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Association Between TP53 Gene Polymorphism and Obesity

SUMMARY

Obesity is a chronic disorder with increasing prevalence worldwide 
and occurs when energy intake is greater than energy expenditure. 
Obesity is one of the factors that cause oxidative stress and arises from 
an imbalance between the reactive oxygen species (ROS) and the cell’s 
antioxidant defense system. Increasing ROS in obesity, influencing 
the hypothalamic neurons, affects hunger and satiety control, 
so correspondingly on body weight control. When ROS amount 
increases, through DNA, protein and lipid oxidation, cell damage, 
necrosis, and apoptosis take place. Tumor protein p53, the guardian 
of the genome, is responsible for the regulation of genes involved in 
apoptosis as well as energy generating metabolic pathways. In our 
study, we investigated the TP53 (Arg72Pro) polymorphism in 151 
patients diagnosed with obesity. TP53 mutation (rs1042522) was 
determined by real-time PCR. In 8 patients, the TP53 mutation was 
identified as carrying heterozygous (Arg72Pro) and in 143 patients 
carrying homozygous (wild type) (Arg72Arg). No individual with a 
homozygous mutant (Pro72Pro) genotype was found in the studied 
group. Associations between TP53 genotypes and clinical obesity 
parameters such as body mass index, thyroid stimulating hormon, 
glucose, postprandial blood sugar, triglyceride and cholesterol levels 
were compared statistically. According to the results of statistical 
analysis, it was observed that TP53 polymorphism was associated 
with insulin level. Genotype frequencies were also compared with 
previous studies performed in control populations and found to be 
different. This study shows that there may be a relationship between 
TP53(Arg72Pro) polymorphism and obesity.
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TP53 Gen Polimorfizmi ve Obezite Arasındaki İlişki

ÖZ

Obezite, alınan enerjinin, harcanan enerjiden fazla olmasından 
kaynaklanan, tüm dünyada prevalansı endişe verici şekilde artan 
kronik bir hastalıktır. Obeziteye neden olan etkenlerden biri 
olan oksidatif stres, reaktif oksijen türleri (ROT) ile hücrenin 
antioksidan savunma sistemi arasındaki dengesizlikten ortaya 
çıkar. Obezitede artış gösteren ROT’lar hipotalamik nöronlar 
üzerinde etkili olarak, açlık ve tokluğun kontrolünde ve buna 
bağlı olarak vücut ağırlığının kontrolünde etkili olurlar. ROT 
arttığında, DNA, protein ve lipitlerin oksidasyonu yoluyla hücre 
zedelenmesi, nekroz ve apopitoz oluşur. Genomun koruyucusu 
olan tümör proteini p53, enerji üreten metabolik yolların yanı 
sıra apoptozda yer alan genlerin düzenlenmesinden sorumludur. 
Çalışmamızda obezite tanısı almış 151 hastada TP53 (Arg72Pro) 
polimorfizmi araştırıldı. TP53 mutasyonu (rs1042522), gerçek 
zamanlı PCR ile belirlendi. 8 hastada TP53 mutasyonu heterozigot 
taşıyan (Arg72Pro) ve 143 hastada homozigot taşıyan (yabanıl tip) 
(Arg72Arg) olarak tanımlandı. Çalışılan grupta homozigot mutant 
(Pro72Pro) genotipine sahip birey bulunamadı. TP53 genotipleri 
ile vücut kitle indeksi, tiroit stimüle edici hormon, glukoz, tokluk 
kan şekeri, trigliserit ve kolesterol düzeyleri gibi klinik obezite 
parametreleri arasındaki ilişkiler istatistiksel olarak karşılaştırıldı. 
İstatistiksel analiz sonuçlarına göre TP53 polimorfizminin insülin 
düzeyi ile ilişkili olduğu gözlendi. Ayrıca genotip frekansları kontrol 
popülasyonlarında gerçekleştirilen önceki çalışmalarla karşılaştırıldı 
ve farklı olduğu bulundu. Bu çalışma, TP53 (Arg72Pro) 
polimorfizmi ile obezite arasında ilişki olabileceğini göstermektedir.

Anahtar Kelimeler: Obezite, Oksidatif stres, TP53, Polimorfizm.
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INTRODUCTION

The prevalence and incidence of obesity, a public 
health problem that has gained importance recently, 
increases day by day. Obesity badly affects life ex-
pectancy (Mensah, 2004). Obesity both reduces the 
quality of life and shortens its duration. Because of 
that, diet, exercise and medical treatments have been 
applied, and the lack of success has become the fo-
cus of researches on hormones, mediators and genes 
that may be the source of surgical interventions 
(Bertakis&Azari, 2005). Obesity is accepted as an 
increasing disease in the world and in our country, 
which occurs as a result of the interaction of genetic 
and environmental factors. Obesity is the result of the 
body’s fat mass to lean mass, and the body weight is 
higher than the expected level according to the height 
fit. Body Mass Index (BMI) is classified as 25-29,9 kg/
m2 overweight, 30-34,9 kg/m2 obese, over morbidity 
obesity according to the World Health Organization 
(WHO) (Aydemir, 2006). BMI can be easily calculat-
ed by dividing body weight in kilograms by the square 
of the neck in meters (Body weight / height2) and its 
unit is kg / m2. BMI can be easily calculated by di-
viding body weight in kilograms by the square of the 
neck in meters (Body weight/height2) and its unit is 
kg/m2. Obesity is increasingly becoming an epidemic 
problem. The MONICA study carried out by WHO 
in 6 different regions of Asia, Africa and Europe and 
lasting for 12 years, it was reported that an increase 
in the prevalence of obesity between 10 and 30% in 
10 years (Silventoinen, 2004). According to WHO, it 
is estimated that there are over 1.9 billion overweight 
and 650 million obese adults worldwide in 2016. The 
risk of cardiometabolic disease increases significant-
ly in obese and overweight patients. Obesity, even 
if carbohydrate metabolism is normal, endothelial 
dysfunction, dyslipidemia, hypertension (HT) and 
vascular inflammation may develop due to insulin 
resistance and increased adipokines. All these patho-
genetic changes contribute to the development of 
atherosclerosis. The atherosclerotic process becomes 
more severe and accelerated with the decline of car-

bohydrate metabolism. The frequency of cardiometa-
bolic diseases and other systemic problems increases 
in proportion to the severity and duration of obesity. 
These accompanying diseases with obesity increase 
the risk of developing complications and causes some 
difficulties in the process of regulation of treatment 
(Artham, 2009). The International Cancer Research 
Agency announced the relationship between obesity 
and many types of cancer in 2002. Particularly note-
worthy cancers are colon, postmenopausal breast, en-
dometrial, kidney and esophageal cancers. A cohort 
study containing 900,000 cases in the USA showed 
the contribution of obesity to 11% in postmenopausal 
colon cancer, 9% in breast cancer, 39% in endometrial 
cancer, 25% in kidney cancer, and 37% in esophageal 
cancer. It has also been shown that the risk of cancer 
increases as the degree of obesity increases (Calle et 
al, 2004; Birmingham, 2009). The mechanism of the 
relationship associated with obesity is multifactorial. 
Increasing insulin activates the IGF-1 pathway, caus-
ing an increase in cancer cells. Also, adipocytokines 
are thought to play a role in the mechanism. Colon, 
prostate and breast cancer leptin levels positive with 
endometrial, breast, colon and prostate because there 
is a negative correlation between cancer. Also, those 
associated with obesity are hypoxia, genetic predis-
position and increased inflammation are also accused 
factors in the obesity-cancer relationship.  Obese cas-
es should be followed up in terms of cancer risk be-
sides metabolic diseases and they should be support-
ed about this issue (Hursting, 2010; Basen-Engquist, 
2011). 

Although oxygen is essential for human life, it is 
produced during normal metabolism. Some types of 
reactive oxygen have the potential to intense harm 
to the body (Diplock, 1998). Reactive oxygen spe-
cies (ROS), mostly formed by free radicals, with nor-
mal oxygen molecules are oxygen forms with higher 
chemical reactivity (Nawar, 1996). It is well known 
that ROS increases obesity. ROS act on hypothalam-
ic neurons effective in controlling hunger and sati-
ety and, consequently, body weight. The increase of 
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ROS also causes cell damage, necrosis and apoptosis 
through the oxidation of DNA, proteins and lipids 
(Buyukuslu & Yigitbasi, 2015). The unpaired electrons 
in free radicals give them huge reactivity that dam-
age protein, lipid, DNA and nucleotides. This harm 
promotes aging to these components of the body and 
causes degenerative diseases such as, cardiovascular 
diseases, various types of cancers, cataracts, weakened 
immunity and nervous system disorders. (Diplock, 
1998). Oxygen metabolism in living cells, environ-
mental pollutants, various factors such as radiation, 
pesticides, various medical treatments, and contami-
nated waters are inevitably led to the formation of free 
radicals: single oxygen (O2), superoxide anion (O2), 
hydroxy (OH), peroxy (ROO) and alkoxy (RO) rad-
icals (Kaur&Kapoor, 2001). Different natural defense 
systems in the body keep free radicals under control 
against the damages of reactive oxygen species. These 
systems are found in different cells and prevent oxi-
dation caused by free radicals. The substances having 
the ability to capture and stabilize free radicals are so-
called “antioxidants” (Nawar, 1996; Diplock, 1998). 
Enzymes such as superoxide dismutase (SOD), glu-
tathione peroxidase (GSHPx) and catalase, vitamins 
such as vitamin C and vitamin E, and compounds 
such as uric acid, bilirubin and polyphenols are well 
known antioxidants and generally responsible for 
limiting free radicals damaging cellular components 
such as DNA, proteins and lipids (Diplock, 1998; El-
liot, 1999; Ou, 2002). Oxidative DNA damage is im-
portant in the pathogenesis of many diseases, espe-
cially carcinogenesis. It is known to play a role. High 
reactivity having hydroxyl radicals on oxidative stress 
and intracellular structures as in lipids and proteins 
as it is said, H atom to double bonds in DNA bases 
by adding or from the C-H bonds of 2-deoxyribose 
and H atom from methyl groups in thymine struc-
ture it reacts with the DNA molecule (Breen, 1995). 
The thymine peroxyl radicals formed are reduced and 
oxidation products such as hydroxy hydroperoxides, 
thymine glycol, 5-hydroxy methyl uracil, 5-formyl 
uracil and 5-hydroxy 5-methyl hydantoin. Hydroxyl 
radicals (OH-) interact at the 8th position in the gua-

nine molecule, leading to oxidation. Undergoing as a 
result of oxidative damage of DNA, 8-hydroxy-2’-de-
oxyguanosine (8-OHdG) has formed.  Besides, Cu+2 

ions have a high affinity for DNA, especially connect-
ed guanine bases. By interacting with H2 and O2, they 
contribute to DNA damage. DNA adduct 8-OHdG is 
the most known marker of oxidative DNA damage.  
(Helbock, 1999). Oxidative stress occurs as a result of 
the disruption between the formation of ROS and the 
inactivation of these products by the antioxidant de-
fense system. Adipose tissue is one of the main sourc-
es for the formation of ROS, and fat accumulation is 
closely related to increased oxidative stress through 
NADPH oxidase activation.

P53 is a transcription factor that regulates the cell 
cycle (Ngo et al. 2010). A central role in the p53 cell 
cycle is an important tumor suppressor that plays, it 
acts as a transcription factor. DNA damage, hypoxia, 
oxidative stress, oncogene cellular activation, such as 
telomere erosion after the stress signals p53 is activat-
ed. TP53 targets genes in cellular aging, angiogenesis 
and it also plays a role in autophagy (Vousden, 2009; 
Bieging, 2014). P53 is a powerful tumor suppressor. 
P53 protein in more than 50% of cancers inactivated 
due to TP53 gene mutation state. TP53 gene mutation 
its prevalence is different in various cancers (Leroy, 
2014). P53 is shown to be responsible for poor prog-
nosis in most studies (Sheikh, 2003). The TP53 gene 
encoding p53 localized in chromosome 17p13.1 is the 
most common target of genetic change in human tu-
mors. A little over 50% of tumors carry a mutation in 
this gene. Almost every cancer, including lung, colon, 
and breast carcinomas, which are the three leading 
causes of cancer-related deaths, have a homozygous 
loss in TP53 gene activity (Baselga & Norton, 2002). 
Physiological p53 protein has a role in stopping the 
cell cycle due to DNA damage and apoptosis, and mu-
tation in the TP53 gene is the most common single 
gene mutation in human cancers (Cross et al. 1995). 
Publications are reporting that the presence of mu-
tant p53 protein is associated with poor prognosis in 
many cancers such as lung, breast, prostate and blad-
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der cancers (Quinlan et al. 1992; Moul, 1999). It is 
known that p53, which plays a suppressor role, has an 
important role in preventing cancer formation mech-
anisms (Oguztuzun, 2016). 

Obesity accompanying morbidities decreases 
lifetime and quality. In the USA, 11869 nurses were 
followed up for 13 years, and an increase in cardio-
vascular and cancer-related deaths was detected in the 
fatter group. Overweight women, even within normal 
limits, have a higher risk of coronary heart disease 
than those who are not overweight (Kopelman & 
Stock, 2000). In 8800 men who have been followed 
up for twenty-six years, the mortality rate due to all 
causes was 2 times higher in obese and 3.3 times high-
er due to coronary heart disease (Kırım S., 2005). In 
a prospective research study in nine hundred thou-
sand men and women who examined cancer-related 
deaths during the 16-year follow-up period, a positive 
correlation was found between overweight and mor-
tality due to many types of cancer (Calle et al. 2003). 
Although it is known that genetic factors are effective 
in both disorders, the information obtained through 
intense studies to date still cannot fully explain their 
genetic basis. 

Therefore, in this study it is aimed to reveal the 
polymorphic condition in the TP53 gene in obese pa-
tients. Besides, it was aimed compare the clinical data 
of the patients whose TP53 polymorphic states were 
revealed in obesity.

MATERIALS AND METHODS

The study group was consisted of 151 obese patiens 
who underwent bariatric surgery in Ankara Keçiören 
Training and Research Hospital General Surgery Ser-
vice in 2017.  Ethics committee approval of this study 
was provided by the decision of the Ethics Committee 
of Keçiören Education and Research Hospital with 
the decision numbered 2012-KAEK-15/1160.

Blood samples were collected from patients par-
ticipating in the study after their informed consents. 
The diagnosis, all information available for the opera-

tion of obesity, and appropriateness of the blood sam-
ples collected were made at the same hospital service. 
The patients consisted of 23 men and 128 women. The 
average age of the patients was 39, the average BMI of 
the patients was 46.5 kg/m2, the average of the TSH 
levels was 2.5, the average of the insulin levels was 
19.5, the average of glucose levels in the blood was 
111, the average of postprandial blood sugar levels 
was 137.6, the mean of triglycerides was 176, and the 
cholesterol level averages was 215.6. 

DNA isolation from blood samples collected was 
performed by adhering to the PROMEGA® blood DNA 
isolation kit protocol. TP53 genetoyping was performed 
by real time PCR LightCycler® 480 device. Primers and 
probes specified in the method of Talseth et al. (2006) 
were used to determine the genetic polymorphism 
(rs1042522) in the TP53 gene (Arg72Pro) encoding 
the p53 protein. Sequences of primers and probes are 
shown in Table 1. In order to confirm the efficiency of 
the primers used in the study and the base size of the 
studied gene region, the primers were controlled by a 
1.5% electrophoresis gel study after conventional PCR. 
Base sizes were compared for TP53 using the Nation-
al Center for Biotechnology Information’s (NCBI) in-
ternational database. During the real time PCR stage, 
the testing phase of the study was carried out by using 
FastStart Essential DNA Probes Master (06402682001), 
Lightcycler 480 Multiwell Plate 96 (04729692001) and 
Lightsnip TP53 probe (07330782001) (Roche Applied 
Science). Compopnents used in the PCR stage are as 
follows; 12.5µL from 2x OneTaq Quick LoadMas-
ter Mix solution, 1µL from Forward primer (10pM), 
1µL from Reverse primer (10pM), 2.5µL from cDNA 
(50ng/µL), 2.5µL probe, and DNAse/RNAse free wa-
ter calculated for in a 25 µL total volume. PCR condi-
tions were performed as follows; Initial Denaturation 
is 5 minutes at 95°C, 50 cycles of denaturation at 95°C 
for 10 seconds, Annealing at 58°C for 20 seconds and 
Extension at 72oC for 20 seconds. 1 cycle, 5 seconds at 
Acquisition 95°C and 1 minute at 55°C. 10 seconds at 
Final Extension 40°C. 
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Table 1. Primers and fluorescent probes used in the study.

Primer/Probe Sequence
Forward primer 5’-CCAGATGAAGCTCCCAGAATGC-3’ 
Reverse primer 5’-GCCGCCGGTGTAGGA-3’
Wildtype probe 5’-VIC-TCCCCGCGTGGCC-3’
Mutant probe 5’-FAM-CTCCCCCCGTGGCC-3’

The definition of TP53 R72P polymorphism using 
the allelic discrimination method was as follows; Sam-
ples with a peak at 58°C were interpreted as wild type 
(G/G) and samples with a peak at 66°C were interpret-
ed as mutant type (C/C). Samples with both degrees 

of the peak in each same sample were evaluated as 
(G/C) Heterozygous. One representative sample from 
each of the three genotypes was included as the reac-
tion control for each “PCR run” as an internal control. 
(Figure 1).

Figure 1. Allelic discrimination of TP53 (Arg72Pro) polymorphism.

Identification of TP53 (Arg72Pro) polymorphism 
by allelic discrimination Overview of a PCR reaction 
performed using the method. (A): General view of 
Wild Type (Arg/Arg) samples peaking at 58°C. (B): 
View of Mutant (Pro/Pro) internal control with a peak 
at 66°C. (A&B): General view of Heterozygous (Arg/
Pro) samples with a peak at both degrees.  

Clinical data of patients from whom samples were 
obtained were also compared with cross statistical 
data and interpreted by comparing their significance 
with real time PCR data. Statistical Package for the 
Social Sciences (SPSS) package software ANOVA 
analysis were used to compare the clinical data of the 
patients with the cross-data of the results. 

RESULTS AND DISCUSSION

In our study, TP53 genetic polymorphism in pa-
tients diagnosed with obesity were investigated and 
their relationship to the disease was interpreted. Gen-
otype distributions of 151 obese patients were deter-
mined as TP53 mutation carrying heterozygous (Arg-
72Pro) in 8 patients and homozygous (wild type) car-
rying (Arg72Arg) in 143 patients. No individual with a 
homozygous mutant (Pro72Pro) genotype was found 
in the studied group. The clinical parameters and gen-
otypes of TP53 mutation, heterozygous and homozy-
gous obese patients were compared. As seen in Table 
2; after statistical analysis, it is seen that the polymor-
phism in TP53 is related to the insulin parameter. It 
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has been observed that the insulin level is higher in 
heterozygous individuals than in homozygous indi-
viduals. In obese patients, no statistically significant 
relationships were found between BMI, TSH, glucose, 
postprandial blood sugar, triglyceride and cholesterol 
levels. In obese individuals, significant changes occur 
in TP53 polymorphism. While these changes may oc-
cur as an adaptive response, the findings suggest that 
the oxidative stress observed in obesity may be one 
of the possible mechanisms underlying this change. 

Besides, it is supported that TP53 variant genotype 
can contribute to insulin changes. Accordingly, the 
insulin level made a difference in heterozygous and 
homozygous obese individuals. The level of insulin 
was higher in heterozygous individuals than in ho-
mozygote individuals. But other parameters were not 
related. This result is in line with the study of Bonfigli 
et al., (2013) who found that (Arg72Pro) polymor-
phism was associated with insulin resistance in type 
2 diabetic subjects.

Table 2. Correlation between blood parameters and TP53 polymorphisms.

Variance Analysis ANOVA
TP53 Levene Statistic Sig. F Sig.
BMI 0.821 0.366 0.021 0.886
TSH 1.358 0.246 1.753 0.187
Insulin 67.629 0.0001 14.311 0.0001
Glucose 0.334 0.564 0.120 0.730
Blood sugar (postprandial) 0.590 0.444 0.330 0.567
Trigliserid 0.330 0.566 0.004 0.949
Cholesterol 0.147 0.702 0.011 0.916

When we compare the results of our study with 
previous studies conducted for (Arg72Pro) polymor-
phism, we observed that there are significant differ-
ences between genotype frequencies of obese indi-
viduals in our study group and genotype frequencies 
of healthy individuals in  “Caucasian” populations 
(Table 3). Although these comparative studies were 
studies investigating gastric tissue differentiation, the 

control groups were completely composed of healthy 
individuals. This finding shows that TP53 (Arg72Pro) 
polymorphism might be associated with obesity. Our 
findings can also contribute to the definition of the 
physiopathology of obesity, and other diseases such as 
cardiovascular diseases that may develop due to obe-
sity. It is important in preventing complications and 
developing preventive approaches. 

Table 3. The distribution of TP53 genotypes in Caucasian control populations and in this study.

Study (Reference) Country/
Region Ethnicity    Arg72Arg      Arg72Pro  Pro72Pro

Total n n % n % n %
Capella et al. (2008) Europe Caucasian 1056 588 56 399 37.8 69 6.2
De Feo et al. (2009) Italy Caucasian 295 169 57.3 102 34.5 24 8.2

Belyavskaya et al. (2006) Russia Caucasian 125 60 48 46 36.8 19 15.2
Alpizar-Alpizar et al. 

(2005) Spain Caucasian 47 26 55.3 17 36.2 4 8.5

Zhang et al. (2003) UK Caucasian 277 125 45.1 129 46.5 23 8.4
Sul et al. (2006) USA Caucasian 134 51 38.1 61 45.5 22 16.4

Engin et al. (2011) Turkey Caucasian 108 52 48.1 42 38.8 14 13.1
This study Turkey Caucasian 151 143 94.7 8 5.2 0 0
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CONCLUSION

In conclusion, regarding the comparative evalu-
ation of the results of the TP53 polymorphism state 
obtained in our study with similar studies in the liter-
ature, it has been determined that it may be associated 
with obesity, but further studies are needed to verify 
this relationship. It was thought that investigating the 
association of obesity and TP53 (Arg72Pro) polymor-
phism in different ethnic groups and larger popula-
tions would benefit the emergence of the relationship 
with metabolic diseases related with obesity. To our 
knowledge, TP53 polymorphism was investigated in 
obese patients for the first time in a Turkish popula-
tion. In our study, it is hoped that it will be a reference 
for revealing the genetic backgrounds of obesity, clar-
ifying the molecular mechanism of the disease and 
developing genetic risk panels for early diagnosis and 
making this information available in the management 
of treatment.

CONFLICT OF INTEREST

All the authors of this article declared no conflict 
of interest. 

AUTHOR CONTRIBUTION STATEMENT

Designing the concept and drafted the manuscript 
(MC, HB and SO). Preparing the figures (SO, OD). 
Ethical approval and sample collection and clinical 
data (MC, HB, DÖ, and AÜ).  Carried out the labo-
ratory applications of this study (MC, OD). AOA and 
OD reviewed the existing journal policy. Contribut-
ing to the writing of the final version of the manu-
script (MC, HB, OD, SO, DÖ, AÜ, AOA, Mİ).

REFERENCES

Alpizar-Alpizar, W., Sierra, R., Cuenca, P., Une, C., 
Mena, F.,  Pérez-Pérez, G. I. (2005). Association of 
the p53 codon 72 polymorphisms to gastric cancer 
risk in a hight risk population of Costa Rica. Re-
vista de Biologia Tropical, 53(3-4), 317–324.

Artham, S. M., Lavie, C. J., Milani, R. V., Ventura, H. 
O. (2009). Obesity and hypertension, heart failure, 
and coronary heart disease-risk factor, paradox, 
and recommendations for weight loss. The Ochs-
ner Journal, 9(3), 124–132.

Aydemir Ö. (2006). Sağlıkla İlgili Yaşam Kalitesinin 
Klinik Uygulamalarda Kullanımı. Sağlıkta Birik-
im, 2(1), 6–8.

Baselga, J., Norton, L. (2002). Focus on breast can-
cer.  Cancer Cell,  1(4), 319–322. https://doi.
org/10.1016/s1535-6108(02)00066-1.

Basen-Engquist, K., & Chang, M. (2011). Obesity 
and cancer risk: recent review and evidence.  Cur-
rent Oncology Reports,  13(1), 71–76. https://doi.
org/10.1007/s11912-010-0139-7.

Belyavskaya, V. A., Vardosanidze, V. K., Smirnova, O. 
Y., Karakin, E. I., Savkin, I. V., Gervas, P. A., Cher-
dyntseva, N. V., & Voevoda, M. I. (2006). Genetic 
status of p53 in stomach cancer: somatic mutations 
and polymorphism of codon 72. Bulletin of Exper-
imental Biology and Medicine,  141(2), 243–246. 
https://doi.org/10.1007/s10517-006-0139-7.

Bertakis, K. D., & Azari, R. (2005). Obesity and the 
use of health care services. Obesity Research, 13(2), 
372–379. https://doi.org/10.1038/oby.2005.49

Bieging, K., Mello, S. & Attardi, L. (2014). Unravelling 
mechanisms of p53-mediated tumour suppres-
sion. Natural Review of Cancer, 14, 359–370. https://
doi.org/10.1038/nrc3711.

Birmingham, J. M., Busik, J. V., Hansen-Smith, F. M., & 
Fenton, J. I. (2009). Novel mechanism for obesity-in-
duced colon cancer progression. Carcinogenesis, 30(4), 
690–697. https://doi.org/10.1093/carcin/bgp04.

Bonfigli, A. R.,  Sirolla, C., Testa, R., Cucchi M., Spaz-
zafumo  L., Salvioli, S., Ceriello, A., Olivieri, F., Fes-
ta, R.., Procopio, A. D., Brandoni, G., Boemi, M., 
Marra, M., Franceschi, C. (2013). The p53 codon 72 
(Arg72Pro) polymorphism is associated with the 
degree of insulin resistance in type 2 diabetic sub-
jects: a cross-sectional study. Acta Diabetol 50, 429–
436. https://doi.org/10.1007/s00592-012-0450-x

Breen, A. P., & Murphy, J. A. (1995). Reactions of 
oxyl radicals with DNA.  Free Radical Biolo-
gy & Medicine,  18(6), 1033–1077. https://doi.
org/10.1016/0891-5849(94)00209-3. 



286

Cihan, Buluş, Dirican, Oğuztüzün, Öztürk, Ünsal, Ada, Işcan

Buyukuslu N., Yigitbasi T. (2015). Reaktif oksijen 
türleri ve obezitede oksidatif stres. Clinical and Ex-
perimental Health Sciences, 5(3),197-203. https://
dx.doi.org/10.5455/musbed.20150604061607

Calle, E. E., Kaaks, R. (2004). Overweight, obesity and 
cancer: epidemiological evidence and proposed 
mechanisms.  Nature Reviews. Cancer, 4(8),579–
591. https://doi.org/10.1038/nrc1408.

Calle, E. E., Rodriguez, C., Walker-Thurmond, K., 
Thun, M. J. (2003). Overweight, obesity, and mor-
tality from cancer in a prospectively studied cohort 
of U.S. adults.  The New England Journal of Medi-
cine,  348(17), 1625–1638. https://doi.org/10.1056/
NEJMoa021423.

Capellá, G., Pera, G., Sala, N., Agudo, A., Rico, F., Del 
Giudicce, G., Plebani, M., Palli, D., Boeing, H., 
Bueno-de-Mesquita, H. B., Carneiro, F., Berrino, 
F., Vineis, P., Tumino, R., Panico, S., Berglund, G., 
Simán, H., Nyrén, O., Hallmans, G., Martinez, C., 
… González, C. A. (2008). DNA repair polymor-
phisms and the risk of stomach adenocarcinoma 
and severe chronic gastritis in the EPIC-EURGAST 
study. International Journal of Epidemiology, 37(6), 
1316–1325. https://doi.org/10.1093/ije/dyn145.

Cross, S. M., Sanchez, C. A., Morgan, C. A., Schimke, 
M. K., Ramel, S., Idzerda, R. L., Raskind, W. H.,  
Reid, B. J. (1995). A p53-dependent mouse spin-
dle checkpoint.  Science,  267(5202), 1353–1356. 
https://doi.org/10.1126/science.7871434.

De Feo, E., Persiani, R., La Greca, A., Amore, R., Ar-
zani, D., Rausei, S., D’Ugo, D., Magistrelli, P., van 
Duijn, C. M., Ricciardi, G., Boccia, S. (2009). A 
case-control study on the effect of p53 and p73 
gene polymorphisms on gastric cancer risk and 
progression. Mutation Research, 675(1-2), 60–65. 
https://doi.org/10.1016/j.mrgentox.2009.02.009.

Diplock, A. (1998). “Healty Lifestyles Nutrition and 
Physical Activity: Antioxidant Nutrients,” ILSI Eu-
rope Concise Monograph Series, Belgium, p. 59.

Elliot, J.G. 1999. Application of antioxidant vitamins 
in foods and beverages. Food Technology. 53(2); 
46-48.

Engin, A. B., Karahalil, B., Karakaya, A. E., & Engin, 
A. (2011). Association between XRCC1 ARG-
399GLN and P53 ARG72PRO polymorphisms and 
the risk of gastric and colorectal cancer in Turkish 
population. Arhiv Za Higijenu Rada I Toksikologi-
ju, 62(3), 207–214. https://doi.org/10.2478/10004-
1254-62-2011-2098.

Helbock, H. J., Beckman, K. B., & Ames, B. N. 
(1999). 8-Hydroxydeoxyguanosine and 8-hy-
droxyguanine as biomarkers of oxidative DNA 
damage.  Methods in Enzymology,  300, 156–166. 
https://doi.org/10.1016/s0076-6879(99)00123-8.

Hursting, S. D., & Berger, N. A. (2010). Energy bal-
ance, host-related factors, and cancer progres-
sion.  Journal of Clinical Oncology: Official Jour-
nal of the American Society of Clinical Oncolo-
gy,  28(26), 4058–4065. https://doi.org/10.1200/
JCO.2010.27.9935.

Jones, J. S., Chi, X., Gu, X., Lynch, P. M., Amos, C. I., 
& Frazier, M. L. (2004). p53 polymorphism and 
age of onset of hereditary nonpolyposis colorectal 
cancer in a Caucasian population. Clinical cancer 
research: an official journal of the American Asso-
ciation for Cancer Research,  10(17), 5845–5849. 
https://doi.org/10.1158/1078-0432.CCR-03-0590

Katkoori, V. R., Manne, U., Chaturvedi, L. S., Basson, 
M. D., Haan, P., Coffey, D., & Bumpers, H. L. (2017). 
Functional consequence of the p53 codon 72 polymor-
phisms in colorectal cancer. Oncotarget, 8(44), 76574.

Kaur, C. and Kapoor, H.C., 2001. Antioxidants in fruits 
and vegetables-the millennium’s health. Int. J. Food 
Sci. Tech. 36; 703-725.

Kırım S., (2005). Obez hastalarda diyet, egzersiz ve ilac 
tedavisinin homosistein duzeylerine etkisi. Cukuro-
va Universitesi Tıp Fakultesi İç Hastalıkları A.D. 
Adana.



287

FABAD J. Pharm. Sci., 46, 3, 279-288, 2021

Kopelman P.G, Stock J.M. (2000). Klinik obezite. 1. 
baskı, And Yayıncılık, Istanbul,124-156.

Leroy, B., Anderson, M.,  Soussi, T. (2014). TP53 mu-
tations in human cancer: database reassessment 
and prospects for the next decade.  Human Mu-
tation,  35(6), 672–688. https://doi.org/10.1002/
humu.22552.

Mensah, G. A., Mokdad, A. H., Ford, E., Narayan, K. 
M., Giles, W. H., Vinicor, F., & Deedwania, P. C. 
(2004). Obesity, metabolic syndrome, and type 2 di-
abetes: emerging epidemics and their cardiovascu-
lar implications. Cardiology Clinics, 22(4), 485–504. 
https://doi.org/10.1016/j.ccl.2004.06.005

Metropolitan Height and Weight Tables. Metropolitan 
Life Foundation, statistical bulletin 1983; 64(1): 2-9.

Moul J. W. (1999). Angiogenesis, p53, bcl-2 and Ki-67 
in the progression of prostate cancer after radical 
prostatectomy. European Urology, 35(5-6), 399–407. 
https://doi.org/10.1159/000019916.

Nawar, W.W. 1996. Lipids. Food Chemistry, 225-319. 

Ngo, NT., Tan, E., Tekkis, P. (2010) Differential expres-
sion of p53 and p504s in hyperplastic polyp, sessile 
serrated adenoma and traditional serrated adeno-
ma. Int J Colorectal Dis,25, 1193–1200. https://doi.
org/10.1007/s00384-010-1007-5.

Oguztuzun, S., Ada, A. O., Kilic, M., Cakir, E., & Yilmaz, 
A. (2013). Prognostic Significance of Caspase-3, 
Bcl-2, P53 and GSTPI Expressions in Lung Adeno-
carcinoma/Akciger adenokanserlerinde kaspaz-3, 
bcl-2, p53 ve GSTPI ekspresyonlarinin prognostik 
önemi.  FABAD Journal of Pharmaceutical Scienc-
es, 38(2), 83.

Ou, B., Huang, D., Hampsch-Woodill, M., Flanagan, 
J. A., & Deemer, E. K. (2002). Analysis of antiox-
idant activities of common vegetables employing 
oxygen radical absorbance capacity (ORAC) and 
ferric reducing antioxidant power (FRAP) assays: 
a comparative study.  Journal of Agricultural and 
Food Chemistry,  50(11), 3122–3128. https://doi.
org/10.1021/jf0116606

Quinlan, D. C., Davidson, A. G., Summers, C. L., 
Warden, H. E., & Doshi, H. M. (1992). Accumula-
tion of p53 protein correlates with a poor progno-
sis in human lung cancer. Cancer Research, 52(17), 
4828–4831.

Santos, A. M., Sousa, H., Catarino, R., Pinto, D., Perei-
ra, D., Vasconcelos, A., Matos, A., Lopes, C., & Me-
deiros, R. (2005). TP53 codon 72 polymorphism 
and risk for cervical cancer in Portugal.  Cancer 
Genetics and Cytogenetics, 159(2), 143–147.

Sheikh, R. A., Min, B. H., Yasmeen, S., Teplitz, R., 
Tesluk, H., Ruebner, B. H., Tobi, M., Hatfield, J., 
Fligiel, S., & Lawson, M. J. (2003). Correlation of 
Ki-67, p53, and Adnab-9 immunohistochemical 
staining and ploidy with clinical and histopatho-
logic features of severely dysplastic colorectal ade-
nomas. Digestive Diseases and Sciences, 48(1), 223–
229. https://doi.org/10.1023/a:1021727608133.

Silventoinen, K., Sans, S., Tolonen, H., Monterde, D., 
Kuulasmaa, K., Kesteloot, H., Tuomilehto, J., & 
WHO MONICA Project (2004). Trends in obesity 
and energy supply in the WHO MONICA Proj-
ect.  International journal of obesity and related 
metabolic disorders: Journal of the International 
Association for the Study of Obesity,  28(5), 710–
718. https://doi.org/10.1038/sj.ijo.0802614.

Sousa, H., Santos, A. M., Pinto, D., & Medeiros, R. 
(2007). Is the p53 codon 72 polymorphism a key 
biomarker for cervical cancer development? A 
meta-analysis review within European popula-
tions.  International Journal of Molecular Medi-
cine, 20(5), 731–741.

Sul, J., Yu, G. P., Lu, Q. Y., Lu, M. L., Setiawan, V. W., 
Wang, M. R., Guo, C. H., Yu, S. Z., Mu, L., Cai, 
L., Kurtz, R. C., & Zhang, Z. F. (2006). P53 Co-
don 72 polymorphisms: a case-control study of 
gastric cancer and potential interactions.  Cancer 
Letters, 238(2), 210–223. https://doi.org/10.1016/j.
canlet.2005.07.004.



288

Cihan, Buluş, Dirican, Oğuztüzün, Öztürk, Ünsal, Ada, Işcan

Talseth, B. A., Meldrum, C., Suchy, J., Kurzawski, G., 
Lubinski, J., & Scott, R. J. (2006). Age of diag-
nosis of colorectal cancer in HNPCC patients is 
more complex than that predicted by R72P poly-
morphism in TP53. International Journal of Can-
cer,  118(10), 2479–2484. https://doi.org/10.1002/
ijc.21661.

Vousden, K. H., & Prives, C. (2009). Blind-
ed by the Light: The Growing Complexi-
ty of p53.  Cell,  137(3), 413–431. https://doi.
org/10.1016/j.cell.2009.04.037.

World Health Organization. WHO fact sheet on over-
weight and obesity. http://www.who.int/media-
centre/factsheets/fs311/en/ Date of Access: June 
13, 2020.

Zhang, Z. W., Newcomb, P., Hollowood, A., Feakins, 
R., Moorghen, M., Storey, A., Farthing, M. J., Al-
derson, D., & Holly, J. (2003). Age-associated in-
crease of codon 72 Arginine p53 frequency in gas-
tric cardia and non-cardia adenocarcinoma. Clin-
ical cancer research: an official journal of the 
American Association for Cancer Research,  9(6), 
2151–2156.


	Düğme 2: 
	Düğme 3: 
	Düğme 4: 
	Düğme 5: 
	Düğme 6: 
	Düğme 7: 
	Düğme 9: 
	Düğme 8: 


