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Abstract

Objective. To evaluate chromosomal damage in peripheral blood lymphocytes (PBL)
of patients newly diagnosed with cervical precancerous lesions with respect to age,
smoking habits, miscarriages, abortions and lesion stage. Design. Clinical study.
Setting. Clinic of Gynecology and Obstetrics in Kragujevac, Serbia, during 2009-
2010. Population. The analyzed samples included 41 untreated patients aged
24–65years with a diagnosed low-grade squamous intraepithelial lesion (LSIL; 19
patients) or a high-grade squamous intraepithelial lesion (HSIL; 22 patients). Con-
trol samples were obtained from 40 healthy women aged 24–53 years. Methods. The
frequency of micronuclei (MN) was estimated in circulating lymphocytes by using
the cytokinesis-block micronucleus assay. Main Outcome Measure. The frequency of
MN in PBL. Results. The mean MN frequencies of both LSIL and HSIL patients were
significantly higher than the MN frequency of healthy control women. There was no
significant difference in MN frequency between LSIL and HSIL patients, between
smokers and nonsmokers in both patient and control samples, or between miscar-
riage groups and abortion groups of patients. Considering confounder factors, age
and health status influenced MN frequency. Conclusions. The results suggest that
MN frequency in PBL of patients with cervical precancerous lesions corresponds to
an increase of chromosomal damage, irrespective of smoking habits, miscarriages,
abortions and lesion stages.

Abbreviations: BN, binucleated; HPV, human papilloma virus; HSIL, high-grade
squamous intraepithelial lesions; LSIL, low-grade squamous intraepithelial lesions;
MN, micronuclei; PBL, peripheral blood lymphocytes

Introduction

Cervical cancer is the second most common female malig-
nancy. Cervical cancer develops through a multistep process
that includes either three (cervical intraepithelial neoplasia
or CIN I–III) or, according to the Bethesda system, two lesion
stages [low-grade squamous intraepithelial lesions (LSIL)
and high-grade squamous intraepithelial lesions (HSIL)].
When the lesions do not progress, they either regress or per-
sist at the same grade. Low-grade squamous intraepithelial
lesions are likely to regress, while HSIL are more likely to
progress towards cancer (1).

Chromosomal instability is a main characteristic of cancer
(2–5). Considering that cancerogenesis is a complex stepwise

process and that the accumulation of genetic alterations al-
lows growth of neoplastic cells, chromosomal instability is
a possible event in the precancerous stages. This assump-
tion has been confirmed through numerous studies showing
that chromosomal instability occurs in precancerous lesions.
Desai et al. (6) demonstrated that oral precancerous le-
sions are associated with an increased number of micronu-
clei (MN) both in circulating lymphocytes and in oral ex-
foliated cells. Likewise, Saran et al. (7) observed a sig-
nificant stepwise increase of micronucleated cells and mi-
cronuclei in buccal epithelial cells from control to oral
precancer patients. Increased baseline DNA damage was
shown by applying the Comet assay in buccal cells and
lymphocytes (7).
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Singh et al. (8) observed chromosomal abnormalities (ane-
uploidy) in cervical cells of women with LSIL and HSIL. The
chromosomal instability was reported as an increased level of
cytogenetic biomarkers. An increased frequency of sponta-
neous chromosome aberrations was observed among patients
with cervical precancerous lesions (9), as well as increased sis-
ter chromatid exchange frequency (10).

The presence of MN reveals chromosomal damage in cells,
and there is a positive correlation between these two end-
points. The micronucleus has the appearance of a small nu-
cleus in the cell cytoplasm, originating from chromosome
fragments or whole chromosomes that are lagging behind
during nuclear division. Generally, micronuclei are induced
by oxidative stress or by exposure to clastogenic or aneu-
genic agents (11). The MN assay is effective in determining
the genotoxic impact of environmental and lifestyle factors
(12–14), as well for predicting individual risk assessment
(11,15).

As the MN assay is a useful method for assessing chromo-
somal damage and because MN in lymphocytes can reflect
cancerogenesis in target tissues, the objective of this study
was to evaluate MN frequency in peripheral blood lympho-
cytes (PBL) in untreated women with diagnosed precancer-
ous lesions (LSIL and HSIL) and in healthy control women
in relation to lesion stage, age, smoking habits, miscarriages
and abortions.

Material and methods

This study was approved by the Ethics Committee of the
Clinic of Kragujevac (number 01/2577). The analyzed sam-
ples included 41 newly diagnosed patients (19 with diagnosed
LSIL and 22 with diagnosed HSIL), aged 24–65years, ob-
served at the Clinic of Gynecology and Obstetrics in Kraguje-
vac, Serbia during 2009–2010. No patient had been treated or
been occupationally exposed to known mutagenic agents. All
patients had a gynecological examination, including a Papan-
icolau smear. Fourteen patients had a history of miscarriage,
and 26 a history of abortions. Twenty were smokers. Control
samples were from 40 healthy female donors aged 24–53years,
without any recent exposure to known mutagenic agents, and
17 were smokers.

Micronucleus test

The cytokinesis-block method described by Fenech (16) was
used. Peripheral blood samples from patients and healthy
controls were collected in a heparinised sterile syringe.
Whole heparinised blood (0.5ml) was added to 5ml com-
plete medium for the lymphocytes cultivation PBMax Kary-
otyping (Invitrogen, California, USA). All cultures were set
up in duplicate and were incubated at 37◦C for 72hours.
Cytochalasin B (Sigma, St. Louis, MO, USA) at a final con-
centration of 4μg/ml was added 44hours after the beginning

the cultivation. After incubation for another 28hours, cells
were collected by centrifugation and treated with cold (4◦C)
hypotonic solution (0.56% KCl). Cell suspensions were fixed
in freshly prepared acetic acid-methanol (1:3) three times
and were dropped onto specially prepared clean and cold
slides. Lamp-dried slides were stained in 2% Giemsa solution
(Alfapanon, Novi Sad, Serbia) for 12minutes.

Micronucleus frequencies were determined by analyzing
1000 binucleated (BN) cells per individual, according to cri-
teria described by Fenech (17). Slides were examined under
a light microscope (Nikon E50i) at ×400 magnification.

Statistical analysis

The results are shown as mean±standard deviation (SD).
The mean MN frequencies of LSIL, HSIL and healthy control
women were analyzed by ANOVA and Bonferroni’s test for
multiple comparisons. Student’s t-test was used for compar-
ing the MN frequencies between smokers and nonsmokers,
age groups in LSIL patients and control women and for mis-
carriage and abortion groups in patient sample. The mean
MN frequencies of LSIL patients aged ≤40years and aged-
matched HSIL patients and MN frequencies in age groups of
HSIL patients were compared by using the Mann–Whitney
U-test. The influence of age, smoking status and health status
on MN frequency in analyzed sample was determined by the
application of multiple linear regression analyses. Levels of
significance were p<0.05, p<0.01 and p<0.001.

Results

Results of the MN assay in PBL of patients with newly di-
agnosed precancerous cervical lesions and healthy control
women are shown in Tables 1–4.

Table 1 presents general and lifestyle characteristics of
patients and healthy control women. Table 2 shows the
mean MN frequencies in both patient and control sam-
ples. The mean baseline MN frequency was significantly
higher (p<0.0005) in both LSIL and HSIL patient samples
(14.26±4.49 and 15.95±4.27 per 1000 BN cells, respectively)
when compared with the baseline MN frequency in healthy
control women (7.15±3.17 per 1000 BN cells). The mean
MN frequencies among LSIL and HSIL patients were not
significantly different (p=0.484). The mean frequencies of
MN did not significantly differ between smokers and non-
smokers in both patient and control samples (p=0.150 and
p=0.965, respectively). Likewise, there were no significant
differences in MN frequencies between miscarriage patient
groups (p=0.906), as well as between abortion patient groups
(p=0.488). In LSIL, the patient’s age had a significant effect
on the MN frequency (p=0.008); however, in HSIL patients
and in control samples, age had no significant effect (p=0.135
and p=0.438, respectively). The LSIL patients aged ≤40years
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Table 1. General characteristics of the analyzed samples.

Analyzed samples Number

Control women
Total 40
Age (mean±SD, range) 38.87±8.05 (24–53)
Smoking habit

Smokers 17
Nonsmokers 23

Patients
Total 41

LSIL 19
HSIL 22

Total age (mean±SD, range) 41.34±11.72 (24–65)
LSIL 42.58±12.19 (24–64)
HSIL 40.27±11.48 (24–65)

Smoking habit
Smokers 20
Nonsmokers 21

Miscarriages (n, range)
No 27
Yes 14 (1–3)

Abortions (n, range)
No 15
Yes 26 (1–4)

Abbreviations: HSIL, high-grade squamous intraepithelial lesions; LSIL,
low-grade squamous intraepithelial lesions.

had significantly lower MN frequency than HSIL patients
aged ≤40years (p=0.044).

Table 3 shows the results of MN distribution in analyzed
BN cells. Cells with one MN were mostly present in both
patients and control samples. Of the 41 000 analyzed BN cells
among patients, 532 (1.30%) had one MN, compared with
276 (0.69%) in the 40 000 analyzed BN cells of the control
samples. Cells with two MN were less common (0.08% in
HSIL patients, 0.05% in LSIL patients and 0.008% in control
women). Cells with three, four or five MN were predominant
in patient samples.

Multiple linear regression analyses showed that among
confounder factors, age and health status had an effect on
the MN frequency in the analyzed study sample (p=0.005
and p<0.0005, respectively). The effect of smoking on the
MN frequency was not significant (p=0.469;Table 4).

Discussion

Cervical squamous intraepithelial lesions (LSIL and HSIL)
are a precancerous stage of cervical cancer. Chromosomal
instability is a common event in cervical cancer patients
(18–20), and it is thought that chromosomal instability will
also be elevated in precancerous stages. These statements were
confirmed by using a variety of tests, such as chromosome
aberration (9), sister chromatid exchange (10) and the MN
test (21).

Table 2. Frequency of micronuclei in peripheral blood lymphocytes of

patients with precancerous lesions and healthy control women.

Mean±SD (range)

Patients Control women

Total number 41 40
MN
State of lesion

LSIL 14.26 ± 4.49(6–23)a,b

HSIL 15.95 ± 4.27(11–26)c 7.15 ± 3.17(1–14)
Smoking habits

Smokers 14.15 ± 4.29(6–26)d 7.18 ± 3.34(1–14)e

Nonsmokers 16.14 ± 4.38(10–24) 7.13 ± 3.11(1–13)
Miscarriage

No 15.11 ± 4.18(10–26)f

Yes 15.29 ± 4.97(6–24)
Abortion

No 14.53 ± 3.48(10–21)g

Yes 15.54 ± 4.88(6–26)
Age groups (years)

LSIL 11.56 ± 3.36(24–40)h,i

16.70 ± 4.06(41–64)
6.83 ± 3.55(24–38)k

7.59 ± 2.60(39–53)
HSIL 15.25 ± 4.99(24–40)j

16.80 ± 3.26(41–65)

Abbreviations: HSIL, high-grade squamous intraepithelial lesions; LSIL,
low-grade squamous intraepithelial lesions; MN, micronuclei.
a No significant difference in MN frequencies between LSIL and HSIL
patients, p=0.484 (Bonferroni’s test).
b Statistically significant difference in MN frequencies between LSIL and
control women, p<0.0005 (Bonferroni’s test).
c Statistically significant difference in MN frequencies between HSIL and
control women, p<0.0005 (Bonferroni’s test).
d,e No significant difference in MN frequencies between smokers and
nonsmokers in patients and healthy control women, p=0.150 and
p=0.965, respectively (Student’s t-test).
f No significant difference in MN frequencies between miscarriage
groups of patients, p=0.906 (Student’s t-test).
g No significant difference in MN frequencies between abortion groups
of patients, p=0.488 (Student’s t-test).
h Statistically significant difference in MN frequencies between age
groups of LSIL patients, p=0.008 (Student’s t-test).
i Statistically significant difference in MN frequencies between LSIL and
HSIL patients aged ≤40, p=0.044 (Mann–Whitney U-test).
j No significant difference in MN frequencies between age groups of
HSIL patients, p=0.135 (Mann–Whitney U-test).
k No significant difference in MN frequencies between age groups of
healthy control women, p=0.438 (Student’s t-test).

Recently published studies confirmed that chromosomal
instability in cancer cells and cancer-prone cells can be eval-
uated by the presence of MN in lymphocytes (5,11,22). Lym-
phocytes are long-lived cells and, while circulating through
organs, they are exposed to different tissue products that may
affect DNA damage. Therefore, MN in lymphocytes can be
used as a relevant biomarker for health risk.
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Table 3. Distribution of micronuclei in peripheral blood lymphocytes of analyzed cervical precancerous patients and control women.

Distribution of MN (%)

Sample Analyzed BN cells BN cells with MN (%) 1 2 3 4 5

Patients 41 000 570 (1.39) 532 (1.30) 27 (0.07) 9 (0.02) 1 (0.002) 1 (0.002)
LSIL 19 000 249 (1.31) 235 (1.24) 9 (0.05) 3 (0.02) 1 (0.005) 1 (0.005)
HSIL 22 000 321 (1.46) 297 (1.35) 18 (0.08) 6 (0.03) 0 (0) 0 (0)

Control women 40 000 280 (0.7) 276 (0.69) 3 (0.008) 0 (0) 1 (0.003) 0 (0)

Abbreviations: BN, binucleated; HSIL, high-grade squamous intraepithelial lesions; LSIL, low-grade squamous intraepithelial lesions; MN, micronuclei.

Table 4. Results of multiple regression analyses for micronucleus frequency, including age, smoking habits and health status.

Unstandardized
coefficients Standardized Coefficients

B SEM β t p-Value

Model 1 (Constant) 10.023 2.394 – 4.187 0.000
Age 0.143 0.049 0.261 2.901 0.005
Smoking habits 0.719 0.988 0.065 0.728 0.469
Health status −3.889 0.591 −0.573 −6.579 0.000

In our study, the highest mean MN frequency was found in
the lymphocytes of HSIL patients, while the lowest was found
in healthy control women. Generally, both LSIL and HSIL pa-
tients had an increased MN frequency in PBL when compared
with healthy control women, suggesting that chromosomal
instability (chromosomal losses or breakages) is a common
event in cervical cancerogenesis. Our results are in agreement
with a study by Leal-Garza et al. (21), in which LSIL and HSIL
patients had significantly different MN frequencies than the
control women in both lymphocytes and cervical epithelium
cells. Likewise, Guzmán et al. (23) reported an increased fre-
quency of micronucleated cells in exfoliated cervical cells of
women with both LSIL and HSIL diagnoses.

Considering lesion stages, LSIL patients had lower mean
MN when compared with HSIL patients, but without sta-
tistical significance. Similarity in the MN frequency between
LSIL and HSIL patients may be correlated with the age of
LSIL patients (42.6±12.19 vs. 40.3±11.48years), where age
affects the MN frequency.

One possible explanation for increased chromosome dam-
age in cervical precancerous lesions can be infection with
high-risk human papilloma viruses (HPV). The vast majority
of diagnosed lesions are in women who have an HPV infec-
tion (24,25). Alvarez-Rosero et al. (26) observed that there is a
correlation between the presence of high-risk HPV infection
in cervical cells and the induction of genomic instability in
lymphocytes. Likewise, in a study by Cortés-Gutiérrez et al.
(27), women with HPV infection had a higher MN frequency
in cervical cells. Apart from these reasons, clastogenic prod-

ucts released by tumor cells (28) may be responsible for the
increased persistence of micronuclei in lymphocytes.

Our results showed great interindividual variation in lym-
phocyte MN frequency in both patient and control samples.
Personal characteristics, such as those relating to lifestyle,
age, individual susceptibility or exposure to different muta-
gens, might contribute to this variability. Several confound-
ing factors that can contribute to the baseline MN frequency
have been elaborated. Results from the HUMAN MicroNu-
cleus project (13) detailing smoking habits indicated that MN
frequency significantly increased in PBL of some groups of
smokers, but not in all. Likewise, there was no effect of smok-
ing on the lymphocyte MN frequency in cancer patients (29).
In our study samples, we found no significant difference in
MN frequency between smokers and nonsmokers. Further-
more, in the patient sample the smokers had a lower mean
MN frequency when compared with nonsmokers. As a pos-
sible reason for this result, Bonassi et al. (13) concluded that
tobacco-damaged lymphocytes may not survive the culture
period of the assay or may not divide.

The role of age as a potential confounder was also
investigated in cytogenetic studies. A number of studies
demonstrated a correlation between age and MN frequency
(12,30,31), but several studies have not demonstrated an ef-
fect of age on MN frequency (32–34). In our study, there was
a significant correlation between age and MN frequency.

Comparing the MN of two age groups (≤40 vs. >40years)
in both LSIL and HSIL patients, our results indicate sig-
nificantly greater chromosomal damage in LSIL patients
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>40years. Furthermore, our results indicate significantly
greater chromosomal damage in PBL of HSIL patients
≤40years old when compared with age-matched LSIL
patients.

It is possible that baseline genetic damage can be mod-
ulated by different endogenous factors, including genes in-
volved in the metabolism of different genotoxins. It has been
revealed that polymorphism in genes, such as EPHX (epox-
ide hydrolase), GSTT1 (glutathione S-transferase T1) and
GSTM1 (glutathione S-transferase M1), are of special impor-
tance in modulating the frequency of chromosomal damage
in populations exposed to genotoxic agents and unexposed
individuals (35).

In addition to the increase of MN frequency in PBL of pa-
tients, our data demonstrated an increase in the number of
BN cells that contain MN, as well as the number of BN cells
with more than one MN per BN cell. Considering that the
number of MN reflects the level of chromosomal damage,
PBL of patients had more chromosomal damage in compar-
ison to healthy control women. The MN frequency in PBL
of patients with cervical precancerous lesions is associated
with an increase of chromosomal instability, irrespective of
smoking habits, miscarriages, abortions and lesion stages.
The increase of MN frequency in patients corresponds to an
increase in chromosomal damage occurring at the molecu-
lar basis of disease. We suggest that MN frequency in PBL
can be a relevant biomarker for a predisposition to cervical
precancerous lesions.
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