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Abstract
Aim: Hydrogen peroxide, locally produced during thyroid hormone synthesis, leads to oxida-
tive stress in the thyroid gland. Defective repair of oxidative DNA lesions contributes to tumor 
development. This study aimed to understand the importance of DNA damage and repair on 
thyroid cancer development through the impact of the DNA repair gene OGG1 Ser326Cys 
polymorphism that has clinical significance in untreated patients with papillary thyroid can-
cer. 
Methods: The study was performed with 70 patients with papillary thyroid cancer and 73 vol-
unteers as control. In lymphocytes, endogenous DNA damage, H2O2-induced DNA damage, 
and DNA damage after repair were determined by comet assay. The polymerase chain reac-
tion-restriction fragment length polymorphism method was performed for OGG1 genotyping. 
Results: Endogenous DNA damage, H2O2-induced DNA damage, and DNA damage after re-
pair were higher in patients with thyroid cancer than in the controls (P<0.001). An association 
was determined between the OGG1 Cys326 allele and increased risk for the development of 
papillary thyroid cancer. No significant difference was determined between cases carrying 
different OGG1 genotypes for endogenous DNA damage, H2O2-induced DNA damage, and 
DNA damage after repair in the study groups.
Conclusions: Endogenous DNA damage and cell susceptibility to oxidation increase, and 
DNA repair is impaired in patients with papillary thyroid cancer. However, the OGG1 Ser-
326Cys polymorphism is not responsible for the DNA repair defect.
Keywords: DNA damage; DNA repair; polymorphism; thyroid neoplasm

Öz
Amaç: Tiroit hormonu sentezi sırasında lokal olarak üretilen hidrojen peroksit, tiroit bezinde 
oksidatif strese yol açmaktadır. Oksidatif DNA lezyonlarının kusurlu onarımı tümör gelişimine 
katkıda bulunur. Bu çalışmada, tedavi edilmemiş papiller tiroit kanserli hastalarda, DNA hasarı 
ve DNA onarımının tiroit kanseri gelişimindeki rolünün, klinik önemi olan DNA onarım geni 
OGG1 Ser326Cys polimorfizminin üzerinden belirlenmesi amaçlandı.
Yöntem: Çalışma papiller tiroit kanserli 70 hasta ve kontrol grubu olarak 73 gönüllü ile ger-
çekleştirildi. Lenfositlerde endojen DNA hasarı, H2O2 ile indüklenmiş DNA hasarı ve onarım 
sonrası DNA hasarı Comet yöntemi ile belirlendi. OGG1 genotiplemesi için polimeraz zincir 
reaksiyonu-kısıtlama fragman uzunluğu polimorfizmi yöntemi uygulandı.
Bulgular: Tiroit kanserli hastalarda endojen DNA hasarı, H2O2 ile indüklenmiş DNA hasarı ve 
onarım sonrası DNA hasarı kontrollere göre daha yüksekti (P<0.001). OGG1 Cys326 aleli ile 
papiller tiroit kanseri gelişme riskinin artması arasında bir ilişki belirlendi. Çalışma gruplarında 
farklı OGG1 genotipi taşıyan olgular arasında endojen DNA hasarı, H2O2 ile indüklenmiş DNA 
hasarı ve onarım sonrası DNA hasarı açısından anlamlı bir fark saptanmadı.
Sonuç: Papiller tiroit kanserli hastalarda endojen DNA hasarı ve hücrenin oksidasyona duyar-
lılığı artmakta, DNA onarımı bozulmaktadır. Ancak OGG1 Ser326Cys polimorfizmi DNA onarım 
defektinden sorumlu olmadığı gösterilmiştir.
Anahtar Sözcükler: DNA hasarı; DNA onarımı; polimorfizm; tiroid kanseri
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INTRODUCTION
The most prevalent endocrine system cancer is thyroid 
cancer. Thyroid tumors develop due to point muta-
tions frequently in Rat sarcoma (RAS) or B-Raf Proto-
Oncogene, Serine/Threonine Kinase (BRAF) genes, 
and translocations in RET/PTC or PAX8/PPARγ 
genes (1, 2). The most important mutagenic factor for 
thyrocytes is radiation, which causes tumor develop-
ment through the excessive production of reactive 
oxygen species (ROS). The thyroid gland produces 
large amounts of hydrogen peroxide (H2O2) to oxidize 
iodide for thyroid hormone biosynthesis. This creates 
a potentially mutagenic environment through ROS 
production (3, 4). By attacking DNA, ROS causes oxi-
dative DNA damage. Base oxidation and DNA strand 
breaks occur due to oxidative DNA damage. The most 
common and harmful oxidative DNA damage is 8-hy-
droxydeoxyguanosine (8-OHdG). Oxidized guanine 
can lead to GC-TA transversion mutation (5).

DNA repair plays a pivotal role in the maintenance 
of genetic integrity. Defective DNA repair is a con-
tributory factor in carcinogenesis. A low DNA repair 
potential is attributed to an increased risk for many 
cancers, including thyroid cancer (6,7). There are indi-
vidual differences in cancer risk. These differences may 
arise from single nucleotide polymorphisms in DNA 
repair genes. 8-OHdG is repaired by the base excision 
repair system. 8-oxo-deoxyguanosine DNA glycosyl-
ase 1 (OGG1) excises 8-OHdG adducts. 8-OHdG ap-
pears in the bloodstream and is excreted in the urine 
(8). The Ser326Cys; rs1052133, is the most common 
OGG1 gene polymorphism. The polymorphic OGG1-
Cys326 protein has lower enzymatic activity than the 
common OGG1-Ser326 protein (9). This means that 
more mutations may accumulate due to oxidative 
stress in individuals homozygous for OGG1-Cys326. 

There is no study investigating the association 
between Ser326Cys polymorphism and OGG1 DNA 
damage in patients with papillary thyroid cancer. In 
the present study; firstly, the determination of endog-
enous DNA damage, susceptibility to in vitro oxida-
tion by H2O2, and repair level after H2O2 treatment in 
patients with papillary thyroid cancer. Secondly, the 
influence of OGG1 Ser326Cys polymorphism on all 
these parameters was evaluated.

MATERIAL AND METHODS
This study was approved by Istanbul University Cer-
rahpasa Medical Faculty Ethics Committee (date: 
02.04.2013, decision no:A-33). All individuals signed 
informed consent.

70 patients with papillary thyroid cancer were 
recruited from the Department of General Surgery, 
Cerrahpasa Medical Faculty Hospital. The number of 
samples was approximately determined with G*Power 
3.1.9.7 software. Using a T-test with α error = 0.05 and 
a power of 1-β = 0.95, we determined that the required 
sample size for each study group was 71 individu-
als, and the total sample size was 142. Based on this 
calculation, we formed a control group of 73 healthy 
volunteers who matched our exclusion criteria and a 
patient group of 70 volunteers who were diagnosed 
with papillary thyroid cancer for the first time. All pa-
tients were newly diagnosed, and none of them had 
undergone anti-cancer therapy previously. The diag-
nosis of thyroid cancer was based on ultrasound and 
fine-needle aspiration and confirmed by the pathol-
ogy reports after resection of the tumors. The control 
group was composed of 73 patients who were age and 
gender-matched, had no history of cancer, and had no 
family history of any cancer. Patient and control fea-
tures are presented in Table 1. Subjects with acute or 
chronic inflammatory diseases, infectious diseases, 
liver and kidney dysfunction were excluded from the 
study. None of the study cases were smokers and were 
taking antioxidant supplements.

Lymphocyte isolation
Blood samples were taken into heparinized tubes by 
venipuncture before the surgical operation. Lympho-
cyte isolation was performed immediately. For isola-
tion, gradient density centrifugation was performed 
using histopaque 1077 (Sigma-Aldrich 10771, Ger-
many). The collected lymphocytes were washed with 
phosphate-buffered saline solution and then suspend-
ed in Roswell Park Memorial Institute medium (RPMI 
1640) (Sigma-Aldrich 10771, Germany) containing 
10% dimethyl sulfoxide (DMSO) (Sigma-Aldrich 
10771, Germany) and 60% fetal bovine serum (FBS) 
(Sigma-Aldrich 10771, Germany). The trypan blue ex-
clusion assay evaluated cell viability (10). 
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Endogenous DNA damage
Endogenous DNA damage in lymphocytes was eval-
uated for strand breaks by applying the comet assay 
as described previously (11). In brief, the cells mixed 
with low-melting-point agarose were placed on the 
agarose gel layer on a microscope slide. The lysis was 
performed with non-ionic detergent and hypertonic 
lysis solution. After washing steps, the microscope 
slide was treated with a high alkaline solution (pH > 
11) to unwind supercoiled loops. 

Strand breaks appear alkali labile sites. Subse-
quently, electrophoresis was carried out. The breaks 
migrated towards the anode, giving a comet-tail ap-
pearance, whereas undamaged DNA remained within 
the comet head. Comet images were visualized using 
the fluorescent staining method. After staining with 
ethidium bromide, comet images were detected with a 
camera-equipped fluorescence microscope (Olympus 
BX51T-32H01). Tail moments were measured with the 
image analysis software package (Metasystems, Ger-
many). Two slides were studied for each case. A single 
observer blinded to the subject’s diagnosis scrutinized 
50 randomly selected cells on each slide (100 cells in 
total). The tail moment, which is the product of the tail 
length and the percentage of total DNA in the tail, was 
used to express the DNA damage. 

H2O2-induced DNA damage and DNA 
damage after repair 
As is customary in the comet assay, cells were implant-
ed in an agarose layer on two distinct microscope slides 
to assess H2O2-induced DNA damage and DNA dam-
age after repair. The slides were incubated on ice with 
50 mM H2O2 in phosphate-buffered saline solution for 
40 min. The slides were washed to remove H2O2 and 
then put into lysis solution. After washing one of the 
slides were treated with OGG1 enzyme a damage-spe-
cific repair endonuclease for 1 hour at 37°C, whereas 
latter was not threated. This enzyme generates addi-
tional breaks at sites containing 8-OHdG. After the 
enzyme treatment the slides were washed, electropho-
resis was applied as previously mentioned.

Every slide was produced twice for every case. For 
every slide, the mean values of the tail moment of the 
cells were computed for every research group.

Genotyping of OGG1 codon 326 
A Nucleo-Spin DNA purification kit (Macherey–Na-
gel GmbH, Duren, Germany) was used to extract ge-
nomic DNA from lymphocytes. The OGG1 Ser326Cys 
polymorphism was determined by the polymerase 
chain reaction-restriction fragment length polymor-
phism (PCR-RFLP) method, as previously described 
(12). The sequences of the primers were HOGG1F:5’-
GGAAGGTGCTTGGGGAAT-3’ and HOGG1R:5’-
ACTGTCACTAGTCTCACCAG-3’. The amplification 
process involved a 5-minute denaturation at 95°C, fol-
lowed by 30 cycles of 95°C for 30 seconds, 58°C for 30 
seconds, and 72°C for 1 minute each.  After the reac-
tion, a 7-minute incubation step at 72 °C was added.  
The PCR product is 200 bp long and digested with SatI 
at 37 °C for 16 hours, yielding a single 200-bp band 
for the homozygous Ser/Ser hOGG1 variant, a single 
100-bp band for the homozygous Cys/Cys hOGG1 
variant, and double bands of 200 and 100 bp for the 
heterozygous Ser/Cys hOGG1 variant.  The fragments 
were separated using a 3% high-resolution metaphor 
agarose gel. Figure (Figure 1) illustrates the gel show-
ing the genotypes of OGG1 Ser326Cys. Finally, the 
PCR-RFLP results were validated using the real-time 
PCR method. 

Statistical analysis 
IBM Statistical Package for the Social Sciences package 
program version 22.0 (SPSS Inc., Chicago, IL, USA) 
for Windows was used for statistical analysis. Be-
cause the data were not normally distributed, variables 
were reported as median (min-max). The measured 
parameters in the thyroid cancer and control groups 
were compared with the Mann-Whitney U test. The 
differences between endogenous DNA damage, H2O2-
induced DNA damage, and DNA damage after repair 
in each group were compared with the Kruskal-Wallis 
test. Then, binary data were compared with the Mann-
Whitney U test. The Pearson Chi-Square or Fisher’s 
exact tests (two-sided) were used to determine the re-
lationship between genotypes and alleles in the control 
and thyroid cancer groups and the deviation of geno-
type distribution from the Hardy–Weinberg equation. 
The combined odds ratio (OR) with a 95% confidence 
interval (95% CI) was calculated to assess the asso-

Anadolu Klin / Anatol Clin

3



Anatolian Clinic Journal of Medical Sciences, January 2025; Volume 30, Issue 1

DNA damage and repair in thyroid cancer

4

Akkaya Engin et al.

ciation between the thyroid cancer risk and the Ser-
326Cys genotype of the OGG1 gene. Spearman cor-
relation coefficient was used to examine correlations 
between the variables. The P value less than 0.05 was 
considered statistically significant.

RESULTS
As shown in Table 2, endogenous DNA damage, 
H2O2-induced DNA damage, and DNA damage after 
repair in peripheral lymphocytes of patients with thy-
roid cancer were found to be higher than those in the 
controls (p<0.001). The representative images of pa-
tients from the comet assay with their corresponding 
controls are shown in Figure 2. The Hardy-Weinberg 
equilibrium was observed in the dispersion of OGG1 
Ser326Cys genotypes between thyroid cancer patients 
and controls (p>0.05). Significant differences existed 
between patients with thyroid cancer and control cas-
es for the genotype distribution and allele frequencies. 
The distribution of OGG1 Ser326Cys genotypes in 
the thyroid cancer and control groups is given in the 
Table 3. OGG1-Cys326 allele and genotypes carrying 
this allele (Ser326Cys+Cys326Cys) were found to be 
associated with an increased risk for the development 
of papillary thyroid cancer. Neither in the patients 
with thyroid cancer nor the control group, a signifi-
cant difference was determined between the OGG1 
Ser326Cys genotypes for endogenous DNA damage, 
H2O2-induced DNA damage, and DNA damage after 
repair (Table 4). 

No significant correlation exists between thyroids 
hormones (T3, T4, TSH) and endogenous DNA dam-
age, H2O2-induced DNA damage, and DNA damage 
after repair.   

DISCUSSION 
The thyroid gland may be exposed to more oxidative 
stress than other tissues. Because a high level of H2O2 is 
produced in the thyroid gland to act as a co-substrate 
in hormone biosynthesis. H2O2  is produced in the 
thyroid by one or two NADPH oxidases at the apical 
membrane of thyrocytes to oxidize iodide and then 
incorporate it into the thyroglobulin (3,13). On the 
other hand, H2O2 acts as an oxidant and induces the 

formation of ROS that constitute a potentially muta-
genic environment in thyrocytes, leading to cancer de-
velopment (4,14). Therefore, an efficient DNA repair is 
essential to prevent oxidative damage-induced muta-
genesis in the thyroid gland. Unfortunately, compared 
to other tissues, thyroid tissue detected an 8-10-fold 
higher spontaneous mutation rate (15). This brings to 
mind defective DNA repair in thyrocytes. Masha et al. 

Figure 1. An illustration of the OGG1 Ser326Cys genotypes on the 
gel. For the 326Cys variation, the 200-bp PCR product is broken 
down into two 100-bp fragments by Fnu4HI, while the 326Ser allele 
remains undigested. Lane 1, 100-bp ladder size marker; Lane 2 and 
Lane 3, a Ser/Ser homozygote; Lane 4, a Ser/Cys heterozygote; Lane 
5, a Cys/Cys homozygote; Lane 6, undigested products of PCR.

Figure 2. Representative comet assay images show endogenous 
DNA damage, H2O2-induced DNA damage, and DNA damage after 
repair in the control and patients with thyroid cancer.
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Table 1. Demographic and clinical data of the study groups.
Thyroid Cancer Group

(n:70)
Control Group

(n:73)
p

Age (year) 49 (24-79) 54 (20-69) 0.060

Gender Men 15 23

Women 55 50

T3 (pg/mL) 3.22 (0.26-4.25)a 1.20 (0.86-3.17) 0.000

T4 ( ng/dL) 1.21 (0.05-2.54) 1.23 (0.98-1.60) 0,540

TSH ( μU/ml) 1.84 (0.01-100.00) 2.13 (0.50-10.46) 0.096
a versus control group
T3: Triiodothyronine, T4: Tetraiodothyronine, TSH: Thyroid stimulating hormone, n: Number

Table 2. Endogenous DNA damage, H2O2-induced DNA damage, and DNA damage after repair in the study groups.
Thyroid Cancer Group

(n:70)
Control Group

(n:73)
p

Endogenous DNA damage
(Tail Moment)

0.81 (0.36-1.63)a 0.32 (0.19-2.12) 0.000

H2O2-induced DNA damage 
(Tail Moment)

2.36 (0.91-5.70)b 1.81 (1.46-4.19) 0.003

DNA damage after repair 
(Tail Moment)

1.03 (0.43-1.83)a 0.52 (0.29-0.76) 0.000

a versus control group, b versus control group, n: Number

Table 3. Distribution of allele and genotype frequency of OGG1 Ser326Cys polymorphism in the study groups.
Thyroid Cancer Group

n (%)
Control Group

(n%)
OR(95% CI) p

OGG1-326

Ser/Ser 30(43%) 44(60%) Reference

Ser/Cys +Cys/Cys 40(57%) 29(40%) 2.02(1.04-3.94) 0.037

Ser  allele frequency 0.43 0.60 Ref

Cys allele frequency 0.57 0.40 1.99(1.13-3.49) 0.016

Ser: Serine, Cys: Cysteine, OGG1: 8-oxo-deoxyguanosine DNA glycosylase 1, OR: odds ratio, n: Number

Table 4. Endogenous DNA damage, H2O2-induced DNA damage, and DNA damage after repair according OGG1 Ser326cys genotypes.
Endogenous

DNA damage
H2O2-induced DNA damage DNA damage after repair 

Control Group

Ser/Ser (n=44) 0.31 (0.19-0.40) 1.79 (1.49-4.19) 0.46 (0.21-0.76)

Ser/Cys+Cys/Cys (n=29) 0.32 (0.19-0.39) 1.82 (1.66-2.08) 0.49 (0.29-0.74)

p* 0.760 0.800 0.960

Thyroid Cancer Group

Ser/Ser (n=30) 0.72 (0.40-1.56) 2.09 (1.26-4.36) 1.01 (0.55-1.83)

Ser/Cys+ Cys/Cys (n=40) 0.83 (0.360-1.630) 2.50 (0.91-5.70) 1.04 (0.43-1.53)

p* 0.630 0.250 0.640

* p values in each set refer to comparisons between cases with Ser/Ser and Ser/Cys+ Cys/Cys genotypes. Ser: Serine, Cys: Cysteine
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(7) reported mismatch repair deficiency in papillary 
thyroid tumors. Karger et al. (16) determined down-
regulated DNA repair genes (OGG1, Mut Y homo-
log (MUTYH), and endonuclease III) and increased 
8-OxoG in the nucleus of follicular thyroid carcinoma, 
compared with follicular adenoma. They suggested 
that oxidative stress and consequent transcriptional 
dysregulation in thyrocytes cause mismatch repair de-
ficiency and potentiate papillary thyroid tumorigen-
esis. Similarly, we discovered in the current study that 
thyroid cancer patients had reduced in vitro repair of 
DNA damage caused by H2O2 treatment in peripheral 
lymphocytes compared to controls.

DNA repair deficiency may be derived from sin-
gle nucleotide polymorphisms in DNA repair genes. 
The OGG1 Ser326Cys polymorphism was reported to 
modulate repair activity. Aka et al. (17) demonstrated 
that after challenging with 2 Gy of γ-rays, DNA strand 
break capacity is slower in peripheral blood lympho-
cytes of individuals with Ser/Cys or Cys/Cys OGG1 
genotypes compared to those with the Ser/Ser OGG1 
genotype. These findings agree with other studies. A 
higher level of DNA strand breaks was detected in the 
lymphocytes of agricultural workers exposed to pesti-
cides (18) and male workers exposed to cobalt (19) in 
the presence of the OGG1 326Cys allele. The OGG1 
Ser326Cys polymorphism has been widely evaluated 
in various case-control studies on cancer. Most studies 
examined the association between OGG1 Ser326Cys 
polymorphism increases/decreases cancer risk. OGG1 
Cys326 allele was found to be associated with an in-
creased risk of nasopharyngeal, esophageal, lung, 
stomach, prostate, and cervical cancers (20-25). As far 
as we know, only two groups investigated a potential 
association between OGG1 Ser326Cys polymorphism 
and thyroid cancer risk (26,27), and their results did 
not reveal a significant association. However, their 
findings were not evidenced by functional studies. 
None of the previous studies investigated the impact 
of OGG1 Ser326Cys polymorphism on DNA damage 
level or DNA repair activity in patients with thyroid 
cancer. Only García-Quispes et al. (28) examined a 
functional relationship between OGG1 Ser326Cys 
polymorphism. They looked into how various DNA 
repair gene polymorphisms (OGG1, XRCC1, XRCC2, 
and XRCC3) affected the frequency of micronuclei 

(MN) in the lymphocytes of a sample of thyroid cancer 
patients, both spontaneously and through stimulation. 
They stated that only OGG1 Ser326Cys polymorphism 
is able to affect MN frequency. It should be noted that 
this impact was seen only at the spontaneous MN fre-
quency and not at the MN frequency caused by treat-
ing lymphocytes with 0.5 Gy of γ-radiation. In our 
study, although the OGG1 Cys326 allele was found to 
be associated with an increased risk for the develop-
ment of papillary thyroid cancer, no significant impact 
of the OGG1 Cys326 allele were observed on endog-
enous DNA damage, H2O2-induced DNA damage, and 
DNA damage after repair. The lack of influence of the 
OGG1 Cys326 allele on DNA damage and repair can 
be attributed to extensive functional interactions be-
tween DNA repair proteins and overlapping specificity 
within the same repair pathway (29,30). The existing 
DNA damage may be repaired by an enzyme other 
than OGG1, and this repair may be deficient, so we 
observed high DNA damage. Alternatively, DNA re-
pair capacity may be exceeded due to intensive dam-
age. As a limitation of this study, we mainly focused on 
a DNA repair deficiency, so the requirement of mea-
surement of antioxidant activity in the study groups 
escaped from our notice. Besides, the small number of 
study cases is another limitation of this study.

CONCLUSION
In the present study, we demonstrated for the first time 
that repair of DNA strand breaks is impaired in pa-
tients with papillary thyroid cancer, as evidenced by 
high endogenous DNA damage and high DNA dam-
age after in vitro repair. The increased H2O2-induced 
DNA damage in the patients is also a novel finding 
and reflects an increased susceptibility to oxidation. 
Increased cell susceptibility to oxidation may occur 
due to defective antioxidant defense. Finally, this was 
a functional study to explain the possible role of DNA 
repair in the development of papillary thyroid cancer. 
We concluded that oxidative DNA damage and DNA 
repair deficiency may be critical events in thyroid tu-
morigenesis, but DNA repair gene OGG1 Ser326Cys 
polymorphism does not influence this pathogenic 
event. 
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