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Microscopic examination demonstrated that high-grade carci
nomas developed in 2 ways: the first involved more anaplastic
clones within a preexisting low-grade carcinoma, and the second
appears to be the direct induction of invasive high-grade carci
nomas from the severely dysplastic urothehium or carcinoma in
situ. Urine, which in our previous studies using the HTB system
appeared to be a promoter (3â€”7),did not seem to play a
significant role in the conversion of tumor grade. Emergence
of a new population of higher histological grade within a low
grade carcinoma suggests to us that additional genetic changes
occur following repeated exposure to MNU. This mechanism
of malignant conversion has also been suggested in studies of
mouse skin carcinogenesis (8, 9). In the study by Hennings et
aL (8), 12-O-tetradecanoylphorbol-13-acetate, a potent pro
moter, was ineffective in converting 7,1 2-dimethyl
benz(a)anthracene-initiated papillomas in mice to carcinomas
whereas a second carcinogen when applied as a single dose was
effective. It is, therefore, likely that a similar mechanism may
operate in malignant conversion of low-grade urothehial carci
noma. In our earlier study cited above (3) carcinogen was
administered in multiple doses during the early phase of study,
and we were not able to delineate the action of each dose of
carcinogen. In the present study, a relatively low dose of MNU
(0.25 mg) was used as an initiator (5) and induced low-grade
superficial carcinomas at 29 wk which were converted to higher
grade following the administration of a similar dose of MNU
at 29 wk.

MATERIALS AND METhODS

Animals and Chemicals. Young male Fischer 344 rats weighing 175
to 200 g (CharlesRiverBreedingLaboratory,Wilmington,MA) were
housed 4 to 5 per cage in an air-conditioned room at 22C with 50%
humidity and a 12-h light-dark cycle.They had free access to water and
a chow diet (Purina 5012; Ralston Purina, St. Louis, MO). MNU was
purchased from ICN Pharmaceutical, Plainview, NJ, and was recrys
talized before use.

Collection of Urine. Urine was collected from normal male Fischer
344 rats, adjusted to pH 7.0 with 0.5 N NaOH and to 700 mOsmol
with distilled water, and then stored in 50-mI portions at â€”80Cuntil
use(10).

ExperimentalAnimalModeLTheHTB systemwasused.Thismodel,
which was developed in our laboratory to investigate the role of urine
in bladder carcinogenesis (4â€”7,11), consists of a urinary bladder from
a male Fischer 344 rat transplanted into the gluteal muscle of a
syngeneicrecipient with an attached s.c. placed reservoir. Our previous
studies demonstrated that MNU when instilled percutaneously into the
reservoir, induced transitional and squamous carcinomas in the HTB
and the tumor incidence was in proportion to carcinogen dose (4, 5, 7).

ExperimentalPlan.Fourwk afterbladdertransplantation(Fig. 1),
recipientanimalswerearbitrarilydividedinto2 groups.Thefirstgroup
received instillation into HTB ofO.25 mg of MNU freshly dissolved in
0.5 ml of 0.9% NaCl solution. The second group received 0.5 ml of
0.9% NaCI solution. One wk later, all rats receivedinstillation into
HTBs of 0.5 ml of normalraturineonce a weekduringthe subsequent
24 wk. At week 29 ofthe experiment, 1i3 ofthe rats ofeach group were
chosen randomly using random numbers and sacrificedfor microscopic
examinationofthe HTBs(groupsAandF).Theremainingratsofeach
group were further divided randomly into 2 subgroups. The first group

1265

ABSTRACT

The present study was conductedto test if low-gradecarcinomas
induced by a single dose of N-methyl-Mtrosourea (MNU) can be con
verted to high-grade carcinomas by a second identical dose of the carcin
ogen.The heterotopically transplanted rat urinary bladder system was
used. Four wk after heterotopic bladder transplantation, the recipient
maleFischer344 rats weredivided into 2 groups.The first group received
0.25 mg of MNU into heterotopicallytransplantedrat urinarybladder,
the secondgroup (controls) received0.9% NaC1solution. At week 29 of
the experiment, 1,3 of the animals from each group were killed for
histological examination of the heterotopically transplanted rat urinary
bladders. The remaining animals from each group were divided into 2
subgroups, the first receiving0.25 mg MNU and the second,0.9% NaCI
solution. All animals were killed at 50 wk of the experiment. MNU
Inducedcarcinomasat week 29 were all of low histological grade and
were noninvasive. Longer follow-up without a second carcinogen admin
istration resulted in both an increase in tumor incidence (P < 0.005) and
moretumorsperbladder(P< 0.001), buthigh-gradeinvasivecarcinomas
wererare.The seconddoseofMNU administeredat the stagewhenlow
grade carcinomas were prevalent (week 29) resulted in a significant
increasein invasivehigh-gradecarcinomas(P < 0.01).

Our data are consistent with the view that the second carcinogen
administration induces a new mutation(s) within low-grade carcinomas
which leads to invasivecarcinomas.

INTRODUCTION

Bladder cancers may be divided into 2 histological types
which correlate with their biological behavior. The more com
mon type of tumor is of low histological grade (grades I and
II); they grow slowly and frequently â€œrecurâ€•after excision of
tumor. The second type consists of tumors of high histological
grade, most of which grow rapidly, are already deeply invasive
at the time of discovery, and are lethal. Recent increases in the
latter type ofcarcinomas have become a serious clinical concern
(1, 2). The foregoing suggest either a new carcinogenic hazard
for the urinary bladder in the environment or additional non
carcinogenic factors which enhance progression of the carci
nogenesis.

To test the hypothesis that the degree of malignancy of
urothehial carcinomas is determined by the dose of carcino
gen(s), we recently conducted a series of experiments using the
HTB3 system (3). HTBs which were exposed to a low dose of
MNU (0.05 mg of MNU, weekly, for 6 doses) developed only
low-grade, low-stage carcinomas, whereas bladders exposed to
a higher dose of carcinogen (0.5 mg of MNU for 6 doses) or
those which were additionally treated with another carcinogen,
N-butyl-N-(4-hydroxybutyl)nitrosamine, demonstrated fre
quent development of high-grade, high-stage carcinomas to
gether with low-grade carcinomas within the same bladders.
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_@,_50,1 were tightly cohesive but without clear-cut squamous differentiation,
they were classified as squamoid. Tumors were classified as transitional
type when cells had pale eosinophilic cytoplasm without any features

to suggest squamous change. Invasive carcinomas were divided into 3
stages. If extension of tumor was limited to its own stroma and had
not reached the underlying lamina propria, the lesion was classified as
stage P0. Invasion of the lamina propria, tunica muscularis, and tunica
adventitia was defined, respectively, as stages P1, P2, and P3. As the
criteria of malignant conversion, two independent parameters were
considered: invasion of the lamina propria or the deeper layers and
grade III nuclear grade.

RESULTS

There was no significant difference in body weights among
comparable groups of animals that were killed at either week
29 or 50.

The results ofmicroscopic examination ofbladders are shown
in Table 1. Treatment with a single dose of MNU yielded a
tumor incidence of 60% (18 of 30 rats) at week 29 (group A),
which was comparable to the incidence observed previously
after an identical treatment (5). When the observation period
was extended to 50 wk (group B), the carcinoma incidence rose
to 93% (27 of 29 rats) (P < 0.005). This incidence was similar
to that of the group which received the carcinogen for the
second time at week 29 (97%; 30 of 31; group C). The group
which received carcinogen for the first time at week 29 (group
D) showed an incidence of 39% (12 of 31). The observation
period following carcinogen administration, however, was
shorter(21 versus 25 wk). In the 2 control groups which received
no MNU, 3 tumors in group E and 1 in group F were found.
This pheonomenon had been observed in our previous studies
(5, 7) and suggested that HTB mucosa is sensitive for tumori
genesis.

Foci of severe dysplasia, which has been now recognized as
carcinoma in situ (13) and therefore was classified as grade III
lesion in the present study, were seen in 2 rats of group B (first
MNU dose only) and 6 of group C (first and second MNU
doses).

The total number of tumors per group and the number of
tumors per bladder are shown in Table 2. The numbers of
tumors were dependent upon 2 factors: (a) observation period
following MNU administration and (b) MNU dose. Compari
son of the data of groups A, B, and C suggested that the
majority of the tumors observed in group B had developed
between weeks 29 and 50, and that the second MNU further
increased tumor numbers, although not significantly (P <
0.001, group A versus B; P < 0.1, group B versus C; Student's
t test).

The rate of tumor growth was evaluated by measuring total
tumor volume per bladder and mean tumor volume per bladder.
They were, respectively, 178 Â±307 mm3 (mean Â±SD) and 21
Â±31 mm3 in group B. The respective values for group C were

582 Â±896 and 171 Â±369 mm3 and were higher than those in
group B (P < 0.05, Student's t test). Thus the data suggested
that the accelerated growth rate in group C was associated with
the second MNU administration.

Development of more aggressive forms of carcinomas (inva
siveness or grade III nuclear morphology, see â€œMaterialsand
Methodsâ€•for detail) was seen in groups B and C only (Table
1). The overall frequency was 14% (4 of 29 rats) in group B
and 45% (14 of 31) in group C (group B versus C, P < 0.01, x2
analysis). The second dose of MNU significantly increased the
incidence of invasive carcinomas (3 rats in group B and 10 in
group C, P < 0.05) as well as the frequency of grade III
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Fig. I. Experimental design. Four wk after heterotopic transplantation (@)ofurinarybladder,ratsreceivedintotheirtransplantedbladdersasingledose(0.25
mg)of MNU (Y) or 0.9% NaCl solution(V) at Week 4 or 29. Subsequentlythe
bladdersreceived0.5 ml of urine (u) once a weekuntil the end of the experiment.
s, weeklyinstillationof0.9% NaCIsolution.

(groups C and D) receivedinto HTBs another dose of MNU (0.25 mg)
and a second group, 0.9% NaCl solution (groups B and E). Weekly
urine instillation was resumed 1 wk later. The experiment was termi
nated 21 wk after the second dose of carcinogen, 5 wk earlier than the
originally scheduled time, becausesome animals began showing necro
sis of the skin over the HTB; this was apparently due to pressure
atrophy secondary to rapid expansion of bladder capacity following
neoplastic development. This complication forced premature termina
tion of 5 rats (1 from group B at week 44, 2 each at weeks 45 and 49
from group C). These animals were, however, included for data tabu
lation.

HTBs wereremoveden blocwith the attachedreservoirandinflated
with 10% buffered formalin. Following overnight fixation in 10%
buffered formalin, HTBs were bisected longitudinally. The mucosa was
inspected for gross tumors; if found, they were counted and measured,
and their location was recorded. Tumor volume was estimated by
measuring the long axis and its vertical axis and assuming a tumor to
be an elliptical mass. Then the bladders were cut into at least 8 pieces
in such a way that each grossly visible tumor could be demonstrated in
microscopicsections.

Microbiological Examination of Bladder Aspirate. Except at the time
of bladder transplantation, antibiotics were not used. The bladder
aspirate was streaked on brain-heart-infusion plates periodically to
determine possible bacterial contamination. The first 2 tests were done
1 wk beforeeach MNU administrationandthe thirdand finalone was
done I wk beforescheduledtermination ofthe experiment. The 8 HTBs
with positive bacterial growth wereexcluded from the â€œResults.â€•These
mostly occurred shortly after bladder transplantation.

Histological Classification and Definition of Malignant Conversion.
Urothelial lesions, grade and stage of tumors, and type of epithelial
differentiation were classified according to the criteria described previ
ously (3, 12).They are reiterated briefly as follows.The earliest prolif
erative lesion induced by carcinogen was a generalized increase in
urothelial layer (simple hyperplasia). This stage was followed by a
localized nodular and/or papillary proliferation of the urothelium (no
dulopapillary hyperplasia). When a papillary growth was supported by
abranchingfibrovascularstroma,the lesionwasclassifiedascarcinoma.
Separately, cytological alteration involving flat mucosa was evaluated
by the degree of nuclear enlargement and crowding and disturbance of
nuclear polarity. Depending upon the degree of alteration in these
parameters, a lesion was graded as mild, moderate, or severedysplasia.
Carcinomasweredividedinto3 gradesdependinguponthealteration
in nuclear size; grade I, II, and III carcinomas consisted of cells with
nuclei corresponding, respectively, to those of mild, moderate, and
severe dysplasia. The nuclei of grade I carcinoma were only slightly
larger than those of normal urothelium and had smooth nuclear mem
brane and inconspicuous nucleoli. Grade III carcinoma consisted of
cells with pleomorphic large nuclei with prominent nucleoli, and the
nuclearmembranewasoftenirregularandnotched.Mitosiswascom
mon. Epithelial differentiationwas divided into 3 types; squamous
carcinoma was so defined if unequivocal squamous differentiation was
demonstrated. When tumor cells exhibited eosinophilic cytoplasm and
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Table 1 Pathologicalchangesinducedbya singleor doubledoseofMNUNo.

of rats with mucosalchangeConversionNodulopa-

Grade III
Total no. pillary hy- Dysplasia Carcinoma Grade with in

Group Treatment4 of rats perplasia (severe) incidence(%) Incidence(%) Invasion IIIvasionA

Mâ€” 30 17 1(0) 18 (60) 0 0 0 0
B MS 29 23 9(2) 27b(93) 4C (14) 3 2 0
C MM 31 27 15(6) 30 (97) l4@@e(45) Hf 13' 9'
D SM 31 9 0 12(39) 0 0 0 0
E SS 29 0 0 3(10) 0 0 0 0
F 5â€” 29 0 0 1(3) 0 0 00a

Instillation into HTB of0.25 mg of MNU (M) or 0.9% NaC1 solution (S) at week 4 or 29. â€”,sacrifice at week 29.
b Significantly different from group A (P < 0.005).
C One rat with diffuse mucosal change with severe dysplasia (carcinoma in situ) is included.

a Significantly different from group B (P < 0.01).
V One rat with diffuse mucosal change (carcinoma in situ) with microinvasion is included.

tSignificantly differentfrom groupB (P < 0.05).
g Significantly different from group B (P<0.005).Table

2 Incidenceand histologicalclassificationofbladder tumorsbygrade,stage,and celltypeTotal

no. Grade (%)b Stage(%) Cell typec(%)
Total no. Tumor of tu- (Mean Â±SE/

Group Treatmenta of rats incidence mors bladder) I II III P0 <P1 T SdSqA

Mâ€” 30 18 64 (2.1 Â±2.9) 55(86) 9(14) 0 64 0 44(69) 19(30) 1 (2)
B MS 29 27 182d.e (6.3Â±4.4) 111 (61) 70(39) 1 (1) 179(98) 3 (2) 89(49) 87(48) 6 (3)
C MM 31 30 254â€• (8.2Â±7.1) 115(45) 124(49) 151(6) 239(94) 15'(6) 50(20) 160(63) 44*(l7)
D SM 31 12 25 (0.8 Â±1.8) 19 (76) 6 (24) 0 25 0 18 (72) 7 (28) 0
E SS 29 3 3 2(67) 1(33) 0 3 0 1(33) 2(67) 0
F Sâ€” 29 1 1 1 0 0 1 0 0 1 0

CONVERSION TO HIGH GRADE OF RAT URINARY BLADDER CARCINOMAS

a M, MNU; 5, 0.9% NaCI solution; â€”,sacrifice at week 29.
b Tumors with combined grades are classified by the highest grade.
C Tumors with combined cell types are classified by the following order of dominance; squamous (Sq) > squamoid (Sd) > transitional (T).

d Diffuse papillomatosis is not counted (1 in group B and 11 in group C).
e Significantly different from group A (P <0.001).

1Significantlydifferentfrom groupB (P <0.005).
I Significantly different from group B (P < 0.05).

aSignificantly different from group B (P < 0.001).
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Fig. 2. Grade III squamouscell carcinoma
(A and B) with coexisting foci of grade II
carcinoma involving the superficial portion (C
andD) ofthe sametumor mass.The gradeIII
carcinomashowsmicroinvasionofthelamina
propria(arrows). H & E stain, x 93 (A), x 233
(B), x 93 (C), x 233 (D).

carcinomas (2 rats in group B and 13 in group C, P < 0.005).
All 3 invasive carcinomas in group B were of grade II, while in
group C, 9 of 10 carcinomas were of grade III (P < 0.005).

When all individual tumors were classified according to their
grade, stage, and type of cell differentiation, their incidences
are shown in Table 2. All tumors induced by a single dose of
MNU (groups A and D) were confined to the mucosa (P0) and
the majority of them remained as grade I and transitional cell
type. A longer follow-up (from 29 to 50 wk) without additional
carcinogen treatment (group B) resulted in more carcinomas
with squamoid and squamous differentiation and development
of 3 invasive carcinomas (P1, invasion of the lamina propria).

In group C which received MNU for the second time at week
29, this tendency became more obvious; carcinomas with grade
III increased in number (P < 0.005) and the majority of them
acquired squamous morphology (P < 0.001, group B versus C).
Among the 15 invasive carcinomas in group C, 12 were in P1,
2 in P2 (invasion ofthe tunica muscularis), and 1 in P3 (invasion
of the tunica serosa). Invasive carcinomas were, without excep
tion, of either grade II or III nuclear morphology. Of the 9
grade III carcinomas, 8 showed coexisting foci of grade II
nuclear morphology (data not shown). In all of these 8 carci
nomas, the invasive front consisted of grade III carcinomas,
either of squamoid or squamous type (Figs. 2 and 3).
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CONVERSION TO HIGH GRADE OF RAT URINARY BLADDER CARCINOMAS

single dose of MNU remained as low-grade non-invasive car
cinomas. A longer follow-up without additional carcinogen
showed an increase in tumor incidence and in the total number
of tumors. Malignant conversion was rare. In contrast, when
MNU was administered for the second time at the stage when
low-grade superficial carcinomas were prevalent (60% at Week
29), there was a significant increase in the incidence of invasive
carcinomas (P < 0.05), carcinomas with grade III nuclear
morphology (P < 0.005), tumors with squamous cell differen
tiation (P < 0.001), and in the tumor volume in both the median
tumor volume per bladder as well as the total tumor volume
per bladder. Thus the second MNU dose stimulated the growth
rate of tumors in conjunction with increase in grade II and III
carcinomas.

To determine whether the development of more aggressive
forms of carcinomas seen in group C was indeed due to the
second dose of MNU, tumors observed in this study were
divided into 2 types, those developing after a short (less than
25 wk) and a longer (more than 25 wk) induction time (Fig. 4).
All tumors which appeared within 25 wk were of low-grade
carcinomas (LGCA) (those seen in group A in Fig. I and
category I in Fig. 4). Even if the study period was extended to
50 wk, almost all tumors were low-grade carcinomas (II, Fig.
4). â€œSpontaneousâ€•conversion to high-grade carcinomas
(HGCA) were rare (group B, III in Fig. 4). Tumors which
developed after 25 wk can be classified into the following 3
types: those induced by the first MNU, by the second MNU,
and by the combination. Careful microscopic observation
showed that only 1 of the 10 invasive carcinomas in group C
was a pure grade III carcinoma and the remaining 9 demon
strated grade II and III morphology, and, in all, the invasive
front was made up of grade III carcinoma. This strongly sug
gests that malignant conversion is more likely to take place
within a low-grade carcinoma. In fact this was the common
mechanism encountered in the previous similar study (3). We
suggest that most high-grade carcinomas arise as a new muta
tion within a low-grade carcinoma by a second dose of MNU
(group C, IV, Fig. 4). Rapid expansion of such a clone could
be expectedto replacea low-gradecarcinoma.Thus, it is our
current view that the biological aggressiveness of a given tumor
is determined by the level of genetic alterations (e.g., oncogene
activation) induced by carcinogen. This view is consonant with
that expressed by other investigators (17). It is unknown
whether malignant conversion takes place at only specific stages
of multistage carcinogenesis. Our data suggest otherwise. On
cogene activation (Ha-ras) has been demonstrated in human
urothelial tumors as well as rat bladder tumors induced by
chemical carcinogens (18â€”20).In the study reported here, it is
not known whether specific oncogenes are involved in urothelial
neoplasia and its subsequent malignant conversion.
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Diffuse papillomatosis was seen in 1 rat of group B and 11
ofgroup C. These lesions were considered to evolve from diffuse
mucosal proliferation. Among them, 10 in group C had a sign
of the â€œconversion,â€•suggesting that there is a close relationship
between the development of papillomatosis and the high-grade
conversion of tumors.

DISCUSSION

Although high-grade carcinomas of the urinary bladder are
known to develop in animals following continuous administra
tion of carcinogen (14, 15) there have been no studies of which
we are aware which clearly focus on the possible mechanism(s)
of their development. Based on the work we recently reported
(3) it is quite likely that carcinogen administration each time
induces random mutation in both normal and already neoplastic
urothelial cells. This is also the mechanism ofcarcinogen action
proposed for the mouse skin model (8, 9, 16).

In the present study, most of the tumors developing after a
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