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Abstract

Epidemiological studies performed in Taiwan, Argentina,
and Chile suggest that ingestion of arsenic (As) may cause
bladder cancer. Because of these findings, we previously
investigated the relationship between As ingestion and
genetic damage to the urothelium in two cross-sectional
biomarker studies, one in Nevada and one in Chile. In both
studies, we found that increased levels of micronucleated
cells (MNCs) in exfoliated bladder cells were associated with
elevated concentrations of As in drinking water, suggesting
that As induces genetic damage to bladder cells. To further
investigate this relationship, we conducted an intervention
study in a subset of highly exposed men (n = 34) from the
cross-sectional study in Chile. Subjects whose usual source
of water contained about 600 pg/lliter As were supplied with
water lower in As (45 pglliter) for 8 weeks, allowing ample
opportunity for renewal and exfoliation of bladder epithelial
cells. Mean urinary As levels decreased during the
intervention from 742 to 225 ugfliter. Bladder MNC
prevalence also decreased from 2.63 MNCs/1000 cells
preintervention to 1.79 MNCs/1000 cells postintervention

(P < 0.05). When the analysis was limited to individuals
previously having subcytotoxic urinary As levels (<700 ug/
liter), the change hetween pre- and postintervention MNC
was more pronounced: the level decreased from 3.54 to 1.47
MNCs/1000 cells, respectively (P = 0.002), Among smokers,
MNC prevalences decreased from 4.45 MNCs/1000 cells
preintervention to 1,44 MNCs/1000 cells postintervention

(P = 0,.002), Among nonsmokers, the decrease was much
smaller: 2,04 MNCs/1000 cells preintervention to 1.90
MNCs/1000 cells postintervention (P = 0.25), suggesting that
smoker’s bladder cells could be more susceptible to
genotoxic damage caused by As. The reduction in bladder
MNC prevalence with reduction in As intake provides
further evidence that As is genotoxic to bladder cells.
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Introduction

The exfoliated cell MN® assay is a useful method for measuring
and quantifying recent DNA damage that results from environ-
mental exposure (1). The use of such a biomarker of genetic
damage as an outcome in an epidemiological study not only
shortens the length of time between exposure and effect but is
also a unique opportunity to measure the effects of exposure
reduction using each person as his or her own control. To date,
very few intervention studies using biomarkers have been con-
ducted. Moreover, to our knowledge, cytogenetic intervention
studies have never been used to evaluate the relationship be-
tween an environmental exposure and a genotoxic effect in
humans. Examples of exposures that have been examined using
the MN assay and the intervention study design include che-
mopreventative agents such as antioxidants (i.e., vitamin A and
B-carotene) retinyl palmitate (2, 3), a-tocopherol (4), antischis-
tosomal drugs (5, 6), and genotoxic agents, such as radiation (7,
8) and formaldehyde (9, 10).

MNs are extranuclear bodies in the cytoplasm of a cell that
form when acentric fragments or whole chromosomes are left
behind the main nucleus at telophase. They provide a quanti-
fiable yet nonspecific measurement of recent DNA injury that
results from genotoxic exposure. An increase in the prevalence
of MN in a population of cells indicates that chromosome
damage has occurred as a result of an exposure that caused
either a clastogenic or an aneuploidogenic effect.

Environmental exposure to In-As, a known human carcin-
ogen, primarily occurs from contaminated drinking water
sources (11). In-As is a known cause of lung cancer, via
inhalation, and skin cancer, via ingestion. Its ingestion is also
thought to cause more fatal internal cancers, including those of
the bladder, kidney, and lung (12~16).

Exfoliated urothelial cells are epithelial cells that are
sloughed from the surface of the genitourinary tract, with a
turnover time of about 3 weeks. Because exfoliated epithelial
cells are derived from basal cells, recent genetic damage to the
basal layer of the bladder is thought to be reflected by the
presence of MNs in these cells. Arsenic (As) has been shown to
have both clastogenic and aneuploidogenic properties in vitro
(17-20) and in vivo (8, 21).

Previously, we investigated the relationship between
chronic ingestion of In-As and the prevalence of exfoliated
MNC:s of the bladder in two cross-sectional biomarker studies.
The first, performed in a small county in Nevada, detected an
exposure-dependent increase in bladder MNC frequencies with
urinary As levels, suggesting that chronic ingestion of In-As
may have a genotoxic effect on the bladder epithelium (22). A
larger cross-sectional biomarker study conducted in Chile also

* The abbreviations used are: MN, micronucleus; In-As, inorganic As; MNC, micro-
nucleated cell; MMA, methylarsonate; DMA, dimethylarsinate: Tot-As, In-As,
MMA, and DMA; FISH, fluorescence in sity hybridization; PR, prevalence ratio.
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Patients and Methods

Study Subjects. Participants in the intervention study were a
subset of a high-exposure group from a large cross-sectional bi-
omarker study that was performed previously in the area (21).
Briefly, the cross-sectional biomarker study compared residents of
San Pedro in northern Chile (population, 1600) to those of the
neighboring town of Toconao (population, 360), which had water
with low levels of As (about 15 ug/liter), with respect to MNC
prevalences. in exfoliated bladder cells, urinary As levels, and
questionnaire data. Prospective participants were contacted
through public announcements, meetings, and door-to-door con-
tact. Local recruiters interviewed them to ascertain age, duration of
residence, smoking status, and interest in participation, Recruit-
ment was limited to those who were at least 18 years of age and
had lived in the town for at least 3 months. All study subjects were
interviewed by trained interviewers, regarding demographic char-
acteristics, smoking and drinking habits, and medical, occupa-
tional, and residential histories. Urine and exfoliated bladder cells
were collected. We included only male participants in the study
because cells found in male urine are almost exclusively transi-
tional bladder cells (25, 26). Although females exfoliate a similar
number of transitional cells as males, they also exfoliate squamous
cells from the bladder trigone, vulva, and lower genital tract
(25-27). Because transitional cells derive from the target tissue of
As-induced cancers, without the ability to differentiate squamous
cells from transitional cells, any association between chronic in-
gestion of In-As and bladder MNCs in women would be diluted,
biasing the results toward no effect.

Intervention. The intervention included 34 men, who were all
participants in a previous cross-sectional study that had been
conducted in the area (21). Immediately after the cross-sec-
tional study was conducted, those who agreed to participate in
the intervention phase of the study were provided with low-As
water (45 pg/liter) for a 2-month period. The water, originating
from the town of Calama, located 100 km from San Pedro, was
delivered biweekly, directly to participants’ homes, in 60-liter
tanks. Each family was instructed to use only the low-As water
for all drinking and food preparation purposes. During the
2-month period, local study personnel contacted families to
ensure that they were not running low on supplied water.

Data Collection. Following a 2-month intervention period,
urine samples were collected from all participants for exposure
assessment and to obtain exfoliated bladder cells for the MN
assay. Participants were also administered a questionnaire by

oral interview. Data that were collected postintervention were
compared to corresponding data that were collected preinter-
vention during the previously described cross-sectional study.

Exposure Assessment and As Speciation. To collect exfoli-
ated bladder celis, participants were supplied with precoded
polypropylene bottles and instructions for urine collection, both
pre- and postintervention. In addition to dichotomous exposure
status, which was determined by pre- or postintervention status,
the combination of In-As and the metabolites MMA and DMA,
referred to as Tot-As, was used to assess exposure. This meas-
ure is considered to be the best biomarker of recent In-As
exposure. Urinary concentrations were also adjusted for creat-
inine; however, in the MN analyses, only unadjusted values
were used because they more closely reflect the As concentra-
tions to which the urothelial cells were actually exposed (28).
The first morning urine void was collected from each subject
and was analyzed for In-As, MMA, and DMA. Urine samples
were analyzed for As content by hydride generation atomic
absorption spectroscopy, based on Andreae’s method (29, 30).
In-As, MMA, and DMA were converted to their respective
arsines by treatment with sodium borohydride under acidic
conditions and were collected by sparging and cryogenic trap-
ping. Following the collection of vapors, the trap was allowed
to warm, and the arsine species were sequentially volatilized
and detected by atomic absorption spectroscopy using a micro-
burner combustion cell. Detection limits for In-As, MMA, and
DMA were 0.5, 1.0, and 2.0 pg/liter, respectively.

MN Assay. To obtain bladder cell samples, each subject was
asked to provide a total of four urine samples, two nonmorning
samples on 2 consecutive days. Only the second and third urine
voids of the day were used for cell isolation. The first morning
urine void was not used for exfoliated cell collection because
exfoliated bladder cells tend to degrade from overnight expo-
sure to urine. Instead, this sample was used for exposure as-
sessment purposes, as described above. Bladder cells were
isolated and stored as described previously.

Cells were permeabilized, the MN assay was performed, and
slides were scored as described elsewhere (23, 24). A fluorescent
version of the MN assay, which uses FISH with a biotin-labeled
a-satellite probe for all human centromeres (Oncor), was used. In
certain utine voids from some participants, cell pellets were heav-
ily contaminated with crystals or a sand-like sedimentation that
obscured cells on the slide. In such situations, we used 0.9% NaCl
washes and a Percoll gradient to separate the bladder cells from
crystals without jeopardizing cell recovery.

Slides were coded and scored blindly in sets, each con-
taining the same participant’s slides, both pre- and postinter-
vention. Only cells that were not smeared, clumped, or over-
lapped and that contained intact nuclei were included in the
analysis, thus excluding cells that were undergoing abnormal
cell division and degenerative processes, such as karyorrhexis,
karyolysis, nuclear fragmentation, and pyknasis. The preva-
lence of MNCs was calculated, based only on the number of
normal, intact exfoliated cells, using established scoring crite-
ria. All questionable MNs were cross-checked by two observers
and discussed until a consensus was reached. We also assessed
the percentage of abnormal cells per person by scoring the
number of cells with the degenerative processes of karyolysis
and karyhorrhexis in two sets of 100 cells each. If the two
values differed by >15%, a third set of 100 cells was scored
and incorporated into the analysis.

Compliance. To ensure compliance with the initervention proto-
col, attempts were made to collect urine samples from participants
at two intervals during the intervention period. The first compli-



