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Introduction

Cancer as a disease is intimately associated with DNA damage at
multiple levels! 2. Elevated DNA damage levels or unrepaired DNA dam-
age and suboptimal DNA repair may cause mutations or chromosomal
aberrations that contribute to malignant transformation and cancer risk.
At the cellular and molecular levels, genes whose products participate in
complex responses to DNA damage are commonly deregulated or inacti-
vated in tumours' 2. Such defects in DNA damage recognition, signaling
and/or downstream responses, including cell-cycle checkpoints, DNA re-
pair or cell death, allow the genetically unstable cancer cells to survive,
proliferate and acquire even more genetic instability!5.

Thyroid malignancies are frequently encountered tumours of the
head and neck region with a fairly good prognosis®. Papillary carcinoma is
a representative histological type of thyroid malignancy originating from
normal follicular cells. Generally, the lesions have mild characteristics
and grow only slowly, but cases with certain pathological characteristics
are progressive, showing a poor prognosis. Thyroid tumors also account
for approximately 1% of all malignant diseases’. Previous studies showed
that papillary thyroid cancer has a genomic instability®. Early detection
of the thyroid malignancies reduces the suffering and the cost associated
with the disease.
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Various biomarkers have been used to determine cellular DNA dam-
age. The single-cell gel electrophoresis, or the Comet assay, is a valuable
method for the assessment of DNA strand breakage in a single cell. It is
based on the alkaline lysis of labile DNA at sites of damage. The assay is
relatively easy to perform and well-suited for population-based studies®!3.

The studies describing the levels of DNA damage in malignant and
benign thyroid tumours are lacking. For this reason; the aim of this
study was to investigate the possible DNA damage in peripheral blood
lymphocytes from patients with benign and malignant thyroid disorders
in comparison to healthy controls by using the comet assay.

Materials and Methods
Chemicals

The chemicals used in these experiments were purchased from
the following suppliers: normal melting agarose (NMA) and low melting
agarose (LMA) from Boehringer Mannheim (Germany), sodium chloride
(NaCL) and sodium hydroxide (NaOH) from Merck Chemicals (Dramstadt,
Germany); dimethylsulfoxide (DMSO), ethidium bromide (EtBr), Triton
X-100 and phosphate buffered saline (PBS) tablets from Sigma (St. Loui,
USA); ethylenediamine tetraacetic acid disodium salt dihydrate (EDTA),
N-lauroyl sarcosinate and tris from ICN Biomedicals Inc. (Aurora, Ohio,
USA).

Study Population

The study group consisted of 71 patients with benign or malignant
thyroid disorders operated between January 2006 and December 2006
at Gazi University Medical Faculty Department of Surgery; Ankara, Tur-
key. The patients were divided into three groups; first group consisted
of benign thyroid disorders (n=45), the second group consisted of pa-
tients with papillary thyroid cancer (n=26) and the third group consisted
of 30 healthy controls comparable in sex, socio-economic life style, and
smoking habits without history of thyroid or other cancers. The preop-
erative diagnosis of papillary thyroid cancer patients was confirmed by
fine needle aspiration (FNA). Patients with a history of chemotherapy,
radiotherapy and thyroid or other diseases other than cancer and who
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have thyroid disorders in their families are excluded from the study. All
of the patients had the euthyroid stage before the operation and under-
went total thyroidectomy. All the subjects were provided with a written
informed consent before blood samples were drawn from them. The study
has been approved by an ethical committee according to the ‘Decleration
of Helsinki’. Subjects in all three groups were compared in terms of de-
mographic characteristics, smoking habits and DNA damage in periph-
eral lymphocytes determined by comet assay.

Sample Collection

Two ml of venous blood samples from each subject were drawn into
heparinized tubes and were protected from light. All samples were col-
lected in early morning before the operation.

Cell Preperation

Lymphocytes from a 2 ml heparinized whole blood were isolated by
Ficoll-Hypaque density gradient centrifugation and washed in PBS'*. Cell
concentrations were adjusted to approximately 2x10° /ml in the buffer.
Aliquots of 5-10pl of the cells were suspended in 75yl of low melting point
agarose (LMA) for embedding on slides. Cells were checked for viability by
trypan blue exclusion.

Slide preparation

The basic alkaline technique of Singh et al., as further described by
Collins et al. was followed!5 6. The microscopic slides had been covered
with 1% NMA at about 45 °C in Ca? - and Mg?*- free PBS before the ex-
periment. This layer was used to promote the attachment of the second
layer. For the second layer, around 10000 cells mixed with 80 pl of 1%
LMA (pH 7.4) were rapidly pipetted onto this slide, spread using a cover
slip, and maintained on an ice-cold flat tray for 5 min to solidify. After
removal of the cover slip, the slides were immersed in cold lysing solu-
tion (2.5 M NaCl, 100 mM Na,EDTA, 10 mM Tris, 1% sodium sarcosinate,
pH 10) with 1% Triton X-100 and 10% DMSO added just before use for a
minimum of 1 h at 4 °C.
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Electrophoresis

The slides were removed from the lysing solution, drained and placed
in horizontal gel electrophoresis tank side by side, avoiding spaces and
with the agarose ends facing each other, nearest the anode. The tank was
filled with fresh electrophoresis solution (1 mM Na,EDTA and 300 mM
NaOH, pH 13) to a level approximately 0.25 cm above the slides. Before
electrophoresis, the slides were left in the solution for 20 min at 4°C to
allow the unwinding of the DNA and expression of alkali labile damage.
Electrophoresis was conducted at a low temperature (4 °C) for 20 min
using 24 V and adjusting the current to 300 mA by raising or lowering
the buffer level and using a compact power supply (Power Pack P 25 Bio-
metra Analytic GmbH). All of these steps were conducted under dimmed
light to prevent the occurrence of additional damage. After electrophore-
sis, the slides were taken out of the tank, washed in distilled water. Tris
buffer (0.4 M Tris, pH 7.5) was added drop wise and gently to neutralize
the excess alkali and the slides were allowed to sit for 5 min. The neutral-
izing procedure was repeated 3 times.

Staining and slide scoring

To each slide, 30 pl of EtBr (20 pg/ml) was added. For visualization
of DNA damage, slides were examined at a 1000X magnification using
a 40X objective on a fluorescence microscope Leica (Wetzlar, Germany).
Measurements were made by a computer-based image analysis system
‘Comet Assay III' Perceptive Instruments (Suffolk, England). Images of
100 randomly selected lymphocytes, i.e. 50 cells from each of two repli-
cate slides were analyzed from each sample and tail length, tail intensity
and tail moment were measured on the screen. Breaks in the DNA mol-
ecule disturb its complex supercoiling, allowing liberated DNA to migrate
towards the anode. Staining shows the DNA as ‘comets’. The mean value
of the tail length, tail intensity and tail moment was calculated and used
for the evaluation of DNA damage.

Statistical Analysis

For statistical analysis SPSS for Windows 10.0 computer program
was used. Results were expressed as mean+SE and the statistical com-
parison of the results from the healthy controls and the patients with
benign and malignant thyroidal diseases were performed using one-way
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analysis of variance (ANOVA) test and post hoc analysis of group differ-
ences was performed by the LSD test. This test was also used to compare
the grades of DNA damage in patients and controls according to smoking
habits. p<0.05 was considered statistically significant.

Results and Discussion

The first group consisted of 31 females and 14 males (n=45) with be-
nign thyroidal diseases with a mean age of 43+9.3 years. In this group of
total 45 benign thyroidal diseases, patients dispersed as 30 multinodular
goiter and 15 thyroiditis. All of them have euthyroid state before the opera-
tion. The smoker/non-smoker ratio was 11/45. The second group consist-
ed of 18 females and 8 males (n=26) with papillary thyroid cancer with a
mean age of 46+13.9 years. All of them have euthyroid state before the op-
eration. The smoker/non-smoker ratio was 4/26. All the patients with be-
nign and malignant group underwent total thyroidectomy. The third group
consisted of 30 healthy controls; 10 male, 20 female with a mean age of
29+5.9 years. The smoker/non-smoker ratio was 9/30 in this group.

The DNA damage expressed as tail length, tail intensity and tail mo-
ment in the lymphocytes of patients with benign thyroid tumours and
thyroid cancer and also healthy controls was given in Table I. The DNA

TABLE I

DNA damage in the healthy controls, patients with bening and malig-
nant thyroid tumours expressed as tail length, tail intensity and tail

moment.
Lymphocytes Tail length Tail intensity Tail moment
Healthy controls 0.66+0.01 3.09+0.20 0.02+0.00
Patients with bening 0.93+0.03 *** 5.98+0.71 ** 0.060.01 ***
thyroid tumours
Patients with malignant | g5, o4 ## 5.68+0.71 * 0.040.01 *
thyroid tumours

The results are given as mean+SE.
*** p<0.001, ** p<0.01, * p<0.05 patients with bening and malignant thyroid tumours
compared to healthy controls.
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damage was significantly higher in patients with thyroid cancer and be-
nign thyroid tumours compared to healthy controls. Although the tail
length, tail intensity and tail moment were found to be higher in the pe-
ripheral lymphocytes of the patients with benign breast tumors in com-
parison to breast cancer patients, there were no statistically significant
differences in terms of tail length, tail intensity, and tail moment be-
tween the patients with breast cancer and benign breast tumors (Figure
1). Cigarette smoking was not related to DNA damage observed in the
lymphocytes of the patients with benign thyroid tumours and thyroid
cancer, since no additional DNA damage was observed when the smok-
ing and the non-smoking patients were compared. However, the number
of smoking patients with benign thyroidal diseases (n = 11) and thyroid
cancer (n = 4) is not adequate to give a correct decision on smoking-in-
duced DNA damage.

Thyroid cancer forms in the thyroid gland, an organ at the base of
the throat that modulates hormones to help in control heart rate, blood
pressure, body temperature, and weight. Papillary, follicular, medullary,
and anaplastic thyroid cancers are the four main types of thyroid cancer.
Thyroid tumours are the most common endocrine malignancy, account-
ing for approximately 1% of all malignant diseases and about 0.4% of
deaths related to cancer'”. Since thyroid cancer shows the fastest rate
of increase especially in women, there is an urgent need to better un-
derstand its underlying causes, explore efficient and sensitive methods
for its diagnosis, new methods of treatment and follow-up'® '°. Complex
interactions between genetic and environmental factors affect the site of
tumor formation and play an important part in early tumorigenesis®. In-
creased genetic instability, either spontaneous or mutagen-induced, has
been considered as a predisposing factor for neoplastic transformation 2!.
It has been argued that any situation that increases the mutation rate
can also accelerate carcinogenesis®?. A sensitive assay to identify mark-
ers that can accurately diagnose the onset of thyroid cancer using non-
invasively collected blood samples is ideal for early detection. The earlier
and more accurate the diagnostic marker can predict the disease onset,
the more valuable it becomes.

In the present study the DNA damage in the peripheral lymphocytes
of the patients with benign thyroidal nodules and papillary thyroid car-
cinomas which is a well differentiated thyroid tumour were compared
with healthy control subjects by comet assay. It was found that the DNA



ASSESSMENT OF DNA DAMAGE IN PERIPHERAL BLOOD LYMPHOCYTES PATIENTS WITH 7
BENIGN AND MALIGNANT THYROID DISORDERS

1,2 4
1
ek
0,8
@
=1
=
g
0,6
= B
-t
=
(=)
0,4
)
0,2
o T T 1
Healthy Controls Benign Thyroid Tumours Malignant Thyroid Tumours
A

-
T *
L *
. |
s | = =
=,
=)
&
=
=
=
=
=
a
2
Pt
O = = =
.
° . . |
B Healthy Controls Benign Thyroid Tumours Malignant Thyroid Tumours
0,08
0,07 Hkk
0,06 TR
ma I
0,05 *
&%
&
£
£ 0,04
-
z
=
0,03
0,02
0,01
H-H-U _H.\
o : G . LY Lelels, : aataa
C Healthy Controls Benign Thyroid Tumours Malignant Thyroid Tumours
Figure 1

DNA damage in peripheral lymphocytes of the groups expressed as (A) tail length, (B) tail
intensity and (C) tail moment (*** p<0.001, ** p<0.01, *p<0.05).
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damage in the thyroid cancer patients and in the benign thyroid tumours
were higher than the healthy controls. Our findings support the hypoth-
esis that DNA damage may serve as a thyroid cancer risk biomarker. The
comet assay used in this study is sensitive to detect significant differ-
ences in single strand breaks in benign thyroid tumours and carcinomas.
Although there is considerable evidence that individual variation in the
detection, signaling, toleration, and repair of DNA damage contributes to
human cancer risk. Limited number of studies have reported increased
thyroid, breast and bladder cancer risks associated with higher DNA
damage measured by the comet assay'® 2325, This is central to the prob-
lem of carcinogenesis. DNA damage checkpoint is activated in a wide
variety of human preneoplastic and neoplastic lesions. Increased normal
cell proliferation, in which case the response of the preneoplastic and
neoplastic lesions could simply be a reflection of their high proliferation
index. Enhanced proliferative index and DNA damage has been shown in
normal colonic mucosa by Gorgoulis et al.?. Although it would be ideal to
use target tissue in evaluating DNA damage peripheral lymphocytes were
used in our study as by Smith et al. since it is easy and rapid to work?*.

In the present study, although the difference is not statistically sig-
nificant, the DNA damage seems to be higher in the patients with benign
thyroid tumours compared to the patients with thyroid cancer. DNA re-
pair capacity is essential for cell survival and the maintenance of cell
cycle control. Inter-individual variation in DNA repair capacity has been
observed in several in vitro lymphocyte assays?®” 28. In addition to all these
several studies have proven that the difference between DNA damage
and repair capacity leads to genetic differences inducing susceptibility to
carcinogenesis has been shown in many studies. Popanda et al. reported
that deficiency in DNA repair is a risk factor for the development of breast
cancer; Wu et al. reported that the DNA repair capacity of lung cancer pa-
tients was significantly lower than that of controls; Udumudi et al. found
that low DNA repair capacity is a susceptibility factor for cervical carci-
noma?3!. Recent studies have shown the DNA damage acts as an anti-
cancer barrier. DNA damage response may serve as an inducible barrier
to constrain tumour development in its early, pre-malignant stages and
create environment that, over time, selects for mutations in checkpoint
genes. DNA damage response may rescue defective cell growth, avoid
senescence and limit cell death at the expense of genomic instability and
tumour progression®® 3235, Thus, activation of the DNA damage check-
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point occurs specifically in preneoplastic and neoplastic lesions. Some
benign proliferative lesions, both with and without atypia, seem to con-
tain precursor mutations that might affect neoplastic potential®® 37. This
concept has been formulated, based on the results obtained from analy-
ses of human solid tumours derived from somatic cells, including the
various stages of lung, urinary bladder, colorectal, breast cancer and
melanomas, as well as some mouse tumour models and cultured human
somatic cells?6: 33-35. 38,
Conclusion

To assist with early detection/prevention of papillary thyroid cancer,
reliable risk biomarkers are urgently needed. Our results support the
hypothesis that increased thyroid cancer risk is associated with higher
DNA damage and evaluation of DNA damage response may contribute
to early detection and prevention of thyroid cancer but due to enhanced
proliferative index in certain benign disorders, use of DNA damage only
may not be sufficient to show risk of progression to cancer. Studies with
larger population and also in other cells apart from lymphocytes are nec-
essary. On the other hand; our results also show that comet assay seems
to be reliable, rapid, and sensitive method for detecting DNA damage in
individual cells and fulfils the requirements of a biological marker to de-
tect/prevent thyroid cancer risk.
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Summary

Assessment of DNA Damage in the Peripheral Blood
Lymphocytes From Patients with Benign and Malignant Thyroid
Disorders

Thyroid tumours are the most common endocrine malignancy, ac-
counting for approximately 1% of all malignant diseases and about 0.4%
of deaths related to cancer. Several studies have reported increased thy-
roid, breast and bladder cancer risks associated with higher DNA dam-
age measured by the comet assay. The aim of the present study was to
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investigate the possible DNA damage in the peripheral blood lymphocytes
patients with benign and malignant thyroid disorders in comparison to
healthy controls by using the comet assay. In this study, DNA damage
expressed as tail length, tail intensity and tail moment of 45 patients
with benign and 26 patients with malignant thyroid disorders operated in
Gazi University, Medical Faculty, Department of Surgery were compared
with 30 healthy controls comparable in sex, socio-economic life style,
and smoking habits with no history of any thyroid disease. Patients with
benign and malignant thyroid disorders were not received chemotherapy
and radiotherapy. Significant increases were observed in the DNA dam-
age in patients with benign and malignant thyroid disorders compared
to the healthy controls. No significant differences were found in the DNA
damage between benign and malignant thyroid disorders.

Key words: Thyroid tumours, Thyroid cancer, DNA damage, Comet
assay, Single cell gel electrophoresis.

Ozet

Benign ve Malign Tiroid Hastalarinin Periferal
Kan Lenfositlerinde DNA Hasarinin Degerlendirilmesi

Tiroid timoérleri en sik gortilen malign endokrin hastaliklar olup ma-
lign hastaliklarin yaklasik %1’ini ve kansere bagh éltimlerin ise %0.4tGint
olusturmaktadir. Cok sayida calismada tiroid, meme ve mesane kanser
riskinin comet yontemiyle saptanan artmis DNA hasariyla iliskilendirildigi
bildirilmistir. Calismanin amaci, benign ve malign tiroid hastaligl olan
bireylerin peripheral kan lenfositlerindeki olas1 DNA hasarini bilgisayarl
analiz sistemli comet yontemiyle tayin etmek ve sonuclar saghikh kon-
trol bireylerindeki DNA hasariyla karsilastirmaktir. Bu calismada; Gazi
Universitesi, Tip Fakiiltesi, Genel Cerrahi Anabilim Dali'nda opera-
syonu gerceklestirilen 45 benign ve 26 malign tiroid hastasmdaki DNA
hasarn kuyruk uzunlugu, kuyruk yogunlugu ve kuyruk momenti olarak
degerlendirilmis ve sonuclar cinsiyet, sosyo-ekonomik yasam tarzi, si-
gara aliskanliklan eslestirilmis, tiroid hastaligl hikayesi bulunmayan 30
saglikll kontrolden elde edilen bulgularla karsilastinlmistir. Benign ve
malign tiroid hastalar1 kemoterapi ve radyoterapiye baslamamis has-
talardan secilmistir. DNA hasari, benign ve malign tiroid hastalarinda
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saglikl kontrollere kiyasla énemli derecede artmis bulunmustur. Benign
ve malign tiroid hastalar arasinda DNA hasar1 farkli bulunmamaistir.

Anahtar Kelimeler: Tiroid ttimorleri, tiroid kanseri, DNA hasari, Com-
et yontemi, Tek hticre jel elektroforezi.
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