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SUMMARY 

The binding to DNA of 4,4’-methylene-bis(2-chloroanilinel (MOCA) in 
explant cultures of human and dog bladder was compared. The DNA binding 
of MOCA in both human and dog bladder explants increased with the 
concentration of MOCA in the medium. In both species, there appeared to be 
a population with high DNA binding activity and another with low DNA 
binding activity. Furthermore, the binding of MOCA to human bladder DNA 
appeared to be higher than to dog bladder DNA. The results indicate the 
potential of MOCA to induce genetic damage in human bladder and suggest 
caution in the occupational exposure of humans to this chemical. 

INTRODUCTION 

MOCA, a commercially important curing agent in the manufacture of 
polyurethane [6], is an aromatic amine with structural similarity to known 
human bladder carcinogens [5]. It induces lung and liver tumors in mice and 
rats [9,15] and bladder tumors in dogs [20]. In addition, MOCA is mutagenic 
in the Salmonella typhimurium mutagenesis (Ames) assay [ll], genotoxic in 
mouse, rat and hamster hepatocytes [12], and positive in mammalian cell 
transformation assays [Zl]. Human exposure to MOCA occurs during its 
manufacture and use [22]. Also, families of workers involved in the 
manufacture of MOCA and residents in the area of manufacturing plants are 
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exposed to MOCA as indicated by the presence of MOCA in their urine [22]. 
Evidence of its mutagenic and carcinogenic activity in experimental systems 
and of human exposure to MOCA suggests the importance of determining its 
genotoxic potential in humans and especially in the bladder. 

Tissues from several human and animal organs, including the bladder, can 
be maintained as explants in serum-free medium [8,16,17,19]. Explant 
cultures of humans and animal tissues have been used extensively for 
comparisons of the metabolism, DNA-binding and DNA-adduct formation of a 
wide variety of chemical carcinogens, including certain aromatic amines 
[13,16,17,19]. In general, these studies have demonstrated that the 
metabolism of carcinogens and the profile of carcinogen-DNA adducts in 
human tissues is similar to that in animal model tissues in which the 
carcinogen has been shown to induce cancer [1,2,13,16 - 191. Most differences 
in metabolism between humans and animals have been quantitative rather 
than qualitative [13,16,17,19]. 

In the present study, explant cultures were used to compare the ability of 
MOCA to bind to DNA in human and in dog bladder. The results indicate 
that MOCA has potential to induce levels of genetic damage in the human 
bladder that are similar or higher to those in the dog, a species in which 
MOCA has been shown to induce urothelial cancer [20]. 

MATERIALS AND METHODS 

Chemicals 
Generally tritiated labeled MOCA (s.a. = 30 Cilmmoll was purchased from 

Amersham Corporation, Amersham, U.K., and was found to be 97O/b pure by 
HPLC. Unlabeled MOCA was purchased from MRU Chemical Corporation, 
New York, NY, and was made 97% pure by preparative reverse phase 
HPLC. Hydroxylapatite (HTP-DNA, HPLC grade) was obtained from Bio- 
Rad (Richmond, CA) and stored at 4OC until used. [sH]Thymidine (10 Gil 
mmoll and [SHpeucine (10 Cilmmol) were obtained from New England Nuclear 
(Boston, MA). All solvents for chromatography or DNA isolation were HPLC 
grade and obtained from either Sigma Chemical Co. (St. Louis, MO), Fisher 
Scientific (Pittsburg, PA), or Burdick-Jackson (Muskegon, MI). 

Bladder specimens were obtained from random bred dogs maintained in 
our facility for use in experimental surgery. Human bladder specimens were 
obtained from autopsies within 3-5 h after death [19]. Only grossly normal 
tissues were used for these investigations. 

Explant cd ture 
Specimens of bladder from the human and dog were removed by aseptic 

surgical techniques and placed in ice-cold L-15 medium [lo] for transport to 
the laboratory. Explants were prepared and cultured as described previously 
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[19]. Attempts were made to culture approximately the same quantity of 
tissue in each culture dish. 

Determination of MOCA toxicity in explant cultures 
Eighteen hours after placing the explants in culture unlabeled MOCA 

was added to the medium for 4 h at a concentration of either 0.1, 1 or 10 $vI 
(approx. 10 &i/60 mm dish). Control cultures were treated with 0.20/b DMSO, 
the solvent for MOCA. Both control and MOCA-treated explants were then 
incubated in fresh medium containing either FHbhymidine (10 &i/ml) or 
[SHJleucine (10 &i/ml) for 4 h. Explant DNA and protein were isolated and 
the radioactivity in each fraction determined as described previously [19]. 

DNA binding studies 
An initial study was conducted to determine the binding of MOCA to the 

DNA of dog and human bladder explants during various periods of 
incubation. Eighteen hours after placing the bladder explants in culture, 
[8HwOCA was added to the medium at a concentration of 10 j&I (approx. 
10 &i/SO mm dish). The explants were then harvested after 8,12,18 or 24 h of 
incubation. Explant DNA was then isolated and the levels of binding of 
MOCA to DNA were determined as described below. 

In subsequent studies, bladder explants from each dog or human were 
cultured for 18 h, and PHJMOCA was added to the medium at a 
concentration of either 0.1, 1 or 10 $VI (approx. 10 &i/dish). After 24 h of 
incubation with [8H]MOCA (viz; the initial study showed that the binding of 
MOCA to both dog and human bladder NDA was highest at 18 - 24 -hl, the 
medium was removed and the explants rinsed twice with ice-cold phosphate 
buffered saline (PBS). The explants were then pooled and stored at - 70°C 
until analyses. 

DNA binding assays 
DNA was isolated from the explants by hydroxylapatite chromatography 

[19] and the purity of the DNA samples was determined from the ratio of 
optical densities at 260 nm and 280 nm. DNA samples having ratios between 
1.75 and 1.90 were considered to be pure. The radioactivity in the DNA was 
quantitated by liquid scintillation counting in 3a70B complete counting 
cocktail (RPI, Mount Prospect, IL). The binding levels were expressed as 
picomoles MOCAlmg DNA. 

RESULTS 

Preliminary toxicity studies showed that uptake of PHlthymidine into 
DNA of dog bladder explants was not affected by MOCA at concentrations 
of 0.1, 1, 10 or 100 fl (data not shown). However, at 100 PM, MOCA caused 
a 15% inhibition in the uptake of [aH]thymidine into the DNA of human 
bladder explants. Similarly, the uptake of [SH)leucine into protein of dog 
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Fig. 1. Binding of PHJMOCA to DNA from two individual dog bladders 6 + -, -Cl-). Explants were 
incubated with PHIMOCA (10 fi final concentration) as described in Materials and Methods. 
After 8, 12 and 24 h DNA was isolated from the explants by hydroxylapatite chromatography 
and its mass and associated radioactivity were quantitated as described in Materials and 
Methods. 

bladder explants was not affected by any of the concentrations of MOCA 
tested, whereas the uptake of PHJeucine into protein of human bladder 
explants was inhibited approximately 20% by MOCA at both 10 and 100 PM. 
On the basis of these results, all subsequent studies. with MOCA were 
conducted at concentrations of 0.1, 1 and 10 $I. 

Figure 1 illustrates the binding of PH]MOCA to the DNA of bladder 
explants from two dogs during 24 h of incubation. The binding of MOCA 
metabolites to the DNA increased with time up to 18 h and appeared to 
level off between 18 and 24 h. Therefore, in all subsequent studies, explants 
were incubated with MOCA for a period of 24 h. 

Table 1 shows binding levels of [BHjMOCA to the DNA of dog bladder 
explants. In both dogs as well as in humans, the amounts of MOCA bound to the 
DNA increased with the concentration of MOCA in the medium. However, this 
increase was not linear with increase in the dose from 0.1 fl MOCA to 100 a 
MOCA. Both dogs and humans varied considerably in their susceptibility to the 
binding of MOCA to bladder DNA. There appeared to be a group with high 
binding activity and another group with low binding activity. For example, 
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when dog bladder was incubated with MOCA at a concentration of 10 @l, the 
binding levels ranged from 1.74 to 58.08 pmol/mg DNA; i.e. a 32fold variation in 
binding levels. In humans, at the same dose, the binding ranged from 3.34 to 
60.6 pmollmg DNA; i.e. an U-fold variation in the binding levels. 

When the binding levels of [SHJMOCA to the DNA of dog and human 
bladder tissues were compared at all dose levels by analysis of variance, the 
binding of MOCA to the DNA of human bladder was significantly higher 
than that in dog bladder (F value = 7.77, PR > F = 0.01381. In addition, in 
both species, the differences in DNA binding between the three 
concentrations were significant F value = 15.93, PR < F = 0.004). The 
increase in DNA binding between dogs and humans appears to be 
comparable when the MOCA concentration was increased from 0.1 @I to 
1 @. However, when the concentration was increased from 1 to 10 pM, the 
increase in binding in the human bladder (Cfold) was less than in the dog (15 
fold). 

DISCUSSION 

The aromatic amines, like many organic carcinogens, are not direct-acting 
genotoxins [20]. In mammalian species, aromatic amines are metabolized and 
conjugated predominantly in the liver and excreted in the urine where, 
under mildly acidic conditions, hydrolysis of the conjugates occurs. The 
resulting free active metabolites may then decompose to form electrophiles 
that react with DNA in the bladder epithelium [7,14]. Recent studies have 
shown, however, that the bladder epithelium itself is capable of metabolizing 
carcinogens, including 2-acetylaminofluorene, to genotoxic electrophiles 
[2,13,16,17,19]. 

In the present study, we have shown that both human and dog bladder 
urothelium is capable of metabolizing MOCA into forms that bind to DNA. The 
data indicate that the binding of MOCA to human bladder DNA is 
higher than in dog bladder DNA. This result is of particular importance 
since MOCA has been shown to induce urothelial cancer in dogs [20]. The 
data also show a wide variation among both humans and dogs in the levels of 
binding of MOCA metabolites to bladder DNA. The observation is consistent 
with previous results in which there was a wide variation in the binding of 
carcinogens to human and animal bladder DNA [3,4,19]. It has been 
suggested that differences among individuals in their ability to metabolize 
carcinogens into forms that bind to DNA might be associated with 
carcinogenic risk [3]. If this were the case, then some individuals exposed to 
MOCA are more likely to develop bladder cancer than others. 

Preliminary studies to detect MOCA-DNA adducts using 32P-postlabeling 
technique, and a combination of HPLC and radiometric techniques, show 
formation of 6 - 7 adducts in the dog bladder as well as in the human bladder 
(unpublished results). It appears from these studies that there are at least 
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three adducts in common between the dog and the human. These studies 
need to be expanded to include more samples before any conclusions can be 
drawn. Nevertheless, our results clearly indicate the potential of MQCA to 
induce genetic damage in the human bladder and suggest caution in the 
occupational exposure of humans to this chemical. 
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