight 7.8-10.5 kg) and five,
approximately 8-week-old beagle dogs (one male and four females;
Fuji Animal Farm) were used in this study. They were allocated
individually to air-conditioned kennels, fed with a solid dog diet
(DB, Oriental Yeast Co., Osaka, Japan) and allowed free access to
water.

Experiments were performed according to the “Principles of
laboratory animal care” of the NIH on the care and use of
laboratory animals.

Carcinogen

BBN (Izumi Chemical, Yokohama, Japan) was used as a carcino-
gen. Animals were orally administered a gelatin capsule once a day
for 6 days a week. Each capsule contained either 80, 160 or 500 mg
of BBN.

Protocol

The animals were divided into three groups on the basis of BBN
dosage: (1) BBN 80 mg/day group (a male beagle, no.B-3), (2) BBN
160 mg/day group (two females mongrels, nos. 24 and 25, and two
female beagles, nos. B-4 and B-3), and (3) BBN 500 mg/day group
(two female mongrels, nos. 32 and 37, and two female beagles, nos.
B-12 and B-13). The length of the BBN dosing period and the total
duration of observation were determined separately for each group.

For the male dog treated with 80 mg BBN, cystoscopy was
carried out using transabdominal bladder puncture on radio-
graphical detection of the urinary bladder tumor. This dog was
killed when urinary bladder tumor was confirmed in biopsy sam-
ples collected using endoscopic biopsy forceps. The female mongrel
dogs treated with 160 or 500 mg BBN were killed when urinary
bladder tumor was confirmed by cystoscopy and histopathological

examination. Observation of the beagles treated with 160 or
500 mg BBN was continued for as long as they lived, while dis-
continuing BBN administration to the two beagles (nos. B-12 and
B-13) from the 500 mg treatment group upon confirmation of
urinary bladder tumor.

Animals were killed by exsanguination under Isozol (thiamylal
sodium) anesthesia. The whole urinary bladder was removed from
each animal, and immediately inflated by transurethral injection of
10% formalin. The urethral portion of the urinary bladder was then
ligated, and was immersed in the fixative. After fixation, the urethral
stump and the anterior wall of both the urethra and the urinary
bladder were incised along the median line up to the vertex of the
urinary bladder. Subsequently, the bladder wall was incised along
the ureter on both sides up to the ureteral orifice. In this way, serial
sections of the urinary bladder, parallel to the line connecting the
right and left ureteral orifices, were prepared. The sections were
embedded in paraffin and cut into thin slices, which were then
stained with hematoxylin and eosin for histopathological examina-
tion. Histopathological changes of the bladder were assessed, ac-
cording to the General Rules for Urological and Pathological Studies
on Bladder Cancer [8] and the Atlas for Tumor Pathology (AFIP) [11].

Results

Table 1 summarizes the histopathological features
of bladder tumors induced by oral BBN treatment.

BBN 80 mg group (no. B-3)

In animal B-3, bladder tumor was detected by cysto-
scopy and biopsy 205 weeks after the beginning of BBN
treatment. This animal was killed immediately and nu-
merous papillary tumors of various sizes (4-12 mm in
diameter) were seen in almost the entire mucosa of the
bladder (Fig. 1). It was noted that papillary, broad-
based transitional cell carcinoma (TCC) grade 2, pT1b
(Fig. 2) as well as nonpapillary, noninvasive grade 2
TCC and proliferation of Brunn’s nests in the lamina
propria. In addition, epithelial dysplasia and local
squamous metaplasia were seen. The mucosa was not
normal in any area.

BBN 160 mg group

Tumors were detected 104 weeks after the beginning of
BBN treatment in dog 24, and after 134 weeks in dog 25.
Dog 24 was killed after 120 weeks of BBN treatment,
and no. 25 was killed after 150 weeks of treatment. The
bladder of dog 25 showed a number of papillary tumors

Table 1 Urinary bladder tumors induced by N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN) in dogs. TCC transitional cell caranoma

Dose Dog n  Mean time Mean observation Mean total Mean total Histopathological finding
(mg/day) elapsed before period without experimental dose at first
first observed BBN treatment period (weeks) observed Histology Grade  Stage
tumors (weeks)  (weeks) tumors (g)
80 Beagle 1 205 0 205 98.4 TCC 1 pTlb
160 Mongrel 2 119 16 135 114.22 TCC 11 pT1b,pT2
Beagle 2 137 447 584 131.48 TCC 11 pTis,pT1b
500 Mongrel 2 58.5 0.5 59 175.5 TCC I pTis,pT3b
Beagle 2 123 0 220 369.0 TCC I1I pTis,pT3b




Fig. 1 Gross finding of the
urinary bladder in beagle dog
B-3 treated with 80 mg/day of
N-butyl-N-(4-hydroxybutyl)ni-
trosamine (BBN) for 205 weeks.
Multiple variously sized papil-
lary tumors are seen in all areas
of the urinary bladder

Fig. 2 Papillary, noninvasive
transitional cell carcinoma
(TCQC), grade 2 in beagle dog
B-3. H & E, x40

Fig. 3 Gross finding of the
urinary bladder in dog 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
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of various sizes (2-10 mm in diameter) on almost the
entire mucosa and papillary, nonpeduncular, noninva-
sive, grade 2 TCC was seen in almost the whole mucosa
of the bladder (Fig. 3). The pathological stage of the
tumor was pT2 in dog 24 and pT1b in dog 25 (Fig. 4).
When the bladder of dog 25 was mapped, nonpapillary,
noninvasive TCC, accompanied by proliferation of
Brunn’s nests, was also seen in the lamina propria
around the papillary, noninvasive tumor. The tumor-
free regions of the mucosa showed epithelial dysplasia.
There was little normal mucosa on the map.

Multiple, papillary grade 1 or 2 TCC was detected by
cystoscopy and biopsy after 132 weeks of treatment in the
no. 4 female beagle (Figs. 5, 6) and after 142 weeks of
treatment in the no. 5 female beagle. Upon detection of
the tumors, BBN was discontinued and the two dogs were
then observed without any treatment. Beagle B-4 sur-
vived 11 years and beagle B-5 survived 11 years and
6 months after the experiment started. Cystoscopy of
beagle B-5 in the 350th week revealed no signs of tumor
progression, although the number of tumors had
increased slightly (Fig. 7). Because both beagles showed a
tendency to weaken due to aging, they were finally killed.

When the bladders of these two beagles were ob-
served macroscopically, the posterior wall, the right wall
and the anterior wall showed papillary tumors of 20 mm
in diameter and the entire mucosa showed small papil-
lary or nodular changes (Fig. 8). In these two beagles,
the tumors were papillary, nonpeduncular and nonin-
vasive, TCC grade 2 or 3, pTlb. Figs. 9 and 10 are
histopathological pictures of dogs B-4 and B-5. The
lamina propria of dog B-5 showed nonpapillary, non-
invasive TCC grade 2 or 3, pTlb, accompanied by
nodular change. CIS also accompanied the tumors in the
posterior wall, the right wall, the left wall and the
trigone. The other changes observed in the mucosa
included a number of papilloma, simple hyperplasia
(SH) and dysplasia. There was little normal mucosa.
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BBN 500 mg group

Of the two female adult mongrel dogs treated with
500 mg BBN, dog 32 was found to have bladder tumor
by cystoscopy and biopsy 72 weeks after the beginning
of treatment. This dog was killed in the 73rd week.
Histopathological examination of this dog revealed
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Fig. 4 Papillary, noninvasive
transitional cell carcinoma,
grade 2 in dog 24 treated with
160 mg/day of BBN for 104
weeks. H & E, x100

Fig. 5 Cystoscopic appearance
of beagle dog B-5 at 142 weeks
of treatment with 160 mg/day
of BBN. Broad bean- and
soybean-sized papillary tumors
are seen

Fig. 6 Histopathological find-
ing of the biopsied specimen of
beagle dog B-5 at 142 weeks.
Papillary TCC grade 2 can be
seen. H & E., x200

Fig. 7 Cystoscopic appearance
of beagle dog B-5 at 350 weeks.
Papillary tumors are not seen
enlarged or developed




Fig. 8 Gross finding of the urinary bladder in beagle dog 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

Fig. 9 Papillary, noninvasive TCC grade 2 in beagle dog B-4. H & E,
%200

nonpapillary, TCC grade 3, pT3b, excluding the trigone,
as well as nonpapillary, invasive TCC in the lamina
propria of the bladder, excluding the dome and right
wall (Fig. 11). SH and mild to severe dysplasia were
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noted around the tumors. Little normal mucosa was
visible. The other dog (no. 37) died of an accident in the
45th week during anesthesia for cystoscopy. No tumor
was visible in the bladder mucosa, and SH and severe
dysplasia over the entire mucosa as well as primary CIS
in a part of the mucosa were observed histopathologi-
cally (Fig. 12).

The two female beagles treated with 500 mg BBN
developed macrohematuria about 1 year after the
beginning of BBN treatment. Subsequent cystoscopy
revealed diffuse congestion, hemorrhagic lesions and
ulcers in the mucosal epithelium of the bladder. The
cystoscopy and biopsy, carried out 123 weeks after the
beginning of BBN treatment, disclosed multiple,
nonpapillary, nodular TCC. Thereafter, food ingestion
in the dogs decreased and their condition weakened, so
BBN treatment was suspended for one month. There-
after, administration of BBN was stopped, while ob-
serving the condition of these dogs; hematuria continued
to be seen. The dogs were killed about 4 years after the
beginning of BBN treatment because their general con-
dition had deteriorated markedly by that time.

When the bladder of beagle B-12 was observed
macroscopically in the 220th week, small nodular lesions
were visible on almost the entire mucosa (Fig. 13). The
nodular lesions were rated as representing nonpapillary,
TCC grade 3, pT3 (Fig. 14). In addition, the lamina
propria of the bladder was found to have nonpapillary,
noninvasive TCC, accompanied by nodular growth.
Papillary, noninvasive TCC and associated CIS were
noted in a part of the lamina propria. No tumor me-
tastasis to any other organ was visible. There was little
normal mucosa in the bladder.

In the 500 mg/day group, all dogs except mongrel
dog 37, which died in the 45th week, were found to have
a sporadic distribution of lymph follicles in the lamina
propria. Infiltration by numerous plasma cells was
visible in the lamina propria immediately below the
epithelium and in the stroma of the tumor-affected area,
although it was almost absent in the areas showing SH
or dysplasia.

Discussion

Human bladder cancer can be divided into two types: a
papillary, noninvasive type and a nonpapillary, invasive
type. We experimentally induced bladder tumor in dogs
by oral administration of BBN and reported that pap-
illary, noninvasive tumors developed following treat-
ment with low-dose BBN, while nonpapillary, invasive
tumors were induced by high-dose BBN [13]. The results
suggest that the histopathological features of urinary
bladder tumor induced by BBN are quite similar to
those of human bladder cancer. We orally treated dogs
with BBN after instillation of MNU into the bladders,
and found that CIS developed short periods after the
start of BBN treatment [14]. In addition, using a scan-
ning electron microscope, we chronologically traced
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Fig. 10 Nonpapillary, nonin-
vasive TCC grade 3 in beagle
dog B-5. Proliferation of
Brunn’s nests-like lesions is
seen. H & E, x100

Fig. 11 Nonpapillary, invasive
transitional cell carcinoma
grade 3 in dog 32 treated with
500 mg/day of BBN for 72
weeks. Note infiltrative growth
of cancer cells in the submuco-
sa. H & E, x100

Fig. 12 Carcinoma in situ in
dog 37. H & E, x240
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Fig. 13 Gross finding of the
urinary bladder in beagle dog
B-12 treated with 500 mg/day
of BBN for 220 weeks. Small
nodular tumors are seen in all
areas of the urinary bladder

Fig. 14 Nonpapillary, invasive
transitional cell carcinoma

Ca in situ

Promotion

grade 3 in beagle dog B-12.

H & E, x100
Fig. 15 Natural history of
bladder carcinoma in dogs 15

changes in the superficial microstructure of the bladder
epithelium of dogs during the course of tumor devel-
opment and found that changes resembling those in
human bladders occurred in dog bladders [S]. These
previous studies indicated that dog bladder tumor shows
patterns of histogenesis and progression similar to the
natural history of human bladder cancer, and that it is
highly useful as a model of human bladder cancer.

As described in our previous report [16], our histo-
pathological examination of changes in the bladder ep-
ithelium of 50 elderly beagle dogs suggested the high
utility of beagles for experiments involving bladder
carcinogenesis. The present study was undertaken to
study histopathologically two types of bladder tumor

1 1 1
Superficial Papillary Multiple
papillary invasive superficial
tumor tumor papillary

tumor

induced in mongrel dogs. The study was also intended to
trace histopathologically the course of tumor progres-
sion after tumor induction in beagle dogs, for the pur-
pose of investigating the natural history of bladder
tumors in dogs.

In the present study, oral treatment of beagle dogs
with low-dose BBN (80 or 160 mg/day) resulted in the
development of multiple, papillary, noninvasive TCC
and nonpapillary, noninvasive tumors showing Brunn’s
nest-like growth. Papillary, invasive tumor was also seen
in part of the bladder of these dogs. In the two beagle
dogs in which BBN treatment (160 mg/day) was dis-
continued upon detection of tumors at 2.5 years, and
whose course was traced for more than 8 years there-
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after, the papillary, noninvasive tumors of grade 1 or 2
atypism showed very slow progression, and TCC of
grade 2 or 3 and pTlb, which resembled the initial tu-
mors, was seen when these animals were finally killed.

The lifespan of beagles reared on animal farms with a
favorable environment has been reported as 13-14 years.
In the present experiment, the beagles survived for 11
years in the air-conditioned experiment room. These
beagles seem to have completed almost the natural span
of their lives. They reached high ages which correspond
to over 70 years of age in humans. However, hemato-
logical and biochemical parameters showed no abnor-
malities, and cystoscopy, which was carried out at
several points, revealed no marked growth or spread of
tumors after BBN was discontinued. It is known that the
development of experimental low-grade papillary,
noninvasive tumor of the bladder is accelerated by
promoters [1, 3, 7]. In the present experiment, however,
long-term observation of dogs in which treatment with
the carcinogen was discontinued upon detection of tu-
mor revealed no further growth or spread of the tumors
when the animals were kept controlled from the point of
view of feeding and other living conditions. This sug-
gests that urinary bladder tumors once developed are
unlikely to progress much if no promoters are present
after the development of tumors. It has been reported
that about 10% of all cases of human papillary,
noninvasive TCC become invasive carcinomas after se-
quences of recurrence [4, 9]. This is probably because the
exposure of humans to various carcinogens and pro-
moters induces an elevation in the initially low grade of
atypism of the superficial cancer, resulting in progres-
sion of the atypism-intensified area into invasive cancer.

The two beagles (B-4 and B-5) were found to have
many papillomas. In the papilloma-affected areas of
these dogs, plasma cell invasion was seen immediately
below the epithelium, but no epithelial cell proliferation
was seen in the lamina propria of these dogs.

In the high-dose BBN treatment group (500 mg/day),
nonpapillary, invasive TCC developed in the bladder,
accompanied by papillary, noninvasive tumors and
primary CIS in part of the bladder. Other than these
changes, severe dysplasia was noted as well. In the two
beagles in which BBN treatment (500 mg/day) was
temporarily suspended after tumor detection in the
123rd week but subsequently recommenced although
intermittently, the initial nonpapillary, invasive tumors
of TCC grade 3 pT3b did not increase in severity or
metastasize to any other organ.

When the urinary bladder mucosa of elderly beagles
was examined, the lamina propria of every region of the
mucosa in all dogs had Brunn’s nests, and the same
finding was obtained in 66.7% of younger beagles [16].
Brunn’s nests are regarded as representing proliferative
changes [8]. In the present experiment, the bladder tu-
mor induced in all dogs was multiple in nature. In both
the low-dose and high-dose BBN groups, it seems likely
that many of the cancerous epithelial cells progress via
Brunn’s nest-like proliferation into papillary, noninva-

sive carcinoma, accompanied by stroma and vessel for-
mation, or, in areas with more intense atypism, they
progress into nonpapillary, invasive carcinoma. Kishi
[10] reported on Brunn’s nest-type early cancer as a
morphological type of early bladder cancer. Regarding
the pathogenesis of papillary cancer of the urinary
bladder, Kishi speculates that some cases of CIS, which
initially show Brunn’s nest-like growth, gradually as-
sume a papillary form during the course of its growth. It
seems likely that Brunn’s nest formation is related to the
development and progression of bladder tumors in dogs.
Brunn’s nests have been detected in various regions at
high incidences in both humans and dogs [15]. It secems
likely that the formation of Brunn’s nests is related to
the development and progression of bladder cancer in
humans also.

In the present study, the papillary, noninvasive
tumors of the bladder, induced by low-dose BBN
treatment of dogs, continued to have superficial cells.
However, in the areas of the bladder where CIS or severe
dysplasia was induced by high-dose BBN treatment,
extensive defects of superficial cells were seen, and the
tumors in these areas tended to progress into invasive
tumors.

It seems likely that intense damage of the superficial
cells due to exposure to potent carcinogens or large
amounts of carcinogens results in loss of the barrier
function, and that long-term exposure to carcinogens
after the loss of the barrier can induce severe changes in
the epithelial cells of the urinary bladder, e.g., CIS or
severe dysplasia. It is also likely that in the areas where
CIS or dysplasia has developed, highly atypical cells
invade the submucosa tissue and muscle layers before
epithelial cells proliferate in the lamina propria.

The length of time from the start of BBN treatment
to the development of bladder carcinoma was 137-205
weeks for beagles treated with low-dose BBN, 123 weeks
for beagles treated with a high-dose BBN, 119 weeks for
mongrel dogs treated with low-dose BBN and 58.5
weeks for mongrel dogs treated with a high-dose BBN.
The period was thus slightly longer in beagle dogs. The
total BBN dose required for urinary bladder tumor to
develop was 131.48 g for the low-dose beagle group,
369.0 g for the high-dose beagle group, 114.22 g for the
low-dose mongrel group, and 175.5 g for the high-dose
mongrel group. Thus, a higher total dose of BBN was
required for carcinoma to develop in beagles. These
differences between mongrel and beagle dogs seem to
represent differences in the environment to which the
dogs had been exposed before the start of the present
study. That is, the beagles had been raised under known
conditions, while the age and the rearing conditions for
mongrels were unknown.

The urinary bladder tumors induced by oral treat-
ment of dogs with low-dose BBN were histopathologi-
cally similar to human papillary TCC of the bladder of
low grade and low stage, while the bladder tumors
induced by oral treatment of dogs with high-dose BBN
resembled human nonpapillary transitional cell carci-



noma of high grade and high stage. The manner of
progression of these two types of urinary bladder tumor
induced in dogs also resembled those in humans. It is
known that the expression of oncogenes and their vari-
ations or defects are major factors related to the devel-
opment of urinary bladder cancer in humans. The results
of the present experiment suggest that the malignant
potential of transitional cells of the bladder is deter-
mined to some extent by the quality and quantity of
initiators involved in the development of urinary bladder
cancer. Regarding the manner of progression of bladder
cancer, we may say therefore that papillary, superficial
bladder cancer of low grade has low potentials for
malignancy and remains superficial cancer unless it be-
comes invasive due to the effects of some promoters,
while high-grade bladder cancer soon begins invasive
growth, without undergoing papillary growth, and be-
comes nonpapillary, invasive cancer. The malignancy
potentials and the extent of the spread of bladder cancer
scem to be determined by many factors, including
promoters and host factors (Fig. 15). Studies of the
pathogenesis of experimental bladder tumors in dogs
seem to be very useful in clarifying the development and
progression of human bladder cancer.
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