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Use of the Fluorescent Micronucleus Assay to Detect the
Genotoxic Effects of Radiation and Arsenic Exposure in
Exfoliated Human Epithelial Cells
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The exfoliated cell micronucleus (MN} assay using
fluorescent in situ hybridization (FISH) with a centro-
meric probe is a rapid method for determining the
mechanism of MN formation in epithelial tissues
exposed to carcinogenic agents. Here, we describe
the use of this assay to detect the presence or ab-
sence of centromeric DNA in MN induced in vivo
by radiation therapy and chronic arsenic (As) inges-
tion. We examined the buccal cells of an individual
receiving 6,500 rads of photon radiation to the
head and neck. Exfoliated cells were collected be-
fore, during, and after treatment. Aher radiation
exposure a 16.6-fold increase in buccal cell MN
frequency was seen. All induced MN were centro-
mere negative (MN-) resulting from chromosome
breakage. This finding is consistent with the clasto-
genic action of radiation and confirmed the reliabil-
ity of the method. Three weeks posttherapy, MN
frequencies returned to baseline. We also applied
the assay to exfoliated bladder cells of 18 people
chronically exposed to high levels of inorganic arse-
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nic (In-As) in drinking water (average level, 1,312
ug As/L} and 18 matched controls (average level,
16 pg As/l). The combined increase in MN fre-
quency was 1.8fold (P = 0.001, Fisher's exact
test}. Frequencies of micronuclei containing acentric
fragments (MN—} and those containing whole chro-
mosomes (MN+) both increased (1.65-fold, P =
0.07, and 1.37-fold, P = 0.15, respectively}, sug-
gesting that arsenic may have both clastogenic and
weak aneuploidogenic properties in vivo. After
stratification on sex, the effect was stronger in male
than in female bladder cells. In males the MN-—
frequency increased 2.06fold (P = 0.07) while the
frequency of MN+ increased 1.86old {P = 0.08).
In addition, the frequencies of MN— and MN+ were
positively associated with urinary arsenic and its me-
tabolites. However, the association was stronger for
micronuclei containing acentric fragments. By using
FISH with centromeric probes, the mechanism of chem-
ically induced genotoxicity can now be determined in
epithelial tissues.  © 1996 Wileydiss, Inc.
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INTRODUCTION

Exfoliated cells from the intermediate and superficial lay-
ers of the epithelium have been widely used in cytology
to detect abnormal morphology. premalignant changes,
and cancer {Brawn, 1984; Bryan and Cohen. 1983]. In
epidemiological biomarker studies, genetic changes in
these cells are of particular interest because the epithelial
tissues from which they arise are frequently the target of
chemical agents. Exfoliated cells from some of these tis-
sues are ideal for use in field studies since a large number
of cells can be rapidly and non-invasively collected from
study participants. In the laboratory, the resulting sample
can be fixed on microscope slides and stored for future
use months or years from the date of collection.
Exfoliated cells must be studied in interphase because
the majority are non-viable. For this reason it is not possi-
ble to use traditional cytogenetic techniques requiring cell
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culture and metaphase spreads to study genetic damage
and chromosomal changes in these cells. Presently only
two assays are available which measure genetic damage
in interphase cells, the micronucleus (MN) assay and in-
terphase cytogenetics with DNA probes. The MN assay
measures the frequency with which chromosomes and
chromosomal fragments are lost to the nucleus during cell
division. This assay was first used in exfoliated cells by
Stich and Rosin [1983]. They used a non-fluorescent Feul-
gen-fast green staining to dye the nuclei a bright pink and
the cytoplasm a light green. The assay has been used on
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a wide variety of cell types to measure the effects of
environmental and occupational exposures such as smok-
ing, pesticides, and parasitic infection in tissues where
the highest cancer risks exist [Fontham et al., 1986; San
etal., 1989; Rosin and Anwar, 1992). The second method,
in situ hybridization with labeled chromosome probes,
can be used to measure gains and losses of particular
chromosomes or genes in interphase cells collected from
target tissues of interest. The application of this method
is relatively new and has only recently been applied to
exfoliated epithelial cells [Moore et al., 1993a,b].

The recently developed fluorescent MN assay is similar
to the standard MN assay with regard to identifying and
scoring MN and abnormal nuclear events. but uses fluo-
rescent in situ hybridization (FISH) to identify the pres-
ence or absence of centromeres within each MN by em-
ploying a probe specific for all human centromeres [Ti-
tenko-Holland et al., 1994]. MN are formed due to whole
chromosomes or chromosomal fragments being left out-
side of the main nucleus at telophase. By identifying the
presence (MN+) or absence (MN—) of the centromeric
probe within an MN, one can determine whether the MN
was formed by an aneuploidogenic or clastogenic mecha-
nism, respectively. In earlier studies, this assay was used
to determine baseline MN frequencies in exfoliated buccal
cells from healthy non-smoking female volunteers [Ti-
tenko-Holland et al., 1994]. To further validate the assay
as an indicator of genetic damage in humans we sought
to test it in exfoliated cells from individuals who had
undergone in vivo exposure to established genotoxic
agents.

Radiation was chosen for this purpose for a number of
reasons. First, the MN assay has been widely used to
study the clastogenic effects of radiation in many cell
types including exfoliated cells [Abraham et al., 1993;
Miller et al., 1993; Stich and Rosin, 1983]. Further, it has
been determined that radiation-induced MN in blood cell
cultures are primarily clastogenic in origin. Generally,
dose-dependent increases are seen except in cases where
cell death [Stich and Rosin, 1983}, cell proliferation [Wut-
tke et al., 1993], or cell cycle delay [McFee et al., 1994}
was shown to influence the MN frequencies found. Hu-
man epithelial cells exposed to radiation during the course
of therapy are also relatively easy to obtain. Cells can be
collected before, dunng, and after treatment, making each
subject his or her own control. During therapy, patients
receive known doses of tonizing radiation to particular
tissues. By taking samples at different intervals of treat-
ment, the response of epithelial cells to increasing cumu-
lative dose can be examined. .

We also applied the new assay to a population environ-
mentally exposed to inorganic arsenic (In-As) through
their drinking water. In-As is known to be a cause of lung
cancer by inhalation and skin cancer via ingestion [[ARC,
1980]. Increasing epidemiological evidence suggests that
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ingestion of In-As can also cause lung, bladder, kidney.
and liver cancer {Bates et al., 1992]. A number of bio-
marker studies of human populations environmentally ex-
posed to As have been conducted (Vig et al., 1984; Os-
trosky-Wegman et al., 1991; Nilsson et al., 1993; Lerda,
1994]. The findings to date do not correlate well with
findings in vitro and have revealed little about the mecha-
nism of As-induced genotoxicity in humans. Arsenic has
been shown to have both clastogenic and aneuploidogenic
properties in lymphocytes in vitro using both the MN
assay and chromosome specific probes [Eastmond and
Tucker, 1989; Eastmond and Pinkel, 1990; Eastmond et
al., 1993]. Vega et al. {1995] also evaluated the aneuploi-
dogenic potential of As in vitro and found a dose-related
increase in hyperploid lymphocytes. To further test the
new fluorescent MN assay we decided to apply it to slides
from a study of As-exposed and -unexposed urothelial
cells [Wamer et al., 1994] to determine the mechanism
of As-induced genotoxicity in vivo. In both radiation- and
As-exposed cells the method was capable of distinguish-
ing MN induced by chromosome breakage or lagging.

MATERIALS AND METHODS
Radiation-Exposed individual

A 29-year-old male received radiation therapy to the right side of the
jaw in the course of treatment for a salivary gland tumor. A cumulative
dose of 6,400 rads of photon radiation was given 5 days/week for a
period of 9 weeks. Before, during, and after treatment, cells from the
oral mucosa were collected by rubbing the inside of the mouth with a
premoistened tongue depressor as described elsewhere [(Moore et al.,
1993a].

Arsenic-Exposed Population

The study population included residents of a county in Nevada with
private water supply wells. Exposed subjects were defined as individuals
with wellwater As levels >500 pg As/L. more than ten times the U.S.
maximum contaminant level (MCL). Unexposed subjects were defined
as individuals with wellwater As levels < 10 pg As/L. To ensure chronic
exposure, the study was restricted to individuals who had resided in
their home for at least | year and used no additional water source such
as filtered or bottled water. To reduce confounding, each exposed subject
was individually matched on age (=4 years). sex. and smoking status
to a similarly identified unexposed subject. As an additional measure
of As exposure. urinary In-As and its metabolites were measured as
previously described [Kalman. 1988). Other details of the study popula-
tion and epidemiologica! methods are described elsewhere [Warner et
al.. 1994},

Cell Collection and Staining

Buccal cells were dropped. fixed. and stored and FISH was performed
as previously described [Moore et al.. 1993a: Titenko-Holland et al.,
1994]. To obtain bladder celt samples from the As-exposed and -unex-
posed individuals. each subject was asked to provide a urine sample
from the second and third voids of the day. The first void of the day
was not collected because exfoliated bladder cell degradation occurs
when the cells have been in contact with urine overnight. Because






