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ABSTRACT

OBJECTIVE: Breast cancer is the most common cancer in women worldwide and the incidence increases in postmenopausal
women. Anastrozole is a non-steroidal (type II), third-generation aromatase inhibitor (AI) that is used in the treatment of
postmenopausal estrogen-related breast cancer. Several studies have been conducted to assess the efficacy, safety, and su-
periority of Als to tamoxifen; however, a literature search did not reveal a study that investigated the genotoxic potential of
Als. The aim of this study was to investigate the possible DNA damage risk profile and individual DNA repair capacity of pa-
tients using anastrozole with the modified alkaline comet assay in order to contribute to public health and health economics.

METHODS: Women diagnosed with breast cancer after menopause comprised the study group. Six patients who had taken
anastrozole for at least 6 months were retrospectively enrolled, and 12 patients who had not yet received treatment were
prospectively enrolled as a control group. Peripheral blood lymphocytes were used to measure oxidized DNA damage using
formamidopyrimidine DNA-glycosylase (FPG) and endonuclease III (endo III) in a modified comet assay. Individual DNA
repair capacity was evaluated with the comet assay after a hydrogen peroxide (H,0,) challenge to examine the difference in

DNA damage susceptibility.

RESULTS: Analysis of DNA damage, oxidative base damage, susceptibility to DNA damage, and repair capacity revealed no
significant difference between the control group and the patients taking anastrozole (p>0.05). Susceptibility to H,0, damage

was observed to increase with age (p<0.05).

CONCLUSION: According to the results obtained in this study, anastrozole did not contribute to oxidative DNA damage. An H,0,
challenge with the comet assay is useful to evaluate circumstances of increased vulnerability to damage, such as aging and cancer.

Keywords: Anastrozole; aromatase inhibitors; DNA damage; DNA repair capacity; modified comet assay.

Breast cancer is the second most frequently encoun-
tered type of cancer in both developed and devel-
oping countries, and it is the cancer seen most often in
women. In 2012, 1.67 million new cases of breast cancer
were recorded in the world, which amounted to some
25% of all cancer cases. Overall, breast cancer ranks fifth
among causes of cancer-related death; however, it is first
among cancer-related deaths in women. The incidence of
breast cancer demonstrates regional differences: in Africa

and Eastern Asia, the incidence is 27/100.000, while in
Western Europe the incidence has been reported to be
96/100.000, and the rate is higher in developed countries
than in developing countries [1]. In our country, in 2014,
the incidence was reported to be 43/100.000 (2]. Early
menarche, late menopause, obesity, age at first instance
of giving birth, and duration of breastfeeding are among
the most important known risk factors for breast can-
cet, since the extent and duration of exposure to estrogen
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have been demonstrated to play a role [3-7]. The target
of endocrine therapy is to decrease estrogenic stimula-
tion of cancer cells. Two basic approaches in endocrine
therapy are the use of selective estrogen receptor mod-
ulators (SERMs) and estrogen antagonists in order to
regulate the activity of estrogen receptors, and aromatase
inhibitors (Als) to inhibit estrogen synthesis [8]. Als are
classified according to their chemical structure as Type
I (steroidal), androstenedione derivatives binding irre-
versibly to aromatase, and Type II (nonsteroidal), those
that competitively bind to the heme component of the
aromatase-CYP complex. Three generations of Al drugs
are currently on the market: the first-generation (Type
I: testolactone and Type II: aminoglutethimide), sec-
ond-generation (Type I: formestane and Type II: fadro-
zole), and third-generation Als (Type I: anastrozole and
letrozole, and steroid analogue Type II: exemestane) Als
have frequently been used in clinics for endocrine therapy
of hormone-dependent breast cancer patients in the post-
menopausal period [9-11].

Previously, as first-line treatment, or in the adjuvant
treatment of advanced stage breast cancer, the antie-
strogen tamoxifen was extensively used; however, since
the 2000s, Als have also been widely used. Tamoxifen
is a SERM that inhibits the mitogenic effects of estro-
gen and competes with estrogen to bind to estrogen
receptors. Tamoxifen has been reported to decrease
the recurrence rate of early stage breast cancer and the
incidence of breast cancer in higher risk women, and
to increase overall survival time in premenopausal and
postmenopausal women. However, the partial agonistic
activity of tamoxifen and its adverse effects when used
for more than 5 years (including endometrial cancer, pul-
monary embolism, and stroke) have led to a decrease in
use. In estrogen-receptor positive breast cancer patients,
a significant (50-60%) decrease in the beneficial effects of
tamoxifen over time suggests a development of resistance
to tamoxifen [9]. For these reasons, new agents that will
block the mitogenic effects of estrogen with greater effi-
cacy and safety are needed. Beginning in 2000, various
randomized, clinical studies have been published com-
paring the effectiveness and safety of Als with tamoxifen
in the treatment of breast cancer [9]. It has been reported
that Als were found to be superior to tamoxifen in many
ways, including improvement in disease-free survival
and recurrence rates (however, length of overall survival
did not differ), though with different side-effect profiles.
Long-term use of Als led to noteworthy side effects, in-
cluding complaints related to the musculoskeletal system
and the cardiovascular system [12-16].

In recent years, a growing number of biomonitoring

studies have been performed to investigate the genotoxic
effects of various xenobiotics, aiming at risk evaluation
(17]. The comet assay is a sensitive, reliable technique,
easily and rapidly applied to various tissue/special cell
types, and it has gradually found widespread use in hu-
man biomonitoring studies. The broad potential applica-
tion of the comet assay and the results obtained contrib-
ute to risk definition (i.e., potential genotoxic/mutagenic
potential of an agent for humans), dose-response evalua-
tion (the relationship between the dose of the substance
and the possibility of inducing an adverse effect), and un-
derstanding the mechanism of activity of the substance
(17, 18]. Using the technique developed by Singh et al.
(19], DNA-DNA, DNA-protein cross-links of spiral
strand breaks, and alkali-labile regions can be detected.
Collins et al. [20, 21] incorporated lesion-specific, base-
extraction enzymes (endonuclease III [endo III] and
formamidopyrimidine DNA glycosylase [Fpg]) into the
protocol of this technique, which enabled the identifica-
tion of oxidized DNA bases (modified comet assay) [20,
21]. The comet technique can be used to measure DNA
repair capacity: cells are challenged using a DNA-dam-
aging chemical or physical agents are incubated to deter-
mine the susceptibility of the cells to damage and the rate
of repair [22].

Several views have been presented regarding the wide-
spread use of Als [23-25]. The genotoxicity of tamoxifen
has been investigated in many studies [29]. However, a
literature review revealed no study thus far that has in-
vestigated the genotoxic effects of Als. Therefore, the
aim of the present study was to evaluate the genotoxi-
city risk of a third-generation Al, anastrozole, which is
used in the endocrine therapy of breast cancer in post-
menopausal women, and to assess any effect on suscepti-

bility to DNA damage.

MATERIALS AND METHODS

Study groups

Postmenopausal women diagnosed with breast cancer
between 2009 and 2012 in the Department of General
Surgery, Service of Breast Diseases were enrolled in the
study. A control group consisting of 12 treatment-naive
patients diagnosed with breast cancer was prospectively
enrolled upon diagnosis. The study group was selected
from patients who had used anastrozole for at least 6
months (n=6). The groups were consistent with regard
to age, smoking history, antioxidant use, and family his-
tory of cancer. The demographic characteristics of the
patients are presented in Table 1.
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TABLE 1. Demographic characteristics of the study group and
the control group

Groups Control (%)  Study (%) p
N 12 6
Mean age (£SD) (years) 54.42+1295 60+9.65 p>0.05
Smoking
Smoker (n/day) 2 (16.67) 1(16.67) p>0.05
Nonsmoker 10 (83.33) 5(83.33) '
Family history of cancer
Yes 3(25) 4 (66.67) 0>0.05
No 9 (75) 2 (33.33)
Antioxidant use
Yes 1(8.33) 1 (16.67) 0>0.05
No 11 (91.67) 5(83.33)
Prescription drug use
Yes 7 (58.33) 6 (100) 0>0.05
No 5 (41.67) 0

The Ethics Committee for Clinical Investigations of
the Istanbul University Cerrahpasa Faculty of Medicine
approved the study and its compliance with the Helsinki
Declaration (no: 13726). The study participants were
informed about the research and provided written, in-
formed consent.

Collection of blood samples, and isolation of lymphocytes

After completing a questionnaire, 2-mL blood samples
were collected in heparinized tubes from each patient
and processed the same day. To isolate the lymphocytes,
100 pL of blood was suspended in 1 mL of phosphate
buffered saline, and 100 pL of Histopaque (Sigma-
Aldrich, St. Louis, MO, USA) cell separation medium
was added. The cells were centrifuged at 250 x g at 4°C
for 5 minutes. A trypan blue exclusion test of cell via-
bility was performed, and a viability rate of >99% was
detected.

Measurement of oxidative base damage with modified
comet assay using bacterial repair enzymes and deter-
mination of hydrogen peroxide-induced damage sen-
sitivity and repair capacity

The comet assay developed by Singh et al. [19] as modi-
fied by Collins et al. [20] with Fpgand endo III restriction
enzymes was used to determine oxidative base damage.
The enzymes were purchased from Dr. Andrew Collins
(University of Oslo, Oslo, Norway). The lymphocytes

were suspended in 0.65% low melting point agarose, and

then spread on slides coated with 0.65% high melting
point agarose and covered with a coverslip and allowed to
solidify. Once solidified, the coverslip was removed and
the slides were left overnight in cold lysis solution (stock
lysis solution: ph 10:5 M sodium chloride, 100 mM
EDTA, 10 mM Tris; on the day of the analysis: 1%Tri-
ton X-100 and 10% fresh dimethyl sulphoxide solution
were added) to lyse the cells. After lysis, slides used to
evaluate oxidative damage were incubated with Fpg to
identify oxidized purine bases, and with endo III to de-
tect oxidized pyrimidine bases at 37°C ambient temper-
ature. To determine susceptibility to DNA damage and
evaluation of DNA repair, labeled lymphocyte samples
were treated with 100pM hydrogen peroxide (H,0O,),
rinsed, and incubated at 37°C. The procedure used to
assess oxidative purine and pyrimidine damage, suscepti-
bility to DNA damage, and DNA repair capacity, as well
as the formulas used in the calculations are summarized
in Table 2. The protocol was performed in a dark room
following lysis. To ensure the unwinding of DNA double
strands, the slides were placed in 1 mM EDTA, 300 mM
sodium hydroxide pH >13 for 40 minutes and then sub-
jected to electrophoresis at 15 V and an electrical current
of 300 mA for 30 minutes. After this phase, neutraliza-
tion procedures were repeated 3 times for a total of 15
minutes using 0.4 M Tris (pH 7.5) buffer solution, and
fixed with 50%, 75%, or 100% ethanol. The slides were
then stained with 25pg/mL ethidium respectively bro-
mide and examined under an Olympus BX51 fluores-
cent microscope (Olympus, Corp., Tokyo, Japan) at 40x
magnification. All assessments were performed using the
Comet Image Processing and Analysis System software
(BAB Bs 200 Pro; BAB Ltd., Ankara, Turkey). For each
trial, 50 cells were counted on each of 2 slides. The inten-
sity of DNA (% DNA) in the tail was used to determine
DNA damage. The formulas used to estimate oxidative
damage and repair capacity are summarized in Table 2.

Statistical analysis

The data obtained in this study were analyzed using
SPSS Statistics for Windows, Version 17.0 (SPSS, Inc.,
Chicago, IL, USA). Descriptive statistics of mean, SD,
frequency (%), and the difference between the minimum
and maximum values were calculated for the categorical
variables of each data group. In the evaluation of DNA
repair capacity, in addition to determining the mean, the
data were also expressed as median, and 25th and 75th
percentile values due to the small sample size. Normal
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TABLE 2. Experiment conditions and formulas used to evaluate basal damage, oxidative base damage, susceptibility to DNA dam-
age, and DNA repair capacity

Enzyme buffer Endo III FPG Basal H,0,-induced Repair
(1/3000 dilution)  (1/3000 dilution)  damage damage
(final concentration
100puM)
Duration of incubation/exposure 45 min 45 min 30 min - 7 min 60 min
and ambient temperature (37 °C) (37 °C) (37 °C) (+4 °C) (37 °C)
(A) (B) © (D) (B)
*each condition was tested using multiple slides (n=12).
Oxidative pyrimidine base damage = B-A
Oxidative purine base damage = C-A
DNA repair capacity (%) = ([D-E]/D)x100
H,0,: Hydrogen peroxide; FPG: Formamidopyrimidine DNA-glycosylase

distribution was assessed with the Shapiro-Wilk test.

. . . 60.00 Il Aged <50 years

The differences between 2 independent groups that did Aged 230 yemrs

not have normal distribution were measured using the 50.00

Mz.mn—V\./hltney U test. A chljsql.lare.test was employe.d < 40,00

to investigate the intergroup distribution of demographic | §

findings. Since 20% of the values in the table were less | & 30.00 7

than 5, Fisher’s exact test was performed. The correlation X 20.004

between effects of age and duration of anastrozole use 10,00

determined in the comet assay and DNA repair capacity

as estimated using the challenge technique was measured 0.00- DNA damage after Residual damage after

with Spearman’s rank correlation analysis. Spearman’s H,0, exposure 1 hourincubation

rank correlation analysis was also used to determine the

relationships between methods. P<0.05 was accepted as
the level of statistical significance.

RESULTS

There was no statistically significant difference in basal
damage determined with the comet assay between
the study group (10.52+2.11) and the control group
(12.54+2.61) (p>0.05) (Table 3). Nor was a statisti-
cally significant difference in pyrimidine damage found
between the study group (29.14+14.48) and the control
group (25.45+23.46). Comparison of purine damage
also revealed no statistically significant difference be-
tween the study group (25.63+£10.51) and the control
group (14.71+8.38) (p>0.05) (Table 3). Furthermore,
no statistically significant difference was found between
the study group and the control group in terms of sus-
ceptibility to H,O, damage with the challenge assay
(40.96+14.5, 36.52+10.81, respectively), residual dam-
age after 1 hour of incubation (22.47+6.37,22.5849.20,

FIGURE 1. Hydrogen peroxide sensitivity and residual dam-
age in individuals aged <50 and =50 years in all groups
(mean+SD). *P<0.05.

respectively), or DNA repair capacity (42.73+11.28,
38.43+12.59, respectively) (p>0.05) (Table 3).

When groups were compared based on participant
age greater than or less than 50 years, susceptibility
to H202 damage (<50 years: 30.67+8.31, >50 years:
41.67+12.01) and residual damage after 1 hour of incu-
bation (<50 years: 17.38+4.05, >50 years: 25.12+8.59)
were found to be statistically significantly greater in in-
dividuals aged >50 years (p<0.05). Comparisons per-
formed for susceptibility to H,O, damage and DNA
repair capacity of individuals between individuals aged
<50 and >50 years are shown in Figure 1.

When other variables that could affect the results
were analyzed, a statistically significant correlation was
not found between the modified comet and challenge as-
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TABLE 3. Parameters of damage, repair, and susceptibility to damage in the control and study groups

n Mean+SD Median 25th percentile p
75th percentile
Basal damage (% DNA)
All patients 18 11.87+2.59 11.74 9.94 p>0.05
13.15
Group Study 6 10.52+2.11 10.32 9.09
11.79
Control 12 12.54+2.61 12.45 11.21
13.74
Pyrimidine damage (% DNA)
All patients 18 26.68+20.52 18.02 10.39 p>0.05
37.43
Group Study 6 29.14+14.48 29.06 17.8
38.25
Control 12 25.45+23.46 13.67 9.55
45.29
Purine damage (% DNA)
All patients 18 18.56+10.36 12.83 10.93 p>0.05
26.42
Group Study 6 25.63+10.51 26.42 17.75
32.33
Control 12 14.71+8.38 12.13 10.23
15.75
DNA damage induced by
H,0, (% DNA)
All patients 18 38+11.92 35.2 26.56 p>0.05
48.73
Group Study 6 40.96+14.5 43.14 24.59
53.5
Control 12 36.52+10.81 33.05 27.65
45.44
DNA repair capacity (% DNA)
All patients 18 39.86+12.02 36.72 30.91 p>0.05
44.89
Group Study 6 42.73+11.28 43.65 33.76
51.39
Control 12 38.43+12.59 34.66 30.25
43.33
say values for the duration of anastrozole use (p>0.05). DISCUSSION

Analysis of age in the modified comet and challenge as-
say results revealed that in the control group, age was
related to basal damage (r=0.713; p<0.01). No corre-
lation was observed between age and other parameters
for the whole group or between groups (p>0.05). When
the measured variables were compared with one another,
a correlation was found between susceptibility to H O,
damage and residual damage (damage after 1 hour of in-

cubation) (r=0.754; p<0.01).

Breast cancer is the most prevalent cancer type in women
in both developed and developing countries. Als rank
first for adjuvant treatment of postmenopausal estro-
gen-dependent breast cancer; they inhibit aromatase
enzymes, which catalyze the last phase of the biosyn-
thesis of estrogen, aromatization [10, 27]. Anastrozole
is a potent, selective, and nonsteroidal third-generation
(Type II) Al Investigation of the side effect profiles of

Als revealed that these molecules cause a significant in-
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crease in bone loss and bone fractures, and a decrease
in bone mineral density. When tamoxifen and Als were
compared, the cardiovascular risk of Als use was found
to be statistically significantly higher. In addition, mus-
culoskeletal symptoms, as joint pain, were observed in
nearly half of patients [12-16, 28, 29].

Many researchers have offered different opinions
about the popularization of Als. Seruga and Tannock
[24] reported that the treatment goal for any type or
stage of cancer is to increase survival time and quality
of life, and if an inexpensive and established treatment
like tamoxifen is to be replaced with a more costly new
alternative, then the new treatment should be more ef-
fective in at least 1 of those targets. This report is an
important subject of debate. Montemurro and Aglietta
stated that tamoxifen is still a good adjuvant endocrine
treatment for eatly stage, postmenopausal, hormone re-
ceptor-positive breast cancer, but indicated that Als are
superior in terms of antitumor activity and lower toxicity
profile [23]. Based on the outcomes of their randomized
phase III trials, Yamamoto and Iwase [25] reported that
Als are more effective than tamoxifen in the treatment of
early breast cancer, but also noted that the safety profiles
are quite different. For instance, a recent meta—analysis
demonstrated that tamoxifen may have a more favorable
safety profile with respect to cardiotoxicity [30]. Numer-
ous studies are being performed regarding the effective-
ness and reliability of Als. However, a review of the lit-
erature did not yield a study that investigated the impact
of Als on DNA. Therefore, we aimed to investigate the
effect of one Al, anastrozole, on DNA.

In the present study, postmenopausal patients with
a diagnosis of breast cancer who were using anastrozole
were compared with treatment-naive postmenopausal
women with breast cancer, and the effect (if any) of anas-
trozole on oxidative base damage was investigated using
a modified comet assay. In addition, susceptibility to
DNA damage induced by a H,O, challenge assay and
DNA repair capacity were compared.

Lymphocytes, which are easily obtained with nonin-
vasive methods, are most often used in biomonitoring
studies [31]. These cells are synchronous with the GO
phase of the cell cycle. Their most important character-
istic feature is that their biological effects are manifest in
target organs because they circulate in the blood through-
out the body. Therefore, they are frequently preferred for
monitoring DNA damage and chromosomal aberrations
with the goal of evaluating the risk of genotoxicity [32].

We also used lymphocytes isolated from peripheral
blood samples of our volunteer patients. We did not find

any statistically significant difference between patients
using anastrozole and the control group according to
results of the conventional comet assay examining pe-
ripheral blood lymphocytes (p>0.05). Furthermore, ap-
plication of the modified comet assay did not reveal any
statistically significant difference with respect to pyrimi-
dine or purine damage (p>0.05).

To our knowledge, there is no study investigating the
potential role of anastrozole in DNA damage. Wozniak
et al. [26] investigated the genotoxic effect of tamox-
ifen with the modified comet assay (using endo III and
Fpg enzymes) and found that tamoxifen increased the
comet parameters in peripheral blood lymphocytes and
Michigan Cancer Foundation-7 breast cancer cells. Liu
et al. [33] also investigated DNA damage induced by ta-
moxifen metabolites in breast cancer cell lines using the
comet assay and reported that catechol metabolites in-
duced more severe DNA damage.

In our study, we did not find a statistically significant
difference between the study group and the control group
in susceptibility to H O, damage incurred during 1 hour
of incubation (residual damage) or DNA repair capacity
(%) following the H O, challenge assay (p>0.05). We
observed that the sensitivity to H,O, damage demon-
strated great interindividual difference. We think that
this may reveal individual differences in cellular suscepti-
bility to the agent we used. Similarly, Sterpone et al. [34]
used radiation as a challenge agent and reported great
variation in damage in all groups, which they related to po-
tential individual genetic sensitivities independent of cancer.

In our study, we compared groups <50 and >50 years
of age, and found a statistically significantly higher sus-
ceptibility to H,O, damage and residual damage in in-
dividuals aged >50 years (p<0.05). It was observed that
DNA repair capacity had decreased, though not signifi-
cantly, and that DNA damage and oxidative base damage
had increased. Piperakis et al. [35] also investigated age,
DNA damage, and related sensitivities, comparing sus-
ceptibility to damage in 3 groups of 20 male participants
of distinct age using an alkaline comet assay, Hzoz’ and
radiation challenge assays. Consistent with our results,
the researchers reported that basal damage, residual
damage, and sensitivity in the 60-70 years age group were
significantly higher compared with that found in groups
aged 40-50 years and 5-10 years, with the smallest values
seen in the group aged 5-10 years. Diem et al. [36] also
performed a study using an alkaline comet assay and re-
ported increased DNA damage with age.

It is very well known that individual changes in DNA
repair capacity affect the predisposition to cancer [21].
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Not all individuals exposed to the same carcinogen at the
same concentration will eventually develop cancer [37].
Individual repair capacity is related to many factors, in-
cluding genetic and environmental factors, lifestyle-re-
lated influences, and dietary habits [21]. This relation-
ship between cancer and susceptibility to DNA damage
is also important with respect to cancer treatment, and
suggests that the susceptibility of patients to the muta-
genic effects of drugs should be better understood.

According to the results we obtained from this study,
anastrozole was not seen to have an impact on oxidative
DNA damage. The most important limitation of our
study was the small number of samples. However, since
this was an in vivo study, it was not possible to include
a large number of patients who met our criteria. There-
fore, in vitro evaluation of the effect of anastrozole on
DNA damage may be helpful to further clarify any geno-
toxic effect. Based on our results, cellular susceptibility
to damage increases and the repair process slows with
age, which is similar to the findings of other studies. This
suggests that the use of an H,O, challenge test in combi-
nation with the comet assay is useful in the investigation
of conditions that increase susceptibility to damage, such
as aging and cancer.
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