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Introduction

	 Type 2 diabetes is a well-known endocrine and 
metabolic disorder which has reached epidemic proportions 
worldwide and represents a serious public health concern. 
It is estimated that it will affect approximately 366 million 
people by 2030 (Rathmann et al., 2004). Although the 
underlying mechanisms of the pathogenesis of Type 2 
diabetes still remain to be determined, oxidative stress  
has been shown to be responsible, at least in part, for 
the progression of Type 2 diabetes, and supported by 
increased oxidative damage to lipids and DNA and 
impaired antioxidative defence systems in these patients 
(Bonnefont-Rousselot et al., 2000; Rosen et al., 2001). 
Numerous evidences have indicated that 8-OHdG not only 
is a biomarker of generalized, cellular oxidative stress but 
might also be a risk factor for cancer, atherosclerosis and 
diabetes. The oxidative hydroxylation of guanine in the 
8-position is the most frequent and most mutagenic lesion 
in nuclear DNA. Oxidative damage to DNA, reflected 
in the formation of 8-OHdG, is important mutagenesis 
and carcinogenesis (Wu al., 2004). Many authors have 
examined the relationship between oxidative stress and 
several diseases such as cancer, obesity, Type 1 diabetes 
1Department of Endocrinology and Metabolism Disease, 2Department of Medical Oncology, 3Department of Microbiology, Katip 
Celebi University, Izmir Ataturk Training and Research Hospital, Izmir, Turkey  *For correspondence: ecarmu@gmail.com

Abstract

	 Objective: The aim was to investigate indicators related to DNA damage and cancer pathogenesis in Type II 
diabetes cases with breast cancer. It was planned to evaluate the relationship between these markers with oral 
antidiabetic drugs. Research Design and Methods: Fourty patients and 10 healthy individuals were included in 
the study. HIF-1α and 8-OHdG are examined in blood samples taken from these individuals with an ELISA Kit. 
Statistical analysis of data was performed with 95% confidence using Windows package program SPSS 15.0. 
Results: HIF-1α parameters were found to be meaningfully higher in the patient group than the controls in both 
pretreatment and posttreatment periods (p<0.05). No significant differences in terms of 8-OHdG between patients 
and controls. However, posttreatment serum HIF-1α ve 8-OHdG levels was found lower than pretreatment 
levels in patients receiving metformin, but not with pioglitazone. Conversely, serum 8-OHdG levels decreased 
significantly in these patients. When patients were evaluated according to the treatment groups (pioglitazone vs. 
metfformin) no significant differences in terms of serum HIF-1α and 8-OHdG levels between treatment groups. 
Conclusions: HIF-1α levels decreased significantly in the patient group receiving metformin. However, there 
was no significant difference in terms of HIF-1α levels in the patients receiving pioglitazone.  
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(Bast et al., 2002; Martinez-Outschoorn et al., 2010; 
Samuni et al., 2010; Van et al., 2010), Type 2 diabetes 
(Fridly and LE et al., 2006; Arif et al., 2010). 
	 Diabetes and cancer are two heterogeneous, 
mult i factorial ,  severe,  and chronic diseases. 
Epidemiological studies clearly indicate that the risk of 
several types of cancer (including pancreas, liver, breast, 
colorectal, urinary tract, and female reproductive organs) 
is increased in diabetic patients. Obesity, hyperglycemia, 
and increased oxidative stress may also contribute to 
increased cancer risk in diabetes (Paolo et al., 2009). 
	 Diabetes is frequently associated with hypoxia and 
is known to impair ischemia-induced neovascularisation 
and other forms of adaptive cell and tissue responses 
to low oxygen levels. Hyperglycaemia appers to be the 
driving force of such deregulation. Recent data indicate 
that destabilisation of HIF-1 is most likely the event that 
transduces hyperglycaemia into the loss of the cellular 
response to hypoxia in most diabetic complications (Bento  
et al., 2011). HIFs are nuclear transcription factors and 
function as oxygen-sensitive α subunit and β heterodimers 
(ARNT). All isoforms of HIFα, HIF1α, HIF2α and 
HIF3α require the ubiquitously expressed subunit aryl 
hydrocarbon nuclear translocator (ARNT or HIF1β)  as 
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an obligate heterodimerization partner for activation 
of target genes. HIF function is primarily regulated by  
HIF1α protein stability.
	 Breast carcinoma, is the second  leading cause 
of cancer deaths in women. Notably, breast cancer 
is the most common invasive cancer in women, and 
metastasis significantly contributes to the morbidity and 
mortality of breast cancer (Liang et al., 2004). A hypoxic 
microenvironment is crucial for tumor metastasis. HIF-
1α acts as an important mediator of hypoxic response; 
significant associations between HIF-1α overexpression 
and patient mortality have been shown in cancers of the 
oligodendroglioma, breast, cervix, oropharynx, ovary, 
and endometrium (Zhong et al., 1999; Talks et al., 
2000; Van et al., 2005). Ultimately, HIF-1 activates the 
expession of numerous genes that help cells to survive at 
low oxygen levels. Changes in gene expression directly 
or indirectly regulated by HIF-1 extend to more than 100 
genes, which are involved in survival mechanisms, such 
as angiogenesis, cell growth, apoptosis. 
	 There is so complicated relation between cancer and 
HIF-1α. (Kimbro et al., 2006). One of the most recently 
identified pathways modulating and influencing HIF-1α 
regulation is the RAS-ERK pathway (Lim et al., 2004). 
Several investigators have recently shown that RAS effects 
VEGF expression through HIF-1α. Moreover, mTOR and 
AMPK signaling pathways play a role in the pathogenesis 
of cancer. m TOR is a serin-threonine protein kinase that 
belongs to the PIKK (phophoinositide 3-kinase (PI3K)-
related kinase) family (Hay et al., 2004; Wullschleger et 
al., 2006). mTOR is up-regulated in many cancer cells 
as a result of genetic alterations or aberrant activation of 
the components of PI3-k/Akt pathway, contributing to 
dysregulation of cell proliferation, growth, differentiation 
and survival (Feng et al., 2005; Sabatini, 2006). AMPK 
is a heterotrimeric complex comprising a catalytic α 
subunit and regulatory β and α subunit (Hardie et al., 
2001). AMPK is switched on during situations in which 
the cellular level of ATP is depleted and the level of AMP 
is increased, such as those triggered by hypoxia, glucose 
deprivation, oxsidative stress, tissue ischemia. These are 
all recognised cellular stresses that reduce cellular ATP 
and elevate AMP levels causing AMPK activation (Kemp 
et al., 2003). 
	 Metformin has been widely used for treating type 2 
diabetes without the stimulation of insulin production, 
and for this reason, it is considered an insulin sensitizer 
(Bailey et al., 1996). The UK Prospective Diabetes 
Study (UKPDS) showed that metformin could reduce 
macrovascular morbidity and mortality (UK Prospective 
Diabetes Study, 1998), suggesting that it achieved its 
antiatherogenic and anti-inflammatory effects by means 
of antioxidant properties (Abbasi et al., 2004).  
	 Advances in our understanding of AMPK and targeted 
mTOR therapy have become clinically relevant given 
the association between a lower incidence of cancer 
and metformin usage in diabetic patients (Evans et al., 
2005). Experimental studies on the effects of metformin 
on epithelial cells have demonstrated that activation 
of the AMPK pathway by metformin reduces cellular 
proliferation and mTOR activation (Hawley et al., 2002).  

	 The thiazolidinediones (TZDs) bind to the γ subtype 
of peroxisome proliferator-activated receptors (PPARs). 
Pioglitazone is a PPARγ ligand used in the treatment of 
type 2 diabetes. It is indicated as an adjunct to diet and 
exercise to improve glycemic control. It is generally 
not used as a first-line therapy (Nathan et al., 2009). 
A link between pioglitazone and bladder cancer first 
appeared in preclinical studies and was first reported on 
the U.S. pioglitazone label in 1999, but experimental 
studies recently suggested that it might be a rat-specific 
phenomenon (Suzuki et al., 2010). PPAR-γ agonists have 
been shown to induce apoptosis in several malignant cell 
lines (Elstner et al., 1998) and to inhibit the invasive 
activity of colon and breast cancer cells (Liu et al., 
2003). In contrast, animal toxicity studies have suggested 
a possible increased cancer risk in multiple organs in 
association with a wide variety of PPAR-γ and dual  
PPARα/γ agonists (Rubenstrunk et al., 2007). 
	 In this study, It was planned investigation  in terms of 
8-OHdG levels and HIF-1α levels in women patients with 
breast cancer and newly diagnosed type 2 diabetes. These 
parameters were evaluated among healthy volunteers and 
patients (pretreatment/posttreatment). 
 
Materials and Methods

	 The study included 40 female patients with breast 
cancer. They were accepted to Department of Medical 
Oncology of Izmir Ataturk Training and Research 
Hospital. They were consulted to Department of 
Endocrinology in terms of diabetes diagnosis. Thus, 
It was choosen the patients diagnosed newly type 2 
diabetes (ADA Guidelines 2012). The study protocol 
was approved by the Ethical Committee of Katip Celebi 
University Hospital. Written informed consent was 
taken from all subjects before participating in the study. 
It was proposed diet, lifesyle modification besides oral 
antidiabetic agents. The patients were randomized for oral 
anti diabetic treatment (metformin n=20 vs pioglitazone 
n=20). It was suggested 2000 mg and 15 mg daily dose 
for oral antidiabetic agents (respectively; metformin 
and pioglitazone). Blood samples were collected in the 
first visit (pretreatment) and second visit (3 months after 
initiation of therapy). 8-OHdG and HIF-1α levels of 
patients and control subjects were evaluated by ELİZA 
kit.

Measurements of blood glucose levels and HbA1c
	 Blood glucose and HbA1c levels were measured at 
South West Pathology. Blood glucose levels was assessed 
using fasting blood samples obtained through venipunture 
and HbA1c was measured using HPLC.  

In vitro Quantitative Determination of Human HIF-1 
Concentrations
	 Human HIF-1 ELISA Kit is applied to serum 
samples of subjects. This test is worked with sandwich 
based ELISA method. HIF-1 alpha protein levels were 
quantified using the Human HIF-1 Alpha ELISA kit 
(Cusabio Biotech, Chine). Procedure was as described in 
the protocol provided by the manufacturer. Absorbance 
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was measured at 450 nm using an Microplate Reader 
Multiscan FC (Thermo-Scientific). The HIF-1 alpha 
protein concentration in each well was calculated using 
the equation of the HIF-1 alpha standard. 

Determination of serum 8-OHdG levels
	 Serum 8-OHdG was measured using an ELİZA Kit, 
Cayman Chemical, USA. The test utilizes an anti-mouse 
IgG-coated plate and a tracer consisting of an 8-OHdG 
conjugate. This format has the advantage of providing 
low variability and increased sensivity compared with 
assays that utilize an antigen-coated plate. Procedure was 
as described in the protocol provided by the manufacturer. 
Absorbance was measured at 450 nm using an Microplate 
Reader Multiscan FC (Thermo-Scientific). The results 
were calculated with the Cayman data analysis system. 

Statistical Analysis
	 Statistical analysis of data was performed with 95% 
confidence by Windows package program SPSS 15.0. All 
variables were summarized in the tables. Mann Whitney U 
test was performed for data comparison between groups. 
Wilcoxon Signed Ranks test was used for comparison 
between the first and second measurements. p <0.05 value 
was considered statistically significant.

Results 

	 The mean age of the patients and healthy volunteers 
were similar. There was not statisticaly significant 
diffrence in terms of mean age between treatment groups. 
In our study, there was statisticaly significant difference 
in terms of HIF-1α levels between patients and control 
group. Conversely, It was not detected significant diffrence 
in terms of 8-OHdG levels between these groups (Table 
1). It was shown pretreatment and posttreatment serum 
markers of the patients receiving oral anti diabetic agent 
(metformin vs pioglitazone) in Table 2. In our study, HIF-
1α levels after metformin treatment was lower compared 
to pretreatment. Conversely, there was not significant 
difference in terms of HIF-1α levels after pioglitazone 

Table 1. The Evaluation of Serum HIF-1α and 8-OHdG 
Levels in Subjects 
	 Patient	 Control	 p value
	 (n=40)	 (n=10)

HIF-1 α (pmol/µL) (mean±SD)	1.41±0.48	 0.60±0.23	 0.001
8-OHdG (ng/ml) (mean±SD)	 0.26±0.03	 0.27±0.03	 0.085

Table 2. The Analysis of Serum Levels HIF-1α and 
8-OHdG According to the Treatment Groups
	 Metformin	 p value	 Pioglitazone	 p value
	 Group (n=20)		  Group (n=20)

First HIF-1α measurement (pmol/µL) (mean±SD)
	 1.431±0.39	 0.032	 1.388±0.56	 0.093
Second HIF-1α measurement (pmol/µL) (mean±SD)
	 1.251±0.41	 0.032	 1.181±0.49	 0.093
First 8-OHdG measurement (ng/ml) (mean±SD)
	 0.262±0.034	 0.001	 0.262±0.030	 0.036
Second 8-OHdG measurement (ng/ml) (mean±SD)
	 0.243±0.025	 0.001	 0.251±0.025	 0.036

treatment. Furthermore, It was found statisticaly 
significant difference in terms of 8-OHdG levels after 
metformin and pioglitazone treatment. (p<0.05).
 
Discussion

Diabetes mellitus (DM) is a serious and growing health 
problem worldwide and is associated with severe acute 
and chronic complications that negatively influence both 
the quality of life and survival of affected individuals. 
Diabetes and cancer have a complex relationship that 
requires more clinical attention and well-designed studies. 
A series of recent studies and meta-analyses confirm that 
the risk for several solid and hematologic malignancies 
is elevated in diabetic patients. The risk of cancers of 
female reproductive organs is also increased in DM. 
Both breast and endometrial cancer risks are increased in 
diabetic women. Several biological mechanisms may be 
involved, mostly regarding sex hormone abnormalities. 
Hyperinsulinemia may increase the levels of bioactive 
estrogens by decreasing the concentration of circulating 
sex hormone-binding globulin. A positive association 
between breast cancer mortality and diabetes was found 
in some studies (Paolo et al., 2009). 

The oxidative hydroxylation of guanine in the 
8-position is the most frequent and most mutagenic lesion 
in nuclear DNA. Oxidative damage to DNA, reflected in 
the formation of 8-OHdG, is important mutagenesis and 
carcinogenesis (Lily et al., 2004). In breast cancer, higher 
levels of 8-OHdG in DNA were detected in both cancer 
tissues and blood cells. Musarrat et al. has shown earlier 
that the accumulation of 8-OHdG in nuclear DNA had 
predictive significance for breast cancer risk assessment 
(Musarrat et al., 1996). It is widely postulated that the 
etiology of Type 2 diabetes has a strong association with 
oxidative stres (Rahimi et al., 2005). However, a number 
of studies on the role of oxidative stress in Type diabetes 
have shown inconsistent results (Bhatia et al., 2003), and 
this discrepancy may exist with respect to patient age, 
duration of diabetes, treatment methods, techniques used 
to measure oxidative stress etc. Several studies have shown 
a lack of association between diabetes and increased DNA 
damage level (Anderson et al., 1998; Hannon-Flecther 
et al., 2000). It was reported that glucose excursions 
in subjects with Type 2 diabetes trigger the activation 
of oxidative stress (Zeng et al., 2010). Al-Aubaidy 
emphasized that serum 8-OHdG is an early oxidative 
stres marker in the patients with pre-diabetes and Type 2 
diabetes (Al-Aubaidy et al., 2010). In this study, It was not 
found difference in terms of 8-OHdG levels in between 
the patients and control subjects. Serum 8-OHdG levels 
were detected low compared to pre-treatment (p<0,05).  

HIF-1 activates the expession of numerous genes that 
help cells to survive at low oxygen levels. Changes in gene 
expression directly or indirectly regulated by HIF-1 extend 
to more than 100 genes, which are involved in survival 
mechanisms, such as angiogenesis, cell growth, apoptosis. 
Since HIF-1 is a master regulator of the cellular response 
to hypoxia, it is not surprising that HIF-1 deregulation 
is directly associated with the loss of cellular adaptation 
to low oxygen in diabetes. In some studies shown that 
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changes in the function of HIF-1 can contribute to the 
development of diabetes (Gunton et al., 2005). These 
observations highlight a critical link between diabetes 
and the HIF-1 pathway. 

Breast carcinoma, is the second leading cause of 
cancer deaths in women. A hypoxic microenvironment is 
crucial for tumor metastasis. HIF-1α acts as an important 
mediator of hypoxic response; significant associations 
between HIF-1α and patient mortality (Talks et al., 2000). 
HIF-1α promotes multiple steps of the metastasis program 
(Semenza et al., 2010). HIF-1α was associated with poor 
prognosis in locally advanced breast cancer patients (Luiz 
et al., 2011). In a study, the measurement of HIF-1α was 
not associated with clinical tumor grading or tumor size 
(Bos et al., 2001). In our study, HIF-1α levels in diabetic 
patients with breast cancer were found to be significantly 
higher than in healthy controls (p<0.05).

Inhibition of HIF1 in adipose tissue ameliorates 
obesity and insulin resistance. It was thought that HIF1 
could provide a novel potential therapeutic target for 
Type 2 diabetes (Changtao et al., 2011). When taken 
together, the associations of HIF-1α and proliferation 
markers, enhanced expression of growth receptors and 
the the increase glycolic activity supports the role of 
HIF-1α in breast cancers. It also opens the possibility for 
targeting HIF-1 with combination therapies to affect the 
proliferation rate of breast cancers. 

Advances in our understanding of AMPK and targeted 
mTOR therapy have become clinically relevant given 
the association between a lower incidence of cancer and 
metformin usage in diabetic patients (Evans et al., 2005). 
In addition, given that obesity, insulin resistance may play 
a role in the onset of malignancies including breast cancer, 
endometrial cancer, prostate cancer (Giovannucci et al., 
1995; Del et al., 1998; Gapstur et al., 2001) Metformin 
users have a low incidence of cancer. Experimental 
studies on the effects of metformin on epithelial cells 
have demonstrated that activation of the AMPK pathway 
by metformin reduces cellular proliferation and m TOR 
activation (Hawley et al., 2002). Some authors reported 
that metformin use was associated with lower risk of 
cancer of the colon or pancreas, but did not affect the risk 
of breast or prostate cancer (Currie et al., 2009). In our 
study, It was shown that metformin therapy in patients with 
breast cancer reduced serum levels of HIF-1α (p<0.05). 

Pioglitazone is a PPARγ ligand used in the treatment 
of type 2 diabetes. In the large PROactive (PROspective 
pioglitAzone Clinical Trial In macroVascular Events) 
study, 14 bladder cancers occured in the pioglitazone arm 
(0.5%) versus 6 in the placebo arm (0.2%), (Dormandy 
et al., 2005) and in September 2010, the U.S. Food and 
Drug Administration (FDA) announced an ongoing 
investigation on the possible risk in humans (Food 
and Drug Administration, 2010). Recent studies have 
demonstrated that peroxisome proliferator activator-
receptors (PPAR)-γ is expressed in various cancer 
tissues and its ligand induces growth arrest of cancer 
cell through apoptosis (Rikio et al., 2003). Some reports 
demonstrate that PPAR-γ ligands inhibit growth of 
cancer cells in vitro and in vivo (Kubota et al., 1998). 
PPAR-γ, a nuclear hormone receptor, provides a strong 

link between lipid metabolism and the regulation of 
gene transcription. PPAR-γ acts in the adipose tissue and 
promotes lipogenesis under anabolic conditions. Recently, 
the receptor has also been implicated in inflammation 
and tumorigenesis. Significant evidence from many 
experimental systems suggest that PPAR-γ is important 
in carcinogenesis. PPAR-γ is upregulated in malignant 
tissue, and PPAR-γ ligands induce terminal differantiation 
in human breast, colon and lung cancer cells (Mueller 
et al., 1998). Some authors found no clear evidence of 
an association between use of pioglitazone and risk of 
the incident cancers examined (Assiamira et al., 2011). 
Clinical trial and epidemiologic data on TZDs and cancer 
risk are limited and results from the few studies conducted 
to date have been conflicting (Govindarajan et al., 2007; 
Koro et al., 2007). Some authors reported that short-term 
use of pioglitazone was not associated with an increased 
incidence of bladder cancer, but use for more than 2 years 
was weakly associated with increased risk (James et al., 
2011). In our study, HIF-1α levels of patients treated 
with pioglitazone did not increase. This situation may be 
related to follow-up period. Ultimately, pioglitazone is 
contraindicated in patients with current bladder cancer 
or a history of bladder cancer according to European 
Medicines Agency, 2011 (European Medicines Agency, 
2011). However, long-term large-scale studies in patients 
with other types of cancer are needed.

 
Acknowledgements 

The authors are grateful to other colleagues for useful 
comments and discussions.

References

Abbasi F, Chu JW, McLaughlin T, et al (2004). Effect of 
metformin treatment on multiple cardiovascular disease risk 
factors in patients with type 2 diabetes mellitus. Metabolism, 
53, 159-64.

ADA Guidelines (2012). Executive Summary: Standarts of 
Medical Care in Diabetes. Diabetes Care v, 35, PAGE?.

Al-Aubaidy HA, Jelinek HF (2010). 8-Hydroxy-2-deoxy-
guanosine identifies oxidative DNA damage in a rural 
prediabetes cohort. Redox Rep, 15, 155-60. 

Anderson D, Yu TW, Wright J, et al (1998). An examination of 
DNA strand breakage in the comet assay and antioxidant 
capacity in diabetic patients. Mutat Res, 398, 151-6.

Arif M, Islam MR, Hassan F, et al (2010). DNA damage and 
plasma antioxidant indices in Bangladeshi type 2 diabetic 
patients. Diabetes Metab, 36, 51-7.

Assiamira Ferrara, James DL, Charles PQ, et al (2011). Cohort 
study of pioglitazone and cancer incidence in patients with 
diabetes. Diabetes Care, 34, 923-9.

Bailey CJ, Turner RC (1996). Metformin N Engl J Med, 334, 
574-9.

Bast A, Wolf G, Oberbäumer I, et al (2002). Oxidative and 
nitrosative stress induces peroxiredoxins in pancreatic beta 
cells. Diabetologia, 45, 867-76.

Bento CF, Pereira P (2011). Regulation of hypoxia-inducible 
factor 1 and the loss of the cellular response to hypoxia in 
diabetes. Diabetologia, 54, 1946-56.

Bhatia S, Shukla R, Venkata Madhu, et al (2003). Antioxidant 
status, lipid peroxidation and nitric oxide end products in 
patients of type 2 diabetes mellitus with nephropathy. Clin 



Asian Pacific Journal of Cancer Prevention, Vol 13, 2012 5147

	             DOI:http://dx.doi.org/10.7314/APJCP.2012.13.10.5143 
Type 2 Diabetes Drugs and Breast Cancer - 8-OHdG and HIF-1α Levels 

Biochem, 36, 557-62.
Bonnefont-Rousselot D, Bastard JP, Jaudon MC, et al (2000). 

Consequences of the diabetic status on the oxidant/
antioxidant balance. Diabetes Metab, 26, 163-76.

Bos R, Zhong H, Hanrahan CF, et al (2002). Levels of hypoxia-
inducible factor 1 alpha during breast carcinogenesis. J Natl 
Cancer Res, 93, 309-14.

Changtao J, Aijuan Q, Tsutomu M, et al (2011). Disruption of 
Hypoxia-inducible factor 1 in adipocytes improves insülin 
sensitivity and decreases adiposity in high-fat diet-fed mice. 
Diabetes, 60, 2484-95.

Currie CJ, Poole CD, Gale EAM (2009). The influence of 
glucose-lowering therapies on cancer risk in type 2 diabetes. 
JOURNAL?, 52, 1766-77.

Del Giudice ME, Fantus IG, Ezzat S, et al (1998). Insulin and 
related factors in premenopausal breast cancer risk. Breast 
Cancer Res Treat, 47, 111-20.

Dormandy JA, Charbonnel B, Eckland DJ, et al (2005). PROactive 
investigators. Secondary prevention of macrovascular events 
in patients with type 2 diabetes in the PROactive Study 
(PROspective pioglitAzone Clinical Trial In macroVascular 
Events): a randomised controlled trial. Lancet, 366, 1279-89.

Elstner E, Müller C, Koshizuka K, et al (1998). Ligands for 
peroxisome proliferator-activated receptorgamma and 
retinoic acid receptor inhibit growth and induce apoptosis 
of human breast cancer cells in vitro and in BNX mice. Proc 
Natl Acad Sci USA, 95, 8806-11.

European Medicines Agency, Committee for medicinal products 
for human use. (21 July 2011). Pioglitazon Accord, Summary 
of opinion (initial authorisation), website: www.ema.europa.
eu ; e-mail: info@ema.europa.eu

Evans JM, Donnelly LA, Emslie-Smith AM, et al (2005). 
Metformin and reduced risk of cancer in diabetic patients. 
BMJ, 330, 1304-5.

Feng Z, Zhang H, Levine AJ, et al (2005). The coordinate 
regulation of the p53 and mTOR pathways in cells. Proc 
Natl Acad Sci USA, 102, 8204-9.

Food and Drug Administration (2010). FDA drug safety 
communication: ongoing safety review of actos (pioglitazone) 
and potential increased risk of bladder cancer after two years 
expose (Internet), 

Fridlyand LE, Philipson LH (2006). Reactive species and 
early manifestation of insulin resistance in type 2 diabetes. 
Diabetes Obes Metab, 8, 136-45.

Gapstur SM, Gann PH, Colangelo LA, et al (2001). Postload 
plasma glucose concentration and 27-year prostate cancer 
mortality (United States). Cancer Causes Control, 12, 
763-72.

Giovannucci E (1995). Insulin and colon cancer. Cancer Causes 
Control, 6, 164-79.

Govindarajan R, Ratnasinghe L, Simmons DL (2007). 
Thiazolidinediones and the risk of lung, prostate, and colon 
cancer in patients with diabetes. J Clin Oncol, 25, 1476-81.

Gunton JE, Kulkarni RN, Yim S, et al (2005). Loss of ARNT/
HIF1β mediates altered gene expression and pancreatic-islet 
dysfunction in human type 2 diabetes. Cell, 122, 337-49.

Hannon-Fletcher MP, O’ Kane MJ, Moles KW, et al (2000). 
Levels of peripheral blood cell DNA damage in insülin 
dependent diabetes mellitus human subjects. Mutat Res, 
460, 53-60.

Hardie DG, Hamley SA (2001). AMP-activated protein kinase: 
the energy charge hypothesis revisited. Bioessays, 23, 
1112-9.

Hawley SA, Gadalla AE, Olsen GS, et al (2002). The antidiabetic 
drug metformin activates the AMP-activated protein kinase 
cascade via an adenine nucleotide-independent mechanism. 
Diabetes, 51, 2420-5.

Hay N, Sonenberg N (2004). Upstream and downstream of 
mTOR. Genes Dev, 18, 1926-45.

James D Lewis, Assiamira Ferrara, Tiffany Peng, et al (2011). 
Risk of bladder cancer among diabetiv patients treated with 
pioglitazone. Diabetes Care, 34, 916-22.

Kemp BE, Stapleton D, Campbell DJ (2003). AMP-activated 
protein kinase, super metabolic regulator. Biochem Soc 
Trans, 31:162-8. ndocrine-Related Cancer, 13, 739-49.

Kimbro K S, Simons JW (2006). Hypoxia-inducible factor-1 
in human breast and prostate cancer. Endocrine-Related 
Cancer, 13, 739-49. 

Koro C, Barrett S, Qizilbash N (2007). Cancer risks in 
thiazolidinedione users compared to other anti-diabetic 
agents. Pharmaco-epidemiol Drug Saf, 16, 485492.

Kubota T, Koshizuka K, Williamson EA, et al (1998) Ligand 
for peroxisome proliferator-activated receptor gamma 
(Troglitazone) has potent antitumor effect against human 
prostat cancer both in vitro and in vivo. Cancer Res, 58, 
3344-52.

Liang Z, Wu T, Lou H, et al (2004). Inhibition of breast cancer 
metastasis by selective synthetic polypeptide against 
CXCR4. Cancer Res, 64, 4302-8.

Lim JH, Lee ES, You HJ, et al (2004). Ras-dependent induction 
of HIF-1 alpha785 via the Raf/MEK/ERK pathway: a novel 
mechanism of Ras-mediated tumor promotion. Oncogene, 
23, 9427-31.

Liu H, Zang C, Fenner MH et al (2003). PPARgamma ligands 
and ATRA inhibit the invasion of human breast cancer cells 
in vitro. Breast Cancer Res Treat, 79, 63-77.

Luiz Gustavo Oliveira Brito, Viviane Fernandes Schiavon, 
Jurandyr Moreira da Andrade, et al (2011). Expression 
of Hypoxia-inducible factor 1-α and vascular endothelial 
growth factor-C in locally advanced breast cancer patients. 
Clin Sci, 66, 1313-9.

Martinez-Outschoorn UE, Balliet RM, Rivadeneira DB, et al 
(2010). Oxidative stress in cancer associated fibroblasts 
drives tumor-stroma co-evolution: A new paradigm for 
understanding tumor metabolism, the field effect and 
genomic instability in cancer cells. Cell Cycle, 9, 3256-76.

Mueller E, Sarraf P, Tontonoz P, et al (1998). Terminal 
differentiation of human breast cancer through PPAR 
gamma. Mol Cell, 1, 465-70.

Musarrat J, Arezina-Wilson J, Wani AA (1996). Prognostic and 
aetiological relevance of 8-hydroxyguanosine in human 
breast carcinogenesis. Eur J Cancer, 32A, 1209-14.

Nathan DM, Buse JB, Davidson MB, et al (2009). American 
Diabetes Association; European Association for Study of 
Diabetes. Medical management of hyperglycemia in type 
2 diabetes: a consensus algorithm for the initiation and 
adjustment of therapy: a consensus statement of the American 
Diabetes Association and the European Association for the 
Study of Diabetes. Diabetes Care, 32, 193-203.

Paolo Vigneri, Francesco Frasca, Laura Sciacca, et al (2009). 
Diabetes and cancer. Endocrine-Related Cancer, 16, 1103-
23.

Rathmann W, Giani G (2004). Global prevalence of diabetes: 
estimates for the year 2000 and projections for 2030. 
Diabetes Care, 27, 2568-9.

 Rösen P, Nawroth PP, King G, et al (2001). The role of oxidative 
stress in the onset and progression of diabetes and its 
complications: a summary of a Congress Series sponsored 
by UNESCO-MCBN, the American Diabetes Association 
and the German Diabetes Society. Diabetes Metab Res Rev, 
17, 189-212.

Rubenstrunk A, Hanf R, Hum DW, et al (2007). Safety issues 
and prospects for future generations of PPAR modulators. 
Biochim Biophys Acta, 1771, 1065-81.



Harman Ece et al

Asian Pacific Journal of Cancer Prevention, Vol 13, 20125148

Rahimi R, Nikfar S, Larijani B, et al (2005). A review on role 
of antioxidants in the management of diabetes and its 
complications. Biomed Pharmacother. 59, 365-73.

Rikio Y, Masahide M, Yoshihiro S, et al (2003). Expression 
of peroxisome proliferator activated receptors (PPARs) in 
human urinary bladder carcinoma and growth inhibition by 
its agonists. Int J Cancer, 104, 597-602.

Sabatini DM (2006). mTOR and cancer: insights into a complex 
relationship. Nat Rev Cancer, 6, 729-34

Samuni Y, Cook JA, Choudhuri R, et al (2010). Inhibition of 
adipogenesis by Tempol in 3T3-L1 cells. Free Radic Biol 
Med, 49, 667-73.

Semenza GL (2010). Defining the role of hypoxia-inducible 
factor 1 in cancer biology and therapeutics. Oncogene, 29, 
625-34.

Suzuki S, Arnold LL, Pennigton KL, et al (2010). Effects of 
pioglitazone, a peroxisome proliferator-activated receptor 
gamma agonist, on the urine and urothelium of the rat. 
Toxicol Sci, 113, 349-57.

Talks KL, Turley H, Gatter KC, et al (2000). The expression and 
distribution of the hypoxia-inducible factors HIF-1 alpha 
and HIF-2 alpha in normal human tissues, cancers, and 
tumor-associated macrophages. Am J Pathol, 157, 411-21.

UK Prospective Diabetes Study (UKPDS) Group (1998). Effect 
of intensive blood-glucose control with metformin on 
complications in overweight patients with type 2 diabetes 
(UKPDS 34). Lancet, 352, 854-65.

Van Diest PJ, Vleugel Mm, Van der Wall E (2005). Expression 
of HIF-1 alpha in human tumours. J Clin Pathol, 58, 335-6.

Van Dyke K, Jabbour N, Hoeldtke R, et al (2010). Oxidative/
nitrosative stresses trigger I diabetes: preventable in 
streptozotocin rats and detectable in human disease. Ann N 
Y Acad Sci, 1203, 138-45.

Wu LL, Chiou CC, Chang PY, et al (2004). Urinary 8-OHdG: 
a marker of oxidative stress to DNA and a risk factor for 
cancer, atherosclerosis and diabetics. Clin ChimActa, 339, 
1-9.

Wullschleger S, Loewith R, Hall MN (2006). TOR signaling in 
growth and metabolism. Cell, 124, 471-84.

Zheng F, Lu W, Jia C, et al (2010). Relationships between glucose 
excursion and the activation of oxidative stress in patients 
with newly diagnosed type 2 diabetes or impaired glucose 
regulation. Endocrine, 37, 201-8.

Zong H, De Marzo AM, Laughner E, et al (1999). Overexpression 
of hypoxia-inducible factor1 alpha in common human 
cancers and their metastases. Cancer Res, 59, 5830-5.


