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DIETARY MOLYBDENUM AND ESOPHAGEAL CARCINOGENESIS
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Fig. 3. Histopathological changes of rat esophagus. a, normal epithelium of esophagus consisting of a basal layer of prismatic cells, a layer of 2 to 5 rows of
spinous cells with elongated nuclei, and a thin granular layer. H & E, X 100. Bar = 50 um. b, mildly dysplastic lesion. It is characterized by thickening of the
epithelium due to the increase in number and size of the cells. The large basal or spinous cells with large, light, round, or oval nuclei take up one-third of the thickened
epithelium. Mitotic figures are frequent. H & E, X 100. Bar = 50 um. ¢, moderately dysplastic lesion. The large basal or spinous cells take up one-half of the thickness
of the epithelium. H & E, X 100. Bar = 50 um. d, severely dysplastic lesion. Nearly all of the epithelium is composed of basal or squamous cells. Only a few layers of
spinous and squamous cells remain on the surface. The stratified structure is disorganized. H & E, X 100. Bar = 50 um. e, carcinoma in situ (squamous cell type). It
is characterized by complete disorganization of the stratified structure, atypism of the spinous cells, and polymorphism. H & E, X 100. Bar = 50 um. f, infiltrative
carcinoma. Malignant cells penetrate the submucosa and infiltrate the muscular layer. H & E, X 25. Bar = 100 um. g, higher power view of Fig. 3f. H & E, x 50. Bar

=50 um.

the rats fed the low-molybdenum diet. In both of these groups,
the presence or absence of MBN treatment had no significant
influence on the molybdenum concentration.

Liver molybdenum levels of the high-molybdenum diet group
were significantly (P < 0.001 to 0.05) higher than those of the
low-molybdenum diet group. In the low-molybdenum diet
group, there was a significant (P < 0.05) difference between the
rats treated with MBN and those not treated with MBN at 11
wk.

XOD Activities. At 4, 11, and 18 wk, the XOD activities in
the esophagus-forestomach of the rats fed the high-molybde-

num diet were significantly (P < 0.001 to 0.05) higher than
those of the rats fed the low-molybdenum diet (Fig. 5). There
was a significant (P < 0.01) difference at 25 wk between these
two groups of rats not treated with MBN. However, in the rats
treated with MBN, there was no significant difference between
these two groups. In MBN-treated rats of both groups, the
XOD activities increased lineally after 4 wk and were always
slightly higher than those of the rats not treated with MBN.
However, there was no significant difference between these two
groups.

Serum XOD activities showed no significant difference be-
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Table 2 Effect of dietary molybdenum on the incidence of carcinoma of the

esophagus
Low molyb- 2 ppm of
denum molybdenum P value
Effective no. of rats 41 4 NS*
No. of carcinoma-bearing rats 30(73.2) 20 (44.4) <0.01

¢ NS, not significant.
Numbers in parentheses, percentage of the number of carcinoma-bearing
versus effective rats.

Table 3 Incidence and histopathology of esophageal tumors in rats fed low- and

2-ppm molybdenum diets
Low molyb- 2 ppm of

denum molybdenum P value
Effective no. of rats 41 45 NS¢
Total no. of tumors 670 462
No. of tumors/rat 16.3 10.3 <0.001
No. of precancerous lesions 262 179
No. of precancerous lesions/rat 6.4 39 <0.01
No. of carcinomas 91 27
No. of carcinomas/rat 2.2 0.6 <0.001

% NS, not significant.
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Fig. 4. Molybdenum (Mo) levels in the esophagus-forestomach of rats fed a
high-molybdenum diet and treated with MBN (O) without MBN (@), fed a low-
molybdenum diet with MBN (0), and without MBN (l). MBN treatment was
started during the fifth experimental wk and continued for 19 wk. The statistical
difference between the high- and low-molybdenum diet groups was P < 0.001 (a)
and P < 0.01 (). B.W., body weight; points and bars, mean + SD.

tween the high-molybdenum diet group and the low-molybde-
num diet group with an exception at 4 wk (P < 0.001). At 25
wk, there was a significant (P < 0.05) difference between the
rats treated with MBN and those not treated with MBN in the
high-molybdenum diet group.

Liver XOD activities also showed no significant difference
between the high-molybdenum diet group and the low-molyb-
denum diet group with an exception at 4 wk (P < 0.01). In both
of these groups, the presence or absence of MBN had no
significant influence on the liver XOD activities.

DISCUSSION

The observations that esophageal cancer patients have lower
tissue concentrations of molybdenum than do matched controls
(2) support the hypothesis that diminished molybdenum re-
serves may sensitize the esophagus to environmental carcino-
gens such as nitrosamines.

N-Nitroso compounds show a high degree of organ-specific
carcinogenicity (17). Stinson et al. (8) found that weekly doses
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Fig. 5. Xanthine oxidase activities in the esophagus-forestomach of rats fed a
high-molybdenum diet with MBN (O) and without MBN (@) and fed a low-
molybdenum diet with MBN (O) and without MBN (). MBN treatment was
started during the fifth experimental wk and continued for 19 wk. The statistical
difference between the high- and low-molybdenum diet groups was P < 0.001 (a),
P < 0.01 (b) and P < 0.05 (d). Mo, molybdenum; B.W., body weight; points and
bars, mean + SD.

of 2.5 mg of MBN/kg of body weight (s.c.) to F344 rats
produced pedunculated papillary carcinomas exclusively in the
esophagus and, in a few cases, carcinoma of the tongue, phar-
ynx, and larynx. lizuka et al. (18) revealed that MBN had a
specific affinity for the esophagus in a study using autoradiog-
raphy. When N-nitroso [methyl-'*C]benzylnitrosamine was in-
jected i.v., methylation of purine bases in DNA was most
extensive in the esophagus (19). The enzymic removal of O°-
methylguanine from esophageal DNA might be relatively slow.
On the other hand, Mehta et al. (20) indicated that microsomal
metabolic activation appeared to be necessary but not a suffi-
cient stimulus for the carcinogenic effects of MBN.

Molybdenum is a constituent element of XOD (5, 6). This
enzyme catalyzes the reduction of O, cytochrome c, and various
quinones and dyes by aldehyde and purines (7), and it generates
superoxide anion radicals (7, 21). XOD is thought to catalyze
the action of various carcinogens (22) and also to catalyze
mutagens into DNA adducts that induce mutation of microor-
ganisms (23, 24).

In this study, both molybdenum levels and XOD activities in
the esophagus-forestomach tissue in the rats fed the high-
molybdenum diet were significantly higher than those of the
rats fed the low-molybdenum diet. Furthermore, the XOD
activity in MBN-treated rats increased gradually, but that of
nontreated rats was maintained at almost the same values
throughout the experiment. Westerfeld and Richert (25)
showed that liver XOD activity was mainly affected by the
protein concentration in the diet. Since the casein concentration
in the basal diet used for this experiment was uniform, these
two groups showed the same liver XOD activities.

XOD encompasses a wide spectrum of substrate specificity
for oxidizable substrates (7, 26) and can interact with com-
pounds containing aromatic nitro groups (27). The primary role
of this enzyme might be in detoxification because of its wide
specificity (26, 28). The reduction of organic nitro compounds
to hydroxyamino derivatives by XOD may prevent the forma-
tion of potentially dangerous nitroso compounds. Although
purine N-oxides are known to be oncogenic (29), XOD can
reduce purine N-oxides to free bases (30). Fried et al. (31)
suggested that XOD serves in vivo to generate the H,O, required
for detoxication reactions using H,O, as the oxidizing agent.
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Lu and Lin (32) revealed that dietary molybdenum (1 mg/rat/
day) inhibited DNA methylation of hepatic cells by ['“C]dieth-
ylnitrosamine. This suggests that molybdenum directly detoxi-
cates carcinogens independently of XOD. These studies and
our data suggest that in vivo metabolism of MBN in the esoph-
agus-forestomach is more important than that in the liver, and
XOD which exists in the cytosol fraction (33) plays a role in
catalyzing MBN to noncarcinogenic metabolites.

It has been reported that there was no detectable XOD
activity or marked decrease in activity in chemically induced
carcinomas (34) or transplanted tumor as Novikoff hepatoma
(35). Furthermore, Prajda et al. (36) noted that the key purine
synthetic enzyme, glutamine 5’-phosphoribosyl 1-pyrophos-
phate amidotransferase, was increased, but the antagonizing
catabolic enzyme, XOD, was decreased in hepatomas. Thus,
they concluded that this enzymatic imbalance confers selective
advantages to the cancer cells. The elevation of XOD activity
may limit the salvage pathway by promoting conversion of

hypoxanthine into uric acid. Haddow et al. (37) found that 18
daily i.p. injection of XOD completely suppressed the growth 19
of spontaneous mammary tumors in C3H and high-tumor C
strain mice and increased the levels of XOD in the liver and 20
tumors of the treated animals. They speculated that the active )
XOD molecules penetrated into the liver and tumors and al-
tered growth rates of the tumors. Our results showed that the 2!-
XOD level in the esophagus-forestomach of the high-molyb- 55
denum diet group with fewer tumors was higher than that of
the low-molybdenum diet group with many tumors. Further ,,
studies are needed to clarify the mechanisms of the inhibitory
effect of molybdenum.
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