Identifying Gaps in Breast Cancer Research

Metals

Introduction

Metals are naturally occurring elements that
readily form positively charged ions. Metals are
found in air, food, and water. They exist primarily
as salt compounds in food and water, but may also
be present as oxide dusts or elemental fumes in
air. Metals are used in many industrial processes
and some metals are released into the air as by-
products of combustion. The metals that have
been studied most frequently in relation to breast
cancer include cadmium, chromium, lead, and
nickel. Biological and other evidence supports the
plausibility that exposures to cadmium, chromium,
lead, or nickel compounds could be associated
with breast cancer. These heavy metals are
considered known or probable human carcinogens
and also have demonstrated estrogenic properties.
Evidence for an association between breast cancer
and exposure to other metals—including arsenic,
cobalt, and mercury—has been inconsistent across
studies. Although there were some positive
findings, the overall evidence is weak. Exposure
to zinc may be protective against breast cancer.
There are few epidemiologic studies evaluating
exposure to metals and breast cancer, and most of
these are limited in power due to small numbers of
subjects and have been published very recently;
but the findings to date are intriguing and
highlight the need for future studies.

Concept/Exposure Definition
Environmental Exposures

Metals are widely distributed elements, usually
occurring at low levels in the earth’s crust,
although some geographic areas have naturally
high levels in soil. Metals are released into the

environment during mining operations, industrial

and manufacturing processes, and as by-products
of combustion.'? Metals are generally present at
low concentrations in ambient air, although much
higher concentrations have been measured near
metal processing facilities.'” The overall median
air concentration at 20 monitoring sites in
California from 2000-2002 was 3 ng/m’ for total
chromium, 7 ng/m’ for lead and 3 ng/m’ for
nickel.* The median concentrations for arsenic
and cadmium were around 0.5 ng/m’, based on the
most recent air monitoring data in California
during the 1990s.* Drinking water, especially
groundwater and well sources, can also be
contaminated with metals. Testing in California
from over 6,700 drinking water sources between
2002-2005 found that arsenic concentrations
exceeded the new maximum contaminant level
(10 pg /L) in about 10 percent of sources and
chromium concentrations exceed recommended
levels (1 pg /L) for over 33 percent of sources.’
Lead contamination of drinking water is a result of
leaching from pipes in the home. Lead levels in
California tap water are not well known, due to a
lack of testing. For most metals, food is the
primary source of exposure for the general
population. Duplicate diet analyses conducted in
the National Human Exposure Assessment
Surveys (NHEXAS) in Maryland and Arizona
found median daily intake rates of 30—50 pg /day
for arsenic, 10-23 pg/day for cadmium, 100 pg /
day for chromium, 8—15 pg /day for lead and

214 pg /day for nickel.>” Assuming standard
breathing and water consumption rates, the
average dietary intake of these metals is about an
order of magnitude higher than intake from
drinking water, and several orders of magnitude
greater than the intake from air. However, the
metabolism and toxicity of a chemical can vary
significantly by exposure route.
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Cigarette smoke is another source of exposure to
metals, including cadmium,®’ lead,’ and nickel."
For example, smokers may double their daily
intake of cadmium, compared with nonsmokers.'
Urinary levels of cadmium'' and lead'? were also
elevated among people exposed to second-hand
smoke.

Occupational Exposures

Occupational exposure to heavy metals occurs in
several industries. Concentrations in workplace air
can be up to two orders of magnitude higher than
ambient levels experienced by the general
population."”” Metal workers are exposed to
cadmium, chromium, and nickel fumes during
plating operations.” '* !> Welders had
significantly higher levels of cadmium, chromium,
lead, and nickel in both their blood and urine than
controls who were not exposed to welding fumes
during work.'® Battery manufacturing workers are
exposed to cadmium, lead, and nickel salts used in
production.! Bridge and auto body painters had
higher levels of blood lead and urinary cadmium
and chromium than unexposed controls.'” '*
Workers employed in paint and pigment
manufacturing are also be expected to have higher
exposure to metals, due to the use of these
compounds in the products they produce.'

Extent of Human Exposures

Laboratory techniques are available to quantify
metals in a variety of biologic media, including
urine, blood, hair, and toenails to evaluate
exposure levels. Urine concentrations provide a
good measure of cumulative lifetime exposure to
cadmium.” The National Health and Nutrition
Examination Survey (NHANES), a representative
sample of about 5,000 persons each year around
the United States, observed a median urinary
cadmium concentration of 0.3 pg /g creatinine for

people 20 years of age and older during the 1999—
2002 survey.”’ Occupational cadmium exposure
can produce urinary levels as high as 50 ug /g
creatinine and the occupational level of concern in
the United States is set at 3 ug /g creatinine.'
However, the occupational level of concern is
based on renal damage and does not include
consideration of breast cancer or hormonal

mechanisms relevant to breast cancer.

Chromium levels in urine are considered a marker
of recent exposure and a population-based median
reference value of 0.4 ng /g creatinine was
identified in the late 1980s.”' More recent
population-based measurements in Germany
found a median level of 0.1 pg /g creatinine for
chromium.”* Occupational exposure studies of
urinary chromium levels have observed median
concentrations of 5 ug /g creatinine for
boilermakers® and 20 pg /g creatinine for
welders.'® In the general population, average
nickel concentrations in urine range from 1 to

3 g /g creatinine.** Urinary nickel concentrations
resulting from occupational exposure range from
4 ng/g creatinine for welders'® to 11 pg/g

creatinine among exposed refinery workers.”

Whole blood is the most commonly measured
biologic media for evaluating exposure to lead.
Geometric mean blood lead levels among adults in
the United States have declined dramatically over
the past 25 years, from 12.8 pg /dL during 1976—
1980 NHANES to 2.9 pg /dL during 1988-1991
NHANES, and, most recently, 1.6 pg /dL during
the 1999-2002 NHANES.*® The occupational
level of concern in the United States is 25 pg /dL,
and the highest lead exposures occur among
welders, painters, and construction workers.*
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Critical Review of the Literature

In Vitro Studies

The mutagenicity of cadmium, chromium, lead,
and nickel depends on the form, but they are
generally mutagenic in either mouse lymphoma
cells or the Ames Salmonella test.””*® Several
heavy metal salts, including cadmium chloride,
chromium chloride, and lead acetate, have been
found to be estrogenic using an estrogen-receptor-
dependent transcriptional expression assay or E-
screen assay systems.”” >’ A range of
estrogenicity has been observed for different
species of lead and chromium, suggesting that the
valence state of a metal may be an important
determinant of estrogenic activity.”® Chromium,
lead, and nickel chlorides can also stimulate cell
proliferation in the estrogen-receptor-positive
human breast cancer cell line, MCF-7, through the
formation of a high-affinity complex with the
hormone-binding domain of the estrogen

receptor.31

In Vivo Studies

Cadmium, chromium, lead, and nickel compounds
have been shown to be carcinogenic in numerous
rodent studies, producing excess lung, liver, and
kidney tumors.”” Cadmium chloride also has
exhibited potent estrogen-like activity in
ovariectomized rats, increasing uterine wet weight
and promoting an increase in the side branches
and alveolar buds in the mammary gland.** This
study also found that in utero exposure to
cadmium chloride mimicked the effects of
estrogen by causing an earlier onset of puberty and
increasing the number of terminal end buds in the
mammary gland of female offspring. In female
mice infected with murine mammary tumorvirus,
chromium and selenium have interactive effects
on mammary tumor development and growth.

Chromium counteracts the inhibitory effect of
selenium on tumor development and shortens the

tumor latency period.”

Studies in Humans

Hexavalent chromium and nickel oxide dusts are
classified as known human carcinogens, while
cadmium and organic lead compounds are
considered probable human carcinogens.” These
cancer classifications are based primarily on
associations with increased rates of lung cancer in
occupationally-exposed individuals. Several
recently-published studies, although limited in
power due to small numbers of subjects, have
observed elevated levels of metals in women with
breast cancer, compared to controls. Higher levels
of cadmium, chromium, lead, and nickel were
found in 20 breast cancer tissue biopsies than were
present in eight healthy biopsies, suggesting that
accumulation of these metals in breast tissue may
be closely related to the malignant growth
process.** A study in India found higher levels of
lead and cadmium in both blood and breast tissue
of 25 women with malignant breast lesions,
compared to 25 women with benign breast
lesions.* Cadmium levels in urine were compared
between 24 women with breast cancer and 254
age-matched controls.”® Women in the highest
quartile of creatinine-adjusted cadmium level had
more than twice the breast cancer risk (OR = 2.3,
95% CI = 1.3-4.2) of women in the lowest
quartile, after adjustment for established breast
cancer risk factors. There was also a statistically
significant (Pyenq = 0.01) increase in risk with
increasing cadmium level in this study. It is not
known whether increased biological levels of
metals are causal factors for breast cancer, or a

reflection of the disease state or treatment.
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A case-control study of breast cancer and metal
exposure based on an assessment of occupation
using mortality records found an increased risk for
women exposed to a group of metals (chromium,
arsenic, beryllium, and nickel), as well as
exposure to lead and cadmium individually.’” The
odds ratios were approximately 1.1, after adjusting
for socioeconomic status for each metal exposure
group, and were either significant or borderline
significant for both probability and level of
exposure in both white and black women. The
limitations of this study include (1) an inability to
control for most recognized breast cancer risk
factors, and (2) potential exposure
misclassification, resulting from the use of a job
exposure matrix based on occupation and industry
codes instead of task-based personal interviews.

An ecological study in Texas, which utilized
Toxics Release Inventory data to estimate
exposure to numerous pollutants, found
significantly higher (p < 0.01) breast cancer rates
in counties with reported releases of chromium
and nickel, but not arsenic or cadmium.*®
Although the results of this study are provocative,
the exposure assessment methods used the county
of residence, which is a poor estimate of proximity
to chemical releases. The study did not utilize the
volume of reported releases to estimate the
magnitude of exposure and test for a trend with

increasing exposure.

Intake of certain essential metals may be
protective against breast cancer. A case-control
study of dietary intake conducted in Germany
observed a significant protective effect for breast
cancer risk between the highest quartile of zinc
intake and the lowest (OR =0.35), and a
significant trend (p <0 .01) with increasing zinc
intake.” Although selenium intake has been

shown to be protective against some types of
cancer, there does not appear to be an association

with breast cancer.*’

In summary, recent studies in humans suggest that
there may be a relationship between exposure to
certain metal compounds and the risk of breast
cancer, but these studies have been limited by
small numbers of exposed subjects, a lack of
information on speciation of metals (salts, oxide
dusts, or metal fumes), and potential exposure

misclassification.

Future Directions

Given that there is widespread exposure to several
metals that are likely to cause other types of
cancer in humans and that these compounds are
estrogenic, more breast cancer studies of
cadmium, chromium, lead, and nickel are

warranted.
Some first steps might include:

e Occupational studies to monitor breast
cancer incidence rates in occupations with
exposures to cadmium, chromium, lead,
and nickel, along with better
characterization of exposures to these

metals by job type and task.

e A prospective study evaluating biological
levels of these metals in blood or urine and
the associated breast cancer risk. Metals
are easily measured in blood or urine. Due
to their persistence, a single biological
measurement is likely to be representative
of exposure levels over a relatively long

period of time.

e Since the existing human evidence of a

relationship between exposure to metals
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and breast cancer is weak, a prospective case-control study of breast cancer that accounts for
environmental exposures to potentially carcinogenic metals by all major pathways (air, water, or
diet) is needed.
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