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Patients before and after Treatment  
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In this study, serum adiponectin level was evaluated in 35 primary breast cancer patients and 

10 healthy females, before and after treatment to assess if there is a relation between it and breast 

cancer, and to find out if it has a prognostic value. Serum adiponectin level was significantly 

lower in all and postmenopausal breast cancer patients before taking any type of treatment, and 

non-significantly lower in locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy than healthy controls. Non-significant elevations was shown after 

treatment by surgery, and also after completing treatment by surgery followed by taking 2 cycles 

of adjuvant chemotherapy followed by treatment by radiotherapy in case of premenopausal 

locally advanced breast cancer patients. Triglycerides showed significantly higher level in all 

groups of patients. There was statistical negative correlation between serum adiponectin level 

and body mass index (BMI) in postmenopausal healthy controls, and between serum adiponectin 

level and BMI, triglycerides in all and postmenopausal breast cancer patients before taking any 

type of treatment. In conclusion, this study suggests that low serum adiponectin level is likely to 

be associated with increased breast cancer risk, particularly among postmenopausal women. The 

association between obesity and breast cancer risk might be partly explained by adiponectin. 

Key words: Adiponectin, Breast cancer, Triglycerides, Body mass index, Obesity. 

Supervisors: Ass. Prof. Dr. Amr Saad Mohammed              Ass. Prof. Dr. Azza Niazy Taher 

                        Ass. Prof. Dr. Azza Abd-Alla Mohammed 

                                                                       Prof. Dr. Mohammed Mohammed Shokry 

 

                 Chairman of Chemistry Department 

                    Faculty of Science - Cairo University 



Acknowledgement 
 

Acknowledgement  

Thanks to Allah first and foremost. I feel always indebted to Allah the kindest and the 

most beneficent and merciful. 

I would like to express my great thanks and deepest appreciation to Ass. Prof. Dr. Amr 

Saad Mohammed, Assistant Professor of Biochemistry, Faculty of Science, Cairo University, for 

his kind supervision, valuable guidance, support, invaluable advices and great help. 

My great thanks and gratitude to Ass. Prof. Dr. Azza Niazy Taher, Assistant Professor of 

Radiation Oncology, National Cancer Institute, Cairo University, for her kind supervision, 

valuable guidance, advices and help in obtaining patients samples and their clinical data.     

My grateful acknowledgement, great thanks, sincere appreciation and deepest respect to 

Ass. Prof. Dr. Azza Abd-Alla Mohammed, Assistant Professor of Clinical Pathology, National 

Center for Radiation Research and Technology, Atomic Energy Authority, for her tremendous 

effort, precious guidance, helpful instructions and powerful support under her continuous kind 

supervision to finish this study. 

I would like to express my great thanks to Dr. Safaa Kamal Mohammed, Lecturer of 

Clinical Pathology, National Center for Radiation Research and Technology, Atomic Energy 

Authority,, for her valuable advices, support, and continuous encouragement. 

My profound and sincere thanks and gratitude to Ass. Lect. Mohammed Samy Omar El-

Farouk Taha Mohammed, Assistant Lecturer in National Center for Radiation Research and 

Technology, Atomic Energy Authority,, for his great effort, invaluable guidance, valuable time 

and continuous advices which helped me to overcome many difficulties during the study. 

I would like to thank all subjects who participated in this study. 

Finally, my deepest thanks to all my family members for their continuous help and 

encouragement especially my brother Ahmed. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

To my beloved mother 
To my brothers and my 

sister 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

 



Contents  
 

Contents

 Page

List of abbreviations……………………………………………………………………… I 
  

List of figures……………………………………………………………………………… VII 
 

List of tables……………………………………………………………………………….. X 
 

Introduction……………………………………………………………………………...... 1 

Aim of the work…………………………………………………………………………… 3 

Review of literature……………………………………………………………………….. 4 

Breast cancer………………………………………………………………………… 4 

Breast cancer risk factors……………………………………………………… 4 

Staging of breast cancer……………………………………………………….. 19 

World Health Organization classification of breast tumor……………………. 22 

Histopathological grades of breast cancer…………………………………….. 24 

Adipocytokines………………………………………………………………………. 25 

Secretory function of white adipose tissue……………………………………. 25 

Adiponectin………………………………………………………………………….. 45 

Discovery of adiponectin and its structure…………………………………….. 45 

Clinical features of adiponectin……………………………………………….. 47 

Functions of adiponectin………………………………………………………. 51 

Adiponectin receptors…………………………………………………………. 55 

Adiponectin and risk of various types of cancer………………………………. 56 

Mechanisms that may link adiponectin with carcinogenesis………………….. 58 

Subjects and methods…………………………………………………………………….. 64 

Subjects………………………………………………………………………………. 64 



Contents  
 

Details of treatment………………………………………………………………….. 65 

Specimen collection………………………………………………………………….. 66 

Determination of adiponectin………………………………………………………... 66 

Determination of breast cancer risk factors………………………………………….. 71 

Determination of triglycerides……………………………………………………….. 72 

Determination of total cholesterol…………………………………………………… 73 

Determination of aspartate aminotransferase………………………………………... 73 

Determination of alanine aminotransferase………………………………………….. 74 

Determination of urea………………………………………………………………... 74 

Determination of creatinine………………………………………………………….. 75 

Determination of uric acid…………………………………………………………… 75 

Determination of hemoglobin………………………………………………………... 76 

Statistical analysis…………………………………………………………………… 76 

Results…………………………………………………………………………………....... 78 

Discussion………………………………………………………………………………….. 107 

Summary…………………………………………………………………………………... 114 

References…………………………………………………………………………………. 118 

Arabic summary  

 

 

 



List of Abbreviations 
 

I 
 

List of Abbreviations 

11β-HSD-1  11β-Hydroxysteroid dehydrogenase type 1 

4-AAP  4-Aminoantipyrine 

A  Adenine 

ACC  Acetyl-coenzyme A carboxylase 

Acrp30  Adipocyte complement-related protein of 30 kilodalton 

ACS  Acute coronary syndrome 

ADH  Alcohol dehydrogenase 

AdipoR1 and 2  Adiponectin receptor 1 and 2 

ADP  Adenosine diphosphate 

AGT  Angiotensinogen 

AHH   Aryl hydrocarbon hydroxylase 

AICR  American Institute for Cancer Research 

Akt  Agarose kinase target 

ALBP  Adipocyte lipid-binding protein 

ALL  Acute lymphoblastic leukaemia 

ALT  Alanine aminotransferase  

AMI  Acute myocardial infarction 

AML  Acute myelogenous leukaemia 

AMPK  Adenosine monophosphate-activated protein kinase  

aP2  Adipocyte lipid-binding protein 

apM1  Adipose most abundant gene transcript-1

apo  Apolipoprotein 

ASP  Acylation-stimulating protein 



List of Abbreviations 
 

II 
 

AST  Aspartate aminotransferase 

AT  Ataxia telangiectasia 

ATM  Ataxia telangiectasia mutated 

ATP  Adenosine triphosphate    

BAT  Brown adipose tissue 

Bcl-2  B-cell lymphoma 2 

bFGF  Basic fibroblast growth factor

BMI  Body mass index  

bp  Base pair  

BRCA1 and 2  Breast cancer 1 and 2  

BUN   Blood urea nitrogen 

C  Cytosine 

CAD  Coronary artery disease 

CARE Women’s Contraceptive and Reproductive Experiences 

CD36  Cluster of differentiation 36 

cDNA  Complementary deoxyribonucleic acid 

CE  Cholesterol esterase 

CETP  Cholesteryl ester transfer protein 

cGy  Centigray 

CHOD  Cholesterol oxidase 

CMF  Cyclophosphamide, methotrexate, fluorouracil

COMA  Committee on Medical Aspects of Food and Nutrition Policy 

CRP  C-reactive protein 

CYP  Cytochrome P450 

DB-cAMP  Dibutyryl-cyclic adenosine monophospate 



List of Abbreviations 
 

III 
 

DCHB  3,5-Dichloro-2-hydroxybenzenesulfonic acid 

DNA  Deoxyribonucleic acid 

EC(s)   Endothelial cell(s) 

EGF Epidermal growth factor

ELISA    Enzyme-linked immunosorbent assay 

eNOS Endothelial nitric oxide synthase 

ER  Estrogen receptor 

FA Fanconi anemia 

FAC  Fluorouracil, adriamycin, cyclophosphamide 

FAS  Fatty acid synthase 

FEC  Fluorouracil, epirubicin, cyclophosphamide 

FIAF  Fasting-induced adipose factor 

FIZZ Found in inflammatory zone 

G Guanine 

GBP28  Gelatin-binding protein-28 

GH Growth hormone 

GK Glycerol kinase 

GPAT  Glycerol phosphate acyltransferase 

GPO  Glycerol-3-phosphate oxidase 

GSH  Glutathione 

GST  Glutathione S-transferase 

HAAs  Heterocyclic aromatic amines 

HB-EGF Heparin-binding epidermal growth factor-like growth factor

HDL(s)   High density lipoprotein(s) 

Her2/neu  Human epidermal growth factor receptor 2 



List of Abbreviations 
 

IV 
 

HMW  High molecular weight 

HRP Horseradish peroxidase 

HRT  Hormone replacement therapy 

HSL  Hormone-sensitive lipase 

HSP70  Heat shock protein 70 

IGF   Insulin-like growth factor 

IGFBP  Insulin-like growth factor binding protein 

IL  Interleukin 

JAK  Janus kinase 

JNK c-Jun NH2-terminal kinase 

kb Kilobase 

kDa Kilodalton 

LDL(s)  Low density lipoprotein(s) 

LOH  Loss of heterozygosity 

LPL  Lipoprotein lipase 

MAPK  Mitogen-activated protein kinase 

MI  Myocardial infarction 

mrad  Millirad 

mRNA  Messenger ribonucleic acid 

MT(s)  Metallothionein(s) 

MTHFR  5,10 -Methylenetetrahydrofolate reductase 

mTOR  Mammalian target of rapamycin 

n Number of subjects 

NADPH   Nicotinamide adenine dinucleotide phosphate (reduced form) 

NAT  N-acetyltransferase 



List of Abbreviations 
 

V 
 

NBS  Nijmegen breakage syndrome 

NF-κB  Nuclear factor-κB 

NS  Non-significant 

OC(s)     Oral contraceptive(s) 

OD  Optical density 

oxLDL   Oxidized low density lipoprotein 

P  Probability 

p53 Protein 53 

PAHs  Polycyclic aromatic hydrocarbons 

PAI-1  Plasminogen activator inhibitor-1 

PAP  Phenol aminoantipyrine 

PDGF Platelet-derived growth factor 

PGAR  Peroxisome proliferator-activated receptor-γ angiopoietin 

related protein 

PI3K  Phosphatidylinositol 3-kinase 

POD Peroxidase 

PPAR(s)  Peroxisome proliferator-activated receptor(s) 

PR  Progesterone receptor 

PROGINS  Progesterone receptor gene polymorphism 

PTEN  Phosphatase and tensin homolog 

PUFAs Polyunsaturated fatty acids 

r Correlation coefficient 

RAS  Renin-angiotensin system 

RBP  Retinol-binding protein 

RELM(s)  Resistin-like molecule(s) 



List of Abbreviations 
 

VI 
 

ROS  Reactive oxygen species 

SAP Stable angina pectoris 

SD  Standard deviation 

SHBG Sex-hormone-binding globulin 

Shc  Src-homology/collagen

SNP(s) Single nucleotide polymorphism(s) 

STAT  Signal transducer and activator of transcription 

STK11  Serine/threonine kinase 11 

T  Thymine 

TGF  Transforming growth factor 

TMB  Tetramethylbenzidine 

TNF-α Tumor necrosis factor-α 

TNM  Tumor size, lymph nodes and distant metastases 

TSC2  Tuberous sclerosis complex 2 

TZDs  Thiazolidinediones 

UCP(s)  Uncoupling protein(s) 

VEGF  Vascular endothelial growth factor 

VLDL(s)  Very low density lipoprotein(s) 

VSMC(s)  Vascular smooth muscle cell(s) 

WAT  White adipose tissue 

WHI  Women's Health Initiative 

WHO  World Health Organization 

XRCC  X-ray repair cross complementing 

 



List of Figures  
 

VII 
 

List of Figures

 Page

Fig. (1): Domains and structure of adiponectin…………………………………………..... 46 

Fig.  (2): Action of adiponectin on adipose tissue and peripheral organs (liver, blood, and 

skeletal muscle)……………………………………………………………………………..

 

53 

Fig. (3): Multiple potential signalling pathways for adiponectin.…………………………. 61 

Fig. (4): Possible molecular mechanisms of regulation of tumor cell growth by AMPK..... 61 

Fig. (5): Test principle for determination of adiponectin by ELISA technique…………… 67 

Fig.(6): Dilution of adiponectin test standard……………………………………...................... 69 

Fig. (7): Serum adiponectin level (μg/ml) in healthy controls, breast cancer patients 

before taking any type of treatment and locally advanced breast cancer patients after 

treatment by 4 cycles of neoadjuvant chemotherapy………………………………………. 

 

 

87 

Fig. (8): Serum adiponectin level (μg/ml) in breast cancer patients before taking any type 

of treatment and at (20-30) days after treatment by surgery……………………………….. 

 

89 

Fig. (9): Serum adiponectin level (μg/ml) in premenopausal locally advanced breast 

cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy and after 

completing treatment by surgery followed by taking 2 cycles of adjuvant chemotherapy 

followed by treatment by radiotherapy…………………………………………………….. 

 

 

 

90 

Fig. (10): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in all 

healthy controls…………………………………………………………………………….. 

 

96 

Fig. (11): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

premenopausal healthy controls…………………………………………………………….

 

96 

Fig. (12): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

postmenopausal healthy controls…………………………………………………………... 

 

97 



List of Figures  
 

VIII 
 

Fig. (13): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in all 

breast cancer patients before taking any type of treatment………………………………… 

 

97 

Fig. (14): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

premenopausal breast cancer patients before taking any type of treatment………………...

 

98 

Fig. (15): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

postmenopausal breast cancer patients before taking any type of treatment………………. 

 

98 

Fig. (16): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in all 

locally advanced breast cancer patients after treatment by 4 cycles of neoadjuvant 

chemotherapy…………………………………………………………………………......... 

 

 

99 

Fig. (17): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

premenopausal locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy………………………………………………………………… 

 

 

99 

Fig. (18): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

postmenopausal locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy………………………………………………………………… 

 

 

100 

Fig. (19): Correlation between serum adiponectin level (μg/ml) and serum triglycerides 

level (mg/dl) in all healthy controls………………………………………………………... 

 

102 

Fig. (20): Correlation between serum adiponectin level (μg/ml) and serum triglycerides 

level (mg/dl) in premenopausal healthy controls…………………………………………... 

 

102 

Fig. (21): Correlation between serum adiponectin level (μg/ml) and serum triglycerides 

level (mg/dl) in postmenopausal healthy controls…………………………………………. 

 

103 

Fig. (22): Correlation between serum adiponectin level (μg/ml) and serum triglycerides 

level (mg/dl) in all breast cancer patients before taking any type of treatment……………. 

 

103 

Fig. (23): Correlation between serum adiponectin level (μg/ml) and serum triglycerides 

level (mg/dl) in premenopausal breast cancer patients before taking any type of treatment. 

 

104 



List of Figures  
 

IX 
 

Fig. (24): Correlation between serum adiponectin level (μg/ml) and serum triglycerides 

level (mg/dl) in postmenopausal breast cancer patients before taking any type of 

treatment………………………………………………………………………………........ 

 

 

104 

Fig. (25): Correlation between serum adiponectin level (μg/ml) and serum triglyceride 

level (mg/dl) in all locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy………………………………………………………………… 

 

 

105 

Fig. (26): Correlation between serum adiponectin level (μg/ml) and serum triglycerides 

level (mg/dl) in premenopausal locally advanced breast cancer patients after treatment by 

4 cycles of neoadjuvant chemotherapy…………………………………………………….. 

 

 

105 

Fig. (27): Correlation between serum adiponectin level (μg/ml) and serum triglycerides 

level (mg/dl) in postmenopausal locally advanced breast cancer patients after treatment 

by 4 cycles of neoadjuvant chemotherapy…………………………………………………. 

 

 

106 

 

 

 



List of Tables  
 

X 
 

List of Tables

 Page

Table (1): Breast cancer risk factors in Group 1: healthy controls, Group 2: breast cancer 

patients before taking any type of treatment and Group 3: locally advanced breast cancer 

patients after treatment by 4 cycles of neoadjuvant chemotherapy………………………... 

 

 

80 

Table (2): Breast cancer risk factors in Group 1 (a),(b): pre and Postmenopausal healthy 

controls, Group 2 (a),(b): pre and Postmenopausal breast cancer patients before taking 

any type of treatment and Group 3 (a),(b): pre and Postmenopausal locally advanced 

breast cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy…………. 

 

 

 

82 

Table (3): Serum adiponectin level (μg/ml) in healthy controls, breast cancer patients 

before taking any type of treatment and locally advanced breast cancer patients after 

treatment by 4 cycles of neoadjuvant chemotherapy………………………………………. 

 

 

86 

Table (4): Serum adiponectin level (μg/ml) in breast cancer patients before taking any 

type of treatment and at (20-30) days after treatment by surgery,and in premenopausal 

locally advanced breast cancer patients after treatment by 4 cycles of neoadjuvant 

chemotherapy and after completing treatment by surgery followed by taking 2 cycles of 

adjuvantchemotherapy followed by treatment by radiotherapy…………………………….

 

 

 

 

88 

Table (5): Serum levels of lipid profile (triglycerides, total cholesterol), liver functions 

(AST, ALT), kidney functions (urea, creatinine, uric acid) and hemoglobin in Group 1: 

healthy controls, Group 2: breast cancer patients before taking any type of treatment and 

Group 3: locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy………………………………………………………………… 

 

 

 

 

92 

 

 

 

 



List of Tables  
 

XI 
 

Table (6): Serum levels of lipid profile (triglycerides, total cholesterol), liver functions 

(AST, ALT), kidney functions (urea, creatinine, uric acid) and hemoglobin in Group 1 

(a),(b): pre and Postmenopausal healthy controls, Group 2 (a),(b): pre and 

Postmenopausal breast cancer patients before taking any type of treatment and Group 3 

(a),(b): pre and Postmenopausal locally advanced breast cancer patients  after treatment 

by 4 cycles of neoadjuvant chemotherapy…………………………………………………… 

 

 

 

 

 

93 

Table (7): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

healthy controls, breast cancer patients before taking any type of treatment and locally 

advanced breast cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy. 

 

 

95 

Table (8): Correlation between serum adiponectin level (μg/ml) and serum triglycerides 

level (mg/dl) in healthy controls, breast cancer patients before taking any type of 

treatment and locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy………………………………………………………………… 

 

 

 

101 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

INTRODUCTION 
  
 
 
 
 
 
 
 
 
 
 
 
  
 
 

 

 

 



Introduction 
 

1 
 

Introduction 

Breast cancer is the most common cancer among women. Annually about 182,800 cases 

are diagnosed and 40800 deaths are recorded due to the disease in the United States (American 

Cancer Society, 2000). It is reported that there is reduction in mortality of about (1 2 ـ%) in 

countries with a higher incidence of breast cancer such as United States, Canada and United 

Kingdom (Mettlin, 1999). This might be related either to life style (as diet or reproductive 

behavior), early diagnosis which are caused by women's greater attention to breast self 

examination as well as the widespread use of screening mammography or to improved quality of 

treatment, particularly increased use of systemic adjuvant therapies (American Cancer Society, 

1999). 

In Egypt, data reported by Anwar et al., (2002) indicated that breast cancer represents 

21% of all cancer cases as registered by the Central Cancer Registry in the years 1999/2000 and 

1st six months of 2001. 

Obesity is a well-known risk factor for breast cancer, and obese women are likely to have 

metastatic breast cancer when they are first diagnosed, and to have a poor prognosis regardless 

of their menopausal status (Newman et al., 1997; Harvie et al., 2003). Although the exact 

mechanism remains not to be determined, the hormonal changes associated with obesity are 

considered to be responsible for this relationship, with particular emphasis being placed on the 

increased production of estrogen. Adipose tissue is well established as the source of estrogen 

production through aromatization of androgens which is derived from the adrenal gland (Edman 

et al., 1978). However, the contribution to the development of breast cancer from obesity is not 

fully explained by increased estrogen levels only (Hankinson et al., 1998; Verkasalo et al., 

2001). 

Adipose tissue is not only a passive reservoir for energy storage but is now known to 

express and secrete a variety of metabolites, hormones and cytokines, known as adipocytokines, 
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which act at both the local and systemic level. These adipocytokines include leptin, adiponectin, 

complement components, plasminogen activator inhibitor-1 (PAI-1), tumor necrosis factor-α 

(TNF-α), interleukin (IL)-6, proteins of the renin-angiotensin system (RAS) and resistin 

(Kershaw and Flier, 2004). 

Adiponectin is secreted from adipocytes exclusively and it has been established that 

plasma adiponectin concentration is inversely correlated with the incidence of obesity, type II 

diabetes, and cardiovascular diseases (Arita et al., 1999; Matsuzawa et al., 1999; Weyer et al., 

2001).The most important functions of adiponectin identified so far are anti-atherogenic, anti-

inflammatory and insulin sensitizing effects. It remains to be determined whether adiponectin′s 

deficiency is a primary cause or rather a marker of atherosclerosis and insulin resistance 

(Beltowski, 2003; palomer et al., 2005). 

Interestingly, several case-control studies have shown that decreased adiponectin levels 

are associated with the incidence of breast cancer, but the correlation between serum adiponectin 

and breast cancer risk is not clear yet, and the molecular basis for the link remains poorly 

understood (Miyoshi et al., 2003; Mantzoros et al., 2004; Chen et al., 2006). 
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Aim of the Work 

In this study, evaluation of serum adiponectin level is estimated in healthy controls and 

patients suffering from breast cancer before and after treatment, aiming to assess if there is a 

relation between serum adiponectin level and breast cancer in an attempt to find a new link 

between obesity and breast cancer. The study is also aiming to find out if serum adiponctin level 

could have a prognostic value.  
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Review of Literature 

Breast cancer  

Breast cancer risk factors 

Age: 

Age is the main risk factor for breast carcinoma. Breast cancer incidence is very low 

before age 25 and increases up to 100-fold by age 45 (Hulka and Moorman, 2001). This pattern 

suggests the involvement of reproductive hormones in breast cancer etiology (Pike et al., 1993), 

as hormone-independent cancers would not exhibit a dramatic change in the incidence of the 

disease during the active reproductive period. After menopause, there is a great divergence in the 

breast cancer risk among four different continents. The risk continues to rise up to 75 years of 

age in the United States and Sweden, while in Colombia, the age-specific increase is 

considerably smaller after age of 45. In contrast, in Japan breast cancer incidence after age of 45 

exhibits a plateau followed by a slow decrease (Hulka and Moorman, 2001). 

Genetic and familial factors:   

Family history of breast cancer is another important risk factor. Having a mother or a 

sister with breast cancer increases the risk of developing the disease by 2 to 3 times. If there is 

more than one affected relative, if the disease appears at a young age and if it is bilateral or 

associated with ovarian cancer, the risk increases further (Thompson, 1994). 

Germline mutations in high-penetrance breast cancer susceptibility genes such as breast 

cancer 1 and 2 (BRCA1 and 2), protein 53 (p53), ataxia telangiectasia mutated (ATM) and 

phosphatase and tensin homolog (PTEN) confer a high individual risk for developing hereditary 

breast cancer. However, these mutations have been shown to account for only up to 5-10% of all 

breast cancers, probably because of their low allele frequencies in general population (Easton et 

al., 1993; Oesterreich and Fuqua, 1999). Relatively common low-penetrance cancer 
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susceptibility genes, acting together with endogenous and lifestyle risk factors are likely to 

account for most of the sporadic breast cancers, which comprise the majority of all breast 

cancers (Johnson-Thompson and Guthrie, 2000). Hereditary breast cancers usually arise at an 

earlier age and are often multifocal or bilateral, whereas sporadic cancers are in general 

unilateral and have later onset (Rebbeck, 1999). 

High-penetrance breast cancer susceptibility genes: 

Mutations in BRCA1 and BRCA2, two of the most commonly implicated genes in 

hereditary breast cancer, are responsible for approximately 80-90% of all hereditary breast 

cancers, whereas they are not very frequent in sporadic breast cancers (de Jong et al., 2002). 

However, BRCA1 expression is reduced in most sporadic breast cancer, suggesting other 

mechanisms that control BRCA1 expression and inactivation such as promoter methylation or 

protein ubiquitination (Deng and Brodie, 2000). 

Women who carry deleterious mutations in BRCA1 or BRCA2 have a considerably 

increased life-time risk of breast cancer (approximately 80%), that is roughly ten times greater 

than that of the general population. However, these figures might be lower as methods that 

estimate the risk based on family studies (with more than one case) generate higher risk values, 

as opposed to methods based on single cases, unselected for family history (Narod, 2002). In 

Ashkenazi Jewish population, there are three hot spot mutations (BRCA1- 185delAG, BRCA1-

5382insC, and BRCA2  6174delT), which occur at much higher rates than in general population 

and are associated with an increased risk of breast cancer development (King et al., 2003). 

BRCA1 is a tumor suppressor gene whose primary function is maintaining genomic 

integrity (caretaker gene) (Deng and Brodie, 2000). Germline mutations in BRCA1 are 

associated with approximately 42% of breast cancer families and 81% of families with both 

ovarian and breast cancer (Ford et al., 1998). Loss of heterozygosity (LOH) in BRCA1 gene is 

frequently observed in hereditary breast cancers and it is one of the most common mechanisms 

by which the normal allele is inactivated (Osorio et al., 2002).  
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Germline mutations in BRCA2 (another caretaker gene involved in deoxyribonucleic 

acid [DNA] repair processes) are linked with approximately 76% of breast cancer families in 

which both females and males are affected. This percentage decreases to 32% in families where 

only women are affected by breast cancer, and furthermore to 14% in breast-ovarian cancer 

families (Ford et al., 1998). Similar to BRCA1, LOH has been demonstrated to play an 

important role in the development of BRCA2-induced breast cancers (Eiriksdottir et al., 1998). 

Interestingly, biallelic germline mutations in BRCA2 are associated with the very rare D1 

complementation group of Fanconi anemia (FA), a particular subgroup of FA. In addition to 

breast cancer, these patients have a high susceptibility to develop acute myeloid leukemia, 

Wilms' tumor and medulloblastoma (Venkitaraman, 2004). 

Among high-penetrance genes, p53 was the first tumor suppressor gene linked to 

hereditary breast cancer. Localized on chromosome 17p13, p53 is one of the most commonly 

mutated genes in all human cancers (approximately 50% cancers) (Malkin, 1994). Germline p53 

mutations have been identified in patients with Li-Fraumeni cancer susceptibility syndrome, an 

autosomal dominant disorder characterized by a markedly increased risk of breast cancer with 

early-onset, among other types of cancers (sarcomas, leukemias, brain tumors, adrenocortical 

carcinomas, etc) (Malkin, 1994). Affected women have an 18-fold higher risk for developing 

breast cancer before age of 45 as compared to the general population, and the risk declines with 

age (maximum is before age of 20) (Garber et al., 1991). 

PTEN germ-line mutations are present in 80% of patients with Cowden syndrome, a rare 

hereditary breast and thyroid cancer predisposition syndrome associated with a 25-50% lifetime 

breast cancer risk (de Jong et al., 2002) (general population has a 8-10% lifetime risk). Ataxia 

telangiectasia (AT) is an autosomal recessive genetic disease caused by mutations in ATM gene. 

AT carriers, who are heterozygous for ATM mutations, appear to be at an increased risk of 

developing breast cancer (de Jong et al., 2002), estimated at 11% by the age of 50 and 30% by 

the age of 70 (Easton, 1994). Germline missense mutations (resulting in a stable but functionally 
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abnormal protein that acts in a dominant negative fashion and inhibits the normal ATM protein), 

rather than truncating mutations (resulting in an unstable, abnormal ATM protein) confer the 

high breast cancer risk found in AT carriers (de Jong et al., 2002). In Nijmegen breakage 

syndrome (NBS), an AT-like condition, the germline Polish founder mutation in NBS1 gene 

(657del15) has been shown to occur with increased frequency in breast cancer cases, particularly 

in familial cases (Gorski et al., 2003). Patients with Peutz-Jeghers syndrome (an autosomal 

dominant disorder caused by truncating germline mutations in the Serine/threonine kinase 11 

[STK11] gene) have also an increased breast cancer risk (de Jong et al., 2002). 

Low-penetrance breast cancer susceptibility genes: 

Polymorphisms in breast cancer susceptibility genes with low-penetrance (but present in 

a high percentage of individuals) have a greater contribution to breast tumorigenesis in 

combination with exogenous (such as diet, pollution) and endogenous (such as hormones) 

exposures (Rothman et al., 2001). Low-penetrance susceptibly genes can be identified by 

studying the biochemical or physiological pathways that are postulated to be involved in breast 

carcinogenesis. Candidate polymorphic genes include those encoding for enzymes implicated in 

the metabolism of estrogen or various carcinogens, detoxification of reactive oxygen species 

(ROS) emerging from these reactions, alcohol and one-carbon metabolism pathways or proteins 

that play a role in DNA repair or cell signaling processes (Dumitrescu and Cotarla, 2005). 

Enzymes from different metabolic pathways can be divided into phase I enzymes that 

metabolically activate carcinogens (such as cytochrome P450 [CYP] 1A1 protein) and phase II 

enzymes that metabolically inactivate carcinogens (such as N-acetyltransferase [NAT] and 

glutathione S-transferase [GST] family proteins). Polymorphisms in both phase I and II enzyme 

genes involved in xenobiotic and endobiotic metabolism therefore may modulate the relative risk 

of breast cancer for an individual (Okobia and Bunker, 2003). 

CYP1A1 encodes aryl hydrocarbon hydroxylase (AHH), an enzyme that activates 

cigarette smoke constituents and polycyclic aromatic hydrocarbons (PAHs) leading to 
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electrophilic, carcinogenic molecules (Bartsch et al., 2000), in addition, it also catalyses the 2-

hydroxylation of estradiol in several extrahepatic tissues, including the breast (Hellmold et al., 

1998). Among the identified polymorphisms in CYP1A1, m1 polymorphism is associated with a 

modest increase of breast cancer risk in the white population, and m2 (codon 462, 

isoleucine/valine) polymorphism is associated with a moderately increased breast cancer risk 

only in postmenopausal women (de Jong et al., 2002). A specific polymorphism (17.5 kb region 

deletion) in CYP2D6, another member of the CYP family that codes for debrisoquine 

hydroxylase, has been associated with an increased breast cancer susceptibility both in 

phenotypic (poor metabolizers' group) and genotypic (homozygous and heterozygous for the 

variant allele, combined group) studies (de Jong et al., 2002). 

Members of the GST superfamily catalyze the conjugation of glutathione (GSH) to a 

variety of electrophiles, increasing their water solubility and excretability (Strange and Fryer, 

1999). Polymorphisms leading to the absence of different GST isoenzymes affect the tolerance 

of the organism to chemical challenges and may influence cancer susceptibility. A pooled 

analysis of studies on GSTM1 null genotype (homozygous deletion) had found small and only 

marginally significant association with increased breast cancer risk (de Jong et al., 2002). 

GSTP1 is expressed consistently in both normal and tumor breast tissues (Albin et al., 1993). A 

meta-analysis study found that an isoleucine to valine substitution at codon 105, which may 

reduce the conjugating activity of the enzyme (Gudmundsdottir et al., 2001), has been 

associated with a moderately increased breast cancer risk in homozygous carriers (de Jong et al., 

2002). 

Polymorphisms in the rate-limiting enzyme involved in alcohol oxidation, Alcohol 

dehydrogenase (ADH), may modulate breast cancer risk, as alcohol is a well-documented risk 

factor. Indeed, premenopausal women with the ADH1C*1,1 genotype (homozygous for 

ADH1C*1 allele) have been found to be at an 1.8 times higher risk for breast cancer than women 

with the other two genotypes (Freudenheim et al., 1999; Coutelle et al., 2004). 
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Genes involved in the metabolism of methyl group (one-carbon metabolism) illustrate 

very well the interaction between environmental and genetic factors. 5,10-

methylenetetrahydrofolate reductase (MTHFR) gene encodes an enzyme crucial for DNA 

synthesis and maintenance of DNA methylation patterns, dependent on folate intake. Two 

functional polymorphisms in MTHFR gene, (C677T and A1298C), that result in a decreased 

enzyme activity in the variant carriers, are associated with an increased risk of developing breast 

cancer (Campbell et al., 2002; Ergul et al., 2003). 

DNA repair genes constitute another low-penetrance cancer susceptibility gene group. 

Polymorphisms in these genes leading to attenuated DNA repair capacities, especially after the 

exposure to endogenous and exogenous genotoxic agents, may contribute to breast cancer risk. 

One X-ray repair cross complementing (XRCC) 1 399 variant allele (a gene involved in base 

excision repair) has been shown to be sufficient to confer an increased risk of breast cancer in 

African-American carriers (Duell et al., 2001). Homozygotes for the variant allele of BRCA2 

asparagine 372 histidine polymorphism have been associated with an increased breast cancer risk 

in different European populations, as well as a large Australian population (Goode et al., 2002). 

Polymorphisms in genes that are part of the steroid hormone pathways may alter the 

levels and/or actions of endogenous hormones and therefore influence breast cancer risk. One 

particular polymorphism found in CYP19, a CYP family member implicated in the estrogen 

biosynthesis pathway, is the multiallelic, tetranucleotide repeat (TTTA) n polymorphism 

(microsatellite). A pool analysis of studies examining the (TTTA)10 allele polymorphism has 

shown a correlation with an increased breast cancer risk (de Jong et al., 2002). On the other 

hand, four separate studies either alone or pooled showed a decreased breast cancer risk in 

homozygous carriers of the progesterone receptor (PR) gene polymorphism (PROGINS) allele (a 

306 bp insertion of the Alu subfamily) (de Jong et al., 2002). Other polymorphisms in genes 

such as estrogen receptor (ER), Heat shock protein 70 (HSP70) or TNF-α may also influence the 

risk of developing breast carcinoma (de Jong et al., 2002). 

http://en.wikipedia.org/wiki/Asparagine
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Furthermore, p53 somatic mutations or LOH are fairly common (19-57% and 30-42%, 

respectively) in a high proportion of sporadic breast cancers (de Jong et al., 2002). Several 

studies reviewed in (de Jong et al., 2002) have identified three p53 polymorphisms (in intron 3, 

exon 4, intron 6) and shown that the haplotype composed of the three variant alleles is associated 

with an increased breast cancer risk, especially in the white population. 

Reproductive factors: 

Lifetime exposure to endogenous sex hormones is determined by several variables 

including age at menarche, age at first full-term pregnancy, number of pregnancies and age at 

menopause, which have been studied all in relation to breast cancer risk (Feigelson and 

Henderson, 1996). 

Age at menarche: 

Early age at menarche (less than 12 years of age versus more than 14 years of age) has 

been associated with an increase in breast cancer risk on the order of 10-20% magnitude 

(Brinton et al., 1988; Kelsey et al, 1993; Titus-Ernstoff et al., 1998; Berkey et al., 1999), 

probably because of a prolonged exposure of breast epithelium to estrogens and progesterone 

due to earlier regular ovulatory menstrual cycles (Bernstein, 2002). Other findings that may 

explain this increase in breast cancer risk include significantly higher levels of estradiol in 

women with early menarche during their adolescence, as well as higher follicular, but not luteal, 

phase estradiol levels and lower sex-hormone-binding globulin (SHBG) (meaning that more 

estradiol is bioavailable to enter the breast tissue) in those women after adolescence (Bernstein, 

2002). 

Age at menopause: 

Delayed menopause maximizes the number of ovulatory cycles and therefore may lead to 

an increased breast cancer risk. Indeed, it has been shown that the risk of breast cancer increases 

by approximately 3% for every 1-year increase in the age at menopause (Collaborative Group 

on Hormonal Factors in Breast Cancer, 1996a). In contrast, surgically induced menopause 
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(ovariectomy or hysterectomy) before the age of 35 results in a decrease of breast cancer risk. 

These women have only 40% of the risk of women experiencing natural menopause (McPherson 

et al., 2000). Even unilateral ovariectomy performed before the age of 45 has been demonstrated 

to be protective (Kreiger et al., 1999). Mechanistically, it has been demonstrated that mammary 

epithelial cells proliferation, which is linked to breast cancer development, can be correlated with 

serum ovarian hormonal levels. Proliferation rates are low in the follicular phase of the menstrual 

cycle, when estradiol and progesterone levels are low as well, whereas during the luteal phase 

proliferation rates are 2-fold higher and correlate with the significantly increased ovarian 

hormone levels (Pike et al., 1993). The higher cellular proliferative activity confers mammary 

gland a higher susceptibility to be transformed by chemical carcinogens (Russo et al., 2000). 

After menopause, the ovarian hormone levels drop and this correlates with a substantial decrease 

in mammary epithelial cell proliferation (Bernstein, 2002). Numerous prospective 

epidemiological studies provide strong evidence for this mechanism. Accordingly, 

postmenopausal women who develop breast cancer have on average 15% higher levels of 

circulating estradiol than other postmenopausal women (Bernstein, 2002). 

Parity and age at first fullـterm pregnancy: 

Early pregnancy has a protective effect against breast cancer (Pathak et al., 2000). Both 

early age (less than 20 years versus more than 30 years) at first full-term pregnancy and higher 

parity decrease breast cancer risk to half of the risk of nulliparous women. Early age at second 

pregnancy further reduces the risk of breast cancer (McPherson et al., 2000). In contrast, 

nulliparity and late age at first birth contribute towards an increased risk of developing breast 

cancer. Interestingly, women with their first birth after age of 35 are even at higher risk than 

nulliparous women (Kelsey et al., 1993; McPherson et al., 2000; Bernstein, 2002). Furthermore, 

during the first 5-7 years after pregnancy, women (especially older ones and the ones who 

experienced serious nausea and vomiting during pregnancy - indicative of higher estradiol levels 

[Bernstein, 2002]) are at higher risk for developing breast cancer, probably due to the exposure 
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to high levels of gestational hormones (Lambe et al., 1994; Helewa et al., 2002). Prolonged 

lactation has been demonstrated to be protective, as well (Lipworth et al., 2000). There is a 4.3% 

decrease in the relative risk of breast cancer for every 12 months of breastfeeding, in addition to 

a decrease of 7.0% for each birth (Collaborative Group on Hormonal Factors in Breast 

Cancer, 2002). Some of the mechanisms explaining the protective effect of pregnancy have been 

explored in animal models of breast cancer. One mechanism may involve a markedly reduced 

susceptibility of the fully differentiated mammary gland to carcinogens due to, at least in part, a 

decrease in proliferative activity of parous epithelium. Another possibility is that the decrease of 

the risk is due to the altered hormonal environment during pregnancy such as specific molecular 

changes induced by estrogen and progesterone, and decrease in circulating growth hormone 

(GH) (Sivaraman and Medina, 2002). The decrease of breast cancer risk due to prolonged 

lactation may be explained in part by the reduction of total number of ovulatory menstrual cycles 

and consequently cumulative ovarian hormone exposure (Bernstein, 2002). 

Exogenous hormones: 

Hormone replacement therapy: 

Hormonal usage after menopause increases breast cancer risk depending on the duration 

of exposure and whether the estrogen is used alone or in combination with progestins (Ross et 

al., 2000). Conversely, administration of antiestrogens such as tamoxifen reduces breast cancer 

incidence (Fisher et al., 1998). A large meta-analysis has demonstrated that long-term hormone 

replacement therapy (HRT) is responsible for the cumulative excess of breast tumors over those 

expected in women between age 50 and 70 never-users of HRT (2, 6 and 12 more cases for every 

1,000 women taking HRT for 5, 10, and 15 years, respectively) (Collaborative Group on 

Hormonal Factors in Breast Cancer, 1997). 

 If only conjugated equine estrogens are used, breast cancer risk increases about 2.2% per 

year of use (Bernstein, 2002). Data from Women's Health Initiative (WHI) Randomized 

Controlled Trial (Rossouw et al., 2002), as well as three other previous large studies 
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(Magnusson et al., 1999; Ross et al., 2000; Schairer et al., 2000), have indicated that addition 

of a progestin to estrogen regimens increases breast cancer risk after 5 years of use from 10% 

(estrogen alone) to 30% (combined HRT). This observation can be translated into an excess of 8 

breast carcinoma in 10,000 women per year of use (Rossouw et al., 2002). 

Oral contraceptives:  

The link between the use of oral contraceptives (OCs) and breast cancer risk has been 

investigated by several groups. In 1996, the Collaborative Group on Hormonal Factors published 

a metaanalysis on 54 epidemiological studies showing a statistically significant increase of breast 

cancer risk in women taking combined OCs, independent of dose, age of first use, length of use, 

age of diagnosis or family history of breast cancer (Collaborative Group on Hormonal Factors 

in Breast Cancer, 1996a,b). The strongest effect was observed in current users of OC (24% 

increase in breast cancer risk) and the risk decreases after stopping use, up to 10 years. 

Afterwards, there is no significant excess risk. Furthermore, using OCs at a younger age, 

especially before age of 20, results in a higher increase of breast cancer risk than using OCs at an 

older age (Collaborative Group on Hormonal Factors in Breast Cancer, 1996a). Also in 

women diagnosed with breast cancer after 1992, Rosenberg et al., (2009) found a positive 

association of OC use with increased breast cancer risk. The association was found to be greater 

for black women than for white women (Hall et al., 2005). However, contrary to these 

evidences, no increases in risk were observed among black or white OC users in the Women’s 

Contraceptive and Reproductive Experiences (CARE) Study (Marchbanks et al., 2002). With 

regard to the hormone status of the tumer, stronger association of OC use with estrogen receptor-

negative cancer than with estrogen receptor-positive cancer was found (Ma et al., 2006), but 

Rosenberg et al., (2009) found no difference. A smaller study showed that women with a first-

degree family history of breast cancer who used OCs before 1975, when formulations most 

likely contained higher dosages of estrogen and progestins, have an approximately 3-fold 

increased risk of developing breast cancer (Grabrick et al., 2000). Moreover, a similar trend was 
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found in women carrying BRCA1 mutations (Heimdal et al., 2002). However, Marchbanks et 

al., (2002) found no difference in the association between OC use and breast cancer by family 

history, and Brohet et al., (2007) showed that the association between OC use and breast cancer 

risk does not appear to be modified for women who have BRCA1 and BRCA2 mutations.  

Lifestyle factors: 

Alcohol and folate intake: 

Numerous epidemiological studies have found a positive association between alcohol 

intake and the risk of developing breast cancer in both pre and postmenopausal women with an 

overall risk of 1.6 (Singletary and Gapstur, 2001). The risk increases linearly in a 

dosedependent manner up to an intake of 60 g (approximatly 2-5 drinks)/day. For every 10 g-

increment (approximatly 0.75-1 drink) increase in daily consumption of alcohol the risk 

increases with 9% (Smith-Warner et al., 1998). 

Although the exact mechanisms by which alcohol can cause breast cancer have not been 

elucidated completely, breakthrough has been made. Alcohol can act indirectly through its first 

metabolite, acetaldehyde, a well-characterized carcinogen and mutagen, and/or can be a tumor 

promoter, leading to enhanced procarcinogen activation (Poschl and Seitz, 2004). Another 

mechanism of particular interest for breast cancer is the significant increase of estrogen levels in 

both premenopausal (especially in the peri-ovulatory phase of menstrual cycle) (Reichman et al., 

1993; Coutelle et al., 2004) and postmenopausal (Ginsburg et al., 1995; Onland-Moret et al., 

2005) women associated with alcohol consumption. Also, alcohol causes an increased exposure 

to endogenous androgens (Singletary and Gapstur, 2001).  Furthermore, alcohol causes 

alterations of the immune system and nutritional deficiencies, including but not limited to folate, 

pyridoxal phosphate (vitamin B6 - linked to methyl group synthesis and transfer), vitamin B12, 

vitamin D, vitamin A and retinoids, vitamin E, zinc and selenium, all of which impair the ability 

of the human body to fight carcinogenesis (Poschl and Seitz, 2004). At the molecular level, 

alterations of the cell cycle leading to hyperproliferation, modulation of cellular regeneration or 
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induction of CYP2E1 leading to generation of ROS are just a few mechanisms that may explain 

the correlation between alcohol intake and increased breast cancer risk (Poschl and Seitz, 2004). 

It has been demonstrated that postmenopausal women who have a higher-alcohol and 

low-folate intake have an increased risk for developing ER-negative tumors (Sellers et al., 

2002). Folate deficiency may increase the risk of malignancy by causing DNA hypomethylation 

and/or inducing uracil misincorporation during DNA synthesis, therefore leading to deficiencies 

in the DNA repair process (DNA strand breaks) (Duthie, 1999). In contrast, increased folate 

intake may play a role in the prevention of breast cancer in women who consume alcohol 

(Zhang, 2004). 

Diet: 

The human diet contains a great variety of natural and chemical carcinogens and anti-

carcinogens (Sugimura, 2000). Some of these compounds may act through the generation of free 

oxygen radicals, which can lead to DNA damage, or other deleterious components. Accordingly, 

well-done meat consumption has been associated with increased breast cancer risk (Zheng et al., 

1998), probably due to production of heterocyclic aromatic amines (HAAs) and other harmful 

compounds in the process of preparation of meat. A high intake of fat, especially unsaturated 

fatty acids, has been reported to be weakly associated with an increased breast cancer risk (Velie 

et al., 2000), while a particular type of polyunsaturated fatty acids (PUFAs), omega-3 PUFAs, 

seem to be protective (Bartsch et al., 1999; Saadatian-Elahi et al., 2004). Intake of fruits and 

vegetables, rich sources of natural antioxidants, has been shown to decrease cancer risk in 

general, and breast cancer in particular, in numerous studies reviewed in reports from the 

American Institute for Cancer Research (AICR), Chief Medical Officer's Committee on Medical 

Aspects of Food and Nutrition Policy (COMA) or British Department of Health (Lee, 1999; van 

Duyn and Pivonka, 2000). The protective effects were reported to be more pronounced in 

postmenopausal women (Gaudet et al., 2004). Surprisingly, soy and genistein, a soy component 
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that has a structure similar to steroid estrogens, have been shown to have both anti-carcinogenic 

and breast cancer promoting effects (Bouker and Hilakivi-Clarke, 2000). 

Smoking: 

No relevant relationship is reported by many studies evaluating the effect of smoking on 

breast carcinoma risk. Women smokers tend to be thinner, are more often infertile, go into earlier 

menopause and are prone to osteoporosis. All these factors should reduce breast carcinoma risk 

after the menopause. Some studies have shown that smoking at younger ages (before 16–17 

years) increases breast cancer risk by approximately 20%, independent of length of exposure 

(Baron et al., 1996;   Marcus et al., 2000; Egan et al., 2002). The effect of passive smoke is still 

debated; some authors report a positive correlation (Lash and Aschengrau, 1999; Johnson et 

al., 2000), while others do not find any correlation (Wartenberg et al., 2000; Egan et al. 2002).  

Obesity and physical activity: 

Obesity has a complex relationship with breast cancer risk that seems to be modulated by 

menopausal status. Large studies conducted both in the United States and Europe had 

demonstrated that obesity and weight gain increase breast cancer risk among postmenopausal 

women. Risk is particularly evident among obese women who do not use HRT (Harris et al., 

1992; Huang et al., 1997; Friedenreich, 2001; Lahmann et al., 2004). For each 5 kg of weight 

gain since the lowest adult weight, breast cancer risk increases by 8% (Trentham-Dietz et al., 

2000). One plausible mechanism by which postmenopausal obesity increases the risk for 

developing breast cancer is through higher levels of endogenous estrogen in obese women, as 

adipose tissue is an important source of estrogens (McTiernan et al., 2003). In contrast, obesity 

in premenopausal women has been associated with a decrease of breast cancer risk before 

menopause, but the mechanism is still unclear (Huang et al., 1997; Friedenreich, 2001; 

Lahmann et al., 2004). 

A meta-analysis of 19 case-control and four cohort studies investigating the relationship 

between physical activity and breast cancer risk has shown a consistent 20% reduction associated 
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with physical activity performed in adolescence and young adulthood (12-24 years old) 

(Lagerros et al., 2004). For each one-hour increase in recreational physical activity per week 

during adolescence, the breast cancer risk drops with 3% (Lagerros et al., 2004). Physical 

activity may reduce the risk by delaying the onset of menarche and modifying the bioavailable 

hormone levels (Hankinson et al., 2004). 

Other factors: 

Mammographic density: 

Mammographic density is another well-established risk factor for breast cancer in both 

preand postmenopausal women. Boyd et al., 1995 have shown that women with more than 75% 

increased breast density on the mammography have an approximately 5-fold increase in the risk 

of developing breast carcinoma over women with less than 5% increased breast density. Both pre 

and postmenopausal nulliparous women, as well as thinner women have, in general, an increased 

breast density (Biglia et al., 2004) and therefore they may be at an increased risk for developing 

breast cancer. Nulliparity and high breast density seem to act synergistically since the breast 

cancer risk goes up to 7-fold when they are both present in a person (van Gils et al., 2000). It 

also has been shown that HRT users are more than twice as likely to have high-risk increased 

breast density patterns on mammography in comparison with nonusers (Sala et al., 2000). 

History of benign breast disease: 

History of benign breast disease is also known to increase the risk of developing breast 

cancer. Women with severe atypical epithelial hyperplasia have a 4-5 folds increased breast 

cancer risk when compared to women without proliferative changes in their breasts (McPherson 

et al., 2000). The risk increases further more up to 9-fold if the woman also has a family history 

of breast cancer (first degree relative) (McPherson et al., 2000). 

Ionizing radiation: 

Exposure of the mammary gland to high-dose ionizing radiation such as in atomic bomb 

survivals, historically treated children for reduction of the thymus or repeated fluoroscopies for 
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treatment of tuberculosis, and treatment of women for Hodgkin's disease has been demonstrated 

to increase the risk of breast carcinoma (Hulka and Moorman, 2001; Biglia et al., 2004 ). The 

risk is dose-dependent and decreases gradually over time, therefore the modern screening 

mammography, which delivers a very low dose of radiation (200-400 mrad), has a considerable 

benefit-risk ratio (Biglia et al., 2004). 

Bone density: 

Bone density is a risk factor for developing breast cancer related to estrogen. Studies in 

postmenopausal women have found a positive correlation between increased bone density and 

high breast cancer risk (Biglia et al., 2004). Since estrogen helps maintaining the bone mass, this 

correlation may be explained by an increased total amount of estrogen (endogenous and 

exogenous) available for target tissues, including mammary gland (Cauley et al., 1994). 

Height: 

Height is an independent factor that has been consistently shown to have a modest 

contribution to the development breast cancer in postmenopausal women (van den Brandt et al., 

2000; Lahmann et al., 2004), whereas in premenopausal women, the relation is even weaker 

(van den Brandt et al., 2000). Supporting this finding, a meta-analysis of epidemiological 

studies on insulin-like growth factor-1 (IGF-1), the anabolic effector and linear growth 

promoting of pituitary GH, as well as its main plasma binding protein, IGF binding protein-3 

(IGFBP-3), revealed a correlation between high circulating concentrations of IGF-1 and IGFBP-

3 and increased breast cancer risk in premenopausal women (Renehan et al., 2004 ). 

Furthermore, a synergistic effect of IGF-1 or IGFBP-3 with estrone or testosterone on breast 

cancer risk has been observed among both pre and postmenopausal women (Yu et al., 2003). 

Prolactin level: 

Prolactin is another hormone that may contribute to breast cancer risk, but the association 

is not very strong (Clevenger et al., 2003), this correlation has been validated by the only large 

prospective study (Nurses' Health Study), which showed a 2-fold increase of breast cancer risk in 
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premenopausal women with high plasma levels of prolactin (9.7-37.4 ng/ml) (Hankinson et al., 

1999). Interestingly, Stat5a, an intracellular signaling molecule activated through tyrosine 

phosphorylation and then nuclear translocated by both GH and prolactin, was demonstrated to be 

expressed, nuclear localized and tyrosine phosphorylated in 76% of primary human breast 

adenocarcinomas (Cotarla et al., 2004). 

Staging of breast cancer 

There are two different staging systems: 

1. The Manchester system: In 1940, the four stage system for clinical evaluation was 

adopted at the Christi Hospital in Manchester. This classification was widely accepted, 

and still in use in many centers all over the world. The four stages are:  

Stage 1: The growth is confined to the breast. 

Stage 2: The growth is confined to the breast, but palpable, mobile lymph nodes are present 

in the axilla. 

Stage 3: The growth extends beyond the mammary parenchyma: 

 (a) Skin invasion or fixation over an area large in relation to the size of the breast or 

skin ulceration. 

 (b) Tumor fixation to the underlying muscle or fascia; axillary nodes, if present, are 

mobile. 

Stage 4: The growth extends beyond the breast area which shown by fixation or matting of 

the axillary nodes, complete fixation of the tumor to chest wall deposits in supraclavicular 

nodes or in the opposite breast, or distant metastases. 

2. The TNM system: The modern system is based on the clinical features of tumor size (T), 

the status of regional lymph nodes (N), and the presence or absence of distant metastases 

(M) (American Joint Committee on Cancer, 1992). 
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TNM Classification According to (Iglehart, 1991) 

Primary Tumor (T): 

Tx: Primary tumor cannot be assessed. 

T0: No evidence of primary tumor. 

Tis: Carcinoma in situ, intraductal carcinoma, lobular carcinoma in situ, or Paget's disease of the 

nipple with no associated tumor mass. 

T1: Tumor 2.0 cm or less in greatest dimension. 

T1a:  0.5 cm or less in greatest dimension. 

T1b:  More than 0.5 cm but not more than 1.0 cm in greatest dimension. 

T1c:  More than 1.0 cm but not more than 2.0 cm in greatest dimension. 

T2: Tumor more than 2.0 cm but not more than 5.0 cm in greatest dimension. 

T3: Tumor more than 5.0 cm in greatest dimension. 

T4: Tumor of any size with direct extension to chest wall or skin. 

T4a:  Extension to chest wall. 

T4b:  Edema (including peau d'orange), ulceration of the skin of the breast, or satellite skin 

nodules confined to the same breast.  

T4c:  Both of the above (T4a and T4b). 

T4d:  Inflammatory carcinoma. 

Regional Lymph Nodes (N): 

Nx: Regional lymph node cannot be assessed. 

N0: No regional lymph node metastasis. 

N1: Metastasis in 4 or fewer ipsilateral axillary lymph nodes, not larger than 3.0 cm in greatest 

dimension. 

N1a:  Only micrometastasis (not larger than 0.2 cm). 

N1b:  Metastasis in 13ـ axillary lymph nodes, any one larger than 0.2 cm, but not larger than 

3.0 cm. 
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N2: Metastasis in 4 or more ipsilateral axillary lymph node larger than 3.0 cm, or any ipsilateral 

internal mammary lymph node(s). 

N2a:  Metastasis in 5 or more axillary lymph nodes or any ipsilateral axillary metastasis 

larger than 3.0 cm. 

N2b:  Metastasis in any ipsilateral internal mammary lymph node(s). 

Distant Metastasis (M): 

Mx: Distant metastasis cannot be assessed. 

M0: No distant metastasis. 

M1: Distant metastasis. 

TNM classification of breast cancer according to (Iglehart, 1991): 

Stage Primary tumor 

(T) 

Node 

(N) 

Metastasis 

(M) 

0 Tis N0 M0 

I T1 N0 M0 

II(a) 

 

 

II(b) 

T0 

T1 

T2 

T2 

T3 

N1 

N1 

N0 

N1 

N0 

M0 

M0 

M0 

M0 

M0 

III(a) 

 

 

 

III(b) 

T3 

T1 

T2 

T3 

T4 

N1 

N2 

N2 

N2 

Any N 

M0 

M0 

M0 

M0 

M0 

IV Any T Any N M1 
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World Health Organization classification of breast tumor (Iglehart, 1991):  

Epithelial tumors: 

Benign 

Intraductal papilloma 

Adenoma of nipple 

Adenoma 

Tubular 

Lactating 

Malignant 

Noninvasive 

Intraductal carcinoma 

Lobular carcinoma 

Invasive 

Invasive ductal carcinoma 

Invasive ductal carcinoma with a predominant intraductal component 

Invasive lobular carcinoma 

Mucinous carcinoma 

Medullary carcinoma 

Papillary carcinoma 

Tubular carcinoma 

Adenoid cystic carcinoma 

Secretory (juvenile) carcinoma 

Apocrine carcinoma 

Carcinoma with metaplasia 

Squamous type 
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Spindle cell type 

Cartilaginous and osseous type 

Mixed other type 

Others 

Paget's disease of the nipple 

Mixed connective tissue and epithelial tumors: 

Fibroadenoma 

Phyllodes tumor (cystosarcoma phyllodes) 

Carcinosarcoma 

Miscellaneous tumors: 

Soft tissue tumors 

Skin tumors 

Tumors of hematopoietic and lymphoid tissues  

Unclassified tumors 

Mammary dysplasia/Fibrocystic disease 

Tumor like lesion: 

Ductectasia 

Inflammatory pseudo tumors 

Hamartoma 

Gynecomastia 

Others 
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Histopathological grades of breast cancer: 

 Bloom and Richardson (1957) have adapted a grading system of breast carcinoma, 

which was recommended by World Health Organization (WHO) 1986. This grading system is 

based on the following criteria: 

• Tumor architecture (tubular formation or differentiation). 

• Irregularity of size, shape and nuclei staining (nuclear pleomorphism). 

• Mitotic activity and hyperchromatism. 

Thus the grading of breast cancer is divided into three histological grades: 

 Grade I    ـ Low grade malignancy. 

 Grade II  ـ Intermediate grade malignancy. 

 Grade III ـ High grade malignancy. 
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Adipocytokines 

Obesity researchs have been characterized by a dramatic change in our understanding of 

adipose tissue function and its implications in pathophysiology (Frühbeck et al., 2001; 

Trayhurn and Beattie, 2001; Guerre-Millo, 2002; Havel, 2002; Schling and Löffler, 2002; 

Cederberg and Enerbäck, 2003; Frayn et al., 2003). The extraordinarily dynamic behavior of 

adipocytes is based on their ability to secrete a wide range of signals, at the same time expressing 

receptors for most of these factors. In fact, the secretory nature of fat cells has shifted the concept 

of white adipose tissue (WAT) as a mere energy-storage organ to that of an extremely active 

endocrine tissue. The large number of secreted proteins includes hormones, growth factors, 

enzymes, cytokines, complement factors, and matrix proteins, collectively termed as adipokines 

or adipocytokines (Matsuzawa et al., 1999; Coppack, 2001; Chaldakov et al., 2003; Frayn et 

al., 2003). It is now widely recognized that adipose tissue lies at the heart of a complex network 

participating in the regulation of body weight homeostasis, glucose and lipid metabolism, 

reproduction, immunity, blood pressure control, fibrinolysis, coagulation, and angiogenesis, 

among others. Most adipocyte-derived factors have been shown to be dysregulated in alterations 

accompanied by changes in adipose tissue mass such as overfeeding and lipodystrophy, thus 

providing evidence for their implication in the etiopathology and comorbidities associated with 

obesity and cachexia (Frühbeck and Salvador, 2004). 

Secretory function of white adipose tissue  

The endocrine activity of WAT was first suggested by Siiteri, (1987), who alluded to the 

tissue’s ability for steroid hormone interconversion. In the last years, especially since the 

discovery of leptin, the list of adipocyte-derived factors has been increased at a phenomenal pace 

(Frühbeck and Gómez-Ambrosi, 2001; Frühbeck and Gómez-Ambrosi, 2003). The wide range 

of secreted proteins encompasses classical enzymes (such as lipoprotein lipase [LPL] or 

hormone-sensitive lipase [HSL]), hormones (such as leptin or adiponectin), and cytokines (such 
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as IL-6 or TNF-α), as well as other structurally and functionally related peptides (such as adipsin 

or PAI-1) (Trayhurn and Beattie, 2001; Frayn et al., 2003). Another way of addressing the 

production of adipose-derived factors is by focusing on the function they are implicated in. One 

of the best-known aspects of WAT secretion relates to the synthesis of products involved in lipid 

metabolism such as perilipin, adipocyte lipid-binding protein (ALBP or aP2), cholesteryl ester 

transfer protein (CETP), and retinol-binding protein (RBP). Adipose tissue has also been 

identified as a source of production of factors with immunologic properties participating in 

immunity and stress responses, as is the case of acylation-stimulating protein (ASP) and 

metallothionein (MT) (Matsuzawa et al., 1999; Coppack, 2001; Chaldakov et al., 2003). The 

pivotal role of adipocyte-derived factors implicated in cardiovascular function control such as 

angiotensinogen (AGT), adiponectin, peroxisome proliferator-activated receptor (PPAR)-γ 

angiopoietin-related protein (PGAR)/fasting-induced adipose factor (FIAF), and C-reactive 

protein (CRP) has been established (Yudkin et al., 1999; Coppack, 2001; Trayhurn and Beattie, 

2001; Frayn et al., 2003). A further subsection of secretory proteins produced by adipose tissue 

concerns other factors with an autocrine-paracrine function such as PPAR-γ, IGF-1, 

monobutyrin, and the uncoupling proteins (UCPs). Although some of the peptides might be 

included in other subsections because of their pleiotropic effects, adipocytes also synthesize and 

secrete hormones with a clear endocrine activity such as steroids and leptin (Guerre-Millo, 

2002; Havel, 2002; Frayn et al., 2003). 

Elements involved in lipid metabolism: 

The release of glycerol and free fatty acids by lipolysis plays a critical role in the ability 

of the organism to provide energy from triglyceride stores. In this sense, the processes of 

lipolysis and lipogenesis are crucial for the attainment of body weight control. For this purpose, 

adipocytes are equipped with well-developed enzymatic machinery, and together with a number 

of nonsecreted proteins and binding factors are directly involved in the regulation of lipid 

metabolism (Frühbeck and Salvador, 2004).  
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Lipoprotein lipase 

The hydrolysis of triglycerides from circulating very low density lipoproteins (VLDLs) 

and chylomicrons is catalyzed by LPL. This rate-limiting step plays an important role in 

directing fat partitioning. In fact, LPL deficiency results in minimal amounts of tissue lipids 

leading to neonatal death due to marked hypoglycemia and hypertriglyceridemia (Weinstock et 

al., 1995; Frühbeck and Gómez-Ambrosi, 2003). On the contrary, it has been shown that 

exclusive LPL deficiency in adipose tissue on a standard rodent genetic background renders a 

normal growth and body composition, implying that although LPL controls fatty acid entry into 

WAT, fat mass is preserved by endogenous synthesis (Weinstock et al., 1997). From 

observations made in patients with total LPL deficiency, it can also be concluded that fat 

deposition can take place in the absence of LPL (Peeva et al., 1992). Targeted overexpression of 

LPL in skeletal muscle or liver has no effect on body weight but produces an increase in fatty 

acid uptake into the respective tissue adversely affecting glucose metabolism (Chen and Fares, 

2002). 

Hormone-sensitive lipase 

A further key enzyme catalyzing a rate-limiting step of lipolysis is HSL. Interestingly, 

HSL deficiency leads to male sterility and adipocyte hypertrophy, but not to obesity, with an 

unaltered basal lipolytic activity (Osuga et al., 2000). The findings concerning the mild 

adipocytes hypertrophy and lack of overweight observed in HSL-null mice suggest that other 

lipases may also play a relevant role in fat mobilization. HSL deficiency in mice has been 

reported to change the plasma lipid profile by affecting the tissue-specific expression pattern of 

LPL in adipose tissue and muscle, resulting in a down-regulation of hepatic VLDL synthesis and 

an up-regulation of LPL activity in WAT and skeletal muscle (Haemmerle et al., 2002). 

Perilipin 

The lipid droplets contained in adipocytes are coated by structural proteins, such as 

perilipin, which stabilize the single fat drops and prevent triglyceride hydrolysis in the basal 
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state. The phosphorylation of perilipin after adrenergic stimulation or other hormonal inputs 

induces a structural change of the lipid droplet that allows the hydrolysis of triglycerides. 

Perilipin-deficient mice exhibit a lean phenotype accompanied by an elevated metabolic rate 

together with an increased basal lipolytic rate, which confer resistance to diet-induced obesity 

(Martínez-Botas et al., 2000; Tansey et al., 2001). Although absence of perilipin results in 

leanness and reversal of obesity with an approximately 50% decrease in adipose mass and 

adipocyte size, it does not enhance glucose intolerance (Martínez-Botas et al., 2000), with 

perilipin ablation being even capable of worsening glucose disposal (Tansey et al., 2001). 

Adipocyte lipid-binding protein 

After hormonal stimulation, HSL and perilipin are phosphorylated and HSL translocates 

to the lipid droplet. aP2 then binds to the N-terminal region of HSL, preventing fatty acid 

inhibition of the enzyme′s hydrolytic activity. Despite aP2-deficient mice exhibiting an 

approximately 40% decreased basal and isoproterenol stimulated lipolytic rate, these ALBP-

deficient rodents show a normal growth rate, body weight, and body composition compared with 

wild-type littermates because of a functional compensation by the fatty acid-binding protein of 

keratinocytes (Hotamisligil et al., 1996; Coe et al., 1999; Shaughnessy et al., 2000; Uysal et al., 

2000). However, when exposed to a high-fat diet, aP2-deficient mice develop diet-induced 

obesity, reaching a greater total weight gain than controls because of an increased fat pad weight. 

Interestingly, aP2-deficient mutants exhibit normoglycemia and normoinsulinemia, providing 

evidence for an uncoupling of obesity from insulin resistance through ALBP deficiency 

(Hotamisligil et al., 1996; Uysal et al., 2000). 

Cholesteryl ester transfer protein 

The function of CETP is to promote the exchange of cholesterol esters of triglycerides 

between plasma lipoproteins (Tall, 1993; Wajchenberg, 2000). Fasting, high-cholesterol diets as 

well as insulin stimulate CETP synthesis and secretion in WAT. In plasma, CETP participates in 

the modulation of reverse cholesterol transport by facilitating the transfer of cholesterol esters 
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from high density lipoproteins (HDLs) to triglyceride-rich apolipoprotein (apo) B-containing 

lipoproteins. VLDLs, in particular, are converted to low density lipoproteins (LDLs), which are 

subjected to hepatic clearance by the apo B/E receptor system (Tall, 1993). Adipose tissue 

probably represents one of the major sources of CETP in humans (Wajchenberg, 2000). WAT 

therefore represents a cholesterol storage organ whereby peripheral cholesterol is taken up by 

HDL particles acting as cholesterol efflux acceptors and is returned for hepatic excretion (Arai et 

al., 1994). In obesity, the activity and protein mass of circulating CETP are increased, thus 

showing a negative correlation with HDL concentrations at the same time as a positive 

correlation with fasting glycemia and insulinemia and suggesting a potential link with insulin 

resistance (Arai et al., 1994; Dullaart et al., 1994). 

Retinol-binding protein 

Synthesis and secretion of RBP by adipocytes are induced by retinoic acid and shows that 

WAT plays an important role in retinoid storage and metabolism (Makover et al., 1989; 

Tsutsumi et al., 1992; Okno et al., 1995). In fact, Messenger ribonucleic acid (mRNA) of RBP 

is one of the most abundant transcripts present in both rodent and human adipose tissue 

(Montague et al., 1998). Hepatic and renal tissues have been regarded as the main sites of RBP 

production, whereas the quantitative and physiological significance of the WAT contribution 

remains to be fully established (Blomhoff et al., 1990; Trayhurn and Beattie, 2001). 

Factors participating in the immune-stress response: 

Observations linking very low adiposity as well as obesity with an impaired immune 

function underline the importance of WAT-derived factors in this process (Chandra, 1980; 

Cousin et al., 1999). Extreme changes in body fat may alter the concentration of produced 

factors below or above a threshold range necessary for a competent immunologic response. 

Nevertheless, the teleological significance of WAT production of proteins involved in immunity 

has not been completely elucidated (Frühbeck and Salvador, 2004). 
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Interleukin-6 

The interleukin concept originally described a leukocyte-derived protein with activity for 

other leukocytes. It is now understood that both immune and nonimmune cells synthesize 

interleukins and other cytokines, which have diverse biologic activities. IL-6 is considered to be 

a stress-induced cytokine as well as an inflammatory mediator with pleiotropic effects on a 

variety of tissues, including stimulation of acute phase protein synthesis and increase in 

thermogenesis together with an elevated activity of the hypothalamic-pituitary axis (Coppack, 

2001; Frühbeck et al., 2001; Trayhurn and Beattie, 2001). It has been reported that cultures of 

adipose tissue secrete IL-6, while its mRNA has been observed within adipocytes (Purohit et al., 

1995; Fried et al., 1998; Bastard et al., 2000). The plasma concentration of this ubiquitous 

cytokine has been reported to be proportional to the fat mass (Vgontzas et al., 1997). However, 

the proportion of IL-6 produced exclusively by fat cells seems to be as low as 10% of the total 

cytokine production (Fried et al., 1998). As much as a third of total circulating concentrations of 

IL-6 have been estimated to originate from adipose tissue (Mohamed-Ali et al., 1997; Frühbeck 

et al., 2001). Omental fat produces 3-fold more IL-6 than subcutaneous adipose tissue, and 

adipocytes isolated from the omental depot also secrete more IL-6 than fat cells from the 

subcutaneous depot (Fried et al., 1998). Although increased concentrations of IL-6 have been 

detected in obese subjects, IL-6-deficient mice develop mature-onset obesity accompanied by an 

increased subcutaneous fat mass, with the obese phenotype being only partly reversed by IL-6 

replacement (Wallenius et al., 2002). In this sense, IL-6 may be considered both an autocrine 

and paracrine regulator of adipocyte function in addition to exerting broader endocrine effects 

(Frühbeck and Salvador, 2004). 

Tumor necrosis factor-α 

Originally identified as a macrophage product, TNF-α is a cytokine implicated in the 

metabolic disturbances of chronic inflammation and malignancy (Torti et al., 1985). The 

biological actions of TNF-α include induction of insulin resistance, anorexia, and weight loss 
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(Hotamisligil et al., 1993; Kern et al., 1995; Vgontzas et al., 1997; Frühbeck et al., 2001). Fat 

cells are both a source of and a target of TNF-α. The amount of TNF-α mRNA is positively 

correlated with body fat and decreases in obese patients after weight loss (Montague et al., 

1997). TNF-α mRNA expression also exhibits a close correlation with hyperinsulinemia showing 

positive associations with fasting insulin and triglyceride concentrations (Hotamisligil et al., 

1995). Subcutaneous adipose tissue presents a 1.67-fold higher TNF-α mRNA expression than 

omental fat depots (Hube et al., 1999). However, other research groups report that genes 

encoding TNF-α are not differentially expressed in human subcutaneous and omental adipocytes 

(Montague et al., 1998). Triglycerides and free fatty acids play an important role as 

physiological inducers of TNF-α expression. High-fat diets have been shown to produce a 

significant increase of WAT TNF-α mRNA (Morin et al., 1997). Moreover, mice lacking aP2 do 

not express TNF-α in WAT, indicating that fatty acids are critically involved in the regulation of 

TNF-α expression in adipose tissue (Hotamisligil et al., 1996). 

Several genetic models lacking different elements of the TNF-α system, such as TNF-

αـdeficient mice and animals lacking the expression of either one or both TNF-α receptor 

subtypes, have been generated (Robinson et al., 2000). TNF-αـdeficient mice exhibited 

decreased glucose, insulin, and leptin concentrations, showing an impaired glucose clearance 

when challenged with a high-fat diet as evidenced by increased circulating glucose and insulin, 

which did not, however, reach the concentrations of wild-type controls (Uysal et al., 1997; 

Ventre et al., 1997; Robinson et al., 2000). Disruption of the expression of TNF-α receptors had 

no effect on body weight or glucose homeostasis when mice were fed a standard diet (Schreyer 

et al., 1998). However, when challenged with a high-fat diet, only mutants lacking the p75 

receptor exhibited a lower body weight together with decreased leptin concentrations compared 

with wild-type rodents. Absence of both receptor subtypes (p55 and p75) resulted in severe 

hyperinsulinemia on a high-fat diet, especially after a short fasting period (Schreyer et al., 1998). 

The lack of TNF-α receptors has been further studied in leptin-deficient ob/ob mice, evidencing 
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that while the absence of p75 does not affect insulin resistance, the deficiency of p55 improves 

insulin sensitivity (Uysal et al., 1998). It can be concluded that TNF-α may play a role in 

obesityـrelated insulin resistance although with the involvement of other factors in the 

development of this syndrome. The participation of TNF-α in thermogenesis control in genetic 

and dietary models of obesity has been deduced from the observations that in obese mice lacking 

either TNF-α or its receptors an increase in brown adipose tissue (BAT) UCP-1 and β3-

adrenoreceptor expression are found in association to an increase in multilocular functional 

brown adipocytes (Nisoli et al., 2000). 

Adipsin 

Sequence comparison has revealed that both murine and human adipsin, a serine 

protease, were identical to complement D (Torti et al., 1985), the initial and rate-limiting 

enzyme in the alternative pathway of complement. Adipsin was originally identified as a highly 

differentiation dependent gene in 3T3-L1 adipocytes, while its expression is markedly down-

regulated in rodent models of obesity, probably due to increased concentrations of insulin and 

glucocorticoids (Cook et al., 1986) It has been shown that fat cells synthesize all of the proteins 

of the alternative complement pathway, namely, factors C3, D (adipsin), and B (Choy et al., 

1992). The proximal, nonlytic portion of the pathway is operative in WAT, and in vitro the 

proteolytic cascade results in the production, among others, of biologically active C3a, Ba, and 

Bb (Choy et al., 1992). In cultured fat cell lines and other tissues, the activity of the alternative 

complement pathway requires stimulation by cytokines. However, the proximal pathway is fully 

functional in adipose tissue fragments even without stimulation by cytokines, probably because 

of endogenous cytokine production. Further research is required to determine the primary 

functions and regulation of the alternative complement pathway in adipose tissue. The fact that 

partial acquired lipodystrophy is associated with constitutive activation of the alternative 

complement pathway points to a potential pathophysiological role of this pathway (Torti et al., 

1985; Spiegelman et al., 1993). 
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Acylation-stimulating protein 

Several different roles for ASP in adipocyte metabolism have been proposed (Fried and 

Russell, 1998). This 14- kDa protein resulting from the cleavage of the terminal arginine residue 

from C3a by plasma carboxypeptidases has been reported to be involved in the uptake and 

esterification of fatty acids, thus facilitating fatty acid storage in the postprandial state. 

Concordant with this effect, ASP increases after a fat-containing meal and stimulates triglyceride 

synthesis via diacylglycerol acyltransferase in adipocytes and fibroblasts. Although ASP is 

expressed by both preadipocytes and fibroblasts, ASP formation is predominantly a feature of 

mature and fully differentiated adipocytes (Maslowska et al., 1997). ASP stimulates triglyceride 

production to a greater extent than insulin as well as having an additive effect with that of insulin 

(Yasruel et al., 1991). Furthermore, ASP has been shown to inhibit HSL and, hence, lipolysis 

(Fried and Russell, 1998) at the same time stimulating translocation of glucose transporters to 

the cell surface probably by activation of the diacylglycerol protein kinase C pathway 

(Germinario et al., 1993). Differences between adipose tissue depots have been detected, with 

greater degrees of ASP binding in subcutaneous compared with omental fat, in females 

compared with males, and in morbidly obese compared with nonobese individuals (Mohamed-

Ali et al., 1998). Since C3a is the end product of the alternative complement pathway, of which 

factor D, adipsin, is a main component, it was proposed that it should be designated the badipsin-

ASP pathway (Sniderman and Cianflone, 1994). 

Because mice lacking complement C3 are unable to produce ASP, C3 gene knockout 

rodents are consequently ASP-null animals (Robinson et al., 2000; Valet et al., 2002). Studies in 

ASP functional knockout mice support the putative role in triglyceride storage. Knockout rodents 

have shown a delayed triglyceride clearance compared with wild-type animals, and this 

difference is further exaggerated in female mice. The delay in triglyceride clearance may be due 

to the effect on LPL of increased nonesterified fatty acids concentrations. ASP–deficient mice 

exhibit a reduced WAT weight affecting similarly all fat pads in females while primarily 
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decreasing gonadal and perirenal depots in males (Murray et al., 2000; Havel, 2002). 

Interestingly, the reduction in WAT was accompanied by hypoleptinemia and a slight increase in 

food intake. Administration of either a low- or high-fat diet to male ASP–deficient mice has no 

effect on body weight compared with wild-type animals. However, female mutants exhibit a 

decreased body weight as compared with female wild-type counterparts. The relatively mild 

phenotype of these mice suggests a minor role of ASP in fat storage and lipolysis control or the 

existence of compensatory mechanisms rescuing part of the physiological functions of ASP 

(Frühbeck and Gómez-Ambrosi, 2003). 

Metallothionein 

Metallothioneins (MTs) comprise a family of highly conserved, low-molecular-weight 

stress-response and metal-binding proteins that have been proposed to participate in metal 

homeostasis through zinc and copper detoxification by scavenging free radicals with a relevant 

antioxidant role (Trayhurn and Beattie, 2001; Valet et al., 2002). The MT gene is expressed in 

several different tissues, among which the liver, kidney, and brown fat stand out (Bremner and 

Beattie, 1990; Beattie et al., 1996; Beattie et al., 2000). WAT has also been shown to express 

both the MT-1 and MT-2 genes, with mRNA being present in adipocytes themselves, in all main 

depots, and with no apparent site differences (Trayhurn et al., 2000; Trayhurn and Beattie, 

2001). The level of mRNA of MT-1 in WAT is unaltered by fasting or zinc administration, 

whereas it is induced by adrenergic stimulation (Beattie et al., 2000; Trayhurn et al., 2000). 

Rodents lacking the ubiquitously expressed MT-1 and MT-2 reach a higher body weight than 

controls at about 5 weeks of age, at the same time suffering an increased sensitivity to the toxic 

effects of metals (Beattie et al., 1998). Increased food intake and obesity are accompanied by 

elevated epididymal fat deposition as well as by hyperinsulinemia and hyperleptinemia in MT-1 

and -2 null mice (Beattie et al., 1998). The main function of MT in WAT has been postulated as 

an antioxidant protecting fatty acids from oxidative damage (Trayhurn et al., 2000). 
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Proteins related to vascular homeostasis: 

An increasing number of products secreted by WAT, such as AGT, PAI-1, adhesion 

molecules, tissue factor, and transforming growth factor (TGF)-β, promote the consideration of 

adipose tissue as a source of vasoactive factors. In addition, blood vessels express receptors for 

most of the adipose-derived factors, thus providing evidence for the existence of a network of 

local and systemic signals between adipocytes and the cardiovascular system. Furthermore, 

epidemiological studies have shown that numerous adipocyte-derived factors are involved 

beyond body weight control in vascular homeostasis through effects on blood pressure, 

fibrinolysis, coagulation, angiogenesis, insulin sensitivity, proliferation, apoptosis, and 

immunity, among others (Yudkin et al., 2000; Coppack, 2001;  Mutch et al., 2001; Trayhurn 

and Beattie, 2001). Adiponectin has been shown to exert a key role as a cardioprotective agent 

(Ouchi et al., 2003a; Shimada et al., 2004). Adiponectin has also been shown to determine the 

inflammation status of the vasculature through a direct effect on endothelial cells (ECs) 

(Kawanami et al., 2004). The pathophysiological relevance of adipocytokines in cardiovascular 

physiology is based on either direct or indirect effects on the regulation of several processes that 

control the development of inflammation, atherogenesis, hypertension, insulin resistance, and 

vascular remodeling (Lyon et al., 2003). 

Angiotensinogen 

Fat cells have also been shown to be an important quantitative source of the precursor of 

angiotensin II, namely, AGT (Ailhaud, 1999; Frühbeck et al., 2001; Trayhurn and Beattie, 

2001; Lavoie and Sigmund, 2003). In fact, AGT expression is increased in obesity and, in 

contrast to the hepatic expression, is regulated by the nutritional status whereby fasting induces a 

decrease in mRNA levels, which are increased upon refeeding. Furthermore, these changes in 

gene expression are paralleled by fluctuations in AGT secretion from isolated adipocytes 

(Frühbeck et al., 2001). In addition, AGT mRNA in the omental depot is higher than in 

subcutaneous fat (Van Harmelen et al., 2000). Adipose tissue has been further shown to express 
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the genes encoding angiotensin converting enzyme and angiotensin receptor type 1, providing 

evidence for the existence of a local RAS in fat cells (Trayhurn and Beattie, 2001; Lavoie and 

Sigmund, 2003). Therefore, a role for local angiotensin II beyond its systemic effect on blood 

pressure control link adipose mass accretion with hypertension via AGT production. Moreover, a 

role for AGT in local adipose tissue blood flow regulation and fatty acid re-esterification rates 

has been suggested. AGT-deficient mice exhibit an impaired, diet-induced weight gain with 

alterations in adipose tissue development and elevated locomotor activity (Massiera et al., 

2001b). On the other hand, overexpression of AGT in wild-type mice produces obesity because 

of preadipocyte proliferation and differentiation via induction of the fatty acid synthase (FAS) 

gene (Massiera et al., 2001a). 

Plasminogen activator inhibitor-1 

Alterations of the fibrinolytic system, among other mechanisms, seem to underlie the 

relationship between cardiovascular disease and obesity (Frühbeck et al., 2001). PAI-1 activity 

has been shown to play a key role in thrombus formation upon unstable atherosclerotic plaque 

rupture through the inhibition of fibrin clot breakdown (Sobel, 1999). A close correlation 

between plasma PAI-1 with visceral adiposity and increased myocardial infarction (MI) had 

been established almost a decade ago (Shimomura et al., 1996). In fact, in humans plasma PAI-1 

concentrations correlate with atherosclerotic events and mortality, with some studies suggesting 

that PAI-1 may be an independent risk factor for coronary artery disease (CAD) (Scarabin et al., 

1998; Lyon et al., 2003). In this respect, increased plasma PAI-1 concentrations have been 

observed in obese patients, and a close correlation with an abdominal pattern of adipose tissue 

distribution in both men and women as well as a positive association with other components of 

the insulin resistance syndrome have been reported (Lundgren et al., 1996; Alessi et al., 1997; 

Alessi et al., 2000a; Alessi et al., 2000b; Frühbeck et al., 2001). The subcutaneous fat depot has 

been shown both to exhibit a higher PAI-1 gene expression and to secrete greater amounts of 

PAI-1 than visceral adipose tissue (Alessi et al., 2000b; De Pergola and Pannacciulli, 2002). 
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The stromal-vascular fraction has been shown to be the main source of PAI-1 production in 

human fat with evidence of a 5-fold higher expression in the visceral than in the subcutaneous 

depots, which is in agreement with the strong relationship observed between circulating PAI-1 

concentrations and visceral fat enlargement (Bastelica et al., 2002). It has still to be completely 

established whether adipose tissue itself directly contributes to circulating PAI-1 concentrations, 

or whether other adipokines, such as TNF-α, IL-1β and TGF-β, stimulate PAI-1 production by 

other cells through an indirect effect. Interestingly, PAI-1 gene expression is increased by 

glucose, insulin, glucocorticoids, angiotensin II, thrombin, and LDL-cholesterol, while IL-6, 

estrogens, and β-adrenoceptor agonists produce an inhibitory effect (Gottschling-Zeller et al., 

2000; He et al., 2000; Mutch et al., 2001). In addition, the knockout approach has contributed 

with the finding that disruption of the PAI-1 gene decreases adiposity and improves the 

metabolic profile of genetically obese and diabetic ob/ob mice (Schafer et al., 2001). 

Peroxisome proliferator-activated receptor-γ 

The study of the molecular and physiological characteristics of PPARs has demonstrated 

their participation in metabolism, inflammation, angiogenesis, atherosclerosis, hypertension, 

cancer, fertility, and myelinogenesis (Kersten et al., 2000; Kelly, 2001; Berger and Moller, 

2002; Klappacher and Glass, 2002). PPAR-γ has been shown to be expressed in adipocytes, in 

addition to many other cell types, where it plays a role in adipose tissue development and 

cholesterol trafficking (Berger and Moller, 2002). It has been further observed that PPAR-γ is 

more highly expressed in subcutaneous than in omental preadipocytes (Sewter et al., 2002; 

Giusti et al., 2003). During the last years, particular interest has been raised by the anti-

inflammatory activity of PPAR-γ, especially in relation to the pathogenesis of atherosclerosis 

(Kelly, 2001; Berger and Moller, 2002; Klappacher and Glass, 2002). The anti-inflammatory 

effect has been ascribed to PPAR-γ activation in macrophages due to the suppression of the 

production of proinflammatory cytokine release by macrophages and T cells (Berger and 

Moller, 2002). PPAR-γ has also been reported to inhibit migration, proliferation, and release of 
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matrix metalloproteinases by vascular smooth muscle cells (VSMCs), at the same time 

modulating chemokine and endothelin expression by ECs (Klappacher and Glass, 2002; 

Davidson and Rotondo, 2003). It is well established that monocytes exert a key role in 

atherogenesis by their inflammatory signals and differentiation into macrophage foam cells 

through cholesterol accumulation. Interestingly, compelling evidence regarding the implication 

of PPAR-γ in both cholesterol homeostasis and inflammatory responses in macrophages supports 

its participation in the development of atherosclerosis (Frühbeck and Salvador, 2004). 

Peroxisome proliferator-activated receptor-γ angiopoietin-related protein/fasting-induced 

adipose factor 

A novel target gene of PPAR-α in liver, and probably PPAR-γ in WAT, was identified by 

two independent groups studying unknown target genes for these transcription factors (Kersten 

et al., 2000; Yoon et al., 2000; Trayhurn and Beattie, 2001). The protein encoded by this gene 

belongs to the family of fibrinogen angiopoietin-like proteins and circulates in the blood stream, 

where its concentration is elevated in response to fasting but drops on feeding a high-fat diet 

(Kersten et al., 2000). Accordingly, the protein was called PGAR or FIAF. It has been 

speculated that FIAF exerts an endocrine role and may be a signaling molecule operating 

reciprocally to leptin (Trayhurn and Beattie, 2001). 

C-reactive protein 

The concept that WAT represents an important determinant of a chronic, low-grade, 

inflammatory state has gained more relevance at the same time as providing a potential link 

between obesity and cardiovascular disease through the induction of endothelial dysfunction and 

insulin resistance by a chronic, low-level inflammation (Yudkin et al., 1999; Fernández-Real 

and Ricart, 2003). Initially, CRP was considered to be mainly produced by the liver, with its 

synthesis being to a wide extent regulated by IL-6 and TNF-α (Heinrich et al., 1990; Yudkin et 

al., 1999; Blake and Ridker, 2001). However, it has been shown for the first time that human 

WAT itself expresses CRP mRNA, which shows a reciprocal association with adiponectin 
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expression in the same tissue (Ouchi et al., 2003b). The finding of adipose tissue as a source of 

CRP production together with the interrelationship between several different adipocytokines 

with known effects on inflammation, atherosclerosis, and insulin resistance, such as IL-6, TNF-

α, and adiponectin, support the consideration of the crucial role played by WAT in the 

development of obesity-related cardiovascular alterations (Frühbeck and Salvador, 2004). 

Other factors with an autocrine-paracrine function: 

Many of the factors secreted by WAT, which are not classically considered 

adipocytokines, are involved in local lipid metabolism. However, although most of these proteins 

probably function predominantly within WAT, adipose mass accretion is accompanied by an 

increased release of these proteins into the general circulation (Frayn et al., 2003). Moreover, it 

has to be kept in mind that adipose tissue itself is composed not only of adipocytes, but also of 

other cell types within the stromal-vascular fraction, which represent a wide range of targets for 

an extensive autocrine-paracrine cross talk (Frühbeck and Salvador, 2004).  

Insulin-like growth factor-1 

The role of IGF-1 in adipose tissue proliferation, heterogeneity, and distribution is 

beginning to be better understood. It has been shown that IGF-1 acting in an autocrine-paracrine 

fashion is able to induce the proliferation of preadipocytes and their differentiation into mature 

adipocytes (Kamay et al., 1996; Wajchenberg, 2000). WAT levels of IGF-1 have been shown to 

be higher in both human and rodent obesity (Frystyk et al., 1995; Marques et al., 2000). In fact, 

in humans the IGF-1 receptor has been observed to be expressed in preadipocytes. IGF-1 induces 

both mitogenic and differentiation responses in preadipocyte cultures (Wabitsch et al., 1995). 

Furthermore, it has been shown that IGF-1, produced in response to enlarging adipocytes, acts 

synergistically with TNF-α to further enhance proliferation (Kras et al., 2000). The net result 

from this interaction would be an increase of the stromal-vascular or uncommitted cell pool 

whereby these cells might then be recruited to become adipocytes or might alternatively serve as 

infrastructure to support adipose tissue growth (Frühbeck et al., 2001). Furthermore, it has been 
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suggested that loss of the ability of IGF-1 to activate Src-homology/collagen (Shc) proteins 

signaling to mitogen-activated protein kinase (MAPK) may be an early component of 

Adipogenesis (Boney et al., 2000). 

Transforming growth factor-β 

TGF-β is a multifunctional cytokine produced by a variety of cells, which is capable of 

regulating the growth and differentiation of numerous cell types (Sporn et al., 1987). It has been 

implicated in a number of biological processes including cell adhesion and migration, 

extracellular matrix production, tissue remodeling, and wound repair (Frühbeck et al., 2001). 

WAT of both ob/ob and db/db mice exhibit increased TGF-β mRNA expression compared with 

their lean littermates because of an elevated expression of TGF-β mRNA by mature adipocytes 

and cells of the stromal-vascular fraction (Samad et al., 1997). It has been observed that TNF-α 

contributes to the increased expression of TGF-β in adipose tissue of obese mice. In this sense, 

chronically elevated TNF-α concentration in WAT of obese patients may act in an 

autocrine/paracrine manner and contribute to elevated TGF-β expression in obesity, which has 

been shown to increase preadipocyte cell proliferation, thereby possibly contributing to the 

elevated cellularity of fat depots related with the obese phenotype (Frühbeck and Salvador, 

2004). 

Monobutyrin 

Monobutyrin, butyryl-glycerol, is a specific secretion product of adipocytes that favors 

the vascularization of WAT upon development and vasodilation of the microvessels.Thus, 

monobutyrin works in conjunction with the ubiquitously secreted angiogenic factors TGF-β and 

prostaglandin E2 (Wilkinson and Spiegelman, 1993; Wajchenberg, 2000). 

Uncoupling proteins 

UCPs are mitochondrial membrane transporters participating in the dissipation of stored 

energy in the form of heat via the proton electrochemical gradient (Ricquier and Bouillaud, 

2000; Dalgaard and Pedersen, 2001; Kopecky et al., 2001; Pecqueur et al., 2001). By 
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uncoupling oxidation of fuels from adenosine triphosphate (ATP) production in BAT 

mitochondria, UCPs play a decisive role in energy balance and thermoregulation. Initially, 3 

different proteins have been identified in mammals (Dalgaard and Pedersen, 2001); UCP-1 is 

expressed in BAT of rodents, where it induces heat production through uncoupling respiration 

from ATP synthesis; UCP-2 is widely expressed in human tissues, while UCP-3 expression is 

mainly restricted to skeletal muscle. In morbidly obese patients the expression of UCP-1 mRNA 

in the visceral fat depot was found to be significantly lower compared with control subjects 

(Wajchenberg, 2000). Similarly, a lower UCP-2 mRNA expression in visceral adipose tissue and 

skeletal muscle in morbid obesity in comparison with lean controls has been shown (Nordfors et 

al., 1998; Oberkofler et al., 1998). 

Genetically engineered mice overexpressing different UCP homologues are lean and 

resistant to diet-induced obesity (Frühbeck and Gómez-Ambrosi, 2003). For this reason, the 

three uncoupling homologue genes UCP-1, UCP-2 and UCP1-3 have been investigated for 

polymorphisms and mutations and their impact on type II diabetes mellitus, obesity, and body 

weight gain or body mass index (BMI). The main conclusion so far is that variation in the UCP-

1, UCP-2, or UCP-3 genes is not associated with major alterations of body weight gain. 

However, a contribution of the UCP genes toward polygenic obesity and diabetes may not be 

completely ruled out (Dalgaard and Pedersen, 2001). 

Other secreted proteins with an endocrine function: 

It is now widely accepted that WAT is an extraordinarily active endocrine organ, at the 

same time receiving a great number of afferent signals of neuroendocrine nature. Although most 

of the secreted factors with clear endocrine effects such as steroids, leptin, and resistin share a 

pleiotropic functionalism and might have been mentioned in the previous sections, they have 

been grouped under this more integrative category. Conversely, some of the cytokines and 

hormones related to specific functions such as adiponectin, adipsin, IL-6, and the soluble 

receptors of TNF-α also exert known endocrine actions (Frayn et al., 2003). 
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Steroid hormones 

WAT does not have the ability to synthesize sex steroids and glucocorticoids de novo. 

However, adipose stromal cells possess the enzymatic machinery for interconversion from 

inactive to active forms, that is, 17β-hydroxysteroid oxidoreductase and aromatase activity to 

convert androstendione to testosterone and androgens to estrogens, respectively (Boulton et al., 

1992; Guerre-Millo, 2002). Active forms of glucocorticoids are produced from inactive 

cortisone by 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD-1). It has been observed that 

although whole-body extrapolations from individual fat depots may be as high as 10% to 20% of 

whole-body production for sex-steroid conversion, net glucocorticoid conversion is only minor 

(Katz et al., 1999; Frayn et al., 2003). In addition, quantitative differences in contribution to the 

whole-body production between normal-weight and obese individuals need to be considered. In 

this regard, it has been shown that sex steroid and glucocorticoid conversion is increased in 

obesity and may be a major determinant of WAT regional development (Björntorp, 1995; 

Guerre-Millo, 2002; Frayn et al., 2003). Local cortisol reactivation in human obesity can be 

inferred from the findings of increased 11β-HSD-1 activity in visceral fat compared with 

subcutaneous WAT as well as in obesity (Guerre-Millo, 2002). 

Leptin 

Originally identified in relation to its participation in food intake and body weight 

control, leptin has subsequently been shown to play a role in a broad range of physiological 

functions such as reproduction, hematopoiesis, immunity, angiogenesis, bone formation, wound 

healing, and blood pressure homeostasis (Ahima and Flier, 2000; Frühbeck, 2001; Frühbeck et 

al., 2001; Frühbeck, 2002). Defective leptin signaling due to either leptin deficiency or 

dysfunctional leptin receptors leads to early-onset severe obesity due to increased adiposity 

characterized by hyperphagia, decreased energy expenditure, lower body temperature, defective 

thermogenesis, infertility due to hypogonadotropic hypogonadism, hyperglycemia, 

hyperinsulinemia, dyslipidemia, hypothyroidism, and hypercortisolism (Ahima and Flier, 2000; 
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Frühbeck, 2001; Frühbeck, 2002). Leptin secretion by fat cells is proportional to body fat stores 

(Trayhurn, 1996). Fasting induces a fall in the level of ob mRNA, which is rapidly reversed on 

refeeding, and circulating leptin levels change in a parallel manner to tissue mRNA (Frühbeck et 

al., 1998). Glucose, insulin, glucocorticoids, estrogens, prolactin, thyrotropin, angiotensin II, and 

hypoxia stimulate ob gene expression, while free fatty acids, androgens, GH, somatostatin, 

gastrin, cholecystokinin, TNF-α, catecholamines, β-adrenergic agonists, and cold exposure 

decrease ob gene expression (Frühbeck et al., 1998; Wajchenberg, 2000; Frühbeck et al., 

2001). Leptin mRNA shows higher expression in subcutaneous than in omental adipocytes 

(Frühbeck et al., 2001). Furthermore, a clear sexual dimorphism in both ob mRNA expression 

and circulating leptin concentrations, with almost 2-fold higher leptin concentrations in women, 

has been shown (Frühbeck et al., 1998). 

A large body of evidence indicates that the central nervous system is a major site of 

leptin action, leading to an increase in the activity of anorexigenic neurons while reducing that of 

orexigenic neurons (Kalra et al., 1999; Wajchenberg, 2000). However, it is being increasingly 

appreciated that leptin has a functional contribution through peripheral effects (Frühbeck, 2002). 

In this respect, leptin has been reported to participate in lipid synthesis and oxidation in both 

adipocytes and pancreatic islet cells (Wajchenberg, 2000).  

Resistin 

Resistin is a member of a family of cysteine-rich secretory proteins called resistin-like 

molecules (RELMs) or found in inflammatory zone (FIZZ) (Beltowski, 2003). This 12.5-kDa 

polypeptide is expressed and secreted by both brown and white adipocytes in proportion to fat 

size stores leading to impaired glucose tolerance and insulin action (Viengchareun et al., 2002). 

Resistin has been shown not to be exclusively expressed in adipose tissue, but also in the 

gastrointestinal tract, adrenal glands, and skeletal muscle (Nogueiras et al., 2003). Furthermore, 

resistin expression was demonstrated to be regulated in a tissue- and gender-specific manner. 

Circulating resistin concentrations have been shown to be increased in genetically obese rodents 
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(ob/ob and db/db mice) as well as in high-fat-diet–induced obesity. Resistin 

immunoneutralization has been reported to improve hyperglycemia and insulin resistance in 

high-fat–induced obese mice, while recombinant resistin administration impairs glucose 

tolerance and insulin action in normal mice (Steppan and Lazar, 2002). In addition, adipose-

derived resistin and gut-derived RELM-β have been shown to selectively impair insulin action 

on glucose production (Rajala et al., 2003). Factors that decrease resistin gene expression 

include insulin, TNF-α, epinephrine, β-adrenoreceptor stimulation, and thiazolidinediones 

(TZDs) (Ukkola, 2002). However, insulin, β3-adrenoreceptor stimulation, and TZDs have also 

been observed to increase the expression of resistin together with other factors such as glucose, 

GH, and glucocorticoids (Ukkola, 2002). Although the seminal proposal conferred resistin a key 

role as a hormone that links obesity to diabetes, several subsequent studies support the notion 

that insulin resistance and obesity are actually associated with a decreased resistin expression. 

The way resistin was measured and the differences between serum concentrations and mRNA 

and protein levels probably contribute to the inconsistency. Studies in humans remain 

controversial since resistin transcripts have been found in WAT of obese patients, but no 

correlation between resistin mRNA levels with body weight, adiposity, and insulin resistance 

was obtained (Beltowski, 2003). Resistin has been shown to be expressed in the stromal-vascular 

fraction of WAT and in peripheral blood monocytes, but its mRNA is undetectable in human 

adipocytes of lean, insulin-resistant, obese, and diabetic patients (Nagaev and Smith, 2001). 

Because the expression of FIZZ1/RELMα has been observed in inflammatory regions as well as 

in inflammatory cells, it is reasonable to consider the potential involvement of resistin in chronic 

inflammatory reactions associated with obesity (Das, 2000; Gómez-Ambrosi and Frühbeck, 

2001). 
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Adiponectin

Discovery of adiponectin and its structure 

Adiponectin was discovered during gene-expression profiling of human adipose tissue 

conducted by the human complementary DNA (cDNA) project, which analysed visceral and 

subcutaneous adipose tissues to elucidate the molecular mechanism of obesity-related diseases 

(Maeda et al., 1996; Maeda et al., 1997). Unexpectedly, genes expressed in subcutaneous and 

visceral adipose tissue, 20% and 30% respectively, were bioactive secretory proteins, that were 

adipocytokines such as leptin and TNF-α. More surprisingly, 40% of the genes expressed in 

adipose tissue were novel and the most abundant among them (thus, given the name adipose 

most abundant gene transcript 1 [apM1]), termed adiponectin, was novel as well (Maeda et al., 

1996; Arita et al., 1999). Located on chromosome 3q27, a locus for diabetes susceptibility 

(Kissebah et al., 2000; Takahashi et al., 2000), adiponectin encodes a secretory protein 

apparently expressed exclusively in adipose tissue. Adiponectin contains 244 amino acids, a 

signal peptide, a collagen-like domain at its N-terminus and a globular domain at its C-terminus, 

which shares sequence similarities with collagens X and VIII as well as complement factor C1q. 

Despite the absence of primary sequence similarity, the crystal structure of the C-terminal 

globular domain resembles that of TNF-α (Shapiro and Scherer, 1998). During the same period, 

two other groups identified adipocyte complement-related protein of 30 kDa (Acrp30) and 

AdipoQ as mouse homologues of adiponectin (Scherer et al., 1995; Hu et al., 1996). 

Adiponectin was independently isolated from human plasma as gelatin-binding protein-28 

(GBP28) (Nakano et al., 1996). 

An enzyme-linked immunosorbent assay (ELISA) has determined that the plasma range 

of adiponectin in human subjects is 3–30 μg/ml, accounting for 0.01% of total plasma protein 

(Arita et al., 2002). Adiponectin exists in a wide range of multimer complexes in plasma and 

combines via its collagen domain to create three major oligomeric forms: trimers, hexamers and 
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a high molecular weight (HMW) form (Pajvani et al., 2003) (Fig. 1). A smaller form of 

adiponectin that includes the globular domain cleaves proteolytically from full-length 

adiponectin and exists in plasma, although in very small amounts (Fruebis et al., 2001). 

 

Fig. (1): Domains and structure of adiponectin (Okamoto et al., 2006). 

 

The synthesis and secretion of adiponectin is dependent on various factors. In contrast to 

most adipocyte hormones, adiponectin is decreased in obesity and increased in response to 

weight reduction (Brichard et al., 2003; Reinehr et al., 2004). Adiponectin is lower in men than 

women, possibly as a result of suppression by androgens (Nishizawa et al., 2002; Combs et al., 

2003). Moreover, women have higher proportions of HMW adiponectin than men (Nishizawa et 

al., 2002). Diurnal and pulsatile adiponectin secretion has been shown in humans, although in 

contrast to leptin, adiponectin peaks in the morning and decreases at night (Gavrila et al., 2003). 

Adiponectin is inhibited by adrenergic activity, glucocorticoids, TNF-α, and dibutyryl-cyclic 

adenosine monophospate (DB-cAMP) (Kappes and Löffler, 2000; Fausshauer et al., 2001; 

Fausshauer et al., 2002; Fausshauer et al., 2003;  Xu et al., 2004). TZDs increase adiponectin 

in parallel with their insulin-sensitizing action (Combs et al., 2002; Osei et al., 2004). However, 

insulin treatment has variable effects on adiponectin mRNA and protein levels (Berg et al., 
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2002; Nishizawa et al., 2002; Combs et al., 2003). Leptin, angiotensin II, GH, triiodothyronine 

do not seem to affect adiponectin expression (Berg et al., 2002). 

Clinical features of adiponectin 

Adiponectin and obesity: 

The initial clinical study of adiponectin measured its plasma levels in obese subjects. 

Surprisingly, obese subjects had significantly lower plasma adiponectin concentrations than did 

non-obese subjects, although adiponectin derives exclusively from adipose tissue (Arita et al., 

1999). Additionally, Arita et al. (1999) found a negative correlation between plasma 

concentration of adiponectin and BMI in men and women (Arita et al., 1999). Others have 

observed similar results in different rodent models of obesity and in rhesus monkeys (Hu et al., 

1996; Hotta et al., 2001). Moreover, plasma adiponectin concentrations in humans correlated 

negatively with visceral fat area in both genders (Ryo et al., 2004). This negative correlation was 

stronger with visceral adiposity than with subcutaneous adiposity (Cnop et al., 2003; Yatagai et 

al., 2003). 

Atherosclerotic cardiovascular diseases: 

Patients with CAD have significantly lower plasma adiponectin levels than age and BMI-

adjusted control subjects in men and women (Ouchi et al., 1999). Another study (Hotta et al., 

2000) found adiponectin levels were significantly lower in male patients with both CAD and 

type II diabetes than in those with diabetes alone, even when adjusted for BMI and other 

cardiovascular risk factors. Multiple logistic regression analysis revealed that the prevalence of 

CAD increases 2-fold in male patients with hypoadiponectinaemia, independent of traditional 

CAD risk factors, including diabetes mellitus, dyslipidaemia, hypertension, smoking and BMI 

(Kumada et al., 2003). 

Prospective studies also analysed the relationship between plasma adiponectin 

concentration and cardiovascular events. A prospective study of patients with renal failure 
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demonstrated that patients who experienced new cardiovascular events had lower plasma 

adiponectin levels than did event-free patients (Zoccali et al., 2002). Risk decreased 3% for each 

1 μg/ml increase in plasma adiponectin levels, and the relative risk of adverse cardiovascular 

events was 1.56 times higher among patients in the first adiponectin tertile compared with those 

in the third tertile (Zoccali et al., 2002). In another prospective study with 6 years follow-up, 

high plasma adiponectin concentrations associated with lower risk of MI in healthy men 

(Pischon et al., 2004). Moreover, prospective study also suggests that increased adiponectin 

levels associate with a moderately decreased CAD risk in diabetic men (Schulze et al., 2005). In 

these studies, the association is due, in part, to the effect of adiponectin on lipid profiles, 

including HDL-cholesterol levels (Pischon et al., 2004; Schulze et al., 2005). 

Other case-control studies assessed plasma adiponectin in patients with acute MI (AMI) 

and acute coronary syndrome (ACS) (Kojima et al., 2003; Nakamura et al., 2004). On 

admission, patients with AMI had lower plasma adiponectin concentrations than did control 

subjects (Kojima et al., 2003). Moreover, patients with ACS had lower plasma adiponectin levels 

than patients with stable angina pectoris (SAP) or the control group (Nakamura et al., 2004). 

Multiple logistic regression analysis showed that low adiponectin concentration, smoking and 

fasting glucose concentration correlated independently with the incidence of ACS (Nakamura et 

al., 2004). 

Inflammation characterizes atherosclerosis and obese subjects, and individuals at high 

risk of atherosclerosis have high levels of acute-phase reactants such as CRP, a powerful marker 

for systemic inflammation and associated with a high risk for CAD (Libby and Ridker, 1999; 

Park et al., 2010). Plasma adiponectin and CRP levels in human male subjects have significant 

negative correlation (Ouchi et al., 2003b). Another study reported an association between low 

plasma adiponectin concentrations and CRP elevation in women (Matsubara et al., 2003). CRP 

levels correlate with body weight and percentage of body fat (Tchernof et al., 2002). 

Interestingly, human adipose tissue can express CRP mRNA, and CRP levels inversely correlate 
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with adiponectin mRNA levels in human adipose tissue (Ouchi et al., 2003b). Thus adiponectin 

may regulate the expression of CRP in adipose tissue and influence plasma CRP levels. A 

clinical report noted that reduced plasma adiponectin levels correlated significantly with plasma 

CRP concentrations during the early stage of AMI (Kojima et al., 2003). 

Such clinical studies suggest that adiponectin plays a key regulatory and anti-

inflammatory role in the development of atherosclerotic diseases. On the other hand, two 

prospective studies found no association between plasma adiponectin levels and the future risk of 

coronary heart disease in American Indians (Lindsay et al., 2005), a group at particular risk for 

obesity and type II diabetes, and in British women (Lawlor et al., 2005). These inconsistent 

observations might be due to the study population such as men compared with women, diabetic 

compared with non-diabetic (Okamoto et al., 2006). 

Insulin resistance and type II diabetes: 

Several studies have investigated the relationship between plasma adiponectin levels and 

diabetes. The initial study with diabetic patients showed lower plasma adiponectin 

concentrations compared with age- and BMI-matched control men and women (Hotta et al., 

2000). Plasma adiponectin levels decrease in rhesus monkeys, which develop obesity 

spontaneously and frequently progress to overt type II diabetes mellitus (Hotta et al., 2001). In 

addition, plasma adiponectin decreased before the onset of diabetes, paralleling diminished 

insulin sensitivity (Hotta et al., 2001). A retrospective study of Pima Indians, a unique 

population with high propensity of obesity and type II diabetes, confirmed these results (Lindsay 

et al., 2002). Low concentrations of plasma adiponectin correlated strongly with reduced insulin 

sensitivity, and individuals with high concentrations of adiponectin were less likely to develop 

type II diabetes than those with low concentrations (Lindsay et al., 2002). Moreover, high levels 

of adiponectin offered stronger protection against type II diabetes than age, fasting glucose, 2 

hours glucose, fasting insulin and waist circumference (Lindsay et al., 2002). In a 5 years 

follow-up study, Japanese subjects with serum levels of adiponectin in the lowest tertile 
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developed diabetes 9.3 times more often than those in the highest tertile (Daimon et al., 2003). 

Other human clinical studies in different populations also support these outcomes, suggesting 

that concentration of plasma adiponectin independently predicts the progression of diabetes 

(Snehalatha et al., 2003; Choi et al., 2004; Yamamoto et al., 2004).  

Hypertension: 

Obese individuals have a high incidence of hypertension. Essential hypertensive subjects 

had significantly lower concentrations of plasma adiponectin compared with normotensive 

healthy subjects (Adamczak et al., 2003). Plasma adiponectin concentrations correlated 

negatively with mean, systolic and diastolic blood pressures in all subjects (Adamczak et al., 

2003). After adjustment for confounding factors in men, another case-control study using 

multiple regression analysis revealed significantly lower adiponectin concentration in patients 

with hypertension (Iwashima et al., 2004). Moreover, blood pressure associated inversely with 

adiponectin concentration in normotensive patients regardless of insulin resistance (Iwashima et 

al., 2004). Such results suggest that hypoadiponectinaemia can relate to hypertension 

independent of classical factors (Okamoto et al., 2006). 

Dyslipidaemia: 

Several clinical reports have pointed to an association between plasma adiponectin and 

dyslipidaemia. Adiponectin correlates negatively with serum triacylglycerol (triglyceride) and 

positively with serum HDL-cholesterol in non-diabetic women or young healthy men 

(Matsubara et al., 2002; Kazumi et al., 2004). Subjects with low plasma adiponectin levels have 

low LPL activity (von Eynatten et al., 2004). Hypoadiponectinaemia also associates with 

smaller LDL particle size (Hulthe et al., 2003). In patients with type II diabetes, plasma 

adiponectin levels correlate positively with HDL-cholesterol and negatively with triacylglycerols 

and apo B-100. Such associations persist when adjusted for potential confounders such as 

lifestyle exposures, co-morbid conditions or obesity-associated variables (Schulze et al., 2004). 
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Genetic factors related to adiponectin levels: 

The adiponectin gene maps on chromosome 3q27, which may contain a susceptibility 

locus for type II diabetes and metabolic syndrome (Kissebah et al., 2000; Vionnet et al., 2000). 

Several analyses of single nucleotide polymorphisms (SNPs) and missense mutations in the 

adiponectin gene have suggested a genetic link between adiponectin and metabolic diseases. The 

frequency of a missense mutation at position 164 in the globular domain with isoleucine 

substituted for threonine was significantly higher in Japanese type II diabetic or CAD patients 

compared with control subjects (Kondo et al., 2002; Ohashi et al., 2004). Subjects with this 

mutation had significantly lower plasma adiponectin concentrations than those without it, 

independent of BMI (Kondo et al., 2002; Ohashi et al., 2004). The I164T adiponectin gene 

polymorphism has an oligomerization profile and insulin-sensitizing activity similar to the wild-

type; however, this variant has impaired secretion from adipose tissue (Kishida et al., 

2003).Additionally, another SNP at position 94 associates closely with type II diabetes, as do 

SNP at position 45  and 276  (Hara et al., 2002; Stumvoll et al., 2002). Moreover, some 

mutations associate with reduced formation of adiponectin trimers or HMW multimers, which 

may exert important adiponectin actions (Waki et al., 2003). Such findings demonstrate that 

some variations of the adiponectin gene may determine plasma concentration or multimer 

distribution of adiponectin and contribute to various disease states (Okamoto et al., 2006). 

Functions of adiponectin 

Metabolic effects: 

Injection of adiponectin into nonobese diabetic mice leads to an insulin-independent decrease in 

glucose concentrations. This is likely attributable to insulin-sensitizing effects involving 

adiponectin regulation of triglyceride metabolism (Berg et al., 2001). The globular form of 

adiponectin has been identified in the blood, and recombinant globular form has been shown to 

regulate weight reduction as well as free fatty acid oxidation in mouse muscle and liver. The full-
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length recombinant adiponectin protein is apparently less potent at mediating these effects. The 

mechanism underlying the role of adiponectin in lipid oxidation may involve the regulation of 

production or activity of proteins associated with triglyceride metabolism, including cluster of 

differentiation 36 (CD36), acyl-coenzyme A oxidase, adenosine monophosphate-activated 

protein kinase (AMPK), and PPAR-γ (Tomas et al., 2002). 

A negative correlation between obesity and circulating adiponectin has been well 

established, and adiponectin concentrations increase concomitantly with weight loss (Faraj et 

al., 2003). Decreased adiponectin concentrations are associated with insulin resistance and 

hyperinsulinemia, and patients with type II diabetes are reported to have decreased circulating 

adiponectin. TZDs, a class of insulin-sensitizing antidiabetic drugs, increase adiponectin in 

insulin-resistant patients. In addition, high adiponectin concentrations are associated with a 

reduced risk of type II diabetes (Spranger et al., 2003). Magnetic resonance spectroscopy has 

demonstrated that intracellular lipid content in human muscle negatively correlates with 

adiponectin concentrations, potentially because of adiponectin-induced fatty acid oxidation 

(Thamer et al., 2002). 

The synthesis and secretion of adiponectin is regulated by several mechanisms (Fig. 2). 

Small adipocytes secrete insulin-sensitizing hormone, adiponectin, leptin, and other hormone-

like peptides. Adipocyte hypertrophy (large adipocytes), induced by a high-fat diet, causes 

decreases in the production and secretion of insulinsensitizing hormone and increases in insulin-

resistant hormone, leading to insulin resistance in obesity. Reduction in the activity of PPAR-γ, 

which belongs to the nuclear hormone receptor superfamily, leads to protection against obesity 

and type II diabetes induced by a high-fat diet. Adiponectin decreases lipid synthesis and glucose 

production in the liver and causes decreases in glucose and free fatty acid concentrations in the 

blood. In addition, triglyceride production is decreased and fat oxidation and energy dissipation 

in the muscle are increased (Meier and Gressner, 2004). 
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Both insulin and IGF-1 increase adiponectin synthesis in WAT. The synthesis and 

secretion of adiponectin are decreased in the presence of caloric excess, presumably associated 

with leptin deficiency or resistance (Saltiel, 2001). The protein can also increase the sensitivity 

of the hepatocyte to insulin, either through direct action or indirectly by lowering circulating 

lipids concentrations via its action on muscle. Thus, administration of adiponectin can lead to 

improved insulin sensitivity and glucose tolerance and can correct the hyperglycemia associated 

with obesity (Meier and Gressner, 2004). 

 

Fig.  (2): Action of adiponectin on adipose tissue and peripheral organs (liver, blood, and 

skeletal muscle) (Meier and Gressner, 2004). 
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Pharmacologic effects: 

Chronic treatment with the PPAR-α agonist rosiglitazone reduces adiponectin production in 

obese db/db mice, which lack functional leptin receptors (Kadowaki et al., 2003). In contrast, 

Maeda et al., (2001) observed that TZDs, which are PPAR-γ agonists, stimulate adiponectin 

gene expression and increase circulating adiponectin concentrations in obese mice and insulin-

resistant obese humans. Because adiponectin improves glucose tolerance by increasing insulin 

sensitivity, the effect of TZDs on adiponectin secretion may explain, at least partially, the 

hypoglycemic effect of these drugs in patients with type II diabetes mellitus (Meier and 

Gressner, 2004). 

TNF-α produced by WAT is markedly up-regulated in obesity and contributes to insulin 

resistance by interfering with insulin receptor signaling (Ruan and Lodish, 2003). This cytokine 

suppresses adiponectin production in adipose tissue, whereas TZDs prevent this inhibitory effect 

of TNF-α (Stumvoll, 2003). The pharmacologic effect of adiponectin in reducing insulin 

resistance has been related to a decrease in plasma fatty acid concentrations and in triglyceride 

content in mice models of obesity, but also in human hyperlipidemia. Adiponectin can improve 

fatty acid catabolism either directly or by stimulating the production of PPAR-α, which regulates 

the enzymes involved in lipid metabolism (Stefan et al., 2002; Hardie, 2003; Masaki et al., 

2003). 

Atherosclerotic effects and adhesion: 

Plasma adiponectin concentrations are decreased in patients with CAD (Hotta et al., 

2000). Furthermore, neointimal thickening of damaged arteries is exacerbated in adiponectin-

deficient mice and is inhibited by exogenous adiponectin (Matsuda et al., 2002). Adiponectin 

inhibits EC production of adhesion molecules in vitro, suppressing the attachment of monocytes. 

In addition, adiponectin negatively regulates myelomonocytic progenitor cell growth and TNF-α 

production in macrophages (Ouchi et al., 2001). CCl4 induces extensive liver fibrosis in 

adiponectin knockout mice. Conversely, injection of an adenovirus that produces adiponectin 
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before CCl4 treatment prevented liver fibrosis, and in cultured profibrogenic hepatic stellate 

cells, adiponectin suppressed platelet-derived growth factor (PDGF)-induced proliferation and 

attenuated the effect of TGF-β1 and connective tissue growth factor (Kamada et al., 2003). 

Low plasma adiponectin concentrations have been reported in CAD as well as associated 

with some risk factors of cardiovascular disease, such as male sex, high blood pressure, obesity, 

and type II diabetes mellitus. Adiponectin has been shown to reduce the secretion of TNF-α from 

monocyte/macrophages and foam cells and also to attenuate the biological effects induced by 

TNF-α. In fact, this protein suppresses the secretion of TNF-α (Aldhahi and Hamdy, 2003; 

Fernandez-Real et al., 2003; Ouchi et al., 2003a).Taken together, these data suggest that 

adiponectin may exert anti-inflammatory, antifibrotic and antiatherogenic effects (Meier and 

Gressner, 2004). 

Adiponectin receptors 

Two adiponectin receptor forms (adiponectin receptor 1 and 2 [AdipoR1 and 2]) have 

been cloned (Yamauchi et al, 2003) and shown to have unique distributions and affinities for the 

different forms of circulating adiponectin. Specifically, AdipoR1 is a high-affinity receptor for 

globular adiponectin, but also has a very low affinity for the full-length molecule and is 

expressed ubiquitously. It is most abundant in skeletal muscle, but is also present in ECs and 

other tissues (Goldstein and Scalia, 2004). AdipoR2 has intermediate affinity for both forms of 

adiponectin and is predominantly expressed in the liver (Goldstein and Scalia, 2004). AdipoR1 

and AdipoR2 appear to be integral membrane proteins; the N-terminus is internal, and the C-

terminus is external, which is opposite to the topology of all other reported G protein-coupled 

receptors (Yamauchi et al, 2003). AdipoR1 and AdipoR2 may form both homo- and 

heteromultimers, and it is increasingly recognized that adiponectin receptors mediate fatty-acid 

oxidation and glucose uptake by adiponectin (Yamauchi et al, 2003). Finally, T-cadherin, a cell-

surface receptor located on EC and smooth muscle cell, involved in calcium mediated cell-cell 
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interactions and signalling was also found to bind strongly HMW forms but not trimeric or 

globular forms of adiponectin and it is thought to act as a coreceptor (Hug et al, 2004). The 

histochemical localization of T-cadherin is intriguing because it is similar to the localization of 

adiponectin receptors (Hug et al, 2004). T-cadherin may participate in signalling through its 

association with other membrane proteins and incorporation into specific lipid domains of the 

cell membrane and/or it may restrict proliferation of the intima through its interactions with 

adiponectin (Hug et al, 2004). 

Adiponectin and risk of various types of cancer 

Circulating adiponectin levels in vivo are inversely associated with the risk of 

malignancies associated with obesity and insulin resistance (Housa et al, 2005), that is, 

endometrial cancer (Petridou et al, 2003; Dal Maso et al, 2004), postmenopausal breast cancer 

(Mantzoros et al, 2004), leukaemia (Petridou et al, 2006) and colon cancer (Wei et al, 2005). 

Moreover, low adiponectin levels have been associated with gastric cancer (Ishikawa et al, 

2005) and prostate cancer (Goktas et al, 2005). 

Adiponectin and endometrial cancer: 

In women diagnosed with endometrial cancer, obesity is more prevalent in 

premenopausal, compared with postmenopausal women (Wolk et al, 2001). Adiponectin is 

inversely related with risk of endometrial cancer, especially among women younger than 65 

years (Petridou et al, 2003). The inverse relation of adiponectin with risk of endometrial cancer 

is independent of possible effects of IGF-I, IGF-2, IGFBP-3, leptin, BMI and other known risk 

factors of the disease, but the combination of high BMI and low adiponectin levels led to a more 

than 6-fold excess risk of endometrial cancer (Miyoshi et al, 2003; Mantzoros et al, 2004; 

Petridou et al, 2003). 
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Adiponectin and colon cancer:  

Plasma adiponectin levels were inversely associated with risk for colorectal cancer in 

men (Wei et al, 2005). Individuals in the highest adiponectin quintile had an approximately 60% 

reduced risk for colorectal cancer compared to the lowest quintile, the association being 

independent of BMI, waist circumference, waist-to-hip ratio and physical activity (Wei et al, 

2005). 

Adiponectin and gastric cancer:  

Plasma adiponectin levels have also been found to be lower in patients with gastric 

cancer, especially in upper gastric cancers, compared to normal controls and are inversely 

correlated with tumor size, depth of invasion and tumor TNM stage, suggesting a potential role 

for adiponectin in progression of gastric cancer (Ishikawa et al, 2005). 

Adiponectin and prostate cancer:  

A small case-control study (Goktas et al, 2005) indicates that plasma adiponectin levels 

are significantly lower in subjects with prostate cancer than in subjects with benign prostatic 

hyperplasia or in normal healthy controls. In addition, plasma adiponectin levels were negatively 

associated with histological grade and disease stage (Goktas et al, 2005).  

Adiponectin and leukaemia:  

Adiponectin suppresses the growth of myelomonocyte cells lines, and induces apoptosis in 

myelomonocytic progenitor cells (leukaemia lines) in vitro (Yokota et al, 2000). Circulating 

adiponectin is inversely associated with risk for acute myelogenous leukaemia (AML) but not 

acute lymphoblastic leukaemia (ALL) in children (Petridou et al, 2006). 

Adiponectin and breast cancer:  

Serum adiponectin levels were significantly decreased in breast cancer patients in 

comparison to controls (Miyoshi et al., 2003; Chen et al., 2006; Körner et al., 2007; Hou et al., 

2007), and there was a significant difference in serum adiponectin levels between 

postmenopausal patients and controls,but no difference was found between premenopausal 
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patients and controls (Hou et al., 2007), Diab et al., (2006) observed that there was significant 

decrease of adiponectin in postmenopausal breast cancer patients with metastasis than controls, 

although Chen et al., (2006) found that menopausal status did not affect serum adiponectin 

levels. However Kang et al., (2007) showed that serum adiponectin level was lower in breast 

cancer patients than controls, but this difference did not reach statistical significance and when 

serum adiponectin levels were compared in cases and controls according to menopausal status, 

there was no significant difference in serum adiponectin levels between cases and controls in 

either pre or postmenopausal women.  

Miyoshi et al., (2003); Chen et al., (2006); Körner et al., (2007); Hou et al., (2007) 

suggested that low serum adiponectin levels are significantly associated with an increased risk 

for breast cancer. Miyoshi et al., (2003) showed that such an association was observed both in 

pre and postmenopausal women, however Mantzoros et al., (2004); Tworoger et al., (2007) 

found an inverse association of adiponectin levels with breast cancer risk among postmenopausal 

women and no such association between adiponectin levels and breast cancer risk among 

premenopausal women. Körner et al., (2007) illustrated that such an association was particularly 

among premenopausal and obese women. 

Miyoshi et al., (2003); Hou et al., (2007) demonstrated that low serum adiponectin levels 

were associated with high histological grade, large tumor size (Miyoshi et al., 2003) and lymph 

nodes metastasis of breast cancer (Hou et al., 2007;  Kang et al., 2007). 

Mechanisms that may link adiponectin with carcinogenesis 

Indirect effects through altering hormone and cytokine levels: 

Circulating adiponectin concentrations are inversely correlated with fasting plasma 

insulin (Hotta et al, 2000), and adiponectin stimulates the sensitivity of peripheral tissue to 

insulin (Yamamoto et al, 2002). Several studies have supported an association of elevated insulin 

production and/or insulin concentrations and decreasing levels of IGFBP-3, with an increased 
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risk of developing several malignancies including colorectal and breast cancer (Kaaks et al, 

2000; Moschos et al, 2002). In obesity, reduced adiponectin levels lead to the development of 

insulin resistance and compensatory, chronic hyperinsulinaemia. Increased insulin levels, in turn, 

lead to reduced liver synthesis and blood levels of IGFBP-1 and IGFBP-2, and probably also 

reduce IGFBP-1 synthesis locally in other tissues. This results in increased levels of bioavailable 

IGF-1. Insulin and IGF-1 signal through the insulin receptors and IGF-1 receptor , to promote 

cellular proliferation and inhibit apoptosis in many tissue types upregulating the secretion of 

vascular endothelial growth factor (VEGF), contributing thus to carcinogenesis (Calle and 

Kaaks, 2004). 

Adiponectin has also been shown to inhibit both the production of TNF-α in 

macrophages and its action in ECs (Ouchi et al, 1999). Although generally considered 

proapoptotic, TNF-α can also stimulate both oestrogens biosynthesis and angiogenesis (Rose et 

al, 2004). Therefore, low adiponectin levels can potentially lead to carcinogenesis through 

altered effect of TNF-α on tumor cell proliferation (Kelesidis et al., 2006). 

Direct effects of adiponectin on carcinogenesis: 

Adiponectin can also protect from carcinogenesis through more direct effects. 

Specifically, adiponectin has been found to be an important negative regulator of hematopoiesis 

and the immune system (Yokota et al, 2000). Adiponectin suppresses the growth of 

myelomonocyte cells lines in vitro, induces apoptosis in myelomonocytic progenitor cells 

(leukaemia lines), modulates expression of apoptosis-related genes in M1 cells and 

downregulates B-cell lymphoma 2 (Bcl-2) gene expression (Yokota et al, 2000). 

Adiponectin selectively binds to several mitogenic growth factors, such as PDGF-BB, 

basic fibroblast growth factor (bFGF) and heparin-binding epidermal growth factor (EGF)-like 

growth factor (HB-EGF) (Wang et al, 2005), that can induce proliferation in many types of cells. 

The interaction of adiponectin with these growth factors can preclude their binding to the 

membrane receptors suggesting that the antiproliferative effect of adiponectin could at least in 
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part be due to its selective sequestration of growth factors at a prereceptor level (Wang et al, 

2005). Moreover, adiponectin may inhibit activation of nuclear factor-κB (NF-κB), a 

transcription factor that upregulates VEGF in breast cancer cells (Kelesidis et al., 2006). 

Signalling pathways linking adiponectin with carcinogenesis: 

Several signalling molecules such as AMPK, NF-κB, PPAR-α and p38 MAPK are known 

to mediate adiponectin-induced metabolic effects. c-Jun NH2-terminal kinase (JNK) and signal 

transducer and activator of transcription  (STAT) 3 were also shown to be downstream effectors 

of adiponectin (Miyazaki et al, 2005). 

Adenosine monophosphate-activated protein kinase, adiponectin, and their association with 

carcinogenesis (Figs. 3 and 4): 

The molecular pathways downstream of adiponectin receptor remain to be fully 

elucidated, but studies in metabolically responsive cells have shown that activation of the 

pleiotropic AMPK is part of the signalling cascade downstream of adiponectin receptor 

(Goldstein and Scalia, 2004; Luo et al, 2005). AMPK is a ubiquitously expressed αβγ 

heterotrimer consisting of a catalytic subunit (α) and two noncatalytic subunits (β) (γ). In 

addition to exercise and starvation, AMPK is activated by the fat-cell-derived hormones 

adiponectin and leptin (Yamauchi et al, 2002), catecholamines (Kelly et al, 2004) and IL-6 

(Kelly et al, 2004). Once activated, AMPK exerts direct effects on specific enzymes and 

transcriptional regulators, stimulating multiple events that enhance ATP generation and 

inhibiting others that consume ATP but are not acutely necessary for survival (Luo et al, 2005). 
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Fig. ( 3): Multiple potential signalling pathways for adiponectin. The solid arrows and dotted 

lines reflect stimulatory and inhibitory effects, respectively (Kelesidis et al., 2006).  

 

Fig. (4): Possible molecular mechanisms of regulation of tumor cell growth by AMPK. The solid 

arrows and dotted lines reflect stimulatory and inhibitory effects, respectively (Kelesidis et al., 

2006). 

The enzymes downstream of AMPK include the mammalian target of rapamycin (mTOR), 

acetyl-coenzyme A carboxylase (ACC), FAS and glycerol phosphate acyltransferase (GPAT), 

which are key regulators of protein, fatty acid and glycerolipid synthesis, respectively (Luo et al, 

2005). 

AMPK has been reported to inhibit FAS (Kuhajda, 2000; Luo et al, 2005), a key 

lipogenic enzyme, which has been associated with colon, breast, prostate and ovarian cancer 

(Kuhajda, 2000). Finally, AMPK phosphorylates and activates tuberous sclerosis complex 2 
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(TSC2), a tumor suppressor that negatively regulates protein synthesis by inhibiting mTOR. 

mTOR has been associated with colon, breast, prostate, ovarian, liver and lung cancer (Philp et 

al, 2001). The regulation of TSC2 and mTOR by AMPK might have special implications 

because the phosphatidylinositol 3-kinase (PI3K)- agarose kinase target (Akt) signalling pathway 

is constitutively active in many cancers (Fig. 4). The activation of this pathway is most notable 

in cancers that have either inactivating mutations of the PTEN gene (such as glioblastoma, 

melanoma, prostate cancer and endometrial carcinomas) or overexpression of an activated 

member of the EGF receptor family (such as human EGF receptor 2 [Her2/neu] in breast cancer) 

(Luo et al, 2005). 

Activation of AMPK by adiponectin also activates endothelial nitric oxide synthase 

(eNOS) and increases NO production. eNOS activation is also dependent on signalling through 

Akt and its upstream mediator PI3K (Goldstein and Scalia, 2004). The exact role of the 

adiponectin pathway in the inhibition of angiogenesis remains to be fully elucidated. AMPK may 

also stimulate angiogenesis in vitro in response to hypoxia (Ouchi et al, 2005). 

In summary, through these actions AMPK might reduce the risk for developing cancers 

for which molecules such as mTOR may act like mitogens (Luo et al, 2005) (Fig. 4). As 

adiponectin stimulates AMPK, (Goldstein and Scalia, 2004; Luo et al, 2005) which might 

inhibit the growth and/or survival of cancer cells, (Saitoh et al, 2004) the above molecular 

pathways may be potential mechanisms through which adiponectin regulates carcinogenesis 

(Kelesidis et al., 2006). 

Other mechanisms (independent of adenosine monophosphate-activated protein kinase) 

linking adiponectin with carcinogenesis: 

 Adiponectin inhibits ROS production, possibly through inhibition of cellular 

nicotinamide adenine dinucleotide phosphate (reduced form) (NADPH) oxidase activity 

(Goldstein and Scalia, 2004). Reduced ROS generation may increase NO production (by 

improvement of the suppression of eNOS activity by ROS) and reduce cell proliferation by 
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blocking oxidized LDL (oxLDL) induced MAPK pathway activation (Goldstein and Scalia, 

2004) (Fig. 3). 

Finally, adiponectin may also regulate angiogenesis negatively (independently of AMPK) 

through induction of apoptosis in vascular ECs by activating the caspase cascade, a group of 

apoptotic enzymes. Adiponectin initially activates caspase-8, which subsequently leads to 

activation of caspases-9 and -3, which in turn leads to cell death (Brakenhielm et al, 2004). 

c-Jun NH2-terminal kinase and signal transducer and activator of transcription 3: a novel-

signalling pathway linking adiponectin with carcinogenesis (Fig. 3): 

JNK belongs to the mammalian MAPK families, is activated in response to various 

stimuli such as cytokines, and mediates the phosphorylation and activation of transcription 

factors such as c-Jun (Davis, 2000). In addition to its role in obesity and insulin resistance, JNK 

is involved in the regulation of cell proliferation and apoptosis during various physiological and 

pathological events, including tumor development (Davis, 2000). The transcription factor 

STAT3 also regulates cellular function such as cell proliferation, survival, differentiation and 

apoptosis (Bowman et al, 2000). STAT3 is activated by adipokines such as IL-6, leptin, which 

activate the Janus kinase (JAK)-STAT pathway. Dysregulation of the STAT system directly 

contributes to malignant transformation and cancer progression (Bowman et al, 2000). It was 

demonstrated that adiponectin stimulates JNK activation in prostate cancer (DU145, PC-3 and 

LNCaPFGC) cells, hepatocellular carcinoma (HepG2) cells and C2C12 myoblasts, but also 

drastically suppresses STAT3 activation in DU145 and HepG2 cells, in which STAT3 is 

constitutively activated (Miyazaki et al, 2005). This suggests that adiponectin may affect the 

pathogenesis of prostate and hepatocellular carcinomas, which express AdipoR1 and 2, by acting 

on tumor cells directly through modulation of JNK and STAT3 (Miyazaki et al, 2005). 
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Subjects and Methods 

Subjects: 

This study was carried out on thirty fife Egyptian females with histopathologically 

proven primary breast cancer, they were admitted to National Cancer Institute, Cairo University, 

and ten healthy females matched in age and socioeconomic status. The patients were with 

histological types (30 cases invasive duct carcinoma, 1 case invasive lobular carcinoma, 1 case 

mixed invasive duct and lobular carcinoma, 2 cases tubular carcinoma and 1 case invasive 

tubular carcinoma), histological grades (3 cases grade I, 31 cases grade II and 1 case grade III) 

and lymph node metastasis status (27 cases positive and 8 cases negative). All females were 

divided into four groups: 

Group 1   : 10 healthy females were considered as a normal control group. This group was 

subdivided into: 

Group 1   (a): 5 premenopausal healthy females. 

Group 1   (b): 5 postmenopausal healthy females. 

Group 2: 21 breast cancer patients before taking any type of treatment. This group was 

subdivided into: 

Group 2 (a): 9 premenopausal breast cancer patients. 5 from them were followed up after 

treatment by surgery.  

Group 2 (b): 12 postmenopausal breast cancer patients. 7 from them were followed up 

after treatment by surgery.  

Group 3: 14 locally advanced breast cancer patients after treatment by 4 cycles of neoadjuvant 

chemotherapy. This group was subdivided into:  

Group 3 (a): 9 premenopausal locally advanced breast cancer patients. 5 from them were 

followed up after completing treatment by surgery followed by taking 2 

cycles of adjuvant chemotherapy followed by treatment by radiotherapy. 
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Group 3 (b): 5 postmenopausal locally advanced breast cancer patients. None of them was 

followed up because of their absence after completing treatment. 

All the participants were subjected to full history taking and those who found to have 

diabetes, hypertension, cardio-vascular diseases or history of any type of cancer were excluded 

from the study. An informed phrasal consent was obtained from each participant and the study 

was approved by the local committee of Ethics of the Scientific Research of the Faculty of 

Medicine.  

All eligible control subjects and studied patients were subjected to baseline evaluation of 

the following:  

- Breast cancer risk factors (age, weight, height, BMI, age at menarche, age at menopause, 

marriage age, age at first live birth, parity, family history of breast cancer in first degree 

relatives, child bearing history, smoking, alcohol consuming, history of benign breast 

diseases, HRT and using OCs). 

- Adiponectin level (before and after follow up). 

- Lipid profile (triglycerides, total cholesterol). 

- Liver functions (aspartate aminotransferase [AST], alanine aminotransferase [ALT]). 

- Kidney functions (urea, creatinine, uric acid). 

- Hemoglobin. 

Details of treatment: 

- Group 2: breast cancer patients who were followed up after treatment by surgery, all of them 

were subjected to modified radical mastectomy. 

- Group 3: 14 locally advanced breast cancer patients were treated by 4 cycles of neoadjuvant 

chemotherapy, 9 cases (7 premenopause, 2 postmenopause) were treated by FEC 

(fluorouracil, epirubicin, cyclophosphamide), 3 cases (1 premenopause, 2 postmenopause) 

were treated by CMF (cyclophosphamide, methotrexate, fluorouracil) and 2 cases (1 
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premenopause, 1 postmenopause) were treated by FAC (fluorouracil, adriamycin, 

cyclophosphamide). Premenopausal locally advanced breast cancer patients who were 

followed up after completing treatment by surgery followed by taking 2 cycles of adjuvant 

chemotherapy followed by treatment by radiotherapy, all of them were subjected to 

modified radical mastectomy then taked 2 cycles of FEC, then 3 cases were treated by 4500 

cGy/20 fractions and 2 cases treated by 4005 cGy/15 fractions. 

Specimen collection: 

Venous blood samples were collected into dry clean tubes after 12 hours overnight 

fasting. Hemoglobin was determined immediately, and blood samples were left to clot at room 

temperature and then centrifuged at 2000 rpm for 10 minutes to remove serum, which was stored 

at -20 ˚C until further analysis. 

Determination of adiponectin:  

Serum adiponectin was determined using ELISA technique by using an avibion human 

adiponectin ELISA Kit (Orgenium Laboratories, Helsinki, Finland). 

Principle of the assay: 

Orgenium Laboratories' human adiponectin ELISA test is a solid-phase ELISA assay 

designed to measure the quantitative amount of total (low, middle and high molecular weight) 

human adiponectin in cell culture supernates, serum and plasma. This assay employs an antibody 

specific for human adiponectin coated on a 96 well plate. Standards, samples and biotinylated 

anti-human adiponectin are pipetted into the wells and adiponectin present in a sample is 

captured by the antibody immobilized to the wells and by the biotinylated adiponectin specific 

detection antibody. After washing away unbound biotinylated antibody, horseradish peroxidase 

(HRP)-conjugated streptavidin is pipetted to the wells. The wells are again washed. Following 

this second wash step, Tetramethylbenzidine (TMB) substrate solution is added to the wells, 

resulting in color development proportional to the amount of adiponectin bound (Fig. 5). The 
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stop solution changes the color from blue to yellow, and the intensity of the color is measured at 

450 nm. 

 

Fig. (5): Test principle for determination of adiponectin by ELISA technique. 

Reagents: 

1. 96 well plate with 12 strips (each with 8 adiponectin antibody coated single wells). 

2. Adiponectin standard 100 ng/ml (diluted and stabilized human-adiponectin). 

3. Biotinylated adiponectin antibody. 

4. HRP-conjugated avidin. 
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5. 20X washing solution concentrate (sufficient for 1000 ml). 

6. Sample diluent. 

7. TMB-substrate solution.  

8. Stop solution (2 N H2SO4). 

Additional materials required: 

1. Micro-plate reader capable of measuring absorbance at 450 nm. 

2. Precision pipettes (2 μl to 1 ml volumes). 

3. Multi-channel pipette (25 μl to 350 μl) 12 and 8 channel pipettes. Recommended for 

manual washings and reagent dispensing. 

4. Adjustable 1-25 ml pipettes for reagent preparation. 

5. 100 ml and 1 L graduated cylinders. 

6. Micro-plate washer or 12 well multi-channel pipette for washings. 

7. Absorbent paper. 

8. Distilled or de-ionized water. 

9. Log-log graph paper or computer and software for ELISA data analysis. 

10. Tubes to prepare standard or sample dilutions. 

11. Timer. 

Reagents and samples preparation: 

1. All reagents and samples were brought to room temperature (18-25°C) before use. 

2. Antibody coated plate: Before opening the foil pouch, the number of strips required to 

test the desired number of samples plus 8 wells needed for running standards and blanks 

were determined. Non-used strips were removed from the plate frame and were returned 

to the foil pouch containing the desiccant. 

3. Dilution of test standard: Test standard was ready to use. To obtain a standard curve the 

following dilution was done: 
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a) 300 μl of adiponectin standard was added which contains 100 ng/ml of adiponectin to 

the first tube. 

b) 150 μl of dilution buffer was added to other 6 tubes and 2-fold serial dilutions were 

started in dilution tubes as described in Fig. (6). 

c) Only sample diluent was added to tube number 7. 

 

 

Fig. (6): Dilution of adiponectin test standard. 

 

4. Sample preparation and dilution: Prior to the assay, frozen samples were thawed and 

diluted 1:500 with sample diluent. 

Samples with high absorbance values: Samples that exceed the measuring range were 

diluted 1:1000 with sample diluent, and measured again. The dilution factor was taken in 

account when calculating the results. 

5. Wash Buffer: 25 ml of wash buffer concentrate were diluted with de-ionized or distilled 

water to yield 500 ml of 1X wash buffer. 

6. Biotinylated antibody solution was vortex mixed gently before use. 

7. HRP-conjugated avidin was vortex mixed gently before use. 
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Procedure:  

First step: Standard, Samples and Blank + Biotinylated Antibody 

1. 50 μl of sample and 50 μl of each diluted standard starting from 100 ng/ml was pipetted 

into appropriate wells. 50 μl of sample diluent was pipetted to the well which was used as 

blank. 

2. 50 μl of green colored biotinylated detection antibody was added to all wells containing 

standards and samples (total reaction volume is 100 μl). The plate was taped gently by 

hand to homogenize the mixture. 

3. Incubation for 1 hour 30 minutes at room temperature was done without shaking. 

4. Washing 5 times with 1X wash solution (300 μl each) was done. 

To wash: plate contents were empted. A multi-channel pipette was used to fill each well 

with 300 μl of wash buffer, then plate contents were empted again. Procedure was 

repeated four additional times for a total of five washes. Gently plate was blotted onto 

paper towels or other absorbent material. 

For automated washing, all wells were aspirated and washed 5 times with wash buffer. 

Plate was blotted onto paper towels or other absorbent material. Reaction wells were 

never let dry. Continuing to the next step was done without delay or interruption. 

Second step: Streptavidin-HRP 

5. 100 μl of prepared streptavidin-HRP solution (ready to use) was added to each well. 

6. Incubation for 30 minutes at room temperature was done. 

7. Washing 5 times with 1X wash solution (300 μl each) was done. 

Third step: TMB Substrate 

8. 50 μl of TMB ready to use substrate reagent was added to each well. 

9. Incubation for 20 minutes at room temperature in the dark was done. 
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Fourth step: Stop Reaction and Read the Plate 

10. 25 μl of stop solution was added to each well. Reading at 450 nm within 15 minutes was 

done. 

Fifth step: Calculation 

11. Reagent blank absorbance value was subtracted from all test well values (standard and 

test samples). Reagent blank absorbance value at 450 nm should be less than 0.200 

12. Results were calculated against standard. 

Calculation of Results: 

- The standard curve was determined individually for each experiment. Each 

absorbance value of all standards was corrected by subtracting from it the optical 

density (OD) value of the reagent blank (blank = only sample diluent).  

- The standard curve was used to determine the amount of adiponectin in an 

unknown sample. The standard curve was generated by plotting the average OD 

(450 nm) obtained for each of the standard concentrations on the vertical (Y) axis 

versus the corresponding adiponectin concentration (ng/ml) on the horizontal (X) 

axis. Construction of the standard curve was done using graph paper or statistical 

software. 

- If samples generated values higher than the highest standard, the samples were 

diluted with sample diluent and the assay was repeated. The concentration read 

from the standard curve was multiplied by the dilution factor. 

Determination of breast cancer risk factors: 

Age, age at menarche, age at menopause, marriage age, age at first live birth, parity, 

family history of breast cancer in first degree relatives, child bearing history, smoking, alcohol 

consuming, history of benign breast diseases, HRT and using OCs were recorded. Weight and 
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height were measured and BMI was calculated according to the WHO standard, hence BMI 

equal body weight in kilogram/ square of height in meters (kg/m²).   

Determination of triglycerides: 

Serum triglycerides were determined using glycerol-3-phosphate oxidase (GPO)-phenol 

aminoantipyrine (PAP)-enzymatic colorimetric method according to Stein, 1987.  

Principle: 

The series of the reaction involved in the assay system is as follows: 

Triglycerides are hemolyzed by LPL to glycerol. 

 LPL   
Triglycerides  Glycerol + Fatty acids

   
Glycerol is then phosphorylated to glycerol-3-phosphate by ATP in a reaction catalyzed by 

glycerol kinase (GK). 

Glycerol GK  Glycerol-3-phosphate 
+  +

ATP  adenosine diphosphate (ADP) 
The oxidation of glycerol-3-phosphate is catalyzed by GPO to form dihydroxyacetone phosphate 

and H2O2. 

Glycerol-3-phosphate GPO  Dihydroxyacetone phosphate 
+  +
O2  H2O2

In the presence of peroxidase (POD), H2O2 affects the oxidative coupling of 4-chlorophenol and 

4-aminoantipyrine (4-AAP) to form H2O and a red color quinoneimine dye which is measured at 

546 nm. 

2H2O2 + 4-AAP POD  Quinoneimine dye 
+  +

4-chlorophenol  4H2O 
Procedure: 

The assay procedure was performed as described in diagnostic kits purchased from 

Egyptian Company for Biotechnology (S.A.E), Cairo, Egypt.  
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Determination of total cholesterol: 

Serum total cholesterol was determined using cholesterol oxidase (CHOD)-PAP-

enzymatic colorimetric method according to Ellefson and Caraway, 1976. 

Principle: 

 The series of the reaction involved in the assay system is as follows: 

Cholesterol esters are enzymatically hydrolyzed by cholesterol esterase (CE) to cholesterol and 

free fatty acids. 

 CE   
Cholesterol esters   Cholesterol + Fatty acids 

   
Free cholesterol, including that originally present, is then oxidized by CHOD to cholest-4-en-3-

one and H2O2. 

Cholesterol CHOD cholest-4-en-3-one  
+  + 
O2  H2O2

The H2O2 combines with phenol and 4-AAP in the presence of POD to form a chromophore 

(quinoneimine dye) which may be quantitated at 500-550 nm. For bichromatic analyzers the 

blank wavelength shoud be set to 600 or 650 nm. 

2H2O2 + Phenol POD  Quinoneimine dye 
+  + 

4-AAP   4H2O  
Procedure: 

The assay procedure was performed as described in diagnostic kits purchased from 

Egyptian Company for Biotechnology (S.A.E), Cairo, Egypt. 

Determination of aspartate aminotransferase: 

Serum AST was determined using AST-colorimetric method according to Sherwin, 

1984. 

Principle: 

The reaction involved in the assay system is as follows: 
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The amino group is enzymatically transferred by AST present in the sample from L-aspartate to 

the carbon atom of 2-oxoglutarate yielding oxaloacetate and L-glutamate.  

L-Aspartate  AST  Oxaloacetat 
+  + 

2-Oxoglutarate  L-Glutamate 
AST activity is measured by monitoring the concentration of oxaloacetate hydrazone formed 

with 2,4-dinitrophenylhydrazine. 

Procedure: 

The assay procedure was performed as described in diagnostic kits purchased from 

Egyptian Company for Biotechnology (S.A.E), Cairo, Egypt. 

 Determination of alanine aminotransferase: 

Serum ALT was determined using ALT-colorimetric method according to Sherwin, 

1984. 

Principle: 

 The reaction involved in the assay system is as follows: 

The amino group is enzymatically transferred by ALT present in the sample from L-alanine to 

the carbon atom of 2-oxoglutarate yielding pyruvate and L-glutamate. 

L-Alanine ALT Pyruvate 
+  + 

2-Oxoglutarate  L-Glutamate  
ALT activity is measured by monitoring the concentration of pyruvate hydrazone formed with 

2,4-dinitrophenylhydrazine. 

Procedure: 

The assay procedure was performed as described in diagnostic kits purchased from 

Egyptian Company for Biotechnology (S.A.E), Cairo, Egypt.  

Determination of urea: 

Serum urea was determined using urease-colorimetric method (modified urease-berthlot 

method) according to Tietz, 1990. 
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Principle: 

The reaction involved in the assay system is as follows: 

Urea is hydrolyzed in the presence of H2O and urease to produce NH3 and CO2. 

 Urease  
Urea + H2O   2NH3 + CO2

   
The free NH3 in an alkaline pH and in the presence of indicator forms coloured complex 

proportional to the urea concentration in the specimen. 

Procedure: 

The assay procedure was performed as described in diagnostic kits purchased from 

Egyptian Company for Biotechnology (S.A.E), Cairo, Egypt.  

Determination of creatinine: 

Serum creatinine was determined using buffered kinetic Jaffé reaction without 

deproteinization method according to Tietz, 1986. 

Principle: 

Creatinine reacts with picric acid under alkaline condition to form a yellow-red complex. 

The absorbance of the color produced, measured at a wavelength 492 nm, is directly proportional 

to creatinine concentration in the sample. 

 Alkaline pH  
Creatinine + Picrate  Yellow-red complex  

   
Procedure: 

The assay procedure was performed as described in diagnostic kits purchased from 

Egyptian Company for Biotechnology (S.A.E), Cairo, Egypt. 

Determination of uric acid: 

Serum uric acid was determined using uricase-POD enzymatic colorimetric method with 

4-AAP according to Tietz, 1990. 
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Principle: 

The assay is based upon the methods of modified trinder POD assay using 3,5-dichloro-

2-hydroxybenzenesulfonic acid (DCHB). 

The series of the reaction involved in the assay system is as follows:  

Uric acid is oxidized to allantoin by uricase with production of H2O2. 

Uric acid Uricase Allantion 
+  + 

O2 + H2O   CO2 + H2O2
The H2O2 react with 4-AAP and DCHB in the presence of POD to yield a quinoneimine day. 

The subchange in absorbance at 546 nm (500 -550 nm) is proportional to uric acid concentration 

in the sample. 

H2O2 POD Quinoneimine 
+  + 

4-AAP + DCHB  H2O 
Procedure: 

The assay procedure was performed as described in diagnostic kits purchased from 

Egyptian Company for Biotechnology (S.A.E), Cairo, Egypt. 

 Determination of hemoglobin:  

Hemoglobin was determined using Micros 60 fully automated hematology autoanalyser 

(Horiba-Abx Diagnostics, France). 

Statistical analysis: 

Data were presented as mean ± standard deviation (SD) or number of subjects (n) and 

percent (%). Simple student t-test was used to compare variables between different groups of 

patients and healthy controls. For family history of breast cancer in first degree relatives, child 

bearing history, smoking, alcohol consuming, history of benign breast diseases, HRT and using 

OCs chi-square test was used. Paired t-test was used to compare serum adiponectin level in the 

same group of patients before and after treatment. Correlation matrices was used to determine 

the correlation between different variables. Probability (P)<0.05 was considered to be 
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statistically significant. Statistical analysis was performed using statica version 6.0 software, 

while the presentations were performed using microsoft excel 2007. 
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Results 

In the present study breast cancer risk factors (age, weight, height, BMI, age at menarche, 

age at menopause, marriage age, age at first live birth, parity, family history of breast cancer in 

first dgree relatives, child bearing history, smoking, alcohol consuming, history of benign breast 

diseases, HRT and using OCs) and serum levels of adiponectin, lipid profile (triglycerides, total 

cholesterol), liver functions (AST, ALT), kidney functions (urea, creatinine, uric acid) and 

hemoglobin were evaluated in breast cancer patients before taking any type of treatment and 

locally advanced breast cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy. 

The results of patients were compared with those of healthy controls. Serum adiponectin level 

was also evaluated and compared in patient groups before and after follow up. 

 Tables (1 and 2) illustrate breast cancer risk factors in breast cancer patients as compared 

with those of healthy controls. There were no significant differences between either breast cancer 

patients before taking any type of treatment or locally advanced breast cancer patients after 

treatment by 4 cycles of neoadjuvant chemotherapy and healthy controls with respect to age, 

weight, height, BMI, age at menarche, age at menopause, marriage age, age at first live birth, 

parity, child bearing history, smoking, alcohol consuming, history of benign breast diseases and 

HRT. Family history of breast cancer in first degree relatives was positive in breast cancer 

patients before taking any type of treatment more than healthy controls (P<0.001), and it was 

also positive in pre and postmenopausal breast cancer patients before taking any type of 

treatment more than healthy controls (P<0.001).  Using OCs was positive in locally advanced 

breast cancer patients after treatment by 4 cycles of neoadjuvent chemotherapy more than 

healthy controls (P<0.001), and it was also positive in pre and postmenopausal locally advanced 

breast cancer patients after treatment by 4 cycles of neoadjuvent chemotherapy more than 

healthy controls (P<0.001). 
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 Table (3) illustrates serum adiponectin level in breast cancer patients before taking any 

type of treatment and locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy as compared with those of healthy controls. Serum adiponectin level 

was significantly lower in breast cancer patients before taking any type of treatment (P=0.049) 

and non-significantly lower in locally advanced breast cancer patients after treatment by 4 cycles 

of neoadjuvant chemotherapy than healthy controls. There was a significantly lower serum 

adiponectin level in postmenopausal breast cancer patients before taking any type of treatment as 

compared with those of healthy controls (P= 0.033), but this difference did not reach statistical 

significance in either premenopausal breast cancer patients before taking any type of treatment or 

pre and postmenopausal locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy as compared with those of healthy controls (Fig. 7). 

Table (4) illustrates serum adiponectin level in breast cancer patients before taking any 

type of treatment and at (20-30) days after treatment by surgery. The table also illustrates the 

serum level in premenopausal locally advanced breast cancer patients after treatment by 4 cycles 

of neoadjuvant chemotherapy and after completing treatment by surgery followed by taking 2 

cycles of adjuvant chemotherapy followed by treatment by radiotherapy. Non-significant 

elevation was shown in breast cancer patients before taking any type of treatment and after 

treatment by surgery, and there was also a non-significant elevation in serum adiponectin level in 

pre and postmenopausal patients before taking any type of treatment and after treatment by 

surgery, but in postmenopausal patients the elevation was nearly significant (P=0.064). In 

premenopausal locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy and after completing treatment by surgery followed by taking 2 

cycles of adjuvant chemotherapy followed by treatment by radiotherapy, the level was also non-

significantly elevated (Figs. 8 and 9). 
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Table (1): Breast cancer risk factors in Group 1: healthy controls, Group 2: breast cancer 

patients before taking any type of treatment and Group 3: locally advanced breast 

cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy. 

 Group 1 

Mean±SD  

or n (%) 

Group 2 

Mean±SD 

or n (%) 

P Group 3 

Mean±SD 

 or n (%) 

P 

 n=10 n=21  n=14  

Age (yr) 49.90±8.88 51.43±8.89 0.658 50.43±8.94 0.887 

Weight (kg) 74.30±8.83 79.33±12.03 0.249 74.64±16.49 0.953 

Hight (cm) 156.80±3.46 158.14±5.78 0.505 157.50±7.02 0.775 

BMI (kg/m2) 30.24±3.54 31.90±5.70 0.407 29.85±5.00 0.836 

Age at menarche (yr) 12.50±1.08 12.52±1.69 0.968 13.07±1.33 0.275 

Age at menopause (yr) 48.80±3.90 47.42±5.00 0.591 49.00±2.35 0.924 

Marriage age (yr) 20.90±3.28 20.43±5.41 0.802 20.36±4.31 0.741 

Age at first live birth (yr) 22.20±2.90 22.52±5.04 0.852 22.79±4.59 0.726 

Parity  4.10±0.88 4.05±1.28 0.908 4.50±1.34 0.420 

Family history of breast 

cancer in first dgree 

relatives 

Positive 

Negative  

 

 

 

0 (0%) 

10 (100%) 

 

 

 

2 (9.52%) 

19 (90.48%) 

 

 

 

<0.001

 

 

 

0 (0%) 

14 (100%) 

 

 

 

NS 

Child bearing history 

Positive 

Negative 

 

0 (0%) 

10 (100%) 

 

0 (0%) 

21 (100%) 

 

NS 

 

0 (0%) 

14 (100%) 

 

NS 
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Follow table (1) 

 Group 1 

Mean±SD  

or n (%) 

Group 2 

Mean±SD 

or n (%) 

P Group 3 

Mean±SD 

 or n (%) 

P 

 n=10 n=21  n=14  

Smoking 

Positive 

Negative 

 

0 (0%) 

10 (100%) 

 

0 (0%) 

21 (100%) 

 

NS 

 

0 (0%) 

14 (100%) 

 

NS 

Alcohol consuming 

Positive 

Negative 

 

0 (0%) 

10 (100%) 

 

0 (0%) 

21 (100%) 

 

NS 

 

0 (0%) 

14 (100%) 

 

NS 

History of benign breast 

diseases 

Positive 

Negative 

 

 

0 (0%) 

10 (100%) 

 

 

0 (0%) 

21 (100%) 

 

 

NS 

 

 

0 (0%) 

14 (100%) 

 

 

NS 

HRT 

Positive 

Negative 

 

0 (0%) 

10 (100%) 

 

0 (0%) 

21 (100%) 

 

NS 

 

0 (0%) 

14 (100%) 

 

NS 

Using OCs 

Positive 

Negative 

 

6 (60%) 

4 (40%) 

 

12 (57.14%) 

9 (42.86%) 

 

0.790 

 

2 (14.29) 

12 (85.71%) 

 

<0.001

When P value < 0.05, it is statistically significant. 

 



Results

 

 

Table (2): Breast cancer risk factors in Group 1 (a),(b): pre and Postmenopausal healthy controls, Group 2 (a),(b): pre and Postmenopausal breast 

cancer patients before taking any type of treatment and Group 3 (a),(b): pre and Postmenopausal locally advanced breast cancer patients 

after treatment by 4 cycles of neoadjuvant chemotherapy. 

 Group 1 (a) 

Mean±SD  

or n (%) 

Group 2 (a) 

Mean±SD  

or n (%) 

P Group 3 (a) 

Mean±SD  

or n (%) 

P Group 1 (b) 

Mean±SD  

or n (%) 

Group 2 (b) 

Mean±SD  

or n (%) 

P Group 3 (b) 

Mean±SD  

or n (%) 

P 

 n=5 n=9  n=9  n=5 n=12  n=5  

Age (yr) 42.40±3.78 43.00±3.71 0.778 45.33±2.55 0.107 57.40±4.72 57.75±5.66 0.905 59.60±9.13 0.645 

Weight (kg) 75.60±11.80 76.11±11.16 0.937 71.67±14.79 0.620 73.00±5.66 81.75±12.56 0.161 80.00±19.75 0.468 

Hight (cm) 158.80±2.77 160.44±3.75 0.410 157.89±6.83 0.783 154.80±3.03 156.42±6.56 0.610 156.80±8.14 0.620 

BMI (kg/m2) 29.93±4.16 29.61±4.61 0.900 28.58±4.63 0.598 30.54±3.26 33.61±6.01 0.304 32.14±5.30 0.581 

Age at 

menarche (yr) 

13.00±1.41 12.56±1.01 0.506 13.11±0.60 0.838 12.00±0.00 12.50±2.11 0.611 13.00±2.24 0.347 

Age at 

menopause (yr) 

     48.80±3.90 47.42±5.00 0.591 49.00±2.35 0.924 
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Follow table (2) 

 Group 1 (a) 

Mean±SD  

or n (%) 

Group 2 (a) 

Mean±SD  

or n (%) 

P Group 3 (a) 

Mean±SD  

or n (%) 

P Group 1 (b) 

Mean±SD  

or n (%) 

Group 2 (b) 

Mean±SD  

or n (%) 

P Group 3 (b) 

Mean±SD  

or n (%) 

P 

 n=5 n=9  n=9  n=5 n=12  n=5  

Marriage age 

(yr) 

20.80±3.03 20.56±5.15 0.925 19.78±4.99 0.687 21.00±3.87 20.33±5.82 0.819 21.40±2.88 0.858 

Age at first live 

birth (yr) 

21.80±3.03 23.00±3.94 0.568 21.89±5.01 0.972 22.60±3.05 22.17±5.87 0.879 24.40±3.65 0.422 

Parity  4.40±0.89 3.56±1.24 0.207 4.67±1.22 0.679 3.80±0.84 4.42±1.24 0.328 4.20±1.64 0.641 

Family history 

of breast cancer 

in first dgree 

relatives 

Positive 

Negative  

 

 

 

 

0 (0%) 

5 (100%) 

 

 

 

 

1 (11.11%) 

8 (88.89%) 

 

 

 

 

<0.001 

 

 

 

 

0 (0%) 

9 (100%) 

 

 

 

 

NS 

 

 

 

 

0 (0%) 

5 (100%) 

 

 

 

 

1 (8.33) 

11 (91.67) 

 

 

 

 

<0.001 

 

 

 

 

0 (0%) 

5 (100%) 

 

 

 

 

NS 
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Follow table (2) 

 Group 1 (a) 

Mean±SD  

or n (%) 

Group 2 (a) 

Mean±SD  

or n (%) 

P Group 3 (a) 

Mean±SD  

or n (%) 

P Group 1 (b) 

Mean±SD  

or n (%) 

Group 2 (b) 

Mean±SD  

or n (%) 

P Group 3 (b) 

Mean±SD  

or n (%) 

P 

 n=5 n=9  n=9  n=5 n=12  n=5  

Child bearing 

history 

Positive 

Negative 

 

 

0 (0%) 

5 (100%) 

 

 

0 (0%) 

9 (100%) 

 

 

NS 

 

 

0 (0%) 

9 (100%) 

 

 

NS 

 

 

0 (0%) 

5 (100%) 

 

 

0 (0%) 

12 (100%) 

 

 

NS 

 

 

0 (0%) 

5 (100%) 

 

 

NS 

Smoking 

Positive 

Negative 

 

0 (0%) 

5 (100%) 

 

0 (0%) 

9 (100%) 

 

NS 

 

 

0 (0%) 

9 (100%) 

 

NS 

 

0 (0%) 

5 (100%) 

 

0 (0%) 

12 (100%) 

 

NS 

 

0 (0%) 

5 (100%) 

 

NS 

Alcohol 

consuming 

Positive 

Negative 

 

 

0 (0%) 

5 (100%) 

 

 

0 (0%) 

9 (100%) 

 

 

NS 

 

 

0 (0%) 

9 (100%) 

 

 

NS 

 

 

0 (0%) 

5 (100%) 

 

 

0 (0%) 

12 (100%) 

 

 

NS 

 

 

 

0 (0%) 

5 (100%) 

 

 

NS 
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Follow table (2) 

 Group 1 (a) 

Mean±SD  

or n (%) 

Group 2 (a) 

Mean±SD  

or n (%) 

P Group 3 (a) 

Mean±SD  

or n (%) 

P Group 1 (b) 

Mean±SD  

or n (%) 

Group 2 (b) 

Mean±SD  

or n (%) 

P Group 3 (b) 

Mean±SD  

or n (%) 

P 

 n=5 n=9  n=9  n=5 n=12  n=5  

History of 

benign breast 

diseases 

Positive 

Negative 

 

 

 

0 (0%) 

5 (100%) 

 

 

 

0 (0%) 

9 (100%) 

 

 

 

NS 

 

 

 

0 (0%) 

9 (100%) 

 

 

 

NS 

 

 

 

0 (0%) 

5 (100%) 

 

 

 

0 (0%) 

12 (100%) 

 

 

 

NS 

 

 

 

0 (0%) 

5 (100%) 

 

 

 

NS 

HRT 

Positive 

Negative 

 

0 (0%) 

5 (100%) 

 

0 (0%) 

9 (100%) 

 

NS 

 

0 (0%) 

9 (100%) 

 

NS 

 

 

0 (0%) 

5 (100%) 

 

0 (0%) 

12 (100%) 

 

NS 

 

0 (0%) 

5 (100%) 

 

NS 

Using OCs 

Positive 

Negative 

 

3 (60%) 

2 (40%) 

 

6 (66.67%) 

3 (33.33) 

 

0.405 

 

1 (11.11%) 

8 (88.89%) 

 

<0.001 

 

3 (60%) 

2 (40%) 

 

6 (50%) 

6 (50%) 

 

0.201 

 

1 (20%) 

4 (80%) 

 

<0.001 

When P value < 0.05, it is statistically significant. 
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Table (3): Serum adiponectin level (μg/ml) in healthy controls, breast cancer patients before taking any type of treatment and locally advanced 

breast cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy. 

 Healthy control 

 

 

Mean±SD 

Breast cancer patients before taking any 

type of treatment 

 

Mean±SD 

P Locally advanced breast cancer patients 

after treatment by 4 cycles of neoadjuvant 

chemotherapy 

Mean±SD 

P 

 n=10 n=21  n=14  

*All 19.37±1.13 18.13±1.75 0.049 18.13±2.15 0.111 

 n=5 n=9  n=9  

Premenopause 18.83±1.34 18.60±1.37 0.763 17.46±2.38 0.262 

 n=5 n=12  n=5  

Postmenopause 19.90±0.59 17.77±1.96 0.033 19.33±0.95 0.284 

When P value < 0.05, it is statistically significant. 

*All = premenopausal + postmenopausal 
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Fig. (7): Serum adiponectin level (μg/ml) in healthy controls, breast cancer patients before 

taking any type of treatment and locally advanced breast cancer patients after treatment by 4 

cycles of neoadjuvant chemotherapy.
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Table (4): Serum adiponectin level (μg/ml) in breast cancer patients before taking any type of treatment and at (20-30) days after treatment by 

surgery,and in premenopausal locally advanced breast cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy and after 

completing treatment by surgery followed by taking 2 cycles of adjuvantchemotherapy followed by treatment by radiotherapy. 

 Breast cancer patients before taking any type of treatment 

 

Mean±SD 

Locally advanced breast cancer patients after treatment by 4 

cycles of neoadjuvant chemotherapy 

Mean±SD 

 Before surgery After surgery P Before completing 

treatment 

After completing 

treatment  

P 

 n=12 n=12  n=5 n=5  

All 18.50±1.53 18.75±1.55 0.141 17.42±1.95 17.98±1.80 0.621 

 n=5 n=5  n=5 n=5  

Premenopause 18.65±1.40 18.76±1.00 0.744 17.42±1.95 17.98±1.80 0.621 

 n=7 n=7     

Postmenopause 18.40±1.71 18.74±1.93 0.064    

When P value < 0.05, it is statistically significant. 
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Fig. (8): Serum adiponectin level (μg/ml) in breast cancer patients before taking any type of 

treatment and at (20-30) days after treatment by surgery. 
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Fig. (9): Serum adiponectin level (μg/ml) in premenopausal locally advanced breast cancer 

patients after treatment by 4 cycles of neoadjuvant chemotherapy and after completing treatment 

by surgery followed by taking 2 cycles of adjuvant chemotherapy followed by treatment by 

radiotherapy. 
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Results of serum levels of lipid profile (triglycerides, total cholesterol), liver functions 

(AST, ALT), kidney functions (urea, creatinine, uric acid) and hemoglobin in breast cancer 

patients before taking any type of treatment and locally advanced breast cancer patients after 

treatment by 4 cycles of neoadjuvant chemotherapy as compared with those of healthy controls 

are given in tables (5 and 6). 

 There were no significant differences between either breast cancer patients before taking 

any type of treatment or locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy and healthy controls with respect to serum levels of total cholesterol, 

AST, ALT, urea, creatinine, uric acid and hemoglobin. Only triglycerides showed a significantly 

higher level in breast cancer patients before taking any type of treatment (P=0.000) and locally 

advanced breast cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy 

(P=0.001) as compared with healthy controls. Both pre and postmenopausal breast cancer 

patients before taking any type of treatment (P=0.008, P=0.029 respectively) and pre and 

postmenopausal locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy (P=0.021, P=0.006 respectively) showed also a significantly higher 

level as compared to those of healthy controls. 

 Tables (7 and 8) illustrate the correlation between serum adiponectin level and BMI, and 

between serum adiponectin level and serum triglycerides level in the examined groups. No 

statistical correlation was shown between serum adiponectin level and BMI, serum triglycerides 

level in the examined groups except that, there was a statistical negative correlation between 

serum adiponectin level and BMI in postmenopausal healthy controls (P=0.025), breast cancer 

patients before taking any type of treatment (P=0.003)  and postmenopausal breast cancer 

patients before taking any type of treatment (P=0.011), and between serum adiponectin level and 

serum triglycerides level in breast cancer patients before taking any type of treatment (P=0.017) 

and postmenopausal breast cancer patients before taking any type of treatment (P=0.020) (Figs. 

10 - 27). 
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Table (5): Serum levels of lipid profile (triglycerides, total cholesterol), liver functions (AST, 

ALT), kidney functions (urea, creatinine, uric acid) and hemoglobin in Group 1: 

healthy controls, Group 2: breast cancer patients before taking any type of treatment 

and Group 3: locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy. 

 Group 1 

Mean±SD 

Group 2 

Mean±SD 

P Group 3 

Mean±SD 

P 

 n=10 n=21  n=14  

Triglycerides (mg/dl) 74.54±20.15 120.34±32.50 0.000 137.71±47.72 0.001 

Cholesterol (mg/dl) 183.37±34.57 183.04±40.67 0.982 202.61±42.51 0.252 

AST (IU/L) 22.10±3.51 21.90±6.84 0.933 22.29±4.12 0.909 

ALT (IU/L) 16.10±3.03 15.05±6.40 0.627 18.29±4.75 0.215 

Urea (mg/dl) 28.70±6.30 31.76±9.02 0.344 28.86±7.92 0.960 

Creatinine (mg/dl) 0.76±0.08 0.82±0.13 0.184 0.79±0.26 0.674 

Uric acid (mg/dl) 6.02±1.21 5.50±1.57 0.368 5.13±1.10 0.074 

Haemoglubin (g/dl) 12.05±0.71 12.59±1.22 0.207 12.02±1.21 0.947 

When P value < 0.05, it is statistically significant. 
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Table (6): Serum levels of lipid profile (triglycerides, total cholesterol), liver functions (AST, ALT), kidney functions (urea, creatinine, uric acid) 

and hemoglobin in Group 1 (a),(b): pre and Postmenopausal healthy controls, Group 2 (a),(b): pre and Postmenopausal breast cancer 

patients before taking any type of treatment and Group 3 (a),(b): pre and Postmenopausal locally advanced breast cancer patients  after 

treatment by 4 cycles of neoadjuvant chemotherapy. 

 Group 1 (a) 

Mean±SD 

Group 2 (a) 

Mean±SD 

P Group 3 (a) 

Mean±SD 

P Group 1 (b) 

Mean±SD 

Group 2 (b) 

Mean±SD 

P Group 3 (b) 

Mean±SD 

P 

 n=5 n=9  n=9  n=5 n=12  n=5  

Triglycerides 

(mg/dl) 

68.22±17.14 124.86±37.27 0.008 140.77±58.72 0.021 80.87±22.81 116.95±29.67 0.029 132.20±21.16 0.006 

Cholesterol 

(mg/dl) 

172.91±25.82 191.89±42.58 0.386 206.31±34.66 0.086 193.83±41.81 176.41±39.71 0.429 195.95±58.18 0.949 

AST (IU/L) 21.20±2.39 20.67±4.36 0.806 22.22±3.93 0.609 23.00±4.47 22.83±8.31 0.967 22.40±4.93 0.845 

ALT (IU/L) 17.20±2.77 14.22±6.00 0.320 20.33±3.61 0.120 15.00±3.16 15.67±6.88 0.840 14.60±4.56 0.876 

Urea (mg/dl) 25.53±7.21 30.44±6.89 0.232 28.33±9.38 0.575 31.88±3.47 32.75±10.52 0.861 29.80±5.12 0.474 

Creatinine 

(mg/dl) 

0.77±0.08 0.81±0.12 0.542 0.86±0.30 0.569 0.74±0.08 0.83±0.15 0.252 0.68±0.08 0.287 
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Follow table (6) 

 Group 1 (a) 

Mean±SD 

Group 2 (a) 

Mean±SD 

P Group 3 (a) 

Mean±SD 

P Group 1 (b) 

Mean±SD 

Group 2 (b) 

Mean±SD 

P Group 3 (b) 

Mean±SD 

P 

 n=5 n=9  n=9  n=5 n=12  n=5  

Uric acid 

(mg/dl) 

5.41±1.09 4.57±0.96 0.161 5.04±1.24 0.584 6.62±1.09 6.20±1.61 0.599 5.29±0.89 0.066 

Haemoglubin 

(g/dl) 

11.84±0.89 11.89±1.34 0.944 11.81±0.96 0.957 12.26±0.49 13.12±0.84 0.051 12.40±1.62 0.858 

When P value < 0.05, it is statistically significant. 
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Table (7): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in healthy 

controls, breast cancer patients before taking any type of treatment and locally 

advanced breast cancer patients after treatment by 4 cycles of neoadjuvant 

chemotherapy. 

 Adiponectin (μg/ml) 

Mean±SD 

BMI (kg/m2) 

Mean±SD 

r P 

Healthy control: 

All (n=10) 

Premenopause (n=5) 

Postmenopause (n=5) 

 

19.37±1.13 

18.83±1.34 

19.90±0.59 

 

30.24±3.54 

29.93±4.16 

30.54±3.26 

 

-0.59 

-0.70 

-0.92 

 

0.074

0.187

0.025

Breast cancer patients before taking 

any type of treatment: 

All (n=21) 

Premenopause (n=9) 

Postmenopause (n=12) 

 

 

18.13±1.75 

18.60±1.37 

17.77±1.96 

 

 

31.90±5.70 

29.61±4.61 

33.61±6.01 

 

 

-0.62 

-0.31 

-0.70 

 

 

0.003

0.413

0.011

Locally advanced breast cancer 

patients after treatment by 4 cycles of 

neoadjuvant chemotherapy: 

All (n=14) 

Premenopause (n=9) 

Postmenopause (n=5) 

 

 

 

18.13±2.15 

17.46±2.38 

19.33±0.95 

 

 

 

29.85±5.00 

28.58±4.63 

32.14±5.30 

 

 

 

0.43 

0.37 

0.28 

 

 

 

0.127

0.324

0.650

When P value < 0.05, it is statistically significant. 
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 Fig. (10): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in all healthy 

controls (r= -0.59, P= 0.074). 
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Fig. (11): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

premenopausal healthy controls (r= -0.70, P= 0.187). 
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 Fig. (12): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

postmenopausal healthy controls (r= -0.92, P= 0.025). 
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Fig. (13): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in all breast 

cancer patients before taking any type of treatment (r= -0.62, P= 0.003). 
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 Fig. (14): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

premenopausal breast cancer patients before taking any type of treatment (r= -0.31, P= 0.413). 
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Fig. (15): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

postmenopausal breast cancer patients before taking any type of treatment (r= -0.70, P= 0.011). 
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 Fig. (16): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in all locally 

advanced breast cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy  

(r= 0.43, P= 0.127). 
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Fig. (17): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

premenopausal locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy (r= 0.37, P= 0.324). 
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 Fig. (18): Correlation between serum adiponectin level (μg/ml) and BMI (kg/m2) in 

postmenopausal locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy (r= 0.28, P= 0.650). 
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Table (8): Correlation between serum adiponectin level (μg/ml) and serum triglycerides level 

(mg/dl) in healthy controls, breast cancer patients before taking any type of treatment 

and locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy. 

P r Triglycerides (mg/dl) 

Mean±SD 

Adiponectin (μg/ml) 

Mean±SD 

 

 

0.925

0.114

0.068

 

0.03 

-0.79 

0.85 

 

74.54±20.15 

68.22±17.14 

80.87±22.81 

 

19.37±1.13 

18.83±1.34 

19.90±0.59 

healthy control: 

All (n=10) 

Premenopause (n=5) 

Postmenopause (n=5) 

 

 

0.017

0.191

0.020

 

 

-0.51 

-0.48 

-0.66 

 

 

120.34±32.50 

124.86±37.27 

116.95±29.67 

 

 

18.13±1.75 

18.60±1.37 

17.77±1.96 

Breast cancer patients before 

taking any type of treatment: 

All (n=21) 

Premenopause (n=9) 

Postmenopause (n=12) 

 

 

 

 

0.488

0.666

0.529

 

 

 

 

-0.20 

-0.17 

-0.38 

 

 

 

 

137.71±47.72 

140.77±58.72 

132.20±21.16 

 

 

 

 

18.13±2.15 

17.46±2.38 

19.33±0.95 

Locally advanced breast 

cancer patients after treatment 

by 4 cycles of neoadjuvant 

chemotherapy: 

All (n=14) 

Premenopause (n=9) 

Postmenopause (n=5) 

When P value < 0.05, it is statistically significant. 
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 Fig. (19): Correlation between serum adiponectin level (μg/ml) and serum triglycerides level 

(mg/dl) in all healthy controls (r= 0.03, P= 0.925). 
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Fig. (20): Correlation between serum adiponectin level (μg/ml) and serum triglycerides level 

(mg/dl) in premenopausal healthy controls (r= -0.79, P= 0.114). 
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 Fig. (21): Correlation between serum adiponectin level (μg/ml) and serum triglycerides level 

(mg/dl) in postmenopausal healthy controls (r= 0.85, P= 0.068). 
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Fig. (22): Correlation between serum adiponectin level (μg/ml) and serum triglycerides level 

(mg/dl) in all breast cancer patients before taking any type of treatment (r= -0.51, P= 0.017). 
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 Fig. (23): Correlation between serum adiponectin level (μg/ml) and serum triglycerides level 

(mg/dl) in premenopausal breast cancer patients before taking any type of treatment  

(r= -0.48, P= 0.191). 
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Fig. (24): Correlation between serum adiponectin level (μg/ml) and serum triglycerides level 

(mg/dl) in postmenopausal breast cancer patients before taking any type of treatment  

(r= -0.66, P= 0.020). 
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 Fig. (25): Correlation between serum adiponectin level (μg/ml) and serum triglyceride level 

(mg/dl) in all locally advanced breast cancer patients after treatment by 4 cycles of neoadjuvant 

chemotherapy (r= -0.20, P= 0.488). 
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Fig. (26): Correlation between serum adiponectin level (μg/ml) and serum triglycerides level 

(mg/dl) in premenopausal locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy (r= -0.17, P= 0.666). 
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 Fig. (27): Correlation between serum adiponectin level (μg/ml) and serum triglycerides level 

(mg/dl) in postmenopausal locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy (r= -0.38, P= 0.529). 
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Discussion 

Relationship of obesity to some forms of cancer has been known for a long time (Bray, 

2002), it is not surprising that researchers were trying to discover the possible role of 

adipocytokines in the regulation of carcinogenesis as a link between obesity and cancer 

(Garofalo and Surmacz 2006).Obesity is an established risk factor for breast cancer, with an 

estimated 50% increased risk for obese compared with normal-weight women (Calle and Kaaks, 

2004). 

This study shows that there was a statistical negative correlation between serum 

adiponectin level and BMI in postmenopausal healthy controls, breast cancer patients before 

taking any type of treatment and postmenopausal breast cancer patients before taking any type of 

treatment. These findings are in agreement with Arita et al., (1999); Hotta et al., (2000); Yang et 

al., (2002); Miyoshi et al., (2003); Chen et al., (2006); Diab et al., (2006); Hou et al., (2007), 

who reported that serum adiponectin levels are inversely related to BMI. However Kang et al., 

(2007) found no significant correlation between serum adiponectin level and BMI.     

The studied serum adiponectin level was significantly lower in breast cancer patients 

before taking any type of treatment than healthy controls, and there was a significantly lower 

serum adiponectin level in postmenopausal patients as compared with those of healthy controls 

but this difference did not reach statistical significance in premenopausal patients as compared 

with those of healthy controls. These results are in agreement with previous studies which 

demonstrated that serum adiponectin levels were significantly decreased in breast cancer patients 

in comparison to controls (Miyoshi et al., 2003; Chen et al., 2006; Hou et al., 2007; Körner et 

al., 2007), and there was a significant difference in serum adiponectin levels between 

postmenopausal patients and controls,but no difference was found between premenopausal 

patients and controls (Hou et al., 2007), Diab et al., (2006) observed that there was a significant 

decrease of adiponectin in postmenopausal breast cancer patients with metastasis than controls, 
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although Chen et al., (2006) found that menopausal status did not affect serum adiponectin 

levels. However Kang et al., (2007) showed that serum adiponectin level was lower in breast 

cancer patients than controls, but this difference did not reach statistical significance and when 

serum adiponectin levels were compared in cases and controls according to menopausal status, 

there was no significant difference in serum adiponectin levels between cases and controls in 

either pre or postmenopausal women.  

Miyoshi et al., (2003); Chen et al., (2006); Hou et al., (2007); Körner et al., (2007) 

suggested that low serum adiponectin levels are significantly associated with an increased risk 

for breast cancer. Miyoshi et al., (2003) showed that such an association was observed both in 

pre and postmenopausal women, however Mantzoros et al., (2004); Tworoger et al., (2007) 

found an inverse association of adiponectin levels with breast cancer risk among postmenopausal 

women and no such association between adiponectin levels and breast cancer risk among 

premenopausal women. Körner et al., (2007) illustrated that such an association was particularly 

among premenopausal and obese women. 

Miyoshi et al., (2003); Hou et al., (2007) demonstrated that low serum adiponectin levels 

were associated with high histological grade, large tumor size (Miyoshi et al., 2003) and lymph 

nodes metastasis of breast cancer (Hou et al., 2007;  Kang et al., 2007). 

In this study, also serum adiponectin level was lower in locally advanced breast cancer 

patients after treatment by 4 cycles of neoadjuvant chemotherapy than healthy controls, but this 

difference did not reach statistical significance, and there was also a non-significantly lower 

serum adiponectin level in pre and postmenopausal patients as compared with those of healthy 

controls. These results demonstrate that serum adiponectin level in all and postmenopausal 

locally advanced breast cancer patients after treatment by neoadjuvant chemotherapy was non-

significantly low although the level in all and postmenopausal breast cancer patients before 

taking any type of treatment was significantly low. 
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When we compared serum adiponectin level in breast cancer patients before taking any 

type of treatment and at (20-30 days) after treatment by surgery, the level was elevated, but this 

difference did not reach statistical significance. There was also a non-significant elevation in 

serum adiponectin level in pre and postmenopausal patients before taking any type of treatment 

and after treatment by surgery but in postmenopausal patients the elevation was nearly 

significant. When we compared serum adiponectin level in locally advanced premenopausal 

breast cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy and after 

completing treatment by surgery followed by taking 2 cycles of neoadjuvant chemotherapy 

followed by radiotherapy, the level was elevated but this difference also did not reach statistical 

significance. These results may possibly be due to two reasons: the first is the removal of breast 

adipose tissue during surgery which lead to the reduction of the total amount of body adipose 

tissue so serum adiponectin level was increased again, and the second is that breast cancer cells 

may affect  on adiponectin synthesis and/or secretion so the therapeutic effect of neoadjuvant 

chemotherapy or the removal of breast cancer cells by surgery only or by surgery followed by 

adjuvant chemotherapy followed by radiotherapy caused serum adiponectin level to be increased 

again. 

It has been reported that obesity-related breast cancer is more often ER positive than is 

the general case, but this has not been a consistent finding (Rose et al., 2004). Kang et al., 

(2007) also showed that the frequency of the tumors with negative ER was significantly 

increased in the patients with less than the median adiponectin level. However, in the previous 

study, the status of ER and PR did not affect the adiponectin levels in breast cancer patients, and 

no significant correlation was observed between the serum adiponectin and estrogen levels in 

postmenopausal women (Miyoshi et al., 2003; Chen et al., 2006), implying that adiponectin may 

influence the development of breast cancer through other pathways. 

One possible mechanism explaining associations between obesity and cancer other than 

estrogen is hyperinsulinemia or insulin resistance. Insulin enhances the activity of IGF-1, and 
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high levels of circulating IGF-1 are correlated with risk of development of breast cancer (Pollak 

et al., 2004). However, Mantzoros et al., (2004) reported that associations between serum 

adiponectin and breast cancer risk were independent of possible effects of major components of 

the IGF system, leptin, and BMI. 

The molecular mechanism of the contributions of low serum adiponectin levels to 

carcinogenesis and progression of tumor is currently unknown. Adiponectin has been reported to 

induce activation of caspase enzymes which leads to EC apoptosis, and the reduction of tumor 

neovascularization (Brakenhielm et al., 2004). In addition, adiponectin has a direct inhibitory 

effect on proliferation of VSMCs and myelomonocytic progenitors (Yokota et al., 2000). In one 

study, adiponectin has been reported to induce growth arrest and apoptosis of MDA-MB-231 

breast cancer cells (Kang et al., 2005). These results are speculated to infer that adiponectin may 

promote apoptosis directly by activation of apoptotic enzymes in the caspase cascade or 

modulation of expression of apoptosis-related genes (Kang et al., 2007).  

Adiponectin plays an important role in glucose metabolism (Berg et al., 2001; Fruebis et 

al., 2001; Yamauchi et al., 2001; Maeda et al., 2002), and a decrease in the serum adiponectin 

levels is shown to be associated with an increase in the glucose levels (Hotta et al., 2000). It is 

believed that high glucose levels stimulate the proliferation of cultured breast cancer cells 

(Okumura et al., 2002), when these observations were taken together, it is speculated that 

adiponectin modulates the breast cancer risk through affecting the glucose metabolism (Miyoshi 

et al., 2003).  

Takahata et al., (2007)
 
showed that AdipoR1 and AdipoR2 were expressed in both 

normal breast ECs and breast cancer cells; Dieudonne et al., (2006) reported that MCF-7 cells 

expressed adiponectin receptors and responded to adiponectin by reducing their growth, AMPK 

activation, and p42/p44 MAPK inactivation. These findings indicated that adiponectin might 

inhibit the proliferation of breast cancer cells directly through binding to adiponectin receptors 

(Hou et al., 2007).  
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 We found no significant differences between either breast cancer patients before taking 

any type of treatment (all patients, pre or postmenopausal patients) or locally advanced breast 

cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy (all patients, pre or 

postmenopausal patients) and healthy controls with respect to serum levels of AST, ALT, urea, 

creatinine, uric acid and hemoglobin. Similar results have also been reported by Chen et al., 

(2006) who found no significant differences between breast cancer patients and controls with 

respect to blood urea nitrogen (BUN), creatinine and hemoglobin. 

 Regarding the serum total cholesterol level, there were no significant differences between 

breast cancer patients before taking any type of treatment (all patients, pre or postmenopausal 

patients), locally advanced breast cancer patients after treatment by 4 cycles of neoadjuvant 

chemotherapy (all patients, pre or postmenopausal patients) and healthy controls. Similar results 

have been reported by Gaard et al., (1994); Agurs-Collins et al., (1998); Hou et al., (2007) who 

observed no significant differences in total cholesterol levels between breast cancer patients and 

controls. However, these results were inconsistent with Ferraroni et al., (1993); Ray et al., 

(1997) who suggested that serum cholesterol was significantly higher in breast cancer patients 

than controls, Abu-Bedair et al., (2003) found that total cholesterol levels significantly increased 

in premenopausal patients with no significant change in postmenopausal women. 

 Triglycerides showed a significantly higher level in breast cancer patients before taking 

any type of treatment (all patients, pre or postmenopausal patients) and  locally advanced breast 

cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy (all patients, pre or 

postmenopausal patients) as compared to those of healthy controls. These findings are supported 

by Potischman et al., (1991); Kökoğlu et al., (1994); Ray et al., (1997); Agurs-Collins et al., 

(1998); Schreier et al., (1999); Hou et al., (2007) who have shown that breast cancer patients 

had significantly higher triglycerides levels compared to controls. Also Abu-Bedair et al., 

(2003); Hou et al., (2007) found a significantly higher triglycerides levels in postmenopausal 

breast cancer patients as compared to controls but could not find this in premenopausal breast 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Potischman%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22K%C3%B6ko%C4%9Flu%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schreier%20LE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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cancer patients. Breast cancer patients with advanced disease have a significantly higher serum 

triglycerides levels than patients with less advanced disease (Zielinski et al., 1988; Kökoğlu et 

al., 1994; Agurs-Collins et al., 1998). 

 The significant correlation between the high levels of triglycerides and breast cancer risk 

may be attributed to differences in lipid metabolism among breast cancer cases and controls, and 

this is further supported by the association between increasing levels of triglycerides and 

advancing stages of the disease (Agurs-Collins et al., 1998). The etiology of altered lipids and 

lipoproteins seen among cancer patients may involve more than one mechanism. Takatani et al., 

(1991) suggested that elevated levels of triglycerides are associated with a decreased level of 

SHBG, resulting in increased amounts of free estradiol and increased breast cancer risk. Another 

mechanism could be related to the association of insulin resistance with hypertriglyceridemia 

and breast cancer risk (Bruning et al., 1992; Steiner, 1994). Obesity that is related to insulin 

resistance may be a factor associated with an altered lipid metabolism. It has also been 

postulated that hypertriglyceridemia may be the result of decreased triglyceride clearance from 

plasma. This may be due to inhibition of LPL activity resulting in impaired catabolism of VLDL 

cholesterol, increased serum triglyceride levels and a decrease in HDL-cholesterol levels (Havel 

et al., 1973; Spiegel et al., 1982). 

 We also found that there was a statistical negative correlation between serum adiponectin 

level and serum triglycerides level in breast cancer patients before taking any type of treatment 

and postmenopausal breast cancer patients before taking any type of treatment and these results 

are in agreement with Matsubara et al., (2002); Baratta et al., (2004); Hou et al., (2007) who 

found that serum adiponectin levels showed a negative correlation with triglycerides. 

Adiponectin lower free fatty acid levels via an increase of muscle free fatty acid oxidation 

resulting in a modulation of triglyceridemia and glycemia (Fruebis et al., 2001). Adiponectin 

reduces lipids by inhibiting hepatic lipogenesis (Shklyaev et al., 2003). Baratta et al., (2004) 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22K%C3%B6ko%C4%9Flu%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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suggested that adiponectin levels directly regulate lipid metabolism and that this effect is 

independent from the patient fat mass, weight loss, and insulin sensitivity.  

 In conclusion, this study suggests that low serum adiponectin level is likely to be 

associated with increased breast cancer risk, particularly among postmenopausal women. 

Adiponectin could be considered as a biomarker for breast cancer development in obesity and 

the association between obesity and breast cancer risk might be partly explained by adiponectin.  

Obese women, particularly postmenopausal women, should be encouraged to lose weight 

as a suggested method to decrease their risk of breast cancer. 

 Further studies with larger number of subjects and large-scaled prospective studies 

should be supported in the future. A study about the precise mechanism of the relationship of 

adiponectin and breast cancer, as well as its potential diagnostic, prognostic and/or therapeutic 

utility, requires further investigations. 
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Summary 

Relationship of obesity to some forms of cancer has been known for a long time, it is not 

surprising that researchers were trying to discover the possible role of adipocytokines in the 

regulation of carcinogenesis as a link between obesity and cancer. Obesity is an established risk 

factor for breast cancer, with an estimated 50% increased risk for obese compared with normal-

weight women. 

This study was carried out on thirty fife Egyptian females with histopathologically 

proven primary breast cancer, they were admitted to National Cancer Institute, Cairo University, 

and ten healthy females matched in age and socioeconomic status. The patients were with 

histological types (30 cases invasive duct carcinoma, 1 case invasive lobular carcinoma, 1 case 

mixed invasive duct and lobular carcinoma, 2 cases tubular carcinoma and 1 case invasive 

tubular carcinoma), histological grads (3 cases grad I, 31 cases grad II and 1 case grad III) and 

lymph node metastasis status (27 cases positive and 8 cases negative). All females were divided 

into four groups: 

Group 1   : 10 healthy females were considered as a normal control group. This group was 

subdivided into: 

Group 1   (a): 5 premenopausal healthy females. 

Group 1   (b): 5 postmenopausal healthy females. 

Group 2: 21 breast cancer patients before taking any type of treatment. This group was 

subdivided into: 

Group 2 (a): 9 premenopausal breast cancer patients. 5 from them were followed up after 

treatment by surgery.  

Group 2 (b): 12 postmenopausal breast cancer patients. 7 from them were followed up 

after treatment by surgery.  
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Group 3: 14 locally advanced breast cancer patients after treatment by 4 cycles of neoadjuvant 

chemotherapy. This group was subdivided into:  

Group 3 (a): 9 premenopausal locally advanced breast cancer patients. 5 from them were 

followed up after completing treatment by surgery followed by taking 2 

cycles of adjuvant chemotherapy followed by treatment by radiotherapy. 

Group 3 (b): 5 postmenopausal locally advanced breast cancer patients. None of them was 

followed up because of their absence after completing treatment.  

All the participants were subjected to full history taking and those who found to have 

diabetes, hypertension, cardio-vascular diseases or history of any type of cancer were excluded 

from the study. 

All eligible control subjects and studied patients were subjected to baseline evaluation of 

breast cancer risk factors (age, weight, height, BMI, age at menarche, age at menopause, 

marriage age, age at first live birth, parity, family history of breast cancer in first degree 

relatives, child bearing history, smoking, alcohol consuming, history of benign breast diseases, 

HRT and using OCs), adiponectin level (before and after follow up), lipid profile (triglycerides, 

total cholesterol), liver functions (AST, ALT), kidney functions (urea, creatinine, uric acid) and 

hemoglobin. 

There were no significant differences between either breast cancer patients before taking 

any type of treatment or locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy and healthy controls with respect to age, weight, height, BMI, age at 

menarche, age at menopause, marriage age, age at first live birth, parity, child bearing history, 

smoking, alcohol consuming, history of benign breast diseases and HRT. Family history of 

breast cancer in first degree relatives was positive in breast cancer patients before taking any 

type of treatment more than healthy controls (P<0.001), and it was also positive in pre and 

postmenopausal breast cancer patients before taking any type of treatment more than healthy 

controls (P<0.001).  Using OCs was positive in locally advanced breast cancer patients after 
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treatment by 4 cycles of neoadjuvent chemotherapy more than healthy controls (P<0.001), and it 

was also positive in pre and postmenopausal locally advanced breast cancer patients after 

treatment by 4 cycles of neoadjuvent chemotherapy more than healthy controls (P<0.001). 

Serum adiponectin level was significantly lower in breast cancer patients before taking 

any type of treatment (P=0.049) and non-significantly lower in locally advanced breast cancer 

patients after treatment by 4 cycles of neoadjuvant chemotherapy than healthy controls. There 

was a significantly lower serum adiponectin level in postmenopausal breast cancer patients 

before taking any type of treatment as compared with those of healthy controls (P= 0.033), but 

this difference did not reach statistical significance in either premenopausal breast cancer 

patients before taking any type of treatment or pre and postmenopausal locally advanced breast 

cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy as compared with those 

of healthy controls. 

Non-significant elevation was shown in breast cancer patients before taking any type of 

treatment and after treatment by surgery, and there was also a non-significant elevation in serum 

adiponectin level in pre and postmenopausal patients before taking any type of treatment and 

after treatment by surgery, but in postmenopausal patients the elevation was nearly significant 

(P=0.064). In premenopausal locally advanced breast cancer patients after treatment by 4 cycles 

of neoadjuvant chemotherapy and after completing treatment by surgery followed by taking 2 

cycles of adjuvant chemotherapy followed by treatment by radiotherapy, the level was also non-

significantly elevated. 

There were no significant differences between either breast cancer patients before taking 

any type of treatment or locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy and healthy controls with respect to serum levels of total cholesterol, 

AST, ALT, urea, creatinine, uric acid and hemoglobin. Only triglycerides showed a significantly 

higher level in breast cancer patients before taking any type of treatment (P=0.000) and locally 

advanced breast cancer patients after treatment by 4 cycles of neoadjuvant chemotherapy 
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(P=0.001) as compared with healthy controls. Both pre and postmenopausal breast cancer 

patients before taking any type of treatment (P=0.008, P=0.029 respectively) and pre and 

postmenopausal locally advanced breast cancer patients after treatment by 4 cycles of 

neoadjuvant chemotherapy (P=0.021, P=0.006 respectively) showed also a significantly higher 

level as compared to those of healthy controls. 

No statistical correlation was shown between serum adiponectin level and BMI, serum 

triglycerides level in the examined groups except that, there was a statistical negative correlation 

between serum adiponectin level and BMI in postmenopausal healthy controls (P=0.025), breast 

cancer patients before taking any type of treatment (P=0.003)  and postmenopausal breast cancer 

patients before taking any type of treatment (P=0.011) and between serum adiponectin level and 

serum triglycerides level in breast cancer patients before taking any type of treatment (P=0.017) 

and postmenopausal breast cancer patients before taking any type of treatment (P=0.020). 

In conclusion, this study suggests that low serum adiponectin level is likely to be 

associated with increased breast cancer risk, particularly among postmenopausal women. 

Adiponectin could be considered as a biomarker for breast cancer development in obesity and 

the association between obesity and breast cancer risk might be partly explained by adiponectin.  

Obese women, particularly postmenopausal women, should be encouraged to lose weight 

as a suggested method to decrease their risk of breast cancer. 

Further studies with larger number of subjects and large-scaled prospective studies should 

be supported in the future. A study about the precise mechanism of the relationship of 

adiponectin and breast cancer, as will as its potential diagnostic, prognostic and/or therapeutic 

utility, requires further investigations. 

 



 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 

 

 

 

 

 

 

 

 

 

 

 



References   
 

118 
 

References

Abu-Bedair F. A., El-Gamal B. A., Ibrahim N. A., El-Aasar A. A. (2003): Serum lipids and 

tissue DNA content in Egyptian female breast cancer patients. Jpn. J. Clin. Oncol., 33(6): 278-

282. 

Adamczak M., Wiecek A., Funahashi T., Chudek J., Kokot F., Matsuzawa Y. (2003): 

Decreased plasma adiponectin concentration in patients with essential hypertension. Am. J. 

Hypertens., 16: 72-75. 

Agurs-Collins T., Kim K. S., Dunston G. M., Adams-Campbell L. L. (1998): Plasma lipid 

alterations in African-American women with breast cancer. J. Cancer Res. Clin. Oncol., 124: 

186-190. 

Ahima R. S., Flier J. S. (2000): Leptin. Annu. Rev. Physiol., 62: 413-437. 

Ailhaud G. (1999): Cross talk between adipocytes and their precursors: relationships with 

adipose tissue development and blood pressure. Ann. NY Acad. Sci., 892: 127-133.  

Albin N., Massaad L., Toussaint C., Mathieu M. C., Morizet J., Parise O., Gouyette A., 

Chabot G. G. (1993): Main drug-metabolizing enzyme systems in human breast tumors and 

peritumoral tissues. Cancer Res., 53: 3541-3546. 

Aldhahi W., Hamdy O. (2003): Adipokines, inflammation, and the endothelium in diabetes. 

Curr. Diab. Rep., 3: 293-298. 

Alessi M. C., Bastelica D., Morange P., Berthet B., Leduc I., Verdier M., Geel O., Juhan-

Vague I. (2000a): Plasminogen activator inhibitor 1, transforming growth factor-β1, and BMI 

are closely associated in human adipose tissue during morbid obesity. Diabetes, 49: 1374-13 80. 

Alessi M. C., Morange P., Juhan-Vague I. (2000b): Fat cell function and fibrinolysis. Horm. 

Metab. Res., 32: 504-508. 

Alessi M. C., Peiretti F., Morange P., Henry M., Nalbone G., Juhan-Vague I. (1997): 



References   
 

119 
 

Production of plasminogen activator inhibitor-1 by adipose tissue-possible link between visceral 

fat accumulation and vascular disease. Diabetes, 46: 860-867. 

American Cancer Society (ACS) (1999): Cancer statistics. CA. Cancer J. Clin., 49: 131162ـ. 

American Cancer Society (ACS) (2000): Cancer statistics. CA. Cancer J. Clin., 50: 733ـ. 

American Joint Committee on Cancer (AJCC) (1992): Manual for staging of cancer, 4th ed. 

Philadelphia, J. B. Lippincott Co., 149. 

Anwar W., Oun S., El Sawee T. (2002): The National Cancer Institute (NCI), Cairo. In: 

National Cancer Registry. Mahmoud I., Rabie T. Egypt, 14. 

Arai T., Yamashida S., Hirano K., Sakai N., Kotani K., Fujioka S., Nosaki S., Keno Y., 

Yamane Y., Shinohara E. (1994): Increased plasma cholesteryl ester transfer protein in obese 

subjects. A possible mechanism for the reduction of serum HDL cholesterol levels in obesity. 

Arterioscler. Thromb. Vasc. Biol., 14: 1129-1136. 

Arita Y., Kihara S., Ouchi N., Maeda K., Kuriyama H., Okamoto Y., Kumada M., Hotta 

K., Nishida M., Takahashi M., Nakamura T., Shimomura I., Muraguchi M., Ohmoto Y., 

Funahashi T., Matsuzawa Y. (2002): Adipocyte-derived plasma protein adiponectin acts as a 

platelet-derived growth factor-BB-binding protein and regulates growth factor-induced common 

postreceptor signal in vascular smooth muscle cell. Circulation, 105: 2893–2898. 

Arita Y., Kihara S., Ouchi N., Takahashi M., Maeda K., Miyagawa J., Hotta K., 

Shimomura I., Nakamura T., Miyaoka K., Kuriyama H., Nishida M., Yamashita S., Okubo 

K., Matsubara K., Muraguchi M., Ohmoto Y., Funahashi T., Matsuzawa Y (1999): 

Paradoxical decrease of an adipose-specific protein, adiponectin, in obesity. Biochem. Biophys. 

Res. Commun., 257(1): 79–83. 

Baratta R., Amato S., Degano C., Farina M. G., Patanè G., Vigneri R., Frittitta L. (2004): 

Adiponectin relationship with lipid metabolism is independent of body fat mass: evidence from 

both cross-sectional and intervention studies. J. Clin. Endocrinol. Metab., 89(6): 2665-2671. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Takahashi%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Maeda%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Miyagawa%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hotta%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shimomura%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nakamura%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Miyaoka%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kuriyama%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nishida%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yamashita%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Okubo%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Okubo%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Matsubara%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Muraguchi%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ohmoto%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Funahashi%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Matsuzawa%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

120 
 

Baron J. A., Newcomb P. A., Longnecker M. P., Mittendorf R., Storer B. E., Clapp R. W., 

Bogdan G., Yuen J. (1996): Cigarette smoking and breast cancer. Cancer Epidemiol. 

Biomarkers Prev., 5: 399-403. 

Bartsch H., Nair J., Owen R. W. (1999): Dietary polyunsaturated fatty acids and cancers of the 

breast and colorectum: emerging evidence for their role as risk modifiers. Carcinogenesis, 20: 

2209-2218. 

Bartsch H., Nair U., Risch A., Rojas M., Wikman H., Alexandrov K. (2000): Genetic 

polymorphism of CYP genes, alone or in combination, as a risk modifier of tobacco-related 

cancers. Cancer Epidemiol. Biomarkers Prev., 9: 3-28. 

Bastard J. P., Jardel C., Bruckert E., Blondy P., Capeau J., Laville M., Vidal H., Hainque 

B. (2000):  Elevated levels of interleukin 6 are reduced in serum and subcutaneous adipose tissue 

of obese women after weight loss. J. Clin. Endocrinol. Metab., 85(9): 3338-3342. 

Bastelica D., Morange P., Berthet B., Borghi H., Lacroix O., Grino M., Juhan-Vague I., 

Alessi M. C. (2002): Stromal cells are the main plasminogen activator inhibitor-1-producing 

cells in human fat. Evidence of differences between visceral and subcutaneous deposits. 

Arterioscler. Thromb. Vasc. Biol., 22: 173-178. 

Beattie J. H., Black D. J., Wood A. M., Trayhurn P. (1996): Cold-induced expression of the 

metallothionein-1 gene in brown adipose-tissue of rats. Am. J. Physiol. Regulatory Integrative 

Comp. Physiol., 270: R971-R977. 

Beattie J. H., Wood A. M., Newman A. M., Bremner I., Choo K. H. A., Michalska A. E., 

Duncan J. S., Trayhurn P. (1998): Obesity and hyperleptinemia in metallothionein (-I and -II) 

null mice. Proc. Natl. Acad. Sci. USA, 95: 358-363. 

Beattie J. H., Wood A. M., Trayhurn P., Jasani B., Vincent A., McCormack G., West A. K. 

(2000):Metallothionein is expressed in adipocytes of brown fat and is induced by catecholamines 

and zinc. Am. J. Physiol. Regulatory Integrative Comp. Physiol., 278: R1082-R1089. 



References   
 

121 
 

Beltowski J. (2003): Adiponectin and resistin- new hormones of white adipose tissue. Med. Sci. 

Monit., 9: RA55-RA61. 

Berg A. H., Combs T. P., Du X., Brownlee M., Scherer P. E. (2001): The adipocyte-secreted 

protein Acrp 30 enhances hepatic insulin action. Nat. Med., 7: 947-953. 

Berg A. H., Combs T. P., Scherer P. E. (2002): ACRP 30/adiponectin: an adipokine regulating 

glucose and lipid metabolism. Trends Endocrinol. Metab., 13: 84-89. 

Berger J., Moller D. E. (2002): The mechanisms of action of PPARs. Annu. Rev. Med., 53: 

409-435. 

Berkey C. S., Frazier A. L., Gardner J. D., Colditz G. A. (1999): Adolescence and breast 

carcinoma risk. Cancer, 85: 2400-2409. 

Bernstein L. (2002): Epidemiology of endocrine-related risk factors for breast cancer. J. 

Mammary. Gland. Biol. Neoplasia., 7: 3-15. 

Biglia N., Defabiani E., Ponzone R., Mariani L., Marenco D., Sismondi P. (2004): 

Management of risk of breast carcinoma in postmenopausal women. Endocr. Relat. Cancer, 11: 

69-83. 

Björntorp P. (1995): Endocrine abnormalities of obesity. Metabolism, 44: 21-23. 

Blake G. J., Ridker P. M. (2001): Novel clinical markers of vascular wall inflammation. Circ. 

Res., 89: 763-771. 

Blomhoff R., Green M. H., Berg T., Norum K.R. (1990): Transport and storage of vitamin A. 

Science, 250: 399-404. 

Bloom H. J. G., Richardson W. W. (1957): Histological grading and prognosis in breast 

cancer. A study of 1409 cases of which 359 have been followed for 15 years. Br. J. cancer, 11: 

359-377. 

Boney C. M., Gruppuso P. A., Faris R. A., Frackelton Jr A. R. (2000): The critical role of 

Shc in insulin-like growth factor-I–mediated mitogenesis and differentiation in 3T3-L1 



References   
 

122 
 

preadipocytes. Mol. Endocrinol., 14: 805-813. 

Bouker K. B., Hilakivi-Clarke L. (2000): Genistein: does it prevent or promote breast cancer?. 

Environ. Health Perspect., 108(8): 701-708. 

Boulton K. L., Hudson D. U., Coppack S. W., Frayn K. N. (1992): Steroid hormone 

interconversions in human adipose tissue in vivo. Metabolism, 41: 556-559. 

Boyd N. F., Byng J. W., Jong R. A., Fishell E. K., Little L. E., Miller A. B., Lockwood G. A., 

Tritchler D. L., Yaffe M. J. (1995): Quantitative classification of mammographic densities and 

breast cancer risk: results from the Canadian National Breast Screening Study. J. Natl. Cancer 

Inst., 87: 670-675. 

Bråkenhielm E., Veitonmäki N., Cao R., Kihara S., Matsuzawa Y., Zhivotovsky B., 

Funahashi T., Cao Y. (2004): Adiponectin-induced antiangiogenesis and antitumor activity 

involve caspase-mediated endothelial cell apoptosis. Proc. Natl. Acad. Sci. USA, 101(8): 2476-

2481. 

Bray G. A. (2002): The underlying basis for obesity: relationship to cancer. J. Nutr., 132: 

3451S-3455S. 

Bremner I., Beattie J. H. (1990): Metallothionein and trace minerals. Annu. Rev. Nutr., 10: 63-

83. 

Brichard S. M., Delporte M. L., Lambert M. (2003): Adipocytokines in anorexia nervosa: a 

review focusing on leptin and adiponectin. Horm. Metab. Res., 35: 337-342. 

Brinton L. A., Schairer C., Hoover R. N., Fraumeni Jr J. F. (1988): Menstrual factors and 

risk of breast cancer. Cancer Invest., 6: 245-254. 

Brohet R. M., Goldgar D. E., Easton D. F., Antoniou A. C., Andrieu N., Chang-Claude J., 

Peock S., Eeles R. A., Cook M., Chu C., Noguès C., Lasset C., Berthet P., Meijers-Heijboer 

H., Gerdes A. M., Olsson H., Caldes T., van Leeuwen F. E., Rookus M. A. (2007): Oral 

contraceptives and breast cancer risk in the International BRCA1/2 Carrier Cohort Study: a 



References   
 

123 
 

report from EMBRACE, GENEPSO, GEO-HEBON, and the IBCCS Collaborating Group. J. 

Clin. Oncol., 25(25): 3831-3836. 

Bruning P. F., Bonfrer J. M. G., Van Noord P. A. H., Hart A. A. M., de Jong-Bakker M., 

Nooijen W. J. (1992): Insulin resistance and breast cancer risk. Int. J. Cancer, 52: 511-516. 

Calle E. E., Kaaks R.  (2004): Overweight, obesity and cancer: epidemiological evidence and 

proposed mechanisms. Nat. Rev. Cancer, 4: 579-591. 

Campbell I. G., Baxter S. W., Eccles D. M., Choong D. Y. H. (2002): 

Methylenetetrahydrofolate reductase polymorphism and susceptibility to breast cancer. Breast 

Cancer Res., 4(6): R14. 

Cauley J. A., Gutai J. P., Kuller L. H., Scott J., Nevitt M. C. (1994): Black-white differences 

in serum sex hormones and bone mineral density. Am. J. Epidemiol., 139: 1035-1046. 

Cederberg A., Enerbäck S. (2003): Insulin resistance and type 2 diabetes-an adipocentric view. 

Curr. Mol. Med., 3: 107-125. 

Chaldakov G. N., Stankulov I. S., Hristova M., Ghenev P. I. (2003): Adipobiology of disease: 

adipokines and adipokine-targeted pharmacology. Curr. Pharm. Des., 9: 1023-1031. 

Chandra R. K. (1980): Cell-mediated immunity in nutritional imbalance. Fed. Proc., 39: 3088-

3092. 

Chen D. C., Chung Y. F., The Y. T., Chaung H. C., Kuo F. C., Fu O. Y., Chen H. Y., Hou 

M. F., Yuan S. S. (2006): Serum adiponectin and leptin levels in Taiwanese breast cancer 

patients. Cancer Lett., 237: 109-114. 

Chen H. C., Farese Jr R.V. (2002): Fatty acids, triglycerides, and glucose metabolism: recent 

insights from knockout mice. Curr. Opin. Clin. Nutr. Metab. Care, 5(4): 359-363. 

Choi K. M., Lee J., Lee K. W., Seo J. A., Oh J. H., Kim S. G., Kim N. H., Choi D. S., Baik 

S. H. (2004): Serum adiponectin concentrations predict the developments of type 2 diabetes and 

the metabolic syndrome in elderly Koreans. Clin. Endocrinol., 61(1): 75-80. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nooijen%20WJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Seo%20JA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Oh%20JH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kim%20SG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kim%20NH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Choi%20DS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Baik%20SH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Baik%20SH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

124 
 

Choy L., Rosen B., Spiegelman B. M. (1992): Adipsin and an endogenous pathway of 

complement from adipose cells. J. Biol. Chem., 267: 12736-12741. 

Clevenger C. V., Furth P. A., Hankinson S. E., Schuler L. A. (2003): The role of prolactin in 

mammary carcinoma. Endocr. Rev, 24: 1-27. 

Cnop M., Havel P. J., Utzschneider K. M., Carr D. B., Sinha M. K., Boyko E. J., Retzlaff B. 

M., Knopp R. H., Brunzell J. D., Kahn S. E. (2003): Relationship of adiponectin to body fat 

distribution, insulin sensitivity and plasma lipoproteins: evidence for independent roles of age 

and sex. Diabetologia, 46(4): 459-469. 

Coe N. R., Simpson M. A., Bernlohr D. A. (1999): Targeted disruption of the adipocyte lipid-

binding (aP2 protein) gene impairs fat cell lipolysis and increases cellular fatty acid levels. J. 

Lipid Res., 40: 967-972. 

Collaborative Group on Hormonal Factors in Breast Cancer (1996a): Breast cancer and 

hormonal contraceptives: collaborative reanalysis of individual data on 53 297 women with 

breast cancer and 100 239 women without breast cancer from 54 epidemiological studies. 

Lancet, 347: 1713-1727. 

Collaborative Group on Hormonal Factors in Breast Cancer (1996b): Breast cancer and 

hormonal contraceptives: further results. Contraception, 54: 1S-106S. 

Collaborative Group on Hormonal Factors in Breast Cancer (1997): Breast cancer and 

hormone replacement therapy: collaborative reanalysis of data from 51 epidemiological studies 

of 52,705 women with breast cancer and 108,411 women without breast cancer. Lancet, 350: 

1047-1059. 

Collaborative Group on Hormonal Factors in Breast Cancer (2002): Breast cancer and 

breastfeeding: collaborative reanalysis of individual data from 47 epidemiological studies in 30 

countries, including 50302 women with breast cancer and 96973 women without the disease. 

Lancet, 360: 187-195. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Carr%20DB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sinha%20MK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Boyko%20EJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Retzlaff%20BM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Retzlaff%20BM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Knopp%20RH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Brunzell%20JD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kahn%20SE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

125 
 

Combs T. P., Berg A. H., Rajala M. W., Klebanov S., Iyengar P., Jimenez-Chillaron J. C., 

Patti M. E., Klein S. L., Weinstein R. S., Scherer P. E. (2003): Sexual differentiation, 

pregnancy, calorie restriction, and aging affect the adipocyte-specific secretory protein 

adiponectin. Diabetes, 52: 268–276. 

Combs T. P., Wagner J. A., Berger J., Doebber T., Wang W. J., Zhang B. B., Tanen M., 

Berg A. H., O’rahilly S., Savage D. B., Chatterjee K., Weiss S., Larson P. J., Gottesdiener 

K. M., Gertz B. J., Charron M. J., Scherer P. E., Moller D. E. (2002): Induction of adipocyte 

complement-related protein of 30 kilodaltons by PPARγ agonists: a potential mechanism of 

insulin sensitization. Endocrinology, 143(3): 998–1007. 

Cook K. S., Groves D. L., Min H. Y., Spiegelman B. M. (1986): A developmentally regulated 

mRNA from 3T3 adipocytes encodes a novel serine protease homologue. Proc. Natl. Acad. Sci. 

USA, 82: 6480-6484. 

Coppack S. W. (2001): Pro-inflammatory cytokines and adipose tissue. Proc. Nutr. Soc., 60: 

349-356. 

Cotarla I., Ren S., Zhang Y., Gehan E., Singh B., Furth P. A. (2004): Stat5a is tyrosine 

phosphorylated and nuclear localized in a high proportion of human breast cancers. Int. J. 

Cancer, 108: 665-671. 

Cousin B., Munoz O., Andre M., Fontanilles A. M., Dani C., Cousin J. L., Laharrague P., 

Casteilla L., Énicaud

 

 L. P. (1999): A role for preadipocytes as macrophage like cells. FASEB 

J., 13: 305-312. 

Coutelle C., Hohn B., Benesova M., Oneta C. M., Quattrochi P., Roth H. J., Schmidt-Gayk 

H., Schneeweiss A., Bastert G., Seitz H. K. (2004): Risk factors in alcohol associated breast 

cancer: alcohol dehydrogenase polymorphism and estrogens. Int. J. Oncol., 25: 1127-1132. 

Daimon M., Oizumi T., Saitoh T., Kameda W., Hirata A., Yamaguchi H., Ohnuma H., 

Igarashi M., Tominaga M., Kato T. (2003): Decreased serum levels of adiponectin are a risk 



References   
 

126 
 

factor for the progression to type 2 diabetes in the Japanese Population: the Funagata study. 

Diabetes Care, 26(7): 2015-2020. 

Dal Maso L., Augustin L. S., Karalis A., Talamini R., Franceschi S., Trichopoulos D., 

Mantzoros C. S., La Vecchia C. (2004): Circulating adiponectin and endometrial cancer risk. J. 

Clin. Endocrinol. Metab., 89: 1160-1163. 

Dalgaard L. T., Pedersen O. (2001): Uncoupling proteins: functional characteristics and role in 

the pathogenesis of obesity and type II diabetes. Diabetologia, 44: 946-965. 

Das U. N. (2000): Is obesity an inflammatory condition?. Nutrition, 17: 953-966. 

Davidson J., Rotondo D. (2003): Lipid metabolism: inflammatory-immune responses in 

atherosclerosis. Curr. Opin. Lipidol., 14: 337-339. 

Davis R. J. (2000): Signal transduction by the JNK group of MAP kinases. Cell, 103: 239-252. 

de Jong M. M., Nolte I. M., te Meerman G. J., van der Graaf W. T. A., Oosterwijk J. C., 

Kleibeuker J. H., Schaapveld M., de Vries E. G. E.(2002): Genes other than BRCA1 and 

BRCA2 involved in breast cancer susceptibility. J. Med. Genet., 39: 225-242. 

De Pergola G., Pannacciulli N. (2002): Coagulation and fibrinolysis abnormalities in obesity. J. 

Endocrinol. Invest., 25: 899-904. 

Deng C. X., Brodie S. G. (2000): Roles of BRCA1 and its interacting proteins. Bioessays, 22: 

728-737. 

Diab I. H., Sharara G. M., Hussein T. W. (2006): Study of the relation between serum 

adiponectin and tumor necrosis factor-α (TNF-α) levels and the risk of breast cancer. EJBMB, 

24: 548-568. 

Dieudonne M. N., Bussiere M., Dos Santos E., Leneveu M. C., Giudicelli Y., Pecquery R. 

(2006): Adiponectin mediates antiproliferative and apoptotic responses in human MCF7 breast 

cancer cells. Biochem. Biophys. Res. Commun., 345: 271-279.  

Duell E. J., Millikan R. C., Pittman G. S., Winkel S., Lunn R. M., Tse C. K. J., Eaton A., 



References   
 

127 
 

Mohrenweiser H. W., Newman B., Bell D. A. (2001): Polymorphisms in the DNA repair gene 

XRCC1 and breast cancer. Cancer Epidemiol. Biomarkers Prev., 10: 217-222. 

Dullaart R. P., Sluiter W. J., Dikkeschei L. D., Hoogenberg K., Van Tol A. (1994): Effect of 

adiposity on plasma lipid transfer protein activities: a possible link between insulin resistance 

and high density lipoprotein metabolism. Eur. J. Clin. Invest., 24: 188-194. 

Dumitrescu R. G., Cotarla I. (2005): Understanding breast cancer risk – where do we stand in 

2005?. J. Cell. Mol. Med., 9(1): 208-221. 

Duthie S. J. (1999): Folic acid deficiency and cancer: mechanisms of DNA instability. Br. Med. 

Bull., 55(3): 578-592. 

Easton D. F. (1994): The inherited component of cancer. Br. Med. Bull., 50: 527-535. 

Easton D., Ford D., Peto J. (1993): Inherited susceptibility to breast cancer. Cancer Surv., 18: 

95-113. 

Edman C. D., Aiman E. J., Porter J. C., MacDonald P. C. (1978): Identification of the 

estrogen product of extraglandular aromatization of plasma androstenedion. Am. J. Obestet. 

Gynecol., 130: 439-147. 

Egan K. M., Stampfer M. J., Hunter D., Hankinson S., Rosner B. A., Holmes M., Willet W. 

C., Colditz G. A. (2002): Active and passive smoking in breast cancer: prospective results from 

the Nurses’ Health Study. Epidemiology, 13: 138–145. 

Eiriksdottir G., Barkardottir R. B., Agnarsson B. A., Johannesdottir G., Olafsdottir K., 

Egilsson V., Ingvarsson S. (1998): High incidence of loss of heterozygosity at chromosome 

17p13 in breast tumours from BRCA2 mutation carriers. Oncogene, 16: 21-26. 

Ellefson R. D., Caraway W. T. (1976): Fundamentals of clinical chemistry. Tietz N. W. (ed). 

506. 

Ergul E., Sazci A., Utkan Z., Canturk N. Z. (2003): Polymorphisms in the MTHFR gene are 

associated with breast cancer. Tumor Biol., 24(6): 286-290. 



References   
 

128 
 

Faraj M., Havel P. J., Phélis S., Blanck D., Snideman A. D., Cianflone K. (2003): Plasma 

acylation-stimulating protein, adiponectin, leptin, and ghrelin before and after weight loss 

induced by gastric bypass surgery in morbidly obese subjects. J. Clin. Endocrinol. Metab., 88(4): 

1594-1602. 

Fausshauer M., Klein J., Neumann S., Eszlinger M., Paschke R. (2002): Hormonal regulation 

of adiponectin gene expression in 3T3-L1 adipocytes. Biochem. Biophys. Res. Commun., 

290(3): 1084-1089. 

Fausshauer M., Klein J., Neumann S., Eszlingera M., Paschke R. (2001): Adiponectin gene 

expression is inhibited by β-adrenergic stimulation via protein kinase A in 3T3-L1 adipocytes. 

FEBS Lett., 507: 142-146. 

Fausshauer M., Kralisch S., Klier M., Lossner U., Bluher M., Klein J., Paschke R. (2003): 

Adiponectin gene expression and secretion is inhibited by interleukin-6 in 3T3-L1 adipocytes. 

Biochem. Biophys. Res. Commun., 301: 1045–1050. 

Feigelson H. S., Henderson B. E. (1996): Estrogens and breast cancer. Carcinogenesis, 17: 

2279-2284. 

Fernández-Real J. M., López-Bermejo A., Casamitjana R., Ricart W. (2003): Novel 

interactions of adiponectin with the endocrine system and inflammatory parameters. J. Clin. 

Endocrinol. Metab., 88(6): 2714-2718. 

Fernández-Real J. M., Ricart W. (2003): Insulin resistance and chronic cardiovascular 

inflammatory syndrome. Endocr. Rev., 24: 278-301. 

Ferraroni M., Gerber M., Decarli A., Richardson S., Marubini E., Crastes de Paulet P., 

Crastes de Paulet A., Pujol H. (1993): HDL-cholesterol and breast cancer: a joint study in 

northern Italy and southern France. Int. J. Epidemiol., 22(5): 772-780. 

Fisher B., Costantino J. P., Wickerham D. L., Redmond C. K., Kavanah M., Cronin W. M., 

Vogel V., Robidoux A., Dimitrov N., Atkins J., Daly M., Wieand S., Tan-Chiu E., Ford L., 



References   
 

129 
 

Wolmark N. (1998): Tamoxifen for prevention of breast cancer: report of the National Surgical 

Adjuvant Breast and Bowel Project P-1 Study. J. Natl. Cancer Inst., 90: 1371-1388. 

Ford D., Easton D. F., Stratton M., Narod S., Goldgar D., Devilee P., Bishop D. T., Weber 

B., Lenoir G., Chang-Claude J., Sobol H., Teare M. D., Struewing J., Arason A., Scherneck 

S., Peto J., Rebbeck T. R., Tonin P., Neuhausen S., Barkardottir R., Eyfjord J., Lynch H., 

Ponder B. A., Gayther S. A., Zelada-Hedman M. (1998): Genetic heterogeneity and 

penetrance analysis of the BRCA1 and BRCA2 genes in breast cancer families. The Breast 

Cancer Linkage Consortium. Am. J. Hum. Genet., 62: 676-689. 

Frayn K. N., Karpe F., Fielding B. A., Macdonald I. A., Coppack S. W. (2003): Integrative 

physiology of human adipose tissue. Int. J. Obes., 27: 875-888. 

Freudenheim J. L., Ambrosone C. B., Moysich K. B., Vena J. E., Graham S., Marshall J. 

R., Muti P., Laughlin R., Nemoto T., Harty L. C., Crits G. A., Chan A. W., Shields P. G. 

(1999): Alcohol dehydrogenase 3 genotype modification of the association of alcohol 

consumption with breast cancer risk. Cancer Causes Control, 10: 369-377. 

Fried S. K., Bunkin D. A., Greenberg A. S. (1998): Omental and subcutaneous adipose tissue 

of obese subjects release interleukin-6: depot differences and regulation by glucocorticoid. J. 

Clin. Endocrinol. Metab., 83: 847-850. 

Fried S. K., Russell C. D. (1998): Diverse roles of adipose tissue in the regulation of systemic 

metabolism and energy balance. In: Handbook of obesity, 1st ed. Bray G. A., Bouchard C., James 

W. P. T. (eds). New York (USA), Marcel Dekker Inc., 397- 413. 

Friedenreich C. M. (2001): Review of anthropometric factors and breast cancer risk. Eur. J. 

Cancer Prev., 10: 15-32. 

Fruebis J., Tsao T. S., Javorschi S., Ebbets-Reed D., Erickson  M. R. .S., Yen F. T., Bihain 

B. E., Lodish H. F. (2001): Proteolytic cleavage product of 30-kDa adipocyte complement-

related protein increases fatty acid oxidation in muscle and causes weight loss in mice. Proc. 



References   
 

130 
 

Natl. Acad. Sci. USA, 98(4): 2005-2010. 

Frühbeck G. (2001): A heliocentric view of leptin. Proc. Nutr. Soc., 60: 301-318. 

Frühbeck G. (2002): Peripheral actions of leptin and its involvement in disease. Nutr. Rev., 60: 

S47-S55. 

Frühbeck G., Gómez-Ambrosi J. (2001): Rationale for the existence of additional adipostatic 

hormones. FASEB J., 15: 1996-2006. 

Frühbeck G., Gómez-Ambrosi J. (2003): Control of body weight: a physiologic and transgenic 

perspective. Diabetologia, 46: 143-172. 

Frühbeck G., Gómez-Ambrosi J., Muruzábal F. J., Burrell M. A. (2001): The adipocyte: a 

model for integration of endocrine and metabolic signaling in energy metabolism regulation. 

Am. J. Physiol. Endocrinol. Metab., 280: E827-E847. 

Frühbeck G., Jebb S. A., Prentice A. M. (1998): Leptin: physiology and pathophysiology. 

Clin. Physiol., 18: 399-419. 

Frühbeck G., Salvador J. (2004): Role of adipocytokines in metabolism and disease. Nutr. 

Res., 24(10): 803-826. 

Frystyk J., Vestbo E., Skjaerbaek C., Mogensen C. E., Orskov H. (1995): Free insulin-like 

growth factors in human obesity. Metabolism, 44: 37-44. 

Gaard M., Tretli S., Urdal P. (1994): Risk of breast cancer in relation to blood lipid. A 

prospective study of 31, 209 Norwegian women. Cancer causes control, 5(6): 501-509. 

Garber J. E., Goldstein A. M., Kantor A. F., Dreyfus M. G., Fraumeni Jr J. F., Li F. P. 

(1991): Follow-up study of twenty-four families with Li-Fraumeni syndrome. Cancer Res., 51: 

6094-6097. 

Garofalo C., Surmacz E. (2006): Leptin and cancer. J. Cell. Physiol., 207: 12-22. 

Gaudet M. M., Britton J. A., Kabat G. C., Steck-Scott S., Eng S. M., Teitelbaum S. L., 

Terry M. B., Neugut A. I., Gammon M. D., Fruits (2004): Vegetables, and micronutrients in 



References   
 

131 
 

relation to breast cancer modified by menopause and hormone receptor status. Cancer 

Epidemiol. Biomarkers Prev., 13: 1485-1494. 

Gavrila A., Peng C. K., Chan J. L., Mietus J. E., Goldberger A. L., Mantzoros C. S. (2003): 

Diurnal and ultradian dynamics of serum adiponectin in healthy men: comparison with leptin, 

circulating soluble leptin receptor, and cortisol patterns. J. Clin. Endocrinol. Metab., 88(6): 2838-

2843. 

Germinario R., Sniderman A. D., Manuel S., Lefebvre S. P., Baldo A., Cianflone K. (1993): 

Coordinating regulation of triacylglycerol synthesis and glucose transport by acylation 

stimulating protein. Metabolism, 42(5): 574-580. 

Ginsburg E. S., Walsh B. W., Gao X., Gleason R. E., Feltmate C., Barbieri R. L. (1995): 

The effect of acute ethanol ingestion on estrogen levels in postmenopausal women using 

transdermal estradiol. J. Soc. Gynecol. Investig., 2: 26-29.                       

Giusti V., Verdumo C., Suter M., Gaillard R. C., Bruckhardt P., Pralong F. (2003): 

Expression of peroxisome proliferator-activatedγ1 and peroxisome proliferator-activatedγ2 in 

visceral and subcutaneous adipose tissue of obese women. Diabetes, 52: 1673-1676. 

Goktas S., Yilmaz M. I., Caglar K., Sonmez A., Kilic S., Bedir S. (2005): Prostate cancer and 

adiponectin. Urology, 65: 1168-1172. 

Goldstein B. J., Scalia R. (2004): Adiponectin: a novel adipokine linking adipocytes and 

vascular function. J. Clin. Endocrinol. Metab., 89: 2563-2568. 

Gómez-Ambrosi J., Frühbeck G. (2001): Do resistin and resistin-like molecules also link 

obesity to inflammatory diseases?. Ann. Intern. Med., 135: 306-307. 

Goode E. L., Ulrich C. M., Potter J. D. (2002): Polymorphisms in DNA repair genes and 

associations with cancer risk. Cancer Epidemiol. Biomarkers Prev., 11: 1513-1530. 

Gorski B., Debniak T., Masojc B., Mierzejewski M., Medrek K., Cybulski C., Jakubowska 

A., Kurzawski G., Chosia M., Scott R., Lubinski J. (2003): Germline 657del5 mutation in the 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mietus%20JE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Goldberger%20AL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mantzoros%20CS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

132 
 

NBS1 gene in breast cancer patients. Int. J. Cancer, 106: 379-381. 

Gottschling-Zeller H., Aprath I., Skurk T., Hauner H. (2000): Beta-adrenoceptor agonists 

and other cAMP elevating agents suppress PAI-1 production of human adipocytes in primary 

culture. Horm. Metab. Res., 32: 509-514. 

Grabrick D. M., Hartmann L. C., Cerhan J. R., Vierkant R. A., Therneau T. M., Vachon 

C. M., Olson J. E., Couch F. J., Anderson K. E., Pankratz V. S., Sellers T. A. (2000): Risk of 

breast cancer with oral contraceptive use in women with a family history of breast cancer. 

JAMA, 284(14): 1791-1798. 

Gudmundsdottir K., Tryggvadottir L., Eyfjord J. E. (2001): GSTM1, GSTT1, and GSTP1 

genotypes in relation to breast cancer risk and frequency of mutations in the p53 gene. Cancer 

Epidemiol.Biomarkers Prev., 10: 1169-1173. 

Guerre-Millo M. (2002): Adipose tissue hormones. J. Endocrinol. Invest., 25: 855- 861. 

Haemmerle G., Zimmermann R., Strauss J. G., Kratky D., Riederer M., Knipping G., 

Zechner R. (2002): Hormone-sensitive lipase deficiency in mice changes the plasma lipid 

profile by affecting the tissue-specific expression pattern of lipoprotein lipase in adipose tissue 

and muscle. J. Biol. Chem., 277(15): 12946-12952. 

Hall I. J., Moorman P. G., Millikan R. C., Newman B. (2005): Comparative analysis of breast 

cancer risk factors among African-American women and white women. Am. J. Epidemiol., 

161(1): 40-51. 

Hankinson S. E., Colditz G. A., Willett W. C. (2004): Towards an integrated model for breast 

cancer etiology: the lifelong interplay of genes, lifestyle, and hormones. Breast Cancer Res., 6: 

213-218. 

Hankinson S. E., Wilett W. C., Manson J. E., Colditz G. A., Hunter D. J., Speigelman D., 

Barbieri R. L., Spiezer F. E. (1998): Plasma sex steroid hormone levels and risk of breast 

cancer in postmenopausal women. J. Natl. Cancer Inst., 90: 1292-1299. 



References   
 

133 
 

Hankinson S. E., Willett W. C., Michaud D. S., Manson J. E., Colditz G. A., Longcope C., 

Rosner B., Speizer F. E. (1999): Plasma prolactin levels and subsequent risk of breast cancer in 

postmenopausal women. J. Natl. Cancer Inst., 91: 629-634. 

Hara K., Boutin P., Mori Y., Tobe K., Dina C., Yasuda K., Yamauchi T., Otabe S., Okada 

T., Eto K., Kadowaki H., Hagura R., Akanuma Y., Yazaki Y., Nagai R., Taniyama M., 

Matsubara K., Yoda M., Nakano Y., Kimura S., Tomita M., Kimura S., Ito C., Froguel P., 

Kadowaki T. (2002): Genetic variation in the gene encoding adiponectin is associated with an 

increased risk of type 2 diabetes in the Japanese population. Diabetes, 51: 536-540. 

Hardie D. G. (2003): Minireview: the AMP-activated protein kinase cascade: the key sensor of 

cellular energy status. Endocrinology, 144: 5179-5183. 

Harris R. E., Namboodiri K. K., Wynder E. L. (1992): Breast cancer risk: effects of estrogen 

replacement therapy and body mass. J. Natl. Cancer Inst., 84: 1575-1582. 

Harvie M., Hooper L., Howell A. H. (2003): Central obesity and breast cancer risk: a 

systematic review. Obes. Rev., 4: 157-173. 

Havel P. J. (2002): Control of energy homeostasis and insulin action by adipocyte hormones: 

leptin, acylation stimulating protein, and adiponectin. Curr. Opin. Lipidol., 13: 51-59. 

Havel R. J., Kane J. P., Kashyap M. L. (1973): Interchange of apolipoproteins between 

chylomicrons and high density lipoproteins during alimentary lipemia in man. J. Clin. Invest., 

52: 32-38. 

He G., Pedersen S. B., Bruun J. M., Richelsen B. (2000): Regulation of plasminogen activator 

inhibitor-1 in human adipose tissue: interaction between cytokines, cortisol and estrogen. Horm. 

Metab. Res., 32: 515-520. 

Heimdal K., Skovlund E., Moller P. (2002): Oral contraceptives and risk of familial breast 

cancer. Cancer Detect. Prev., 26: 23-27. 

Heinrich P. C., Castell J. V., Andus T. (1990): Interleukin-6 and the acute phase response. 



References   
 

134 
 

Biochem. J., 265: 621-636. 

Helewa M., Levesque P., Provencher D., Lea R. H., Rosolowich V., Shapiro H. M. (2002): 

Breast cancer, pregnancy, and breastfeeding. J. Obstet. Gynaecol. Can., 24: 164-180. 

Hellmold H., Rylander T., Magnusson M., Reihner E., Warner M., Gustafsson J. A. (1998): 

Characterization of cytochrome P450 enzymes in human breast tissue from reduction 

mammaplasties. J. Clin. Endocrinol. Metab, 83: 886-895. 

Hotamisligil G. S., Arner P., Caro J. F., Atkinson R. L., Spiegelman B. M. (1995): Increased 

adipose tissue expression of tumor necrosis factor-α in human obesity and insulin resistance. J. 

Clin. Invest., 95: 2409-2415. 

Hotamisligil G. S., Johnson R. S., Distel R. J., Ellis R., Papaioannou V. E., Spiegelman B. 

M. (1996): Uncoupling of obesity from insulin resistance through a targeted mutation in aP2, the 

adipocyte fatty acid binding protein. Science, 274: 1377-1379. 

Hotamisligil G. S., Shargill N. S., Spiegelman B. M. (1993): Adipose expression of tumor 

necrosis factor-α: direct role in obesity-linked insulin resistance. Science, 259: 87-91. 

Hotta K., Funahashi T., Arita Y., Takahashi M.,  Matsuda M., Okamoto Y., Iwahashi H., 

Kuriyama H., Ouchi N., Maeda K., Nishida M., Kihara S., Sakai N., Nakajima T., 

Hasegawa K., Muraguchi M., Ohmoto Y., Nakamura T., Yamashita S., Hanafusa T., 

Matsuzawa Y. (2000): Plasma concentrations of a novel, adipose-specific protein, adiponectin, 

in type 2 diabetic patients. Arterioscler. Thromb. Vasc. Biol., 20: 1595-1599. 

Hotta K., Funahashi T., Bodkin N. L., Ortmeyer H. K., Arita Y., Hansen B. C., Matsuzawa 

Y. (2001): Circulating concentrations of the adipocyte protein adiponectin are decreased in 

parallel with reduced insulin sensitivity during the progression to type 2 diabetes in rhesus 

monkeys. Diabetes, 50: 1126-1133. 

Hou W. K., Xu Y. X., Yu T., Zhang L., Zhang W. W., Fu C. L., Sun Y., Wu Q., Chen L. 

(2007): Adipocytokines and breast cancer risk. Chin. Med. J., 120(18): 1592-1596. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hou%20WK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Xu%20YX%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yu%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhang%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhang%20WW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fu%20CL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sun%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wu%20Q%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chen%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

135 
 

Housa D., Housová J., Vernerová Z., Haluzík M. (2006): Adipocytokines and cancer. Physiol. 

Res., 55(3): 233-244. 

Hu E., Liang P., Spiegelman B. M. (1996): AdipoQ is a novel adipose-specific gene 

dysregulated in obesity. J. Biol. Chem., 271: 10697-10703. 

Huang Z., Hankinson S. E., Colditz G. A., Stampfer M. J., Hunter D. J., Manson J. E., 

Hennekens C. H., Rosner B., Speizer F. E., Willett W. C. (1997): Dual effects of weight and 

weight gain on breast cancer risk. JAMA, 278(17): 1407-1411. 

Hube F., Birgel M., Lee Y. M., Hauner H. (1999): Expression pattern of tumour necrosis 

factor receptors in subcutaneous and omental human adipose tissue: role of obesity and non–

insulin-dependent diabetes mellitus. Eur. J. Clin. Invest., 29: 672-678. 

Hug C., Wang J., Ahmad N. S., Bogan J. S., Tsao T. S., Lodish H. F. (2004): T-cadherin is a 

receptor for hexameric and high-molecular-weight forms of Acrp30/adiponectin. Proc. Natl. 

Acad. Sci. USA, 101(28): 10308-10313. 

Hulka B. S., Moorman P. G. (2001): Breast cancer: hormones and other risk factors. Maturitas, 

38: 103-116. 

Hulthe J., Hultén L. M., Fagerberg B. (2003): Low adipocyte-derived plasma protein 

adiponectin concentrations are associated with the metabolic syndrome and small dense low-

density lipoprotein particles: atherosclerosis and insulin resistance study. Metabolism, 52(12): 

1612-1614. 

Iglehart J. D. (1991): The breast. In: Textbook of surgery. Sabiston D. C. (ed). Philadelphia, 

London, Toronto and Tokyo, W. B. Saunders Co., 510-55. 

Ishikawa M., Kitayama J., Kazama S., Hiramatsu T., Hatano K., Nagawa H. (2005): 

Plasma adiponectin and gastric cancer. Clin. Cancer Res., 11: 466-472. 

Iwashima Y., Katsuya T., Ishikawa K., Ouchi N., Ohishi M., Sugimoto K., Fu Y., Motone 

M., Yamamoto K., Matsuo A., Ohashi K., Kihara S., Funahashi T., Rakugi H., Matsuzawa 



References   
 

136 
 

Y., Ogihara T. (2004): Hypoadiponectinemia is an independent risk factor for hypertension. 

Hypertension, 43: 1318-1323. 

Johnson K. C., Hu J., Mao Y., the Canadian Cancer Registries Epidemiology Research 

Group (2000): Passive and active smoking and breast cancer risk in Canada, 1994–1997. Cancer 

Causes Control, 11(3): 211-221. 

Johnson-Thompson M. C., Guthrie J. (2000): Ongoing research to identify environmental risk 

factors in breast carcinoma. Cancer, 88: 1224-1229. 

Kaaks R., Toniolo P., Akhmedkhanov A., Lukanova A., Biessy C., Dechaud H., Rinaldi S., 

Zeleniuch-Jacquotte A., Shore R. E., Riboli E. (2000): Serum C-peptide, insulin-like growth 

factor (IGF)-I, IGF-binding proteins, and colorectal cancer risk in women. J. Natl. Cancer Inst., 

92: 1592-1600. 

Kadowaki T., Hara K., Yamauchi T., Terauchi Y., Tobe K., Nagai R. (2003): Molecular 

mechanism of insulin resistance and obesity. Exp. Biol. Med., 228: 1111-1117. 

Kalra S. P., Dube M. G., Pu O. S., Xu B., Horvath T. L., Kalra P. S. (1999): Interacting 

appetite-regulating pathways in the hypothalamic regulation of body weight. Endocr. Rev., 20: 

68-100. 

Kamada Y., Tamura S., Kiso S., Matsumoto H., Saji Y., Yoshida Y., Fukui K., Maeda N., 

Nishizawa H., Nagaretani H., Okamoto Y., Kihara S., Miyagawa J., Shinomura Y., 

Funahashi T., Matsuzawa Y. (2003): Enhanced carbon tetrachloride-induced liver fibrosis in 

mice lacking adiponectin. Gastroenterology, 125(6): 1796-1807. 

Kamay Y., Mikawa S., Endo K., Sakai H., Komano T. (1996): Regulation of insulin-like 

growth factor-1 expression in mouse preadipocyte Ob1771. J. Biol. Chem., 271: 9883-9886. 

Kang J. H., Lee Y. Y., Yu B. Y., Yang B. S., Cho K. W., Yoon D. K., Roh Y. K. (2005): 

Adipoenctin induces growth arrest and apoptosis of MDA-MB-231 breast cancer cell. Arch. 

Pharm. Res., 28: 1263-1269. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fukui%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Maeda%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nishizawa%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nagaretani%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Okamoto%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kihara%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Miyagawa%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shinomura%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Funahashi%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Matsuzawa%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

137 
 

Kang J. H., Yu B. Y., Youn D. S. (2007): Relationship of serum adiponectin and resistin levels 

with breast cancer risk. J. Korean Med. Sci., 22: 117-121. 

Kappes A., Löffler G. (2000): Influences of ionomycin, dibutyryl-cycloAMP and tumour 

necrosis factor-alpha on intracellular amount and secretion of apM1 in differentiating primary 

human preadipocytes. Horm. Metab. Res., 32: 548–554. 

Katz J. R., Mohamed-Ali V., Wood P. J., Yudkin J. S., Coppack S. W. (1999): An in vivo 

study of the cortisol-cortisone shuttle in subcutaneous abdominal adipose tissue. Clin. 

Endocrinol., 50: 63-68. 

Kawanami D., Maemura K., Takeda N., Harada T., Nojiri T., Imai Y., Manabe I., 

Utsunomiya K., Nagai R. (2004): Direct reciprocal effects of resistin and adiponectin on 

vascular endothelial cells: a new insight into adipocytokine-endothelial cell interactions. 

Biochem. Biophys. Res. Commun., 324(2): 415-419. 

Kazumi T., Kawaguchi A., Hirano T., Yoshino G. (2004): Serum adiponectin is associated 

with high-density lipoprotein cholesterol, triglycerides, and low-density lipoprotein particle size 

in young healthy men. Metabolism, 53(5): 589-593. 

Kelesidis I., Kelesidis T., Mantzoros C. S. (2006): Adiponectin and cancer: a systematic 

review. Br. J. Cancer, 94(9): 1221-1225 

Kelly D. P. (2001): The pleiotropic nature of the vascular PPAR gene regulatory pathway. Circ. 

Res., 89: 935-937. 

Kelly M., Keller C., Avilucea P. R., Keller P., Luo Z., Xiang X., Giralt M., Hidalgo J., Saha 

A. K., Pedersen B. K., Ruderman N. B. (2004): AMPK activity is diminished in tissues of IL-6 

knockout mice: the effect of exercise. Biochem. Biophys. Res. Commun., 320: 449-454. 

Kelsey J. L., Gammon M. D., John E. M. (1993): Reproductive factors and breast cancer. 

Epidemiol.Rev., 15: 36-47. 

Kern P. A., Saghizadeh M., Ong J. M., Bosch R. J., Deem R., Simsolo R. B. (1995): The 



References   
 

138 
 

expression of tumor necrosis factor in human adipose tissue, regulation by obesity, weight loss 

and relationship to lipoprotein lipase. J. Clin. Invest., 95: 2111-2119. 

Kershaw E. E., Flier J. S. (2004): Adipose tissue as an endocrine organ. J. Clin. Endocrinol. 

Metab., 89: 2548-2556. 

Kersten S., Desvergne B., Wahli W. (2000): Roles of PPARs in health and disease. Nature, 

405: 421-424. 

Kersten S., Mandard S. Tan N. S., Escher P., Metzger D., Chambon P., Gonzalezi F. J., 

Desvergne B., Wahli W. (2000): Characterization of the fasting-induced adipose factor FIAF, a 

novel peroxisome proliferator-activated receptor target gene. J. Biol. Chem., 275(37): 28488-

28493. 

King M. C., Marks J. H., Mandell J. B. (2003): Breast and ovarian cancer risks due to 

inherited mutations in BRCA1 and BRCA2. Science, 302: 643-646. 

Kishida K., Nagaretani H., Kondo H., Kobayashi H., Tanaka S., Maeda N., Nagasawa A., 

Hibuse T., Ohashi K., Kumada M., Nishizawa H., Okamoto Y., Ouchi N., Maeda K., 

Kihara S., Funahashi T., Matsuzawa Y. (2003): Disturbed secretion of mutant adiponectin 

associated with the metabolic syndrome. Biochem. Biophys. Res. Commun., 306: 286-292. 

Kissebah A. H., Sonnenberg G. E., Myklebust J., Goldstein M., Broman K., James R. G., 

Marks J. A., Krakower G. R., Jacob H. J., Weber J., Martin L., Blangero J., Comuzzie A. 

G. (2000): Quantitative trait loci on chromosomes 3 and 17 influence phenotypes of the 

metabolic syndrome. Proc. Natl. Acad. Sci. USA, 97(26): 14478–14483. 

Klappacher G. W., Glass C. K. (2002): Roles of proliferator-activated receptor γ in lipid 

homeostasis and inflammatory responses of macrophages. Curr. Opin. Lipidol., 13: 305-312. 

Kojima S., Funahashi T., Sakamoto T., Miyamoto S., Soejima H., Hokamaki J., Kajiwara 

I., Sugiyama S., Yoshimura M., Fujimoto K., Miyao Y., Suefuji H., Kitagawa A., Ouchi N., 

Kihara S., Matsuzawa Y., Ogawa H. (2003): The variation of plasma concentrations of a 



References   
 

139 
 

novel, adipocyte derived protein, adiponectin, in patients with acute myocardial infarction. 

Heart, 89: 667-668. 

Kökoğlu E., Karaarslan I., Karaarslan H. M., Baloğlu H. (1994): Alterations of serum lipids 

and lipoproteins in breast cancer. Cancer Lett., 82(2): 175-178.

Kondo H., Shimomura I., Matsukawa Y., Kumada M., Takahashi M., Matsuda M., Ouchi 

N., Kihara S., Kawamoto T., Sumitsuji S., Funahashi T., Matsuzawa Y. (2002): Association 

of adiponectin mutation with type 2 diabetes: a candidate gene for the insulin resistance 

syndrome. Diabetes, 51: 2325-2328. 

Kopecký J., Rossmeisl M., Flachs P., Bardova K., Brauner P. (2001): Mitochondrial 

uncoupling and lipid metabolism in adipocytes. Biochem. Soc. Trans., 29: 791-797. 

Körner A., Pazaitou-Panayiotou K., Kelesidis T., Kelesidis I., Williams C. J., Kaprara A., 

Bullen J., Neuwirth A., Tseleni S., Mitsiades N., Kiess W., Mantzoros C. S. (2007): Total and 

high-molecular-weight adiponectin in breast cancer: in vitro and in vivo studies. J. Clin. 

Endocrinol. Metab., 92(3): 1041-1048. 

Kras K. M., Hausman D. B., Martin R. J. (2000): Tumor necrosis factor-α stimulates cell 

proliferation in adipose tissue derived stromal-vascular cell culture: promotion of adipose tissue 

expansion by paracrine growth factors. Obes. Res., 8: 186-193. 

Kreiger N., Sloan M., Cotterchio M., Kirsh V. (1999): The risk of breast cancer following 

reproductive surgery. Eur. J. Cancer, 35(1): 97-101. 

Kuhajda F. P. (2000): Fatty-acid synthase and human cancer: new perspectives on its role in 

tumor biology. Nutrition, 16: 202-208. 

Kumada M., Kihara S., Sumitsuji S., Kawamoto T.,  Matsumoto S., Ouchi N., Arita Y., 

Okamoto Y., Shimomura I., Hiraoka H., Nakamura T., Funahashi T., Matsuzawa Y., 

Osaka CAD Study Group (2003): Association of hypoadiponectinemia with coronary artery 

disease in men. Arterioscler. Thromb. Vasc. Biol., 23: 85-89. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22K%C3%B6ko%C4%9Flu%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Karaarslan%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Karaarslan%20HM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Balo%C4%9Flu%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

140 
 

Lagerros Y. T., Hsieh S. F., Hsieh C. C. (2004): Physical activity in adolescence and young 

adulthood and breast cancer risk: a quantitative review. Eur. J. Cancer Prev., 13: 5-12. 

Lahmann P. H., Hoffmann K., Allen N., van Gils C. H., Khaw K. T., Tehard B., Berrino F., 

Tjonneland A., Bigaard J., Olsen A., Overvad K., Clavel-Chapelon F., Nagel G., Boeing H., 

Trichopoulos D., Economou G., Bellos G., Palli D., Tumino R., Panico S., Sacerdote C., 

Krogh V., Peeters P. H., Bueno-de-Mesquita H. B., Lund E., Ardanaz E., Amiano P., Pera 

G., Quiros J. R., Martinez C., Tormo M. J., Wirfalt E., Berglund G., Hallmans G., Key T. 

J., Reeves G., Bingham S., Norat T., Biessy C., Kaaks R., Riboli E. (2004): Body size and 

breast cancer risk: findings from the European Prospective Investigation into Cancer And 

Nutrition (EPIC). Int. J. Cancer, 111: 762-771. 

Lambe M., Hsieh C., Trichopoulos D., Ekbom A., Pavia M., Adami H. O. (1994): Transient 

increase in the risk of breast cancer after giving birth. N. Engl. J. Med., 331: 5-9. 

Lash T. L., Aschengrau A. (1999): Active and passive cigarette smoking and the occurence of 

breast cancer. Am. J. Epidemiol., 149: 5–12. 

Lavoie J. L., Sigmund C. D. (2003): Minireview: overview of the renin-angiotensin system-an 

endocrine and paracrine system. Endocrinology, 144: 2179-2183. 

Lawlor D. A., Smith G. D., Ebrahim S., Thompson C., Sattar N. (2005): Plasma adiponectin 

levels are associated with insulin resistance but do not predict future risk of coronary heart 

disease in women. J. Clin. Endocrinol. Metab., 90: 5677-5683. 

Lee I. M. (1999): Antioxidant vitamins in the prevention of cancer. Proc. Assoc. Am. 

Physicians, 111: 10-15. 

Libby P., Ridker P. M. (1999): Novel inflammatory markers of coronary risk: theory versus 

practice. Circulation, 100: 1148-1150. 

Lindsay R. S., Funahashi T., Hanson R. L., Matsuzawa Y., Tanaka S., Tataranni P. A., 

Knowler W. C., Krakoff J. (2002): Adiponectin and development of type 2 diabetes in the 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Matsuzawa%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tanaka%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tataranni%20PA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Knowler%20WC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Krakoff%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

141 
 

Pima Indian population. Lancet, 360: 57-58. 

Lindsay R. S., Resnick H. E., Zhu J., Tun M. L., Howard B. V., Zhang Y., Yeh J., Best L. 

G. (2005): Adiponectin and coronary heart disease: the Strong Heart Study. Arterioscler. 

Thromb. Vasc. Biol., 25: e15-e16. 

Lipworth L., Bailey L. R., Trichopoulos D. (2000): History of breast-feeding in relation to 

breast cancer risk: a review of the epidemiologic literature. J. Natl. Cancer. Inst., 92: 302-312. 

Lundgren C. H., Brown S. L., Nordt T. K., Sobel B. E., Fujii S. (1996): Elaboration of type-1 

plasminogen activator inhibitor from adipocytes-a potential pathogenetic link between obesity 

and cardiovascular disease. Circulation, 93: 106-110. 

Luo Z., Saha A. K., Xiang X., Ruderman N. B. (2005): AMPK, the metabolic syndrome and 

cancer. Trends Pharmacol. Sci., 26(2): 69-76. 

Lyon C. J., Law R. E., Hsueh W. A. (2003): Minireview: adiposity, inflammation, and 

atherogenesis. Endocrinology, 44: 2195-2200. 

Ma H., Bernstein L., Ross R. K., Ursin G. (2006): Hormone-related risk factors for breast 

cancer in women under age 50 years by estrogen and progesterone receptor status: results from a 

case-control and a case-case comparison. Breast Cancer Res., 8(4): R39. 

Maeda K., Okubo K., Shimomura I., Funahashi T., Matsuzawa Y.,  Matsubara K. (1996): 

cDNA cloning and expression of a novel adipose specific collagen-like factor, apM1 (AdiPose 

Most abundant Gene transcript 1). Biochem. Biophys. Res. Commun., 221: 286-289. 

Maeda K., Okubo K., Shimomura I., Mizuno K., Matsuzawa Y., Matsubara K. (1997): 

Analysis of an expression profile of genes in the human adipose tissue. Gene, 190: 227-235. 

Maeda N., Shimomura I., Kishida K., Nishizawa H., Matsuda M., Nagaretani H., 

Furuyama N., Kondo H., Takahashi M., Arita Y., Komuro R., Ouchi N., Kihara S., 

Tochino Y., Okutomi K., Horie M., Takeda S., Aoyama T., Funahashi T., Matsuzawa Y.  

 



References   
 

142 
 

(2002): Dietinduced insulin resistance in mice lacking adiponectin/ACRP30. Nat. Med., 8: 731-

737. 

Maeda N., Takahashi M., Funahashi T., Kihara S., Nishizawa H., Kishida K., Nagaretani 

H., Matsuda M., Komuro R., Ouchi N., Kuriyama H., Hotta K., Nakamura T., Shimomura 

I., Matsuzawa Y. (2001): PPARγ ligands increase expression and plasma concentrations of 

adiponectin, an adipose-derived protein. Diabetes, 50: 2094-2099. 

Magnusson C., Baron J. A., Correia N., Bergstrom R., Adami H. O., Persson I. (1999): 

Breast-cancer risk following long-term oestrogen- and oestrogen-progestin-replacement therapy. 

Int. J. Cancer., 81: 339-344. 

Makover A., Soprano D. R., Wyatt M. L., Goodman D. S. (1989): Localization of retinol-

binding protein mRNA in the rat kidney and in perinephric fat tissue. J. Lipid Res., 30: 171-180. 

Malkin D. (1994): Germline p53 mutations and heritable cancer. Annu. Rev. Genet., 28: 443-

465. 

Mantzoros C., Petridou E., Dessypris N., Chavelas C., Dalamaga M., Alexe D. M., 

Papadiamantis Y., Markopoulos C., Spanos E., Chrousos G., Trichopoulos D. (2004): 

Adiponectin and breast cancer risk. J. Clin. Endocrinol. Metab., 89(3): 1102-1107. 

Marchbanks P. A., McDonald J. A., Wilson H. G., Folger S. G., Mandel M. G., Daling J. R., 

Bernstein L., Malone K. E., Ursin G., Strom B. L., Norman S. A., Weiss L. K. (2002): Oral 

contraceptives and the risk of breast cancer. N. Engl. J. Med., 346(26): 2025-2032. 

Marcus P. M., Newman B., Millikan R. C., Moorman P. G., Baird D. D., Qaqish B. (2000): 

The associations of adolescent cigarette smoking, alcoholic beverage consumption, 

environmental tobacco smoke, and ionizing radiation with subsequent breast cancer risk (United 

States). Cancer Causes Control, 11: 271–278. 

Marques B. G., Hausman D. B., Latimer A. M., Kras K. M., Mullen Grossman B., Martin 

R. J. (2000): Insulin-like growth factor I mediates high fat diet-induced adipogenesis in 



References   
 

143 
 

Osborne-Mendel rats. Am. J. Physiol. Regulatory Integrative Comp. Physiol., 278: R654-R662. 

Martínez-Botas J., Anderson J. B., Tessier D., Lapillonne A., Chang B. H., Quast M. J., 

Gorenstein D., Chen K. H., Chan L. (2000): Absence of perilipin results in leanness and 

reverses obesity in Leprdb/db mice. Nat. Genet., 26(4): 474-479. 

Masaki T., Chiba S., Yasuda T., Tsubone T., Kakuma T., Shimomura I., Funahashi T., 

Matsuzawa Y., Yoshimatsu H. (2003): Peripheral, but not central, administration of 

adiponectin reduces visceral adiposity and upregulates the expression of uncoupling protein in 

agouti yellow (Ay/a) obese mice. Diabetes, 52: 2266-2273. 

Maslowska M., Scantlebury T., Germinario R., Cianflone K. (1997): Acute in vitro 

production of acylation stimulating protein in differentiated human adipocytes. J. Lipid Res., 38: 

1-11. 

Massiera F., Bloch-Faure M., Ceiler D., Murakami K., Fukamizu A., Gasc J. M., 

Quignard-Boulange A., Negrel R., Ailhaud G., Seydoux J., Meneton P., Teboul M. (2001a):  

Adipose angiotensinogen is involved in adipose tissue growth and blood pressure regulation. 

FASEB J., 15: 2727-2729. 

Massiera F., Seydoux J., Geloen A., Quignard-Boulange A., Turban S., Saint-Marc P., 

Fukamizu A., Negrel R., Ailhaud G., Teboul M. (2001b): Angiotensinogen-deficient mice 

exhibit impairment of diet-induced weight gain with alteration in adipose tissue development and 

increased locomotor activity. Endocrinology, 142(12): 5220-5225. 

Matsubara M., Maruoka S., Katayose S. (2002): Decreased plasma adiponectin concentrations 

in women with dyslipidemia. J. Clin. Endocrinol. Metab., 87: 2764-2769. 

Matsubara M., Namioka K., Katayose S. (2003): Decreased plasma adiponectin 

concentrations in women with low-grade C-reactive protein elevation. Eur. J. Endocrinol., 148: 

657-662. 

Matsuda M., Shimomura I., Sata M., Arita Y., Nishida M., Maeda N., Kumada M., 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gorenstein%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chen%20KH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chan%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

144 
 

Okamoto Y., Nagaretani H., Nishizawa H., Kishida K., Komuro R., Ouchi N., Kihara S., 

Nagai R., Funahashi T., Matsuzawa Y. (2002): Role of adiponectin in preventing vascular 

stenosis. The missing link of adipo-vascular axis. J. Biol. Chem., 277(40): 37487-37491. 

Matsuzawa Y., Funahashi T., Nakamura T. (1999): Molecular mechanism of metabolic 

syndrome X: contribution of adipocytokines-adipocyte-derived bioactive substances. Ann. NY 

Acad. Sci., 892: 146-154. 

McPherson K., Steel C. M., Dixon J. M. (2000): ABC of breast diseases. Breast cancer-

epidemiology, risk factors, and genetics. BMJ, 321: 624-628. 

McTiernan A., Rajan K. B., Tworoger S. S., Irwin M., Bernstein L., Baumgartner R., 

Gilliland F., Stanczyk F. Z., Yasui Y., Ballard-Barbash R. (2003): Adiposity and sex 

hormones in postmenopausal breast cancer survivors. J. Clin. Oncol., 21(10): 1961-1966. 

Meier U., Gressner A. M. (2004): Endocrine regulation of energy metabolism: review of 

pathobiochemical and clinical chemical aspects of leptin, ghrelin, adiponectin, and resistin. Clin. 

Chem., 50(9): 1511-1525. 

Mettlin C. (1999): Global breast cancer mortality statistics. CA.Cancer J. Clin., 49(3): 138144ـ. 

Miyazaki T., Bub J. D., Uzuki M., Iwamoto Y. (2005): Adiponectin activates c-Jun NH(2)-

terminal kinase and inhibits signal transducer and activator of transcription 3. Biochem. Biophys. 

Res. Commun., 333: 79-87. 

Miyoshi Y., Funahashi T., Kihara S., Taguchi T., Tamaki Y., Matsuzawa Y., Noguchi S. 

(2003): Association of serum adiponectin levels with breast cancer risk. Clin. Cancer Res., 

9(15): 5699-5704. 

Mohamed-Ali V., Goodrick S., Rawesh A., Katz D. R., Miles J. M., Yudkin J. S., Klein S., 

Coppack S. W. (1997): Subcutaneous adipose tissue releases interleukin-6, but not tumor 

necrosis factor-α, in vivo. J. Clin. Endocrinol. Metab., 82: 4196-4200. 

Mohamed-Ali V., Pinkney J. H., Coppack S. W. (1998): Adipose tissue as an endocrine and 



References   
 

145 
 

paracrine organ. Int. J. Obes., 22: 1145-1158. 

Montague C. T., Prins J. B., Sanders L., Digby J. E., O'Rahilly S. (1997): Depot- and sex-

specific differences in human leptin mRNA expression. Implications for the control of regional 

fat distribution. Diabetes, 46: 342-347. 

Montague C. T., Prins J. B., Sanders L., Zhang J., Sewter C. P., Digby J., Byrne C. D., 

O’Rahilly S. (1998): Depot-related gene expression in human subcutaneous and omental 

adipocytes. Diabetes, 47(9): 1384-1391. 

Morin C. L., Eckel R. H., Marcel T., Pagliassotti M. J. (1997): High fat diets elevate tissue-

derived tumor necrosis factor-α activity. Endocrinology, 138: 4665-4671. 

Moschos S., Chan J. L., Mantzoros C. S.  (2002):  Leptin and reproduction: a review. Fertil. 

Steril., 77: 433-444. 

Murray I., Havel P. J., Sniderman A. D., Cianflone K. (2000): Reduced body weight, adipose 

tissue, and leptin levels despite increased energy intake in female mice lacking acylation-

stimulating protein. Endocrinology, 141(3): 1041-1049. 

Mutch N. J., Wilson H. M., Booth N. A. (2001): Plasminogen activator inhibitor-1 and 

haemostasis in obesity. Proc. Nutr. Soc., 60: 341-347. 

Nagaev I., Smith U. (2001): Insulin resitance and type 2 diabetes are not related to resistin 

expression in human fat cells or skeletal muscle. Biochem. Biophys. Res. Commun., 285: 561-

564. 

Nakamura Y., Shimada K., Fukuda D., Shimada Y., Ehara S., Hirose M., Kataoka T., 

Kamimori K., Shimodozono S., Kobayashi Y., Yoshiyama M., Takeuchi K., Yoshikawa J. 

(2004): Implications of plasma concentrations of adiponectin in patients with coronary artery 

disease. Heart, 90: 528-533. 

Nakano Y., Tobe T., Choi-Miura N. H., Mazda T., Tomita M. (1996): Isolation and 

characterization of GBP28, a novel gelatin-binding protein purified from human plasma. J. 



References   
 

146 
 

Biochem., 120(4): 803-812. 

Narod S. A. (2002): Modifiers of risk of hereditary breast and ovarian cancer. Nat. Rev. Cancer, 

2: 113-123. 

Newman S. C., Lees A. W., Jenkins H. J. (1997): The effect of body mass index and oestrogen 

receptor level on survival of breast cancer patients. Int. J. Epidemiol., 26: 484-190. 

Nishizawa H., Shimomura I., Kishida K., Maeda N., Kuriyama H., Nagaretani H., Matsuda 

M., Kondo H., Furuyama N., Kihara S., Nakamura T., Tochino Y., Funahashi T., 

Matsuzawa Y. (2002): Androgens decrease plasma adiponectin, an insulin-sensitizing 

adipocyte-derived protein. Diabetes, 51: 2734–2741. 

Nisoli E., Briscini L., Giordano A., Tonello C., Wiesbrock S. M., Uysal K. T., Cinti S., 

Carruba M. O., Hotamisligil G. S. (2000): Tumor necrosis factor α mediates apoptosis of 

brown adipocytes and defective brown adipocyte function in obesity. Proc. Natl. Acad. Sci. 

USA, 97(14): 8033-8038. 

Nogueiras R., Gallego R., Gualillo O., Caminos E., García-Caballero T., Casanueva F. F., 

Dieéguez C. (2003): Resistin is expressed in different rat tissues and is regulated in a tissue- and 

gender-specific manner. FEBS Lett., 548: 21-27. 

Nordfors L., Hoffstedt J., Nyberg B., Thörne A., Arner P., Schalling M., Lönnqvist F. 

(1998): Reduced gene expression of UCP2 but not UCP3 in skeletal muscle of human obese 

subjects. Diabetologia, 41: 935-939. 

Oberkofler H., Liu Y. M., Esterbauer H., Hell E., Krempler F., Patsch W. (1998): 

Uncoupling protein-2 gene: reduced mRNA expression in intraperitoneal adipose tissue of obese 

humans. Diabetologia, 41: 940-946. 

Oesterreich S., Fuqua S. A. (1999): Tumor suppressor genes in breast cancer. Endocr. Relat. 

Cancer, 6: 405-419. 

Ohashi K., Ouchi N., Kihara S., Funahashi T., Nakamura T., Sumitsuji S., Kawamoto T., 



References   
 

147 
 

Matsumoto S., Nagaretani H., Kumada M., Okamoto Y., Nishizawa H., Kishida K., Maeda 

N., Hiraoka H., Iwashima Y., Ishikawa K., Ohishi M., Katsuya T., Rakugi H., Ogihara T., 

Matsuzawa Y. (2004): Adiponectin I164T mutation is associated with the metabolic syndrome 

and coronary artery disease. J. Am. Coll. Cardiol., 43(7): 1195-1200. 

Okamoto Y., Kihara S., Funahashi T., Matsuzawa Y., Libby P. (2006): Adiponectin: a key 

adipocytokine in metabolic syndrome. Clin. Sci., 110(3): 267-278. 

Okno M., Caraveo V. E., Goodman D. S., Blanner W. S. (1995): Regulation of adipocyte 

gene expression by retinoic acid and hormones: effects on the gene encoding cellular retinol-

binding protein. J. Lipid Res., 36: 137-147. 

Okobia M. N., Bunker C. H. (2003): Molecular epidemiology of breast cancer: a review. Afr. J. 

Reprod. Health, 7: 17-28. 

Okumura M., Yamamoto M., Sakuma H., Kojima T., Maruyama T., Jamali M., Cooper D., 

Yasuda K. (2002): Leptin and high glucose stimulate cell proliferation in MCF-7 human breast 

cancer cells: reciprocal involvement of PKC-α and PPAR expression. Biochim. Biophys. Acta, 

1592: 107-116. 

Onland-Moret N. C., Peeters P. H.M, van der Schouw Y. T., Grobbee D. E., van Gils C. H. 

(2005): Alcohol and endogenous sex steroid levels in postmenopausal women: a cross-sectional 

study. J. Clin. Endocrinol. Metab., 90(3): 1414-1419.   

Osei K., Gaillard T., Kaplow J., Bullock M., Schuster D. (2004): Effects of rosglitazone on 

plasma adiponectin, insulin sensitivity, and insulin secretion in high-risk African Americans with 

impaired glucose tolerance test and type 2 diabetes. Metabolism, 53(12): 1552–1557. 

Osorio A., de la H. M., Rodriguez-Lopez R., Martinez-Ramirez A., Cazorla A., Granizo J. 

J., Esteller M., Rivas C., Caldes T., Benitez J. (2002): Loss of heterozygosity analysis at the 

BRCA loci in tumor samples from patients with familial breast cancer. Int. J. Cancer, 99: 305-

309. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Okamoto%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kihara%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Funahashi%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Matsuzawa%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Libby%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

148 
 

Osuga J., Ishibashi S., Oka T., Yagyu H., Tozawa R., Fujimoto A., Shionoiri F., Yahagi N., 

Kraemer F. B., Tsutsumi O., Yamada N. (2000): Targeted disruption of hormone-sensitive 

lipase results in male sterility and adipocyte hypertrophy, but not in obesity. Proc. Natl. Acad. 

Sci. USA, 97(2): 787-792. 

Ouchi N., Kihara S., Arita Y., Maeda K., Kuriyama H., Okamoto Y., Hotta K., Nishida M., 

Takahashi M.,  Nakamura T., Yamashita S., Funahashi T. , Matsuzawa Y. (1999): Novel 

modulator for endothelial adhesion molecules: adipocyte-derived plasma protein adiponectin. 

Circulation, 100: 2473-2476. 

Ouchi N., Kihara S., Arita Y., Nishida M., Matsuyama A., Okamoto Y., Ishigami M., 

Kuriyama H., Kishida K., Nishizawa H., Hotta K., Muraguchi M., Ohmoto Y., Yamashita 

S., Funahashi T., Matsuzawa Y. (2001): Adipocyte-derived plasma protein, adiponectin, 

suppresses lipid accumulation and class A scavenger receptor expression in human monocyte-

derived macrophages. Circulation, 103: 1057-1063.  

Ouchi N., Kihara S., Funahashi T., Matsuzawa Y., Walsh K. (2003a): Obesity, adiponectin 

and vascular inflammatory disease. Curr. Opin. Lipidol., 14: 561-566. 

Ouchi N., Kihara S., Funahashi T., Nakamura T.,  Nishida M., Kumada M., Okamoto Y., 

Ohashi K., Nagaretani H., Kishida K., Nishizawa H., Maeda N., Kobayashi H., Hiraoka H., 

Matsuzawa Y. (2003b): Reciprocal association of C-reactive protein with adiponectin in blood 

stream and adipose tissue. Circulation, 107: 671-674. 

Ouchi N., Shibata R., Walsh K. (2005): AMP-activated protein kinase signaling stimulates 

VEGF expression and angiogenesis in skeletal muscle. Circ. Res., 96: 838-846. 

Pajvani U. B., Du X., Combs T. P., Berg A. H., Rajala M. W., Schulthess T., Engel J., 

Brownlee M., Scherer P. E. (2003): Structure-function studies of the adipocyte-secreted 

hormone Acrp30/adiponectin: implications for metabolic regulation and bioactivity. J. Biol. 

Chem., 278(11): 9073–9085. 



References   
 

149 
 

Palomer X., Pérez A., Blanco-Vaca F. (2005): Adiponectin: a new link between obesity, 

insulin resistance and cardiovascular disease. Med. Clin. (Barc), 124: 388-395. 

Park C. S., Ihm S. H., Yoo K. D., Kim D. B., Lee J. M., Kim H. Y., Chung W. S., Seung K. 

B., Kim J. H. (2010): Relation between C-reactive protein, homocysteine levels, fibrinogen, and 

lipoprotein levels and leukocyte and platelet counts, and 10-year risk for cardiovascular disease 

among healthy adults in the USA. Am. J. Cardiol., 105: 1284-1288. 

Pathak D. R., Osuch J. R., He J. (2000): Breast carcinoma etiology: current knowledge and 

new insights into the effects of reproductive and hormonal risk factors in black and white 

populations. Cancer, 88: 1230-1238. 

Pecqueur C., Couplan E., Bouillaud F., Ricquier D. (2001): Genetic and physiological 

analysis of the role of uncoupling proteins in human energy homeostasis.J. Mol. Med., 79:48-56. 

Peeva E., Brun D. L., Ven Murthy M. R., Després J. P., Normand T., Gagné C., Lupien P. 

J., Julien P. (1992): Adipose cell size and distribution in familial lipoprotein lipase deficiency. 

Int. J. Obes. Relat. Metab. Disord., 16(10): 737-744. 

Petridou E., Mantzoros C. S., Dessypris N., Dikalioti S. K., Trichopoulos D. (2006): 

Adiponectin in relation to childhood myeloblastic leukaemia. Br. J. Cancer, 94: 156-160. 

Petridou E., Mantzoros C., Dessypris N., Koukoulomatis P., Addy C., Voulgaris Z., 

Chrousos G., Trichopoulos D. (2003): Plasma adiponectin concentrations in relation to 

endometrial cancer: a case-control study in Greece. J. Clin. Endocrinol. Metab., 88(3): 993-997. 

Philp A. J., Campbell I. G., Leet C., Vincan E., Rockman S. P., Whitehead R. H., Thomas 

R. J. S., Phillips W. A. (2001): The phosphatidylinositol 3΄-kinase p85α gene is an oncogene in 

human ovarian and colon tumors. Cancer Res., 61: 7426-7429. 

Pike M. C., Spicer D. V., Dahmoush L., Press M. F. (1993): Estrogens, progestogens, normal 

breast cell proliferation, and breast cancer risk. Epidemiol.Rev., 15: 17-35. 

Pischon T., Girman C. J., Hotamisligil G. S., Rifai N., Hu F. B., Rimm E. B. (2004): Plasma 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lupien%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lupien%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Julien%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

150 
 

adiponectin levels and risk of myocardial infarction in men. JAMA, 291(14): 1730-1737. 

Pollak M. N., Schernhammer E. S., Hankinson S. E. (2004): Insulin-like growth factors and 

neoplasia. Nat. Rev. Cancer, 4: 505-518. 

Pöschl G., Seitz H. K. (2004): Alcohol and cancer. Alcohol Alcohol., 39(3): 155-165. 

Potischman N., McCulloch C. E., Byers T., Houghton L., Nemoto T., Graham S., Campbell 

T. C. (1991): Associations between breast cancer, plasma triglycerides, and cholesterol. Nutr. 

Cancer, 15: 205-215.  

Purohit A., Ghilchik M. W., Duncan L., Wang D. Y., Singh A., Walker M. M., Reed M. J. 

(1995): Aromatase activity and interleukin-6 production by normal and malignant breast tissues. 

J. Clin. Endocrinol. Metab., 80(10): 3052-3058. 

Rajala M. W., Obici S., Scherer P. E., Rossetti L. (2003): Adipose-derived resistin and gut-

derived resitin-like molecule-β selectively impair insulin action on glucose production. J. Clin. 

Invest., 111: 225-230. 

Ray A.,Sharma B. K.,Bahadour A. K., Pasha S. T., Bhadola P., Murthy N. S. (1997): Serum 

lipid profile and its relationship with host immunity in carcinomas of the breast and uterine 

cervix. Tumori, 83(6): 943-947. 

Rebbeck T. R. (1999): Inherited genetic predisposition in breast cancer. A population-based 

perspective. Cancer, 86: 2493-2501. 

Reichman M. E., Judd J. T., Longcope C., Schatzkin A., Clevidence B. A., Nair P. P., 

Campbell W. S., Taylor P. R. (1993): Effects of alcohol consumption on plasma and urinary 

hormone concentrations in premenopausal women. J. Natl. Cancer Inst., 85: 722-727. 

Reinehr T., Roth C., Menke T., Andler W. (2004): Adiponectin before and after weight loss in 

obese children. J. Clin. Endocrinol. Metab., 89: 3790-3794. 

Renehan A. G., Zwahlen M., Minder C., O'Dwyer S. T., Shalet S. M., Egger M. (2004): 

Insulin-like growth factor (IGF)-I, IGF binding protein-3, and cancer risk: systematic review and 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Potischman%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22McCulloch%20CE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Byers%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Houghton%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nemoto%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Graham%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Campbell%20TC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Campbell%20TC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

151 
 

meta-regression analysis. Lancet, 363: 1346-1353. 

Ricquier D., Bouillaud F. (2000): Mitochondrial uncoupling proteins: from mitochondria to the 

regulation of energy balance. J. Physiol., 529: 3-10. 

Robinson S. W., Dinulescu D. M., Cone R. D. (2000): Genetic models of obesity and energy 

balance in the mouse. Annu. Rev. Genet., 34: 687-745. 

Rose D. P., Komninou D., Stephenson G. D. (2004): Obesity, adipocytokines, and insulin 

resistance in breast cancer. Obes. Rev., 5: 153-165. 

Rosenberg L., Zhang Y., Coogan P. F., Strom B. L., Palmer J. R. (2009): A case-control 

study of oral contraceptive use and incident breast cancer. Am. J. Epidemiol., 169(4): 473-479. 

Ross R. K., Paganini-Hill A., Wan P. C., Pike M. C. (2000): Effect of hormone replacement 

therapy on breast cancer risk: estrogen versus estrogen plus progestin. J. Natl. Cancer Inst., 92: 

328-332. 

Rossouw J. E., Anderson G. L., Prentice R. L., LaCroix A. Z., Kooperberg C., Stefanick M. 

L., Jackson R. D., Beresford S. A., Howard B. V., Johnson K. C., Kotchen J. M., Ockene J. 

(2002): Risks and benefits of estrogen plus progestin in healthy postmenopausal women: 

principal results From the Women's Health Initiative randomized controlled trial. JAMA, 288(3): 

321-333. 

Rothman N., Wacholder S., Caporaso N. E., Garcia- Closas M., Buetow K., Fraumeni Jr J. 

F. (2001): The use of common genetic polymorphisms to enhance the epidemiologic study of 

environmental carcinogens. Biochim. Biophys. Acta, 1471: C1-C10. 

Ruan H., Lodish H. F. (2003): Insulin resistance in adipose tissue: direct and indirect effects of 

TNF-α. Cytokine Growth Factor Rev., 14: 447-455. 

Russo J., Hu Y. F., Yang X., Russo I. H. (2000): Developmental, cellular, and molecular basis 

of human breast cancer. J. Natl. Cancer. Inst. Monogr., 17-37. 

Ryo M., Nakamura T., Kihara S., Kumada M., Shibazaki S., Takahashi M.,   Nagai M., 



References   
 

152 
 

Matsuzawa Y., Funahashi T. (2004): Adiponectin as a biomarker of the metabolic syndrome. 

Circ. J., 68: 975–981. 

Saadatian-Elahi M., Norat T., Goudable J., Riboli E. (2004): Biomarkers of dietary fatty acid 

intake and the risk of breast cancer: a meta-analysis. Int. J. Cancer, 111: 584-591. 

Saitoh M., Nagai K., Nakagawa K., Yamamura T., Yamamoto S., Nishizaki T. (2004): 

Adenosine induces apoptosis in the human gastric cancer cells via an intrinsic pathway relevant 

to activation of AMP-activated protein kinase. Biochem. Pharmacol., 67: 2005-2011. 

Sala E., Warren R., McCann J., Duffy S., Luben R., Day N. (2000): High-risk 

mammographic parenchymal patterns, hormone replacement therapy and other risk factors: a 

case-control study. Int. J. Epidemiol., 29: 629-636. 

Saltiel A. R. (2001): You are what you secrete. Nat. Med., 7: 887-888. 

Samad F., Yamamoto K., Pandey M., Loskutoff D. J. (1997): Elevated expression of 

transforming growth factor-β in adipose tissue from obese mice. Mol. Med., 3: 37-48. 

Scarabin P. Y., Aillaud M. F., Amouyel P., Evans A., Luc G., Ferrières J., Arveiler D., 

Juhan-Vague I. (1998): Associations of fibrinogen, factor VII and PAI-1 with baseline findings 

among 10,500 male participants in a prospective study of myocardial Infarction-the prime study. 

Thromb. Haemost., 80: 749-756. 

Schafer K., Fujisawa K., Konstantinides S., Loskutoff D. J. (2001): Disruption of the 

plasminogen activator inhibitor 1 gene reduces the adiposity and improves the metabolic profile 

of genetically obese and diabetic ob/ob mice. FASEB J., 15: 1840-1842. 

Schairer C., Lubin J., Troisi R., Sturgeon S., Brinton L., Hoover R. (2000): Menopausal 

estrogen and estrogen-progestin replacement therapy and breast cancer risk. JAMA, 283(4): 485-

491. 

Scherer P. E., Williams S., Fogliano M., Baldini G., Lodish H. F. (1995): A novel serum 

protein similar to C1q, produced exclusively in adipocytes. J. Biol. Chem., 270: 26746-26749. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Arveiler%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Juhan-Vague%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

153 
 

Schling P., Löffler G. (2002): Cross talk between adipose tissue cells: impact on 

pathophysiology. News Physiol. Sci., 17: 99-104. 

Schreier L. E., Berg G. A., Basilio F. M., Lopez G. I., Etkin A. E., Wikinski R. L. (1999): 

Lipoprotein alterations, abdominal fat distribution and breast cancer. Biochem. Mol. Biol. Int., 

47(4): 681-690.

Schreyer S. A., Chua Jr S. C., LeBoeuf R. C. (1998): Obesity and diabetes in TNF-α receptor-

deficient mice. J. Clin. Invest., 102: 402-411. 

Schulze M. B., Rimm E. B., Shai I., Rifai N., Hu F. B. (2004): Relationship between 

adiponectin and glycemic control, blood lipids, and inflammatory markers in men with type 2 

diabetes. Diabetes Care, 27: 1680-1687. 

Schulze M. B., Shai I., Rimm E. B., Li T., Rifai N., Hu F. B. (2005): Adiponectin and future 

coronary heart disease events among men with type 2 diabetes. Diabetes, 54: 534-539. 

Sellers T. A., Vierkant R. A., Cerhan J. R., Gapstur S. M., Vachon C. M., Olson J. E., 

Pankratz V. S., Kushi L. H., Folsom A. R. (2002): Interaction of dietary folate intake, alcohol, 

and risk of hormone receptor-defined breast cancer in a prospective study of postmenopausal 

women. Cancer Epidemiol. Biomarkers Prev., 11: 1104-1107. 

Sewter C. P., Blows F., Vidal-Puig A., O’Rahilly S. (2002): Regional differences in the 

response of human preadipocytes to PPARγ and RXRα agonists. Diabetes, 51: 718-723. 

Shapiro L., Scherer P. E. (1998): The crystal structure of a complement-1q family protein 

suggests an evolutionary link to tumor necrosis factor. Curr. Biol., 8: 335-338. 

Shaughnessy S., Smith E. R., Kodukula S., Storch J., Fried S. K. (2000): Adipocyte 

metabolism in adipocyte fatty acid binding protein knockout (aP2-/-) mice after short-term high-

fat feeding: functional compensation by keratinocyte fatty acid binding protein. Diabetes, 49: 

904-911. 

Sherwin L. E. (1984): Liver function. In: Clinical chemistry, theory, analysis, and correlation. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schreier%20LE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Berg%20GA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Basilio%20FM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lopez%20GI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Etkin%20AE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wikinski%20RL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

154 
 

Kaplan L. A., Pesce A. J. (eds).  St. Louis, C. V. Mosby Co., 420-438. 

Shimada K., Miyazaki T., Daida H. (2004): Adiponectin and atherosclerotic disease. Clin. 

Chim. Acta, 344: 1-12. 

Shimomura I., Funahashi T., Matsuzawa Y. (1996): Enhanced expression of PAI-1 in visceral 

fat: possible contributor to vascular disease in obesity. Nat. Med., 2: 800-803. 

Shklyaev S., Aslanidi G., Tennant M., Prima V., Kohlbrenner E., Kroutov V., Campbell-

Thompson M., Crawford J., Shek E. W., Scarpace P. J., Zolotukhin S. (2003): Sustained 

peripheral expression of transgene adiponectin offsets the development of diet-induced obesity in 

rats. Proc. Natl. Acad. Sci. USA, 100(24): 14217-14222. 

Siiteri P. K. (1987): Adipose tissue as a source of hormones. Am. J. Clin. Nutr., 45: 277-282. 

Singletary K. W., Gapstur S. M. (2001): Alcohol and breast cancer: review of epidemiologic 

and experimental evidence and potential mechanisms. JAMA, 286(17): 2143-2151. 

Sivaraman L., Medina D. (2002): Hormone-induced protection against breast cancer. J. 

Mammary. Gland. Biol. Neoplasia., 7: 77-92. 

Smith-Warner S. A., Spiegelman D., Yaun S. S., van den Brandt P. A., Folsom A. R., 

Goldbohm R. A., Graham S., Holmberg L., Howe G. R., Marshall J. R., Miller A. B., Potter 

J. D., Speizer F. E., Willett W. C., Wolk A., Hunter D. J. (1998): Alcohol and breast cancer in 

women: a pooled analysis of cohort studies. JAMA, 279(7): 535-540. 

Snehalatha C., Mukesh B., Simon M., Viswanathan V., Haffner S. M., Ramachandran A. 

(2003): Plasma adiponectin is an independent predictor of type 2 diabetes in Asian Indians. 

Diabetes Care, 26(12): 3226-3229. 

Sniderman A. D., Cianflone K. (1994): The adipsin-ASP pathway and regulation of adipocyte 

function. Ann. Med., 26(6): 389-393. 

Sobel B. E. (1999): Increased plasminogen activator inhibitor-1 and vasculopathy. A 

reconcilable paradox. Circulation, 99: 2496-2498. 



References   
 

155 
 

Spiegel R. J., Schaefer E. J., Magrath I. T., Edwards B. K. (1982): Plasma lipid alterations in 

leukemia and lymphoma. Am. J. Med., 72: 775-782. 

Spiegelman B. M., Hotamisligil G. S., Graves R. A., Tontonoz P. (1993): Regulation of 

adipocyte gene expression and syndromes of obesity/diabetes. J. Biol. Chem., 268: 6823-6826. 

Sporn M. B., Roberts A. B., Wakefield L. M., de Crombrugghe B. (1987): Some recent 

advances in the chemistry and biology of transforming growth factor. J. Cell Biol., 105: 1039-

1045. 

Spranger J., Kroke A., Möhlig M., Bergmann M. M., Ristow M., Boeing H., Pfeiffer A. F. 

H. (2003): Adiponectin and protection against type 2 diabetes mellitus. Lancet, 361: 226-228. 

Stefan N., Vozarova B., Funahashi T., Matsuzawa Y., Weyer C., Lindsay R. S., Youngren 

J. F., Havel P. J., Pratley R. E., Bogardus C., Tataranni P. A. (2002): Plasma adiponectin 

concentration is associated with skeletal muscle insulin receptor tyrosine phosphorylation, and 

low plasma concentration precedes a decrease in wholebody insulin sensitivity in humans. 

Diabetes, 51: 1884-1888. 

Stein E. A. (1987): Lipids, lipoproteins, and apolipoproteins. In: Fundamentals of clinical 

chemistry,  3rd ed. Tietz N. W. (ed). Philadelphia, W. B. Saunders, 448-481.  

Steiner G. (1994): Hyperinsulinemia and hypertriglyceridemia. J. Int. Med., 736 (Suppl): 23-26. 

Steppan C. M., Lazar M. A. (2002): Resistin and obesity-associated insulin resitance. Trends 

Endocrinol. Metab., 13: 18-23. 

Strange R. C., Fryer A. A. (1999): The glutathione S-transferases: influence of polymorphism 

on cancer susceptibility. IARC Sci. Publ., 231-249. 

Stumvoll M. (2003): Thiazolidinediones-some recent developments. Expert Opin. Investig. 

Drugs., 12: 1179-1187. 

Stumvoll M., Tschritter O., Fritsche A., Staiger H., Renn W., Weisser M., Machicao F., 

Häring H. (2002): Association of the T-G polymorphism in adiponectin (exon 2) with obesity 



References   
 

156 
 

and insulin sensitivity: interaction with family history of type 2 diabetes. Diabetes, 51: 37-41. 

Sugimura T. (2000): Nutrition and dietary carcinogens. Carcinogenesis, 21: 387-395. 

Takahashi M., Arita Y., Yamagata K., Matsukawa Y., Okutomi K., Horie M., Shimomura 

I., Hotta K., Kuriyama H., Kihara S., Nakamura T., Yamashita S., Funahashi T.,  

Matsuzawa Y. (2000): Genomic structure and mutations in adipose-specific gene, adiponectin. 

Int. J. Obes., 24: 861–868. 

Takahata C., Miyoshi Y., Irahara N., Taguchi T., Tamaki Y., Noguchi S. (2007): 

Demonstration of adiponectin receptors 1 and 2 mRNA expression in human breast cancer cells. 

Cancer Lett., 250: 229-236.  

Takatani O., Okumoto T., Kosano H. (1991): Genesis of breast cancer in Japanese: a possible 

relationship between sex hormone binding globulin (SHBG) and serum lipid components. Breast 

Cancer Res. Treat., 18: S27-S29. 

Tall A. R. (1993): Plasma cholesteryl ester transfer protein. J. Lipid Res., 34: 1255-1274. 

Tansey J. T., Sztalryd C., Gruia Gray J., Roush D. L., Zee J. V., Gavrilova O., Reitman M. 

L., Deng C. X., Li C., Kimmel A. R., Londos C. (2001): Perilipin ablation results in a lean 

mouse with aberrant adipocyte lipolysis, enhanced leptin production, and resistance to diet-

induced obesity. Proc. Natl. Acad. Sci. USA, 98(11): 6494-6499. 

Tchernof A., Nolan A., Sites C. K., Ades P. A., Poehlman E. T. (2002): Weight loss reduces 

C-reactive protein levels in obese postmenopausal women. Circulation, 105: 564-569. 

Thamer C., Machann J., Tschritter O., Haap M., Wietek B., Dahl D., Bachmann O., 

Fritsche A., Jacob S., Stumvoll M., Schick F., Häring H. U. (2002): Relationship between 

serum adiponectin concentration and intramyocellular lipid stores in humans. Horm. Metab. 

Res., 34: 646-649. 

Thompson W. D. (1994): Genetic epidemiology of breast cancer. Cancer, 74 (Suppl 1) 

279- 287. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Dahl%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bachmann%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fritsche%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jacob%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stumvoll%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schick%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

157 
 

Tietz N. W. (1986): Nitrogen metabolites and renal function. In: Textbook of clinical chemistry. 

Philadelphia, W. B. saunders, 1271- 1281. 

Tietz N. W. (ed) (1990): Clinical guide to laboratory tests, 2nd ed. Philadelphia, W. B. Saunders, 

566. 

Titus-Ernstoff L., Longnecker M. P., Newcomb P. A., Dain B., Greenberg E. R., Mittendorf 

R., Stampfer M., Willett W. (1998): Menstrual factors in relation to breast cancer risk. Cancer 

Epidemiol.Biomarkers Prev., 7: 783-789. 

Tomas E., Tsao T. S., Saha A. K., Murrey H. E., Zhang C. C., Itani S. I., Lodish H. F., 

Ruderman N. B. (2002): Enhanced muscle fat oxidation and glucose transport by ACRP30 

globular domain: acetyl-CoA carboxylase inhibition and AMP-activated protein kinase 

activation. Proc. Natl. Acad. Sci. USA, 99(25): 16309-16313. 

Torti F. M., Dieckmann B., Beutler B., Cerami A., Ringold G. M. (1985): A macrophage 

factor inhibits adipocyte gene expression: an in vitro model of cachexia. Science, 229: 867-869.  

Trayhurn P. (1996): New insights into the development of obesity: obese genes and the leptin 

system. Proc. Nutr. Soc., 55: 783-791. 

Trayhurn P., Beattie J. H. (2001): Physiological role of adipose tissue: white adipose tissue as 

an endocrine and secretory organ. Proc. Nutr. Soc., 60: 329-339. 

Trayhurn P., Duncan J. S., Wood A. M., Beattie J. H. (2000): Metallothionein gene 

expression and secretion in white adipose tissue. Am. J. Physiol. Regulatory Integrative Comp. 

Physiol., 279: R2329-R2335. 

Trentham-Dietz A., Newcomb P. A., Egan K. M., Titus-Ernstoff L., Baron J. A., Storer B. 

E., Stampfer M., Willett W. C. (2000): Weight change and risk of postmenopausal breast 

cancer (United States). Cancer Causes Control, 11: 533-542. 

Tsutsumi C., Okuno M., Tannous L., Piantedosi R., Allan M., Goodman D. S., Blaner W. S. 

(1992): Retinoids and retinoidbinding protein expression in rat adipocytes. J. Biol. Chem., 267: 



References   
 

158 
 

1805-1810. 

Tworoger S. S., Eliassen A. H., Kelesidis T., Colditz G. A., Willett W. C., Mantzoros C. S., 

Hankinson S. E. (2007): Plasma adiponectin concentrations and risk of incident breast cancer. J. 

Clin. Endocrinol. Metab., 92(4): 1510-1516. 

Ukkola O. (2002): Resistin-a mediator of obesity-associated insulin resistance or an innocent 

bystander?. Eur. J. Endocrinol., 147: 571-574. 

Uysal K. T., Scheja L., Wiesbrock S. M., Bonner-Weir S., Hotamisligil G. S. (2000): 

Improved glucose and lipid metabolism in genetically obese mice lacking aP2. Endocrinology, 

141: 3388-3396. 

Uysal K. T., Wiesbrock S. M., Hotamisligil G. S. (1998): Functional analysis of tumor 

necrosis factor (TNF) receptors in TNF-α mediated insulin resistance in genetic obesity. 

Endocrinology, 139: 4832-4838. 

Uysal K. T., Wiesbrock S. M., Marino M. W., Hotamisligil G.S. (1997): Protection from 

obesity-induced insulin resistance in mice lacking TNF-α function. Nature, 389: 610-614. 

Valet P., Tavernier G., Castan-Laurell I., Saulnier-Blache J. S., Langin D. (2002): 

Understanding adipose tissue development from transgenic animal models. J. Lipid Res., 43: 

835-860. 

Van den Brandt P. A., Spiegelman D., Yaun S. S., Adami H. O., Beeson L., Folsom A. R., 

Fraser G., Goldbohm R. A., Graham S., Kushi L., Marshall J. R., Miller A. B., Rohan T., 

Smith-Warner S. A., Speizer F. E., Willett W. C., Wolk A., Hunter D. J. (2000): Pooled 

analysis of prospective cohort studies on height, weight, and breast cancer risk. Am. J. 

Epidemiol., 152: 514-527. 

Van Duyn M. A., Pivonka E. (2000): Overview of the health benefits of fruit and vegetable 

consumption for the dietetics professional: selected literature. J. Am. Diet Assoc., 100: 1511-

1521. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tworoger%20SS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Eliassen%20AH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kelesidis%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Colditz%20GA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Willett%20WC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mantzoros%20CS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hankinson%20SE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


References   
 

159 
 

Van Gils C. H., Hendriks J. H., Otten J. D., Holland R., Verbeek A. L. (2000): Parity and 

mammographic breast density in relation to breast cancer risk: indication of interaction. Eur. J. 

Cancer Prev., 9: 105-111. 

Van Harmelen V., Elizalde M., Ariapart P., Bergstedt-Lindqvist S., Reynisdottir S., 

Hoffstedt J., Lundkvist I., Bringman S., Arner P. (2000): The association of human adipose 

angiotensinogen gene expression with abdominal fat distribution in obesity. Int. J. Obes., 24: 

673-678. 

Velie E., Kulldorff M., Schairer C., Block G., Albanes D., Schatzkin A. (2000): Dietary fat, 

fat subtypes, and breast cancer in postmenopausal women: a prospective cohort study. J. Natl. 

Cancer Inst., 92: 833-839. 

Venkitaraman A. R. (2004): Tracing the network connecting BRCA and Fanconi anaemia 

proteins. Nat. Rev. Cancer, 4: 266-276. 

Ventre J., Doebber T., Wu M., MacNaul K., Stevens K., Pasparakis M., Kollias G., 

Moller D. E. (1997): Targeted disruption of the tumor necrosis factor-α gene: metabolic 

consequences in obese and nonobese mice. Diabetes, 46(9): 1526-1531. 

Verkasalo P. K., Thomas H. V., Appleby P. N., Davey G. K., Key T. J. (2001): Circulating 

levels of sex hormones and their relation to risk factors for breast cancer: a cross-sectional study 

in 1092 pre and postmenopausal women. Cancer Causes Control, 12: 47-59. 

Vgontzas N. A., Papanicolau D. A., Bixler E. O., Kales A., Tyson K., Chrousos G.P. (1997): 

Elevation of plasma cytokines in disorders of excessive daytime sleepiness: role of sleep 

disturbances and obesity. J. Clin. Endocrinol. Metab., 82: 1313-1316. 

Viengchareun S., Zennaro M. C., Pascual-Le Tallec L., Lombes M. (2002): Brown 

adipocytes are novel sites of expression and regulation of adiponectin and resistin. FEBS Lett., 

532: 345-350. 

Vionnet N., Hani El H., Dupont S., Gallina S., Francke S., Dotte S., Matos F. D., Durand E., 



References   
 

160 
 

Leprêtre F., Lecoeur C., Gallina P., Zekiri L., Dina C., Froguel P. (2000): Genomewide 

search for type 2 diabetes-susceptibility genes in French whites: evidence for a novel 

susceptibility locus for early-onset diabetes on chromosome 3q27-qter and independent 

replication of a type 2-diabetes locus on chromosome 1q21-q24. Am. J. Hum. Genet., 67: 1470-

1480. 

Von Eynatten M., Schneider J. G., Humpert P. M., Rudofsky G., Schmidt N., Barosch P., 

Hamann A., Morcos M., Kreuzer J., Bierhaus A., Nawroth P. P., Dugi K. A. (2004): 

Decreased plasma lipoprotein lipase in hypoadiponectinemia: an association independent of 

systemic inflammation and insulin resistance. Diabetes Care, 27(12): 2925-2929. 

Wabitsch M., Hauner H., Heinze E., Teller W. M. (1995): The role of growth 

hormone/insulin-like growth factors in adipocyte differentiation. Metabolism, 44: 45-49. 

Wajchenberg B. L. (2000): Subcutaneous and visceral adipose tissue: their relation to the 

metabolic syndrome. Endocr. Rev., 21: 697-738. 

Waki H., Yamauchi T., Kamon J., Ito Y., Uchida S., Kita S., Hara K., Hada Y., Vasseur F., 

Froguel P., Kimura S., Nagai R., Kadowaki T. (2003): Impaired multimerization of human 

adiponectin mutants associated with diabetes. Molecular structure and multimer formation of 

adiponectin. J. Biol. Chem., 278(41): 40352-40363. 

Wallenius V., Wallenius K., Ahrén B., Rudling M., Carlsten H., Dickson S. L., Ohlsson C., 

Jansson J. O. (2002):  Interleukin-6-deficient mice develop mature-onset obesity. Nat. Med., 

8(1): 75-79. 

Wang Y., Lam K. S., Xu J. Y., Lu G., Xu L. Y., Cooper G. J., Xu A. (2005): Adiponectin 

inhibits cell proliferation by interacting with several growth factors in an oligomerization-

dependent manner. J. Biol. Chem., 280: 18341-18347. 

Wartenberg D., Calle E. E., Thun M. J., Heath Jr C. W., Lally C., Woodruff T. (2000): 

Passive smoking exposure and female breast cancer mortality. J.  Natl. Cancer Inst., 92(20): 



References   
 

161 
 

1666-1673. 

Wei E. K., Giovannucci E., Fuchs C. S., Wilett W. C., Mantzoros C. S. (2005): Low plasma 

adiponectin levels and risk of colorectal cancer in men: a prospective study. J. Natl. Cancer Inst., 

97(22): 1688-1694. 

Weinstock P. H., Bisgaier C. L., Aalto-Setälä K., Radner H., Ramakrishnan R., Levak-

Frank S., Essenburg A. D., Zechner R., Breslow J. L. (1995): Severe hypertriglyceridemia, 

reduced high density lipoprotein, and neonatal death in lipoprotein lipase knockout mice. Mild 

hypertriglyceridemia with impaired very low density lipoprotein clearance in heterozygotes. J. 

Clin. Invest., 96(6): 2555-2568. 

Weinstock P. H., Levak-Frank S., Hudgins L. C., Radner H., Friedman J. M., Zechner R., 

Breslow J. L. (1997): Lipoprotein lipase controls fatty acid entry into adipose tissue, but fat 

mass is preserved by endogenous synthesis in mice deficient in adipose tissue lipoprotein lipase. 

Proc. Natl. Acad. Sci. USA, 94: 10261-10266. 

Weyer C., Funahashi T., Tanaka S., Hotta K., Matsuzawa Y., Pratley R. E., Tataranni P. 

A. (2001): Hypoadiponectinemia in obesity and type 2 diabetes: close association with insulin 

resistance and hyperinsulinemia. J. Clin. Endocrinol. Metab., 86(5): 1930-1935. 

Wilkinson W. E., Spiegelman B. M. (1993): Biosynthesis of the vasoactive lipid monobutyrin. 

J. Biol. Chem., 268: 2844-2849. 

Wolk A., Gridley G., Svensson M., Nyrén O., McLaughlin J. K., Fraumeni Jr J. F., Adami 

H. O. (2001): A prospective study of obesity and cancer risk (Sweden). Cancer Causes Control, 

12: 13-21. 

Xu A., Wong L. C., Wang Y., Xu J. Y., Cooper G. J. S., Lam K. S. L. (2004): Chronic 

treatment with growth hormone stimulates adiponectin gene expression in 3T3-L1 adipocytes. 

FEBS Lett., 572: 129-134. 

Yamamoto Y., Hirose H., Saito I., Nishikai K., Saruta T. (2004): Adiponectin, an adipocyte-



References   
 

162 
 

derived protein, predicts future insulin resistance: two-year follow-up study in Japanese 

population. J. Clin. Endocrinol. Metab., 89: 87-90. 

Yamamoto Y., Hirose H., Saito I., Tomita M., Taniyama M., Matsubara K., Okazaki Y., 

Ishii T., Nishikai K., Saruta T. (2002): Correlation of the adipocyte-derived protein 

adiponectin with insulin resistance index and serum high-density lipoprotein-cholesterol, 

independent of body mass index, in the Japanese population. Clin. Sci., 103: 137-142. 

Yamauchi T., Kamon J., Ito Y., Tsuchida A., Yokomizo T., Kita S., Sugiyama T., Miyagishi 

M., Hara K., Tsunoda M., Murakami K., Ohteki T., Uchida S., Takekawa S., Waki H., 

Tsuno N. H., Shibata Y., Terauchi Y., Froguel P., Tobe K., Koyasu S., Taira K., Kitamura 

T., Shimizu T., Nagai R., Kadowaki T. (2003): Cloning of adiponectin receptors that mediate 

antidiabetic metabolic effects. Nature, 423: 762-769. 

Yamauchi T., Kamon J., Minokoshi Y., Ito Y., Waki H., Uchida S., Yamashita S., Noda M., 

Kita S., Ueki K., Eto K., Akanuma Y., Froguel P., Foufelle F., Ferre P., Carling D., Kimura 

S., Nagai R., Kahn B. B., Kadowaki T. (2002): Adiponectin stimulates glucose utilization and 

fatty-acid oxidation by activating AMP-activated protein kinase. Nat. Med., 8: 1288-1295. 

Yamauchi T., Kamon J., Waki H., Terauchi Y., Kubota N., Hara K., Mori Y., Ide T., 

Murakami K., Tsuboyama-Kasaoka N., Ezaki O., Akanuma Y., Gavrilova O., Vinson C., 

Reitman M. L., Kagechika H., Shudo K., Yoda M., Nakano Y., Tobe K., Nagai R., Kimura 

S., Tomita M., Froguel P., Kadowaki T. (2001): The fat-derived hormone adiponectin reverses 

insulin resistance associated with both lipoatrophy and obesity. Nat. Med., 7: 941-946. 

Yang W. S., Lee W. J., Funahashi T., Tanaka S., Matsuzawa Y., Chao C. L., Chen C. L., 

Tai T. Y., Chuang L. M. (2002): Plasma adiponectin levels in overweight and obese Asians. 

Obes. Res., 10: 1104-1110. 

Yasruel Z., Cianflone K., Sniderman A. D., Rosenbloom M., Walsh M., Rodriguez M. A. 

(1991): Effect of acylation stimulating protein on the triacylglycerol synthetic pathway of human 



References   
 

163 
 

adipose tissue. Lipids, 26(7): 495-499. 

Yatagai T., Nishida Y., Nagasaka S., Nakamura T., Tokuyama K., Shindo M., Tanaka H., 

Ishibashi S. (2003): Relationship between exercise training-induced increase in insulin 

sensitivity and adiponectinemia in healthy men. Endocr. J., 50(2): 233-238. 

Yokota T., Oritani K., Takahashi I., Ishikawa J., Matsuyama A., Ouchi N., Kihara S., 

Funahashi T., Tenner A. J., Tomiyama Y., Matsuzawa Y. (2000): Adiponectin, a new 

member of the family of soluble defense collagens, negatively regulates the growth of 

myelomonocytic progenitors and the functions of macrophages. Blood, 96: 1723-1732.  

Yoon J. C, Chickering T. W., Rosen E. D., Dussault B., Qin Y., Soukas A., Friedman J. M., 

Holmes W. E., Spiegelman B. M. (2000): Peroxisome proliferator-activated receptor γ target 

gene encoding a novel angiopoietin-related protein associated with adipose differentiation. Mol. 

Cell. Biol., 20(14): 5343-5349. 

Yu H., Shu X. O., Li B. D. L., Dai Q., Gao Y. T., Jin F., Zheng W. (2003): Joint effect of 

insulin-like growth factors and sex steroids on breast cancer risk. Cancer Epidemiol. Biomarkers 

Prev., 12: 1067-1073. 

Yudkin J. S., Kumari M., Humphries S. E., Mohamed-Ali V. (2000): Inflammation, obesity, 

stress and coronary heart disease: is interleukin-6 the link?. Atheriosclerosis, 148: 209-214. 

Yudkin J. S., Stehouwer C. D., Emeis J. J., Coppack S. W. (1999): C-reactive protein in 

healthy subjects: associations with obesity, insulin resistance, and endothelial dysfunction: a 

potential role for cytokines originating from adipose tissue?. Arterioscler. Thromb. Vasc. Biol., 

19: 972-978. 

Zhang S. M. (2004): Role of vitamins in the risk, prevention, and treatment of breast cancer. 

Curr. Opin. Obstet. Gynecol., 16: 19-25. 

Zheng W., Gustafson D. R., Sinha R., Cerhan J. R., Moore D., Hong C. P., Anderson K. E., 

Kushi L. H., Sellers T. A., Folsom A. R. (1998): Well-done meat intake and the risk of breast 



References   
 

164 
 

cancer. J. Natl. Cancer Inst., 90: 1724-1729. 

Zielinski C. C., Stuiler I., Rausch P., Müller C. (1988): Increased serum concentrations of 

cholesterol and triglycerides in the progression of breast cancer. J. Cancer Res. Clin. Oncol., 

114: 514-518. 

Zoccali C., Mallamaci F., Tripepi G., Benedetto F. A., Cutrupi S., Parlongo S., Malatino L. 

S., Bonanno G., Seminara G., Rapisarda F., Fatuzzo P., Buemi M., Nicocia G., Tanaka S., 

Ouchi N., Kihara S., Funahashi T., Matsuzawa Y. (2002): Adiponectin, metabolic risk 

factors, and cardiovascular events among patients with end-stage renal disease. J. Am. Soc. 

Nephrol., 13: 134-141. 

 



 

 

 

 

 

 

 

 

 

 

 

 

ARABIC SUMMARY 
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 الملخص العربي

عالقة السمنة ببعض أنواع السرطان معروفة منذ زمن طويل، لذلك يحاول الباحثون أن يكتشفوا الدور الممكن 

والسمنة عامل خطر معروف لسرطان . لألديبوسيتوآاينز في تنظيم عملية اإلصابة بالسرطان آرابط بين السمنة والسرطان

 .يدات البدينات مقارنة بالسيدات ذوات الوزن الطبيعيللس % 50الثدي حيث أن الخطر يزداد بنسبة 

سة على خمسة وثالثين سيدة مصرية مريضة بسرطان الثدي األولي المثبت هستوباثولوجيا من معهد اأجريت هذه الدر

 أربعة إلى تم تقسيم آل السيدات. األورام القومي، جامعة القاهرة، وعشرة سيدات أصحاء متوافقات في السن والحالة اإلجتماعية

  :مجموعات

 :هذه المجموعة تم تقسيمها إلى.  سيدات أصحاء تم إعتبارهن آمجموعة ضابطة طبيعية10 :1مجموعة 

  . سيدات أصحاء في مرحلة ما قبل إنقطاع الطمث5 : )أ (1مجموعة 

  . سيدات أصحاء في مرحلة ما بعد إنقطاع الطمث5 ):ب (1مجموعة 

  :هذه المجموعة تم تقسيمها إلى. ل أخذ أي نوع من العالج مريضة سرطان ثدي قب21 :2مجموعة 

 . منهن تم متابعتهن بعد العالج بالجراحة5.  مريضات سرطان ثدي في مرحلة ما قبل إنقطاع الطمث9 : )أ (2مجموعة 

  .حة منهن تم متابعتهن بعد العالج بالجرا7.  مريضة سرطان ثدي في مرحلة ما بعد إنقطاع الطمث12 ):ب (2مجموعة 

هذه المجموعة .  مريضة سرطان ثدي موضعي متقدم بعد العالج بأربعة جلسات من العالج الكيميائي المساعد14 :3مجموعة 

  :تم تقسيمها إلى

 منهن تم متابعتهن بعد 5.  مريضات سرطان ثدي موضعي متقدم في مرحلة ما قبل إنقطاع الطمث9 : )أ (3مجموعة 

  .ذ جلستين من العالج الكيميائي المساعد أتبع بالعالج باإلشعاعإتمام العالج بالجراحة أتبع بأخ

ال أحد منهن تم متابعته . موضعي متقدم في مرحلة ما بعد إنقطاع الطمث  مريضات سرطان ثدي5 ):ب (3مجموعة 

  .بعد إتمام العالجبسبب غيابهن 

 أنها مصابة بالسكر، ضغط الدم المرتفع، تم أخذ التاريخ المرضي لكل المشارآات وتم إستبعاد من الدراسة آل من وجد

  .أمراض القلب واألوعية الدموية أو من لديها تاريخ ألي نوع من السرطان

السن، الوزن، الطول، مؤشر (آل األصحاء والمريضات الصالحات للدراسة تم تقييم لهن عوامل خطر سرطان الثدي 

نقطاع الطمث، سن الزواج، السن عند إنجاب أول مولود حي ، عدد آتلة الجسم، السن عند حدوث الطمث ألول مرة، السن عند إ

العائلي لسرطان الثدي في األقارب من الدرجة األولى، تاريخ الحمل، التدخين، إحتساء الكحول، تاريخ  مرات اإلنجاب، التاريخ

قبل وبعد ( مستوى األديبونكتين ،)اإلصابة بأمراض الثدي الحميدة، العالج التعويضي بالهرمونات وإستخدام أقراص منع الحمل



 الملخص العربي
 

2 
 

بولينا، آرياتينين، ( وظائف الكلى ،) AST،ALT(كبد ، وظائف ال)دهون ثالثية، آوليستيرول آلي(، بيان الدهون )المتابعة

  .والهيموجلوبين) حمض بوليك

مريضات  و داللة إحصائية بين آل من مريضات سرطان الثدي قبل أخذ أي نوع من العالج أات ذاتوجد إختالفتلم 

سرطان الثدي الموضعي المتقدم بعد العالج بأربعة جلسات من العالج الكيميائي المساعد والسيدات األصحاء من حيث السن، 

الوزن، الطول، مؤشر آتلة الجسم، السن عند حدوث الطمث ألول مرة، السن عند إنقطاع الطمث، سن الزواج، السن عند 

نجاب، تاريخ الحمل، التدخين، إحتساء الكحول، تاريخ اإلصابة بأمراض الثدي الحميدة و إنجاب أول مولود حي ، عدد مرات اإل

التاريخ العائلي لسرطان الثدي في األقارب من الدرجة األولى آان موجبا في مريضات سرطان . العالج التعويضي بالهرمونات

 وآان أيضا موجبا في مريضات سرطان الثدي في ،(P<0.001)الثدي قبل أخذ أي نوع من العالج أآثر من السيدات األصحاء 

آما أن إستخدام . (P<0.001)مرحلة ما قبل وبعد إنقطاع الطمث قبل أخذ أي نوع من العالج أآثر من السيدات األصحاء 

أقراص منع الحمل آان موجبا في مريضات سرطان الثدي الموضعي المتقدم بعد العالج بأربعة جلسات من العالج الكيميائي 

، وآان أيضا موجبا في مريضات سرطان الثدي الموضعي المتقدم في مرحلة (P<0.001)المساعد أآثر من السيدات األصحاء 

  .(P<0.001)ما قبل وبعد إنقطاع الطمث بعد العالج بأربعة جلسات من العالج الكيميائي المساعد أآثر من السيدات األصحاء 

مريضات سرطان الثدي قبل أخذ أي نوع من  نخفاضا له داللة إحصائية فيمستوى األديبونكتين في مصل الدم إنخفض إ

 جلسات أربعةمريضات سرطان الثدي الموضعي المتقدم بعد العالج بإنخفاضا ليس له داللة إحصائية في  و)P=0.049(العالج 

مستوى األديبونكتين في مصل  ووجد أيضا إنخفاضا ذو داللة إحصائية في. عن السيدات األصحاءمن العالج الكيميائي المساعد 

دم مريضات سرطان الثدي في مرحلة ما بعد إنقطاع الطمث قبل أخذ أي نوع من العالج مقارنة بالسيدات األصحاء 

)P=0.033(ان الثدي في مرحلة ما قبل إنقطاع مريضات سرط  ولكن هذا اإلختالف لم يصل إلى داللة إحصائية في آل من

في مرحلة ما قبل وبعد إنقطاع الطمث بعد  مريضات سرطان الثدي الموضعي المتقدم الطمث قبل أخذ أي نوع من العالج أو

  . جلسات من العالج الكيميائي المساعد مقارنة بالسيدات األصحاءأربعةالعالج ب

مريضات سرطان الثدي قبل أخذ أي نوع من العالج وبعد العالج  يأظهرت الدراسة إرتفاعا ليس له داللة إحصائية ف

بالجراحة، ووجد أيضا إرتفاعا ليس له داللة إحصائية في مستوى األديبونكتين في مصل دم المريضات في مرحلة ما قبل وبعد 

ا بعد إنقطاع الطمث إنقطاع الطمث قبل أخذ أي نوع من العالج وبعد العالج بالجراحة، ولكن في المريضات في مرحلة م

في مرحلة ما قبل  مريضات سرطان الثدي الموضعي المتقدم في. )P=0.064(ئية اإلرتفاع آان له داللة قريبة من اإلحصا

 جلسات من العالج الكيميائي المساعد وبعد إتمام العالج بالجراحة أتبعت بأخذ جلستين من أربعةإنقطاع الطمث بعد العالج ب

  .لمساعد أتبعت بالعالج باإلشعاع، إرتفع المستوى أيضا إرتفاعا ليس له داللة إحصائيةالعالج الكيميائي ا
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مريضات  مريضات سرطان الثدي قبل أخذ أي نوع من العالج أو  داللة إحصائية بين آل منات ذتوجد إختالفاتلم 

عد والسيدات األصحاء من حيث  جلسات من العالج الكيميائي المساأربعةبعد العالج ب سرطان الثدي الموضعي المتقدم

الدهون . البولينا، الكرياتينين، حمض البوليك في مصل الدم والهيموجلوبين ،AST ،ALT، مستويات الكوليستيرول الكلي

مريضات سرطان الثدي قبل أخذ أي نوع من العالج  في  ذو داللة إحصائية إرتفاعاالثالثية فقط أظهرت مستوى مرتفع

)P=0.000(مساعد  جلسات من العالج الكيميائي الأربعةبعد العالج ب سرطان الثدي الموضعي المتقدممريضات   و

)P=0.001( مريضات سرطان الثدي في مرحلة ما قبل وبعد إنقطاع الطمث قبل أخذ أي  آال من. مقارنة بالسيدات األصحاء

في مرحلة ما قبل وبعد  ضعي المتقدم مريضات سرطان الثدي الموو)  على الترتيبP=0.008 ،P=0.029(نوع من العالج 

أيضا   أظهرت) على الترتيبP=0.021 ،P=0.006(المساعد  جلسات من العالج الكيميائي أربعةإنقطاع الطمث بعد العالج ب

  . ذو داللة إحصائية مقارنة بالسيدات األصحاء إرتفاعامستوى مرتفع

 في مصل الدم ومؤشر آتلة الجسم، مستوى الدهون الثالثية مستوى األديبونكتين أظهرت الدراسة عالقة غير إحصائية بين

ومؤشر  في مصل الدم في المجموعات المختبرة ماعدا أنه وجدت عالقة سلبية إحصائية بين مستوى األديبونكتين في مصل الدم

أخذ أي نوع من مريضات سرطان الثدي قبل و )P=0.025(آتلة الجسم في السيدات األصحاء في مرحلة ما بعد إنقطاع الطمث 

) P=0.011(العالج قبل أخذ أي نوع من  مريضات سرطان الثدي في مرحلة ما بعد إنقطاع الطمث و) P=0.003(العالج 

مريضات سرطان الثدي قبل أخذ أي نوع  مستوى الدهون الثالثية في مصل الدم في مستوى األديبونكتين في مصل الدم و وبين

  ).P=0.020(قبل أخذ أي نوع من العالج  طان الثدي في مرحلة ما بعد إنقطاع الطمثمريضات سر و) P=0.017(العالج من 

سرطان  ممكن أن يكون مرتبطا بزيادة خطرمن المستوى األديبونكتين في مصل الدم  ستنتج من هذه الدراسة أن إنخفاضي

بسرطان  أن يعتبر آداللة حيوية لإلصابةيمكن  األديبونكتين في مرحلة ما بعد إنقطاع الطمث، وأن الثدي، خاصة بين السيدات

  .سرطان الثدي ربما يفسر جزئيا باألديبونكتين خطر الثدي في السيدات البدينات وأن اإلرتباط بين السمنة و

في مرحلة ما بعد إنقطاع الطمث، يجب أن يشجعن ليفقدن وزنهن آطريقة مقترحة  خاصة السيدات السيدات البدينات،

  . بسرطان الثديلتقليل خطر إصابتهن 

مريضات سرطان ثدي قبل تشخيصهن يجب أن تدعم في  دراسات على دراسات أخرى بعدد أآبر من السيدات و

وآذلك دراسة عن اآللية الدقيقة لعالقة األديبونكتين و سرطان الثدي، وأيضا إستخدامه التشخيصي و الدال على مسار . المستقبل

 .                  فحوصات أخرىإجراء إلى المرض و العالجي المحتمل، يحتاج

 



 مستخلص

 
  مستخلص

مصطفى سيف النصر محمود الشبيني: االسم 

   األديبونكتين فى مصل دم مريضات سرطان الثدي المصريات قبل وبعد العالجى حيوي لمستويتقييم آيميائ : عنوان الرسالة

  )آيمياء حيوية( العلوم  فيماجستير: الدرجة

 10  سيدة مريضة بسرطان الثدي األولي و35ل دم ديبونكتين في مصفي هذة الدراسة، تم تقييم مستوى األ: ملخص البحث

قيمة ذو  ه ما إذا آان لمعرفة وبين سرطان الثدي، وهيم ما إذا آان يوجد عالقة بينيقبهدف ت قبل وبعد العالج ،سيدات أصحاء

 داللة ه لض مستوى االديبونكتين في مصل الدم إنخفاضاا إنخف وقد أظهرت النتائج.داللة متعلقة بمسار الحالة المرضية

مريضات سرطان الثدي والالتي في مرحلة ما بعد إنقطاع الطمث قبل أخذ أي نوع من العالج، وإنخفاضا ليس آل  في إحصائية

 عن  جلسات من العالج الكيميائي المساعدأربعةبعد العالج ب مريضات سرطان الثدي الموضعي المتقدم له داللة إحصائية في

وأيضا بعد إتمام العالج بالجراحة  اسة إرتفاعا ليس له داللة إحصائية بعد العالج بالجراحة،أظهرت الدر .السيدات االصحاء

 أتبعت بأخذ جلستين من العالج الكيميائي المساعد أتبعت بالعالج باإلشعاع في حالة مريضات سرطان الثدي الموضعي المتقدم

في آل مجموعات   ذو داللة إحصائية إرتفاعامرتفع الدهون الثالثية مستوى تأظهر. في مرحلة ما قبل إنقطاع الطمث

ومؤشر آتلة الجسم في السيدات األصحاء   وجدت عالقة سلبية إحصائية بين مستوى األديبونكتين في مصل الدم آما.المرضى

آل  ومؤشر آتلة الجسم، والدهون الثالثية في في مرحلة ما بعد إنقطاع الطمث، وبين مستوى األديبونكتين في مصل الدم

ستنتج من هذه الدراسة أن ي .العالجفي مرحلة ما بعد إنقطاع الطمث قبل أخذ أي نوع من  مريضات سرطان الثدي والالتي

في  سرطان الثدي، خاصة بين السيدات ممكن أن يكون مرتبطا بزيادة خطرمن المستوى األديبونكتين في مصل الدم  إنخفاض

  .سرطان الثدي ربما يفسر جزئيا باألديبونكتين خطر ط بين السمنة واإلرتبا مرحلة ما بعد إنقطاع الطمث، وأن

  . السمنة مؤشر آتلة الجسم، ، سرطان الثدي، الدهون الثالثية،ديبونكتيناأل: الكلمات الدالة
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