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Objectives Despite an asbestos ban in the European Union, exposure to asbestos still represents an occupational
risk. Biomarkers of DNA damage and genomic instability in groups exposed to asbestos may contribute to the
identification of subgroups/subjects at higher risk.

Methods A cross-sectional study was conducted on 468 male individuals (80 working in occupational settings
with potential exposure to asbestos fibers, 202 retired workers with past exposure, and 186 non-exposed controls)
to compare genomic instability, cell proliferation and differentiation level using the non-invasive micronucleus
buccal cytome assay. Data on demographic variables, lifestyle, and occupational history were collected with a
standardized questionnaire. Micronuclei (MN) and other biomarkers of DNA damage and genomic instability
were scored in a minimum of 2000/1000 cells per individual, respectively.

Results Univariate and multivariate analysis showed opposite associations of MN frequency with current and
former exposure. Compared to unexposed controls, workers with current potential exposure to asbestos had
55% lower MN frequency [95% confidence interval (CI) 71-29%, P<0.001] while those with past exposure had
34% higher MN frequency (95% CI 1-77%, P<0.001). The frequency of cells with condensed chromatin and
binucleated cells was elevated among formerly exposed workers. The multivariate analysis did not reveal any
actual confounders, although lower MN frequency was observed among subjects eating fresh fruit or vegetables
every day or taking vitamin supplements.

Conclusions Active workers with potential exposure to asbestos fibers did not show increased genomic damage.
On the contrary, workers exposed in the past experienced a persistently elevated genomic instability, which may
be used for risk assessment at subgroup or individual level.
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Occupational exposure to asbestos fibers is still present
in the European Union (EU) despite a ban since 1 Janu-
ary 2005 (1). Workers exposed in the past are also at risk
due to long latency of asbestos-related diseases (2). Italy
had been the second asbestos producer in Europe after
the Soviet Union, with a per capita share of about 1 kg
per year, until a national ban in 1992 (3, 4). Due to this
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reason, a surveillance program has been implemented,
the so called ReNaM (Registro Nazionale Mesote-
liomi), which oversees prevention and control activities
concerning asbestos-related diseases (4). According
to ReNaM reports, 69% of total cases of malignant
mesothelioma (MM) can be attributed to occupational
exposure to asbestos (OEA), with a remarkable gender-
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related disparity (men 81% and women 33%) (5). The
same reports recognized the presence of OEA in 38
economic sectors (eg, shipbuilding and repair, railway
carriages maintenance, oil refinery) and included a geo-
graphical map of incidence rates.

Asbestos fibers are not mutagenic per se, but their
persistence in the lung is a continuous source of reactive
nitrogen and oxygen species (ROS) and inflammation,
which may influence gene transcription and expression,
affect signaling pathways, increase replication errors
and genomic instability. The presence of these altera-
tions may lead to cancer and other diseases, offering
at the same time a valuable opportunity for studying
early events associated with OEA (6-9). Asbestos fibers
interfere with the mitotic process causing the formation
of aneuploid cells and cells with abnormal number of
centrosomes (10). The continuous ROS production in
the lung may induce micronuclei (MN) (11, 12), and the
mislocalization of the cytokinetic protein aurora B and
of other proteins (13).

The formation of MN can be induced by clastogens or
by aneugens events (14), including the alteration of genes
controlling the spindle apparatus or the cell cycle, tubulin
defects, epigenetic modifications of histones/centromeric
DNA. All these events may eventually lead to aneuploidy
and creation of polyploidic cells (14). Therefore, measur-
ing the MN frequency in peripheral blood lymphocytes
may specifically reveal current or former OEA, together
with subjects at increased risk of cancer.

The usual route of OEA is inhalation, which makes
epithelial cells of inner airways pathway the first to be
exposed. The presence of genetic damage in these cells,
measured with the buccal micronucleus cytome assay
(BMCiyt) is a suitable and reliable OEA biomarker (15),
while the extent of DNA damage is clearly linked to
long-term cancer risk (16, 17).

The aim of this study was to compare the levels of
genomic instability, cell proliferation and differentiation
— as measured by BMCyt — in three groups of subjects
with different histories of OEA, namely, active workers
with potentially OEA, retired workers exposed in the
past, and unexposed controls. All groups were selected
from areas considered at high risk of asbestos-related
diseases, as demonstrated by incidence rates of MM,
ranging in these areas from 4.7—13.7 per 100 000 (18).

The validation of this approach in groups of subjects
currently/ formerly exposed to carcinogens like asbestos
may have a major impact on public health, provid-
ing a critical and reliable tool for the identification of
subgroups of exposed subjects at higher risk of cancer
and other asbestos-related diseases and in the medical
surveillance of cohorts of workers with past exposure
to carcinogens.
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Methods

Study population

After obtaining approval from the Ethics Committee
of the coordinating center in Rome, volunteers were
recruited from two areas with a high concentration of
shipbuilding and construction industries (the provinces
of Pisa and Genoa). The study was performed on 468
male individuals: (i) 80 of whom, mostly working in
construction industry and included in the occupational
surveillance program of the University Hospital of
Pisa, were classified as currently exposed; (ii) 202
were selected from a cohort of former workers with
known past OEA, followed up in the framework of
a surveillance program at the University Hospital of
Pisa; and (iii) 186 unexposed controls were selected at
the Ospedale Policlinico San Martino of Genoa among
blood donors without history of occupational or envi-
ronmental OEA. All currently and formerly exposed
workers, received a medical check-up and follow-up
routinely provided to workers in the surveillance pro-
gram including spirometry, radio-thoracic X-ray or
low-dose chest tomography. All participants provided
their written consent before interview and sample col-
lection. Trained personnel administered a standardized
questionnaire in order to collect detailed information
on demographic variables, lifestyle, diet and occupa-
tional history (including job title, tasks, duration and
period), personal and family history of chronic diseases
(especially focusing on cancer of the respiratory tract).
Duration of employment(s) entailing OEA was used as
a proxy for exposure duration. Controls were selected
among same age range subjects as exposed individuals
and after reviewing their answers to the questionnaire
and their occupational history. We included only males
as a consequence of the gender difference in access to
occupations in shipbuilding and construction industries.

Buccal cell collection

Subjects rinsed their mouth three times with tap water.
Buccal cells samples were collected from both cheeks
using a toothbrush according to a standardized protocol
(19), placed into 30 ml Saccomanno’s fixative (Histo-
line laboratories, Milano, Italy), blindly coded and kept
at 4°C for maximum one month and transported under
4°C to the lab for final processing and scoring. To avoid
intra-laboratory heterogeneity, a single experienced
scorer was in charge of scoring.

Buccal cell preparation and staining

Samples were processed and stained according to the
protocol described by Thomas et al (19). Slides were



covered with coverslips and kept in the dark at -20°C
until microscope examination.

Scoring

Slides were scored blindly using transmitted light micros-
copy under far red fluorescence at 1000x. A minimum
of 1000 cells was counted in order to determine the
frequency of each cell type in the sample, using scoring
criteria previously described (19, 20). Nuclear changes
were classified according to HUMNXI criteria as: normal
basal cells, normal differentiated cells, binucleated cells,
cells with condensed chromatin (CC), pyknotic cells, cells
with karyorrhectic chromatin, and karyolitic cells. DNA
damage biomarkers (cells with MN and nuclear buds,
including the so-called "broken eggs") were scored in a
minimum of 2000 differentiated cells.

Statistical analysis

Statistics of the main predictors were computed for
controls and exposed subjects. Mean and standard devia-
tion (SD) of continuous variables were estimated and
compared according to the levels of exposure using the
ANOVA model. Any difference in the frequency of cat-
egorical variables through the exposure categories was
checked by applying the Fisher’s exact test.

In the univariate setting, due to the discrete nature of
indexes provided by the buccal micronucleus assay, non
parametric Kruskal-Wallis test was applied to identify
biomarkers that were differentially distributed between
the exposure groups.

Several demographic and exposure variables have
been linked to MN frequency, such as age, gender,
smoking, alcohol consumption, dietary habit, exposure
to chemical carcinogens and radiation (19-22). There-
fore, inferential analysis was performed by means of
regression models to take into account the possible con-
founding effect due to the main predictors considered.
Models were fitted to the data assuming that MN count
follows the negative binomial distribution (23). This
distribution provides efficient estimates of the standard
errors of the model parameters in presence of over dis-
persion, a phenomenon that frequently occurs with count
data. In fact when this parameter tends to zero, negative
binomial distribution reduces to the Poisson distribution
(24). The model estimates the ratio between the mean
value of MN in the exposed groups with respect to the
mean value in controls, adjusted by the concomitant
effect of the main predictors. Log-likelihood ratio test
(LRT) was performed to test the contribution of each
predictor to the statistical model. P<0.05 was considered
as the threshold for significant results. All statistical
analyses were performed using STATA statistical soft-
ware, release 14 (StataCorp, College Station, TX, USA).
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Results

A descriptive analysis of the main characteristics of the
three study groups is reported in table 1. Significant
differences were found by age, since subjects with cur-
rent OEA were younger (mean 46.29 years versus 54.47
for controls, and 61.66 for formerly exposed subjects,
respectively). Similarly, an unbalanced distribution of
smoking habit was observed: the proportion of never
smokers was higher among the unexposed controls
(43.5%), formerly exposed workers had the highest
proportion of former smokers (57.4%), while currently
exposed subjects were those with the highest proportion
of current smokers, ie, 43.8%, more than double the
other groups. Exposure to passive smoking at home was
similar in the three groups, while exposure at work was
more frequent in the formerly exposed, probably due to
relatively recent regulatory changes.

The presence of working-related respiratory diseases
was almost entirely restricted to the group of workers
with former OEA (7/7 cases of silicosis and 20/21 cases
of asbestosis). The list of other respiratory diseases
included mostly asthma, chronic obstructive pulmonary
disease, bronchitis, pneumonia and emphysema.

Diet profiling revealed significantly different pat-
terns, with currently exposed workers eating fresh fruit,
fresh vegetable, and cooked vegetables less frequently
than the other groups. No major differences were found
regarding vitamin supplementation and alcohol drinking.

The univariate analysis comparing the frequency
of all endpoints measured with the BMCyt in the three
study groups is reported in table 2. Basal, CC, binucle-
ated, and MN cells showed a differential distribution
between the three exposure groups. Basal cells were
less common among the formerly exposed subjects
when compared to the unexposed controls, and even
rarer among the currently exposed. CC and binucleated
cell frequencies were higher in the formerly exposed
compared to other groups. The MN cell frequency was
higher among the formerly exposed subjects and lower
among the currently exposed workers (both statistically
significant), when compared to the group of unexposed
subjects.

Results of the negative binomial distribution regres-
sion model are shown in table 3. Frequency ratios
adjusted for actual and potential confounders (age,
smoking habit, passive smoking, history of respiratory
diseases) essentially confirmed results from the univari-
ate analysis.

Biomarkers investigated in this analysis which
showed a statistically significant association with OEA
were basal cells, MN and broken eggs. Although LRT
is not significant, it should be observed that in formerly
exposed subjects, binucealated cell frequency was 60%
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Table 1. Main characteristics of the three study groups, unexposed and exposed to ashestos. [SD=standard deviation.]

Variable Total Unexposed Currently exposed Formerly exposed P-value?®
N % Mean SD N % Mean SD N % Mean SD N % Mean SD

Age 468 56.18 890 186 5447 568 80 46.29 8.64 202 61.66 7.30 <0.001

Body mass index 460 26.77 336 186 2650 320 73 26.70 3.15 201 27.04 355 0.282

Smoking

Never 163 348 81 435 26 325 56 27.7 <0.001

Former 204 436 69 37.1 19 237 116  57.4

Current 101 21.6 36 194 35 438 30 149

Duration-years 305 25.84 131 105 25.87 12.70 54 22.04 11.18 146 27.22 13.87 0.046

Pack-years 299 2242 182 103 20.36 1596 54 20.67 16.63 142 2458 20.09 0.149

Passive smoking

Athome 252 538 100 538 40 50.0 112 554 0.710

Atwork 236 50.4 70 376 22 275 144 713 <0.001

Both 141 301 43 231 12 150 86 426 <0.001

Respiratory diseases

Silicosis 7 15 0 0 0 0 7 35 0.010

Asbestosis 21 4.5 0 0 1 1.2 20 99 <0.001

Other?® 109 233 21 113 6 75 82 40.6 <0.001

Vitamin supplement

No 420 89.7 163 87.6 70 875 187 92.6 0.254

Yes 46 9.8 23 124 8 100 5 74

Alcohol consumption

Wine 410 876 166  89.3 66 825 178 88.2 0.269

Beer 306 653 135 726 55 68.7 116 57.4 0.013

Spirits 47 10.0 17 91 4 50 26 129 0.278

Fresh fruit

>1/day 380 81.1 154 82.8 57 712 169 837 0.041

>1/month 55 11.8 16 86 15 187 24 119

<monthly 24 5.1 14 7.5 4 5.0 6 3.0

Fresh vegetables

>1/day 311 665 142 76.3 43 537 126 62.4 0.005

>1/month 119 254 32 172 27 337 60 29.7

<monthly 33 71 12 65 7 88 14 69

Cooked vegetables

>1/day 175 373 83 446 21 262 71 351 0.001

>1/month 178 38.0 61 328 26 325 91 45.0

<monthly 100 214 40 215 28 350 32 158

2P-values are calculated with the y?/ANOVA test for categorical/continuous variables.
b Mostly asthma, chronic obstructive pulmonary disease, bronchitis, pneumonia and emphysema.

Table 2. Comparison of the main endpoints of the buccal micronucleus cytome assay in the three study groups (frequency per 1000 cells).
[SD=standard deviation.]

Variable Total Unexposed Currently exposed Formerly exposed P-value
(N=486) (N=186) (N=80) (N=202) (Kruskal-
Mean SD Mean SD Mean SD Mean SD Wallis)
Basal cells 19.22 63.58 28.97 82.14 7.01 3291 15.08 50.92 <0.001
Differentiated cells 414.73 245.83 403.13 258.59 367.94 247.82 443.93 229.95 0.058
Binucleated cells 10.53 13.39 8.12 13.25 9.68 10.30 13.08 14.18 <0.001
Cells with condensed 115.66 83.10 101.18 78.32 110.54 82.90 131.02 85.18 0.001
chromatin
Pycnotic cells 5.22 6.92 4.90 6.85 6.88 7.41 4.86 6.72 0.187
Karyorrhectic cells 52.88 70.03 57.50 78.51 47.93 56.19 50.58 66.66 0.787
Karyolitic cells 257.78 185.75 261.93 203.96 224.04 174.20 267.33 171.42 0.246
Micronucleia 0.89 1.21 0.86 1.15 0.39 0.53 1.10 1.38 <0.001
Nuclear budsa 0.06 0.20 0.08 0.26 0.04 0.16 0.03 0.1 0.189
Broken eggs® 0.10 0.30 0.14 0.38 0.08 0.24 0.05 0.17 0.137

2Frequency per 1000 differentiated mononuclear cells.
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Table 3. Results of negative binomial regression analysis comparing as-
bestos exposure groups by the main endpoints of the buccal micronucleus
cytome assay (frequency per 1000 cells). All models were adjusted for
age, smoking habit, passive smoking, history of respiratory diseases.
[Cl=confidence interval; LRT=log likelihood ratio test]
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Table 4. Results of negative binomial analysis comparing asbestos
exposure groups by frequency of micronuclei, stratified on duration
of exposure. All models were adjusted for age, smoking habit, pas-
sive smoking, history of respiratory diseases [Cl=confidence interval;
LRT=log likelihood ratio test.]

Biomarker Exposure Frequency 95% Cl P-value Micronuclei Frequency ratio 95% Cl P-value LRT
Ratio LRT exposure
Basal cells Unexposed Ref. 0.027 Unexposed Ref. <0.001
Currently exposed ~ 0.21 0.07-0.63 Currently exposed
Formerly exposed 0.61 0.26-1.42 <12 years 0.37 0.19-0.74
Differentiated Unexposed Ref. 0.892 >12 years 0.55 0.32-0.93
cells Currently exposed  0.98 0.68-1.40 Formerly exposed
Formerly exposed 1.06 0.80-1.41 <12 years 1.44 1.07-1.95
Binucleated cells Unexposed Ref. 0.106 >12 years 1.13 0.78-1.62
Currently exposed 1.33 0.76-2.31
Formerly exposed 1.62 1.02-2.55
Cells with con- Unexposed Ref. 0.101
densed chromatin  Currently exposed ~ 1.01 0.73-1.40
Formerly exposed 1.33 1.02-1.73

Pyknotic cells Unexposed Ref. 0.124

Currently exposed 1.41 0.99-2.00

Formerly exposed ~ 0.95 0.71-1.25
Karyorrhectic Unexposed Ref. 0.368
cells Currently exposed ~ 0.76 0.52-1.11

Formerly exposed 0.99 0.72-1.37
Karyolytic cells Unexposed Ref. 0.725

Currently exposed ~ 0.89 0.62-1.26

Formerly exposed 0.93 0.70-1.22
Micronucleia Unexposed Ref. <0.001

Currently exposed ~ 0.45 0.29-0.71

Formerly exposed 1.34 1.01-1.77

Nuclear budsa Unexposed Ref. 0.100

Currently exposed ~ 0.25 0.05-1.20

Formerly exposed 0.59 0.22-1.59
Unexposed Ref. 0.029

Currently exposed  0.28 0.09-0.88

Formerly exposed 0.61 0.29-1.26

Broken eggs?

2Frequency per 1000 differentiated mononuclear cells.

higher compared to unexposed, while CC cells were
one third more frequent. Multivariate analysis of MN
frequency confirmed the opposite associations with cur-
rent and former exposure. Individuals currently exposed
to asbestos had a 55% lower MN frequency (95% CI
71-29%), while previously exposed subjects had a 34%
higher frequency (95% CI 1-77%), with respect to con-
trols. Currently exposed workers also showed a lower
basal cell frequency ratio (0.21, 95% CI 0.07-0.63). A
sensitivity analysis was performed to further investigate
the effect of the younger age of this group compared to
controls (46.3 versus 54.5 years.). Even after matching
currently exposed workers with controls by triennial
age-class, the results of the analysis confirmed that
lower MN frequency among active workers was not due
to a confounding effect of age.

Analyses testing a possible effect modification of
selected covariates (age and smoking) on the associa-
tion between exposure and MN frequency did not reveal
biologically or statistically relevant findings.

Results concerning a possible association of the
endpoints indicating chromosomal instability or DNA

damage with the OEA duration are shown in table 4.
This analysis confirms the heterogeneity of the genomic
damage in currently and formerly exposed workers (LRT
P<0.001) while it did not show any evidence of associa-
tion with the duration of exposure.

The multivariate analysis of dietary items, vitamin
supplementation, smoking habit, alcohol consumption
and other potential confounders did not reveal any
statistically significant association, although lower MN
frequencies were observed in subjects eating fresh fruits
or vegetables every day, or taking vitamin supplements
(data not shown).

Discussion

In this study we evaluated whether the use of the BMCyt
in subjects with OEA could be a helpful non-invasive
biomarker to assess early changes in the cell and to
measure genome stability. The main results clearly
show that past OEA, even many years after exposure
has ceased, is still associated with DNA damage and
genomic instability, conditions that may predict an
elevated risk of cancer.

To the best of our knowledge, this is the first study
comparing populations exposed in current occupational
settings and the pre-asbestos ban conditions. In addition,
we have been the first to utilize the BMCyt in human
OEA populations (12).

The use of BMCyt has a number of practical advan-
tages when compared to lymphocyte micronucleus assay.
First of all, the sampling process is easy and non-inva-
sive, and the exfoliated cells can be preserved for long
time at room temperature. Furthermore, the availability
of different biomarkers measuring epithelial cells kinet-
ics in the buccal mucosa is critical for a deeper insight
into the mechanistic rationale and for a better interpreta-
tion of the results (19). Buccal cells have limited DNA
repair capacity relative to peripheral blood lymphocytes
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because DNA damage formed in the mitotic basal layer
of the epithelial tissue cannot be repaired in the process
of differentiation, providing a more reliable measure of
genomic instability events in the epithelial respiratory
tract (21). After radiation challenge, it has been dem-
onstrated that basal DNA damage can be 83% higher in
buccal cells than lymphocytes (25).

In our study, workers with a past OEA history
showed a significantly higher MN frequency when com-
pared to unexposed controls. Results concerning MN are
of special interest, since this endpoint is a direct measure
of DNA damage and genomic instability and extensive
literature is available on this assay as a biomarker of
exposure and cancer risk.

While the group of formerly exposed workers
showed a consistent increase of DNA damage in com-
parison with unexposed controls (accompanied by the
higher CC and binucleated cell frequency), the group
of workers which were classified as currently exposed
to asbestos showed remarkably lower frequency ratios
with respect to unexposed workers, especially as far as
MN is concerned (0.45, 95% CI 0.29-0.71), but also for
broken eggs and basal cells.

Currently OEA workers were mostly selected from
workers of the construction industry at high risk of
asbestos contamination and undergoing regulatory
health surveillance. Construction work in industrial
or residential buildings is generally considered among
the occupations with the highest OEA risk, even after
the asbestos ban (1, 5). Although the current rigorous
occupational surveillance concerning OEA limits the
exposure to minimal levels, a reduction of DNA damage
among these workers was unexpected. An ad hoc sen-
sitivity analysis showed that the age difference was not
responsible of this finding. Additional explanations may
deal with the higher frequency of smokers in the current
OEA group, the fact that MN frequency was lower in
light smokers (26), or a possible healthy-worker effect
due to the strong selection of individuals being hired for
construction work.

On the contrary, the results referring to workers
intensely exposed to asbestos in the past in several
occupational settings were expected and consistent
with a previous exposure to a carcinogenic agent. These
workers are included in a cohort that is periodically
monitored with the aim of preventing cancer develop-
ment or to allow an early diagnosis of cancer.

The present research evaluated the information pro-
vided by all endpoints of the BMCyt. This multi-end-
points approach allowed for the measurement of early
changes, including those that occur before genomic
instability induces changes in cell cytokinesis. Cell-
proliferation is a measure of healthy buccal epithelium,
since a constant rate of cell division allows to main-
tain a balance between exfoliating epithelial cells and
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their replacement (27). Lower basal cell frequency,
as observed in the exposed groups, demonstrated the
activation of apoptotic/necrotic pathway due to the pres-
ence of irreparable damage (28). However, since karyo-
litic cells frequency (necrotic pathway) in our exposed
subjects was not affected, we can assume that necrotic
pathway mechanisms were not involved, with the impli-
cation that OEA may impact only on differentiation and
maturation of epithelium development (19, 29). The
presence of cells with extensive DNA damage directed
to the apoptotic pathway is revealed by the number of
CC, karryorrhectic or pycnotic cells. In our case, the
only cell type with a higher frequency in exposed groups
was CC in formerly exposed, possibly because of an
early apoptotic event due to rapid proteolysis of nuclear
matrix proteins (20).

The most remarkable result of the study is the
increased MN frequency observed in the group of for-
merly exposed workers, which can be associated with
increased risks of cancer and other degenerative diseases
and, in addition, seems to be a promising marker in
prescreening and follow up of precancerous oral lesions
(30, 31).

The potential impact of lifestyle on genomic damage
was carefully evaluated in our study to remove possible
biases due to an unbalanced distribution of potential
confounders, especially age, which may also imply
very different exposures to genotoxic agents. Smoking
and alcohol consumption had a limited influence on the
level of DNA damage and proliferation, as estimated by
multiple regression modelling. This result is not surpris-
ing since the literature is divided on the effect of smok-
ing (26, 32, 33) and only heavy smokers show a clear
effect. The high prevalence of light smokers in our study
groups (75% of smokers consumed <20 cigarettes/day)
may account for this lack of association (33). As regards
the effect of diet, it has been repeatedly shown that some
dietary components, especially antioxidants, can influ-
ence MN frequency in buccal cells and may stimulate
a reversal of the carcinogenic processes in oral cancers
(34-37). No specific dietary item significantly affected
the frequency of DNA damage in our study, however,
lower levels of DNA damage were observed among
subjects with the highest consumption of fresh fruit and
vegetables and those taking vitamin supplements.

The results observed for the MN frequency in the
currently exposed groups suggests that these workers
have a lower genomic damage/disease risk when com-
pared to the group of unexposed subjects. This result
should be interpreted with caution, though it supports
the conclusion that subjects now working in occupations
that in the past determined heavy exposures to asbestos
do not suffer any longer major genomic damage due to
occupational exposure. On the other hand, the result
concerning subjects exposed to (presumably) high lev-



els of asbestos in the past, show that a higher genomic
instability can be still recognized, and the consequent
higher risk of asbestos-related cancers monitored and
contrasted. These results support the use of the buccal
MN cytome assay for the early detection of susceptible
subgroups or individuals in groups of OEA workers as
well as its use as a valuable tool for the monitoring of
cohort of subjects with past exposures to carcinogenic
agents (other examples are cohorts of subjects exposed
to ionizing radiation, ex-smokers, recovering alcoholics,
etc.). The other endpoints of the assay provide valuable
information, although more research should be done
before they can be validated for similar purposes (12).
The choice of a multi-endpoint study design may
endorse the sensitivity of the investigation, as confirmed
by a recent study conducted on these same subjects using
biomarkers of oxidative damage such as the 3-(2-deoxy-
B-D-erythro-pentafuranosyl) pyrimido[1,2-a]purin-
10(3H)-one deoxyguanosine adduct, which revealed a
similar pattern of DNA damage in OEA workers and
whose results reinforce the present evidence (38).

Strengths and limitations

This study has a number of strengths, including the
availability of a large cohort of subjects with past expo-
sure to carcinogens, a condition which represents a
public health priority, and the use of a surrogate tissue
that proved to be very sensitive for monitoring inha-
latory exposures. Other pros are the extensive set of
confounders evaluated, the use of standardized methods
with a single scorer to reduce technical heterogeneity,
and — for the first time — the evaluation of all endpoints
from the BMCyt. This study also had some limitations,
and the most critical being the lack of a direct assess-
ment of individual and cumulative dose. However, OEA
was evaluated through validated questionnaires, and the
presence or exclusion of asbestos exposure was done by
expert assessors with extensive experience on OEA clas-
sification [MN and DU]. Another limitation was the use
of the exposure duration to surrogate cumulated dose.
In conclusion, applying the BMCyt to workers poten-
tially exposed to asbestos may contribute to identify
populations with an increased genomic instability. which
in turn implies a higher risk of cancer and other chronic
diseases. MN frequency should be used in combination
with complementary biomarkers. The same approach can
also be used in groups of subjects included in medical sur-
veillance programs because of past exposure to carcino-
gens. In this case the biomarkers may identify subgroups
at higher risk, which require a more intense observation,
or can be further studied for a possible individual risk
assessment. The use of other endpoints of the cytome
assay may provide valuable support for the interpretation
of MN results, although their use is to be mostly intended
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as explorative and should be to be further evaluated.
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