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Abstract This study investigated the presence of zinc 
and expression of metallothionein (MT) in different 
pathological changes of the rat bladder induced by 
administration of N-butyl-N-(4-hydroxybutyl) nit- 
rosamine (BBN). Using the Timm staining method, the 
presence of zinc was observed in normal and benign 
hyperplastic epithelial cells of the rat bladder, parti- 
cularly in the malignant bladder tumor, induced by the 
administration of BBN. Immunohistochemically, MT 
expression was detected only in noninvasive (30%) and 
invasive transitional cell carcinoma (80%) of the rat 
bladder where the tumor cells were rich in zinc. Our 
data suggest that: (1) growth and development of the 
rat bladder tumor, especially malignant tumors, may 
have a high requirement for zinc and (2) MT synthesis 
may be induced by a high zinc concentration in rat 
bladder tumor cells. 
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Introduction 

Zinc is an essential participant in a number of DNA 
and RNA polymerases and serves as a structural fea- 
ture of the zinc finger domains in at least 300 DNA- 
binding proteins [22]. Zinc has been found in all 
organs, fluids and cells of the human body, and may 
play a role in normal growth, in keratinization of the 
skin, in spermatogenesis and in the process of tumor 
cell proliferation. It has been reported that dietary zinc 
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deficiency can increase the incidence of some tumors 
while decreasing the incidence of others [2]. Serum and 
tissue zinc levels have also been reported to be lower in 
cancer patients than in controls, but epidemiological 
studies have suggested a positive association of zinc 
intake and certain cancers [18]. 

Metallothioneins (MTs) are a group of intercellular 
metalloproteins of low molecular weight with a high 
content of cysteinyl residues. The biological functions 
of MTs have not been clearly resolved. Since their 
discovery, MTs have been reported to have a physiolo- 
gical role in the absorption, transport and metabolism 
of the important trace metals zinc and copper, as well 
as a role in heavy metal detoxification [9]. Recently, 
detection of MT has been reported in some human 
cancers including bladder cancer, and association of 
MT with pathological parameters has also been dis- 
cussed [1, 5, 13, 17]. 

Although research concerning the relationships 
of zinc intake and carcinogenesis, and of MT expres- 
sion and bladder tumor, has been undertaken, any 
correlation between zinc existence and MT detection in 
different bladder pathological changes has not been 
investigated. In this study, we investigated the presence 
of zinc histochemically and the expression of MT 
immunohistochemically in the rat bladder epithelium 
during 28 weeks of bladder carcinogenesis induced 
by administration of N-butyl-N-(4-hydroxybutyl) nitro- 
samine (BBN). 

Materials and methods 

Sixty-five male Wistar rats (Kurea Co., Osaka), 7 weeks of age at the 
time of the start of the experiment, were divided into a control group 
consisting of 15 rats and a BBN group consisting of 50 rats. BBN 
(Tokyo Kasei Industry Co., Tokyo) was administered at a dosage of 
0.05% in the drinking water for 28 weeks. The commercial stock diet 
(Oriental MF, Osaka) was supplied to the rats in the two groups. 
Three rats of the control group and ten rats of the BBN group were 
sacrificed at 4, 8, 12, 20 and 28 weeks from the beginning of the 
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experiment. The bladders obtained were cut into two parts and each 
was processed for either histochemical or histological and im- 
munohistochemical analysis. Classification of different pathological 
lesions of the rat bladder induced by BBN administration, including 
three types of hyperplasia, papilloma and TCC, was based on 
previous reports [6, 7, 23]. Histological findings of the tumor were 
described according to the classification system of the International 
Union Against Cancer [101. 

Histochemical staining 

For histochemical examination, the Timm staining method [191 was 
used. The rat bladder tissues were fixed for 48 h in 100% ethanol 
saturated with hydrogen sulfide and embedded in paraffin according 
to routine techniques. Deparaffinized 4-gm-thick sections were de- 
veloped for 60 min at 26 ~ in the dark. The composition of the 
developer was as follows: 60 ml filtered gum arabic solution, 10 ml 
sodium citrate buffer and 0.85 g hydroquinone dissolved in 15 ml 
distilled water. Immediately before use, 0.121 g silver lactate in 15 ml 
distilled water was added and the solution was mixed thoroughly. 
After development, sections were rinsed in water and then incubated 
in a solution of 5% sodium thiosulfate for 10 min followed by a rinse 
in water. Finally the sections were dehydrated and counterstained 
with hematoxylin. Timm staining results were scored as negative 
reaction (no staining), mild reaction (less than 50% staining cells) 
and strong reaction (more than 50% staining cells). 

Immunohistochemical staining 

The specimens were placed in 10% formalin solution and processed 
for paraffin embedding. Each paraffin block was step-sectioned and 
stained with hematoxylin and eosin for histopathological examina- 
tion. Two slides were selected from each paraffin block and these 
were then deparaffinized. Mouse monoclonal antiserum to MT 
(Dako Co.) (dilution 1 : 50) was used. 

Endogenous peroxidase was blocked with 2.5% hydrogen perox- 
ide (H202) in methanol. The sections were washed with TRIS- 
buffered saline (TBS) and incubated with 5% normal goat serum in 
TBS for 20 min. After being washed with TBS, the sections were 
incubated with the above antibody for 4 h at room temperature. 
After further washing, anti-goat IgG was diluted to 1:200 in TBS 
and incubated on the sections for 30 min. The sections were then 
washed and incubated with avidin-biotin peroxidase complex for 
30min. Peroxidase was demonstrated by the addition of di- 
aminobenzidine tetrahydrochloride (DAB). All slides were counter- 
stained with hematoxylin, dehydrated and mounted with Permount. 

MT immunostaining results were scored as follows: 0 = no stain- 
ing cells, 1 + = less than 50% staining cells, and 2 + = more than 
50% staining cells. The bladder tissues with 2 + staining intensity 
were classified as showing MT expression. 

Results 

Histopathologica l  findings 

The rat bladder epithelium showed normal  in all 15 rats 
within the period of 28 weeks in the control  group. In 
the BBN group, all ten rats showed mild hyperplasia  at 
4 weeks and modera te  hyperplas ia  at 8 weeks. At 12 
weeks, severe hyperplasia  was found in eight rats, 
and pap i l loma was found in two rats. At 20 weeks, 
noninvasive (stage Ta) and grade 1 transi t ional  cell 

ca rc inoma (TCC) of the rat  b ladder  was observed in all 
ten rats. Invasive (stage T2) and grade 2 T C C  of the rat  
b ladder  occurred in all ten rats at 28 weeks. 

His tochemical  findings 

Using the T i m m  staining method,  a mild react ion 
showing the local presence of zinc on the m e m b r a n e  
and top of the luminal  cells was observed bo th  in 
normal  epithelium of the rat  b ladder  in the control  
group and in the benign hyperplast ic  epithelium of the 
rat  b ladder  in the BBN group  f rom 4 to 12 weeks 
(Fig. 1). A s trong react ion was observed and the pres- 
ence of zinc was well distr ibuted in the t umor  cells of 
the rat  b ladder  with noninvasive T C C  at 20 weeks and 
with invasive T C C  at 28 weeks as well as in the inter- 
stitial s t roma  (Fig. 2). 

Immunohi s tochemica l  findings 

M T  immunos ta in ing  was not detected in all 15 rats in 
the control  group. Fol lowing BBN administrat ion,  M T  
expression was detected in three of the ten rats with 
noninvasive T C C  at 20 weeks (30%) and in eight of the 
ten rats with invasive T C C  at 28 weeks (80%). Both 
cytoplasmic  and nuclear staining pat terns  were ob- 
served. At 20 weeks, cytoplasmic staining was observed 
in one rat, nuclear staining in one rat  and both  in 
one rat. At 28 weeks, cytoplasmic  staining was ob- 
served in four rats, nuclear staining in rats and both  
in two rats (Fig. 3). Table  1 shows the relat ionship 
between the his topathological  findings and the histo- 
chemical, immunohis tochemica l  staining results. 

Discussion 

The T i m m  staining method  is considered a highly sen- 
sitive histochemical  procedure  for the localization of 
heavy metals, mainly  for zinc in biological tissues [19]. 
Using this method,  we observed the presence of zinc in 
normal  and benign hyperplast ic  epithelial cells of the 
rat  bladder,  part icularly in the mal ignant  bladder  
tumor,  induced by the adminis t ra t ion  of BBN. 

Zinc has long been considered to be one of the least 
toxic metals  in the environment ,  and m a n y  reports  
have shown that  exposure  to zinc presents no risk 
[3, 14]. In  contrast ,  excessive intake of zinc has been 
repor ted to be related to cancer of the oesophagus  and 
s tomach [16]. Recently, some investigators pointed to 
a role for zinc in contr ibut ing to spontaneous  mutagen-  
esis in Chinese hamster  V79 cultured cells [-8]. On  the 
other hand,  it was found that  ingestion of zinc inhibited 
the development  of tumors  [-20J. An inhibi tory effect of 
zinc on nickel subsulfide, a potent  muscle carcinogen, 
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Fig. 1A, B Mild reaction for Timm staining in rat bladder epi- 
thelium. A BBN group, 4 weeks, x 100. B BBN group, 12 weeks, 
x76 

Fig. 2 Strong reaction for Timm staining in invasive TCC of the rat 
bladder in the BBN group, 28 weeks, x 115 

Fig. 3A-C Expression of MT in noninvasive and invasive TCCs of 
the rat bladder. A Cytoplasmic staining pattern in invasive TCC of 
the rat bladder in the BBN group, at 28 weeks, x 60. B Nuclear 
staining pattern in noninvasive TCC of the rat bladder in the BBN 
group, at 20 weeks, x 76. C Both cytoplasmic and nuclear staining 
patterns in invasive TCC of the rat bladder in the BBN group, at 28 
weeks, x 76 
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Table 1 Relationship between histopathological findings and histochemical, immunohistochemical staining results (HP hyperplasia) 

Control group BBN group 

4-28 weeks 4 weeks 8 weeks 12 weeks 20 weeks 28 weeks 

No. of rats 15 10 10 10 10 10 

Histopathological Normal 15 
findings Mild HP 10 

Moderate HP 10 
Severe HP 8 
Papilloma 2 
Ta and G1 TCC 10 
T2 and G2 TCC 10 

Histochemical Negative reaction 
(Timm) staining Mild reaction 15 10 10 10 

Strong reaction 10 10 

Immunohistochemical 0 score 9 7 8 5 4 1 
(MT) staining 1 + score 6 3 2 5 3 1 

2 + score 3 8 

was also observed in Fischer rats [12]. Until now, 
however, there has been no definite suggestion of a rela- 
tionship between zinc and carcinogenesis. 

In our study, although the existence of zinc has been 
observed either in normal or in the proliferative epi- 
thelial cells of the rat bladder induced by BBN, a large 
difference has been found in the Timm staining reaction 
and the distribution between benign and malignant 
bladder lesions, while no difference between normal 
and benign hyperplastic tissues has been found. Ac- 
cording to these findings, it is suggested that growth 
and development of the bladder tumor, especially ma- 
lignant tumors, may have a high requirement for zinc. 

MT is synthesized in most body tissues, and the 
highest concentrations are found in the liver and kid- 
ney. Recently, MT has been found to be localized in 
a few kinds of human cancer tissues. A high positivity 
for MT expression has been demonstrated in testicular 
embryonal carcinoma (100%), thyroid tumors (91%), 
breast carcinoma (47%) and bladder cancer (100%) 
[1, 5, 13, 17]. In addition, studies of breast carcinoma 
have shown a close correlation between MT expression 
and invasive breast carcinoma with a poor prognosis 
[-5], whereas other investigators found MT expression 
was most intense in superficial uroepithelial cells in 
areas of dysplasia and/or carcinoma in situ and less 
consistent in the invasive portions of the human blad- 
der TCC [1]. In the present study, MT expression was 
detected in 30% of noninvasive TCCs and in 80% of 
invasive TCCs of the rat bladder while MT has not 
been detected in the benign hyperplastic lesions of the 
rat bladder. This result also reveals a correlation be- 
tween MT expression and invasive TCC of the rat 
bladder induced by administration of BBN. 

Another striking result of this study is that MT 
expression was only detected in the noninvasive and 

invasive TCC of the rat bladder, where the tumor cells 
are rich in zinc, during the period of bladder carcino- 
genesis. It has been suggested for many years that MT 
may function in the regulation of zinc metabolism, i.e., 
its storage, transport and distribution. On the other 
hand, MT synthesis can easily be induced by physiolo- 
gical heavy metals such as zinc [-11]. It is believed to be 
important to maintain a normal zinc balance in the 
cells, not only to provide zinc when it is needed but also 
to protect DNA from its genotoxicity, since a sudden 
increase in the intercellular zinc concentration might 
lead to DNA damage. Our present results indicate that 
the bladder tumor cells not only need zinc for their 
growth and development but also need MT to protect 
themselves. Based on these findings, it is suggested that 
MT synthesis in the rat bladder tumor may be induced 
by a high zinc concentration in the rat bladder tumor 
cells. 

However, in addition to the heavy metals, MT syn- 
thesis can be induced by a wide variety of compounds, 
including the glucocorticoids [15], estrogens and 
interleukin 1 [4]. Furthermore, a correlation between 
MT synthesis and amplification of oncogenes such as 
r a s  has also been reported [21]. In this study, a strong 
reaction for Timm staining was observed in all ten 
rats at both 20 and 28 weeks while the positive rate 
for MT expression was 30% and 80% at 20 and 28 
weeks, respectively. In addition, comparing the Timm 
staining reaction and distribution in the TCC tissues 
with positive immunostaining for MT to that with 
negative immunoreaction, no difference was found 
between them. This result shows that MT synthesis 
may also be modulated by other factors which may 
be involved in the tumor growth and progression; 
thus there is a need for further investigation on this 
point. 
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