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Ohjectives This study investigated the possibility of applying serum pantropic p33 proteins in molecular
epidemiologic studies, as a biomarker of environmental carcinogenesis. The serum levels of pantropic p53
proteins were determined in workers with past exposure to hexavalent chromium compounds.

Methods Thirty-one male workers occupationally exposed to hexavalent chromium compounds in the produc-
tion of chromium compounds for 0 to 23 years served as the exposed group. The referents were 10 volunteers
without work-related exposure to chemicals. In the determination of pantropic p53 proteins, commercially
available kits for enzyme-linked immunosorbent assay were used which quantitatively detected both mutant and
wild-type human p53 proteins. :

Results The serum level of pantropic p53 proteins was in the range of 116.4 to 1122.6 pg/ml for the exposed
workers and of 117.4 to 305.8 pg/ml for the referents. Nineteen percent of the exposed workers had a high p53
protein level (6 out of 31) when compared with the referents. All but 1 of the 6 workers had been occupationally
exposed to chromium compounds for more than 11 years. Two of the 3 workers with a past history of lung
cancer also showed high levels.

Conclusions Our findings confirm that the application of p53 proteins as a biomarker of environmental

carcinogenesis merits further exploration.

Key terms biomarkers, environmental carcinogenesis, molecular epidemiology, risk assessment.

Mutations of tumor suppressor genes are considered to
play important roles in the process of multistage carcino-
genesis (1—4). The p53 gene is a well-known tumor
suppressor which encodes a 53 kD nuclear phosphopro-
tein (5). The potential roles of the normal product of the
p53 gene, the wild-type p53 protein, are considered to be
a regulator of cell division (6-8), a controller of tran-
scriptional activation (7, 9), and a marker of DNA (de-
oxyribonucleic acid) damage (10, 11). When point muta-
tions occur in the p53 gene, the mutated gene produces
mutant p53 proteins that lose the normal functions of the
wild-type of p53 protein and express characteristics of an
activated oncogene product (12).

Mutations of the p53 gene have been found in several
types of cancers, including cancer of the lung (13—16).
Moreover, immunohistochemical studies have detected
p53 proteins in several human malignancies, including
lung cancer (17). Recently, the p53 proteins have also
been detected in the serum of lung cancer patients (18,
19). These studies suggested the possible application of

p53 proteins in the assessment of carcinogenesis and the
development of cancer.

In this study, we determined the serum levels of pan-
tropic p53 proteins in workers with past exposure to
hexavalent chromium compounds to investigate the pos-
sibility of applying serum pantropic p53 proteins in mo-
lecular epidemiologic studies as a biomarker of environ-
mental carcinogenesis. This group of workers was used
because they have been recognized as being at high risk
for lung cancer and other respiratory malignancies (20).

Subjects and methods

The subjects were 31 male workers with past occupa-
tional exposure to hexavalent chromium compounds.
They had all worked in a chromate plant that produced
sodium and potassium bichromate, chromic anhydride,
and other compounds from ores. According to published
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results on the chromate exposure in the same plant dur-
ing a period similar to that when the subjects had worked
there, the concentration of chromate dust in the work
area was estimated to be 1.19—210.10 mg/m?’ and the
concentration of chromate mist was 0.04—8.43 mg/m?
(21). However, the exposure had ceased approximately
20 years prior to this study. The average age of the
exposed groups was 54.8 (43—63 range) years. There
were 14 smokers, 6 past smokers, and 11 nonsmokers.
The duration of exposure ranged from 0 to 23 years. The
workers whose past exposure was 0 years had no record
of chromate exposure even though they had been in-
volved in equipment repair, boiler operation, and other
such activities with exposure similar to that of other
workers who had worked in the production process.

The health status of each subject was confirmed in a
general physical examination. Three workers had a his-
tory of lung cancer diagnosed by bronchoscopic exami-
nation. The pathological type of malignant tissue was
squamous cell carcinoma in these 3, all of whom had
undergone operative resection. The intervals between
surgery and blood sampling were 5, 11, and 17 years.
None of the others had any serious clinical disorders
except for 1 case of Behget disease.

As referents, 10 volunteers were selected according
to age, the average age being 54.3 (45—59 range) years.
None of them had any occupational chemical exposure,
nor were there any clinically significant diseases. The
subjects consisted of 5 smokers, 3 past smokers, and 2
nonsmokers.

All the participants in this study gave their informed
consent.

After sampling peripheral venous blood, we immedi-
ately collected serum. The serum samples were stored at
—80°C until the analysis.

For the detection of pantropic p53 proteins, we used
the Pantropic p53 Quantitative ELISA Assay™ (Onco-
gene Science Inc, California, United States). This assay
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Figure 1. Correlation between the serum pantropic p53 protein levels
and exposure durations of the chromium workers.
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is a sandwich enzyme immunoassay which quantitative-
ly detects both mutant and wild-type human p53 pro-
teins. The detection system consisted of mouse mono-
clonal antibody specific for human p33 proteins
(PAb1801), rabbit p33 polyclonal antibodies, horse-
radish peroxidase conjugated to goat antirabbit immu-
noglobulin G, and chromogenic substrate o-phenylenedi-
amine. The colored reaction products were measured at
490/630 nm using a microplate reader (MR5000, Dy-
natech Laboratories, Inc, Virginia, United States).

All the samples were tested both “blind” and by du-
plicate analysis.

Results

The mean serum level of pantropic p33 proteins was
355.7 (SD 259.5, range 116.4—1122.6) pg/ml for the
exposed workers and 217.1 (SD 58.0, range 117.4—
305.8) pg/ml for the referents.

Figure 1 shows the correlation between the serum
levels of pantropic p53 proteins and the exposure dur-
ation of the workers. No significant difference was
detected for the mean levels between the workers and the
referents. However, some of the exposed subjects had
high levels. Compared with the referents, 36% (11 out
of 31) of the exposed workers had a p53 protein value
that was over the mean + 2 SD (333.2 pg/ml). Nine-
teen percent (6 of 31) of the exposed workers had
a p53 protein value that was over the mean + 4 SD
(449.2 pg/ml), 2 with levels exceeding 1000 pg/ml. All
but 1 of the 6 had been occupationally exposed to chro-
mium compounds for more than 11 years. The 1 excep-
tion had no record of exposure. However, he had also
been exposed to chromium compounds as described in
the Subjects and Methods section. Two of the 3 workers
with a past history of lung cancer had values in this high
range, the interval since surgery being 5 years for one
and 11 years for the other. The worker for whom the
interval was 17 years had a relatively low level.

No significant differences in the serum p53 protein
levels were observed for the smokers, past smokers, and
nonsmokers among either the exposed workers or the
referents in an analysis of variance. Neither was there
any significant correlation between the serum p53 pro-
tein levels and the Brinkman index.

Discussion

In this study, we observed 6 workers with high levels of
serum pantropic p53 proteins, as compared with the aver-
age reference level. In a fundamental study, using the



same analytical method, the levels of these proteins were
in the 197.8—536.3 (mean 317.6, SD 79.8) pg/ml range
for 39 healthy office workers. There were no detectable
effects of age or smoking status on the protein level
(unpublished observations). Compared with the results
of the aforementioned study, the levels of 6 workers in
this study exceeded the mean + 2 SD level (477.2 pg/ml)
of the healthy volunteers.

The biological significance of high levels of circulat-
ing p53 proteins has not been fully clarified. In a previ-
ous report, it was speculated that pS3 protein may have
been released into the patients’ sera by necrotic tissue,
and it was thus suggested that serum p53 proteins might
serve as a useful diagnostic tool for evaluating invasive
tumors (18). However, several pathological studies have
detected p53 alterations in preneoplastic lesions of the
lung and have suggested that p53 changes occur in the
early stages of lung cancer development (22, 23). A
recent report suggested that the overexpression of mu-
tant pS3 may be detectable in vivo via the identification
of increased amounts of the protein in the sera of some
persons exposed to environmental carcinogens before
the detection of clinical disease (19).

Brandt-Rauf et al (24—26) have reported elevated
levels of several oncoproteins in healthy workers with
occupational exposure to numerous chemicals. They con-
cluded that serum oncoproteins might be useful biomar-
kers for detecting the early effects of carcinogens in
molecular epidemiologic studies. In our study, the work-
ers who had had a long duration of exposure to hexava-
lent chromium compounds and who were thus presumed
to be at high risk for lung cancer showed high levels of
serum pantropic p53 proteins. If exposure duration ac-
tually reflects the degree of exposure (ie, an increased
opportunity for gene damage), this finding would sug-
gest that the level of circulating p53 proteins is an early
effect-marker and thus is a possible indicator of cancer
risk.

We speculate that circulating p53 proteins can in-
crease in different ways. One possibility, assuming that
continuous DNA damage results from chromium adher-
ing to the lung, is that wild-type p53 protein is produced
in nuclei; it then leaves the cells and enters the circula-
tion. Increased p53 protein has been shown to be pro-
duced as an agent resistant to DNA damage (10—11).
Another possibility is that the p53 gene itself can be
damaged by chromium compounds or other suspected
intermediates, such as superoxide radicals, and thereby
produce abnormal amounts of wild-type p53 protein or
increased mutant p53 protein. The analysis of mutant
P53 proteins holds the key to solving this problem. In our
preliminary study, no elevation was observed in either
the exposed workers or the referents. Further studies are
needed in which mutant p53 proteins are analyzed with
methods yielding reproducible results.
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Molecular biomarkers are expected to be useful for
the assessment of individual risk due to environmental
carcinogen exposure (27). From the aspect of occupa-
tional and environmental health, genetic monitoring us-
ing molecular biomarkers is considered to be a promis-
ing strategy for identifying hazards and indicating ac-
tions which should be taken to reduce the hazardous
exposure (28). Increased serum p53 proteins cannot ex-
plain the entire cancer risk because the level is occasion-
ally within the normal range even in cancer patients.
However, our findings confirm the potential use of se-
rum pantropic pS3 proteins as a biomarker of environ-
mental carcinogenesis.
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