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INTRODUCTION

Breast cancer (BrCa) in woman is the most frequent malignant tumor in incidence; about
1 in 8 women are diagnosed with BrCa during their lifetime. Most cases of breast cancer are
combination of inherited genetic and factors that effect on these genes including metabolic
syndrome (MetS), oxidative stress (OS), environmental factors and diet bring more light on BrCa
initiation and progression and eventually opening a new era or adds more paths for management

and cure.

The role of Insulin-like Growth Factor-1 (IGF1) and its receptor (IGF1R) in breast cancer
progression was studied worldwide. IGF1/IGF1R pathway is involved directly or indirectly in
breast cancer such as Proto-oncogenes (C-myc, int-2, c-erbB2 (HER2, neu, NGL) along with
Cyclin D, tumor suppressor genes (BRCA1, BRCA2, p53) and DNA repair genes. Metabolic
disorder including obesity, insulin resistance, D2M and CVD complications together constitute
metabolic syndrome. In addition to changes in fuel availability and the adipocyte-derived
hormones leptin and adiponectin. MetS and oxidative stress along with chronic inflammatory
condition pave the way for pathologies such as carcinogenesis, aging, diabetes, obesity and CVD
through altered cellular and nuclear mechanisms, including impaired DNA damage repair and

cell cycle regulation.

Here in this study, we are investigating for the first time the network of IGF1/IGF1R,
MetS metrics and oxidative stress products in BrCa progression through studding expression of
IGF1/IGFR1 on BrCa tissues of women using immunohistochemistry staining and correlate the
findings with the serum IGF1 levels of the same subjects. Then, measuring the levels of
cholesterol, LDL, HDL, TG and Glucose with other metrics such as BMI, cigarette smoking and
life style as indirect indicators for OS and to find out if there is a significant correlation between

all findings and compare our results with similar data from reviewed literatures if applicable.



The objectives of this study focused on the clinical research through:

1. The relationship between IGF1/IGF1R, MetS and OS in BrCa progression by the link
between IGF, blood glucose and lipid profiles in a population group of Syrian BrCa patients.

2. The association between Mets, OS and the IGF1/IGF1R expression, which stimulate

cell BrCa growth and increase tumor size.

3. The serum IGF1 level as a prognostic factor predicting BrCa stage and lymph nodes

metastases.

4. The correlation between serum IGF1 levels and the MetS metrics such as abnormal

levels of Cholesterol, TG and Glucose.

5. The association between expression of IGFI/IGFIR and expressions of estrogen,

progesterone and Her 2 receptors in breast tumors.

6. The Immunohistochemistry study of IGF1/IGF1R expression as novel biomarkers for

diagnostic BrCa and cancer progression.

7. The blocking IGF1R by antibodies as a new strategy for treatment and management in

Breast cancer

8. The relationships between leptinemia, insulin, and OS by utilizing the quotients of
Insulin-to-Leptin Ratio (ILR) and Insulin-Adipogenic Resistance index (IAR-index) as potential
biomarkers of the insulin-leptin axis, which illustrate the cross-talk between pancreatic p-cells

and adipocytes.

9. The relation between antioxidant status and oxidative stress markers allow the

initiation of preventive measures with regard to diet and therapy.



THEORETICAL ASPECTS

1. Insulin-Like Growth Factors —Key signal Molecule contribute in cancer progression
1.1. The IGF system
IGF system comprises a set of proteins that regulate vital cell processes in myriad tissues,
including breast, colon, and prostate. The two growth factors, IGF-I and IGF-II, interact with six
known IGF binding proteins (IGFBP), which regulate binding to the two IGF receptors (IGF-IR
and IGF-IIR). The binding proteins are regulated by a group of IGFBP proteases and recently
identified IGFBP-related proteins (IGFP-rP). (1,2,3)
1.2. Signal transduction through IGF-I, IGF-II and insulin receptors
IGF1, 2 and insulin are proficient to cross-bind to each other’s receptor that leads to
autophosphorylation of tyrosine kinase receptors and activates two signal transduction pathways.
One is Ras/Raf/Mek/Erk/MAPK and PI3K pathways result in cellular proliferation. The second
is via PI3K/Akt/mTOR pathway, which confers protection from apoptosis (4,5). AKT (PKB) is
highly expressed in several human breast carcinoma cell lines (6,7), and promotes angiogenesis
and cellular survival by activation eNOS (8). Akt mediated metabolic effects are induced by
activation of enzymes involved in gluconeogenesis, glucose uptake, protein synthesis, and
lipogenesis, the mTOR pathway mainly induces the cell growth responses. (9)
1.3. Interaction between IGFs and other growth factors in breast cancer
IGF-I/IGF-IR axis may interact with other growth factors in the BRCA milieu:
e TGFP1 and IGF-I activate MMP that promos migration of breast tumors.
e IGF-I induced upregulation of VEGF-c and may play important roles in breast tumor
progression and lymph node metastasis
e EGFR family: ERBB2 (HER2) may contribute to decreased IGF-IR expression during
mammary tumorigenesis. IGF-I/HER2 crosstalk may occur via autocrine and paracrine
signaling in Breast cancer.
e IGF-I, IGFBPs and ECM (vitronectin) have been reported to induce MCF7 survival,
migration and invasion processes.(10)

1.4. Estrogen receptor (ER) and the IGF-I system in breast cancer

IGF-I/IGF-IR axis induces phosphorylation of ER (10,11), and induces rapidly and
transiently methylation of ERa. Prostaglandin E2 along with HER2 and growth factors mediated



by IGF-I/IGF-IR axis through both AKT/MAPK pathways can enhance activity of aromatase
(12). Primary invasive BRCA show that the expression IGFs are correlated with ER status and
with menopausal status and BMI (13). ERa is reduced whereas ERf is elevated resulting in
increased phosphorylation of p38 MAPK and activation of the p53 substrate protein, causing
apoptosis (14). A number of tumor suppressor genes (pS3 and BRCAL1) represses the IGF-IR
promoter. Mutations in these tumor suppressor genes in Triple negative breast cancer (TNBC)
are associated with elevated IGF-IR levels. IGF-IR is amplified in basal breast cancer, and high
levels of IGF-IR protein are seen in basal breast cancers. (15)
2. METABOLIC SYNDROME AND BREAST CANCER
Metabolic syndrome (MetS) is a cluster of risk factors for CVD, diabetes and cancer. It

constitutes a growing problem worldwide and have at least 3 of 5 of metabolic abnormalities
including central obesity, dyslipidemia, T2DM, hypertension and hyperinsulinemia. (16)

2.1. Insulin and IGFs

Insulin induces transformation in normal breast epithelial cells and promotes proliferation
of malignant breast cells. Higher levels of fasting insulin associate with breast cancer
development (17). Insulin enhances the GH-stimulated synthesis of IGF-I by increasing the
levels of GH receptors and by stimulating cellular uptake of amino acids for protein synthesis
and increases the bioactivity of IGFI by inhibiting the synthesis of IGFBPs. (18,19)

2.2. The role of Hyperglycemia in Breast Cancer

Hyperglycemia has a positive association with both the risk of cancer and cancer-related
mortality for years. High glucose levels enhance the proliferation and migration of breast cancer
cells through stimulating EGFR activation and the Rho family such as GTPase Racl and Cdc42
mediate the corresponding signaling induced by high glucose levels (20,21). It has long been
known that tumor cells take up more glucose and convert glucose to lactate even in the presence
of oxygen (7), which constitutes an advantage for growth being considered a cancer metabolic
hallmark. Cancer cells develop an adaptive program in the case of hypoxic conditions (which is
found in solid tumors) by increasing HIF1a, increasing expression of both GLUT1 and key
glycolytic enzymes (HK & LDH) (22,23). Glycosylation is characterized by the enzymatic
addition of carbohydrate structures (glycans) to secretory and membrane-anchored proteins and

lipids, these changes in glycosylation are considered a hallmark of cancer. Glucose could induce



cancer progression by increasing expression of the OS-responsive gene, thioredoxin-interacting
protein, and subsequent increased levels of ROS. (24,25)

2.3. The relation between Lipid profile, IGFs and Breast Cancer

Elevated cholesterol was consistently associated with overall BrCa risk. IGF-I play
mechanistic role through decreasing the expression of genes which contribute to the

establishment of MetS involved in:

e lipid metabolism (ATP-citrate lyase, acetyl-CoA acyltransferase 1B, acetyl-CoA
acetyltransferase 1) (26)

e Transport (Both HMG-CoA reductase and synthase, LDL-related protein 1, proprotein
convertase subtilisin/Kesin type 9), resulting in dyslipidaemia. (27)

e Cholesterol synthesis

IGF-I actions indirect through lipid clearance from the bloodstream through inhibiting

GH (lipolysis on adipocytes) and FFA uptake by muscles. (28)
2.4. The relation between Obesity, IGFs and Breast Cancer

Breast cancer is strongly influenced by obesity (29), and bioavailable IGF-I also increases
in the obese state. Obesity, the most common cause of insulin resistance, is increasingly
recognized as a low-grade inflammatory state in which overproduction of certain molecules, such
as FFA, adiponectin, IL-6, leptin, plasminogen activator inhibitor-1, TNF-a, and monocyte
chemoattractant protein, can play a role in malignant transformation and cancer progression.
Importantly, chronic hyperglycemia, sex hormones and increased oxidative stress contribute also
to increased cancer risk. An alternative pathway by which obesity may increase cancer risk is via

adipokines. Adipose tissue synthesizes adipokines such as leptin and adiponectin (30,31)

3. OXIDATIVE STRESS AND CANCER
Oxidative stress (OS) is an imbalance of free radicals and antioxidants in the body, such as ROS,

RNS, (02-.), (OH¢), (OHs) and ('02)

3.1. Oxidative stress sources
There are an endogenous of OS sources (mitochondria, peroxisomes and microsomes),
and exogenous sources such as diet, tobacco smoke, obesity, lifestyle, industrial chemicals, drugs

(including anticancer drugs and, environmental factors (pollution, radiation, and UV rays). (32)



3.2. Antioxidants

Antioxidants are molecules that can donate an electron or remove free radicals without
making themselves unstable (33). Antioxidants nonenzymatic sources (vitamins E, C, A,
selenium, zinc,..etc) and enzymatic antioxidants include Cu/Zn, Mn superoxide dismutase,

catalase, glutathione peroxidase and clutathione reductase (34)

3.3. Effects of oxidative stress at cellular level

ROS production with low levels are required to maintain physiological functions
(proliferation, host defense and signal transduction). (35,36)
While ROS excessiveness leads to oxidative damage to DNA, proteins (Structural, enzymatic)
and lipids; by reacting with the nucleic acids attacking the nitrogenous bases and the sugar
phosphate backbone and can evoke single- and double-stranded DNA breaks (37,38). There are
several markers of oxidative damage such as 8-hydroxy-2-deoxyguanosine (a marker of DNA
oxidation), malondialdehyde and 4-hydroxynonenal (markers of lipid peroxidation) and protein
carbonyl groups (a marker of protein oxidation) (36)

3.4. Oxidative stress involvement in Breast Carcinogenesis

The OS excessive may cause gene mutations or affect to intracellular signal transduction
and transcription factors directly or via antioxidants, driving to carcinogenesis. Cancer cells,
which exhibit an accelerated metabolism, demand high ROS concentrations to maintain their
high proliferation rate (39). ROS overproduction has been detected in cancers cells due to high
metabolic activity, peroxisomal activity, cellular signaling, oncogene activation, mitochondrial
dysfunction and increased enzymatic activity of cyclooxygenases, oxidases, lipoxygenases, and
thymidine phosphorylases. Cells maintain intracellular homeostasis through the immense
antioxidant system, important antioxidant glutathione and transcription factor Nrf2 which
contribute in balancing oxidative stress. ROS mediated signaling pathways stimulate pro-
oncogenic signaling which eases angiogenesis, cancer progression, and survival. Concomitantly,
to maintain ROS homeostasis and avoid cancer cell death, a high level of antioxidant capacity is
associated with cancer cells (40). It is well known that cancer cells show constantly high levels
of ROS due to oncogenic transformation including alteration in genetic, metabolic, and tumor

microenvironment. (41)
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ORIGINAL SECTION

4. MATERIALS AND METHODS
4.1. Study Population
The clinical study involved126 women with breast lesions classified into 3 groups
* 61 women with invasive ductal carcinoma (IDC) or ductal carcinoma (DCIS)
* 30 women with benign breast tumors (Fibroadenomas, Lipoma)
* 35 women with no tumors. This group was added as a control group.
4.2. Biological Sample Types
Tissue breast tumors specimens and Blood samples were used in this study; the tissues
were formalin fixed paraffin embedded (FFPE).
4.2. Biochemical methods
The IMMULITE® 1000 system was used to analyze the levels target analyets from the
serums of the collected subjects such as IGF1, HDL, TG, LDL and Glucose. BMI was calculated
as weight in kilograms/ [height in meters]?, and standard clinical cutpoints categorized BMI as
normal BMI < 30 kg/m2, and obese BMI > 30 kg/m2.
4.4.Construction of TMA & Immunohistochemistry Analysis
Immunohistochemistry (IHC). Mouse monoclonal antibody against IGF1 and IGFIR
were used to stain FFPE block.. IHC results were analyzed by scoring the intensity and
percentage of areas of positive staining. Maximum positivity, which is the scoring at intensity of
+++ was compared between each histological category. The tissue spots were scored using three
(+++) for high intensity staining, two (++) for moderate staining, one (+) for low intensity and

(-) for as a control group table (4.4.1).
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Table 4.4.1. Scoring Method

Intensity High Moderate Low Negative
Strength o
Grade
Intensity F’ -~ "
of Color N. ‘o * “L

e ¢
+f d‘ B
-% * il
" W i

Histology

5. Study regarding the serum and tumor expression of IGF1/IGF-1R in subjects
5.1. Introduction and objectives

IGF-1 plays as mediator between the metabolic syndrome, oxidative stress and breast
cancer progression. IGF1 and IGF2 through binding their receptors and other tyrosine kinase
receptors induce signaling networks leading to fundamental cellular processes, such as cell
growth, proliferation, differentiation and survival. Aberrations in the generation or action of IGFs
play an important role in several pathological conditions (metabolic disorders and cancers).
Redox pathways involving RNO and ROS involve in the pathogenesis. ROS and RNS
demonstrate to alter IGF production and/or action. Therefore, we are aiming to study the
correlation between IGF-I and some parameters according to MetS and excessive OS. In addition
to expression and function of the IGF1/ IFG1R on BrCa progression of and their associations

with MetS and other lipid profile parameters. The objectives of this investigation including:

1. The relationship between IGF1/IGF1R, MetS and OS in BrCa progression by the link
between IGF, blood glucose and lipid profiles in subjects.

2. The association between Mets, OS and the IGF1/IGF1R expression, which stimulate

cell BrCa growth and increase tumor size.

3. The serum IGF1 level as a prognostic factor predicting BrCa stage and lymph nodes

metastases.

4. The correlation between serum IGF1 levels and the MetS metrics such as abnormal

levels of Cholesterol, TG and Glucose.
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5. The association between expression of IGFI/IGFIR and expressions of estrogen,

progesterone and Her 2 receptors in breast tumors.

6. The Immunohistochemistry study of IGF1/IGF1R expression as novel biomarkers for

diagnostic BrCa and cancer progression.

7. The blocking IGF1R by antibodies as a new strategy for treatment and management in

Breast cancer.

5.2. Results

This study was conducted on 126 Syrian women with breast lesions:

e Malignant group of 61 women with IDC or DCIS.

e Benign group of 30 women with benign breast tumors
e Healthy group of 35 healthy women with no tumors

5.2.1. Demographic and clinical characterization of the population study group

Tumor type distribution: The malignant group was 60% of the specimens that means

almost half of them, and benign group was 30% while 30% was healthy group.

Age group distribution: Women with the age group between (41-50) years represent
27.8% of the whole group followed by age group of (51-60) that represent 23%. For both age
groups (31-40) and (61-70), each represents 5.9 % of the whole group, and for those whom are
less than 30 years old (21-30) and (less than 20) they represent 14.3% and 3.2% of the whole
group respectfully. The mean age for those who have malignant diseases was 51 and for those

who have benign tumors was 39.
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Educational level distribution: in our study we found that 87% (P < 0.05) of those
subjects with malignant diseases have intermediate educational level or have never been to the

school, (Figure 5.1).

Chi-Square sig < 0.05 = Illiteracy %o Intermediate education %o = High education %%

100%
e -

60,00%

2056

0% -

37,10%
Benign Malignant Normal
Figure 5.1. Distribution (%) of women according to their educational level

This is in fact very important observation that may contribute to the lack of preventive
measures (self-examination, diet, environmental factors, etc..) that women may practice to

decrease the risk of breast cancer progression, therefore they are losing early stage diagnosis.

Overweight group distribution: Our study revealed significant correlation between
malignancies and body mass index (BMI). 77% of those with breast cancer are obese or

overweight, (Figure 5.2)

Chi-Square sig <0.05 ® Underweight % Normal weight % Overweight %  ® Obesity %

120%
100%
80%
60%

a0%

200k 23,00%

Benign Malignant Normal

Figure 5.2. Distribution (%) of women according to their BMI
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Cigarette smoking status: Our study found significant correlation between
malignancies and cigarette smoking and 86 % of those with breast cancer are either smokers or

secondary smokers, (Figure 5.3).

120%
Chi-Square sig <0.05 W positive smoker % Negative smoker % Mot Smoker %

100% ;
60,00% 16,40%

40%
23,30%

20%

0% -

Benign Malignant

Figure 5.3. Distribution (%) of women according to the cigarette smoking
Metabolic characteristics: Our study results obtained from one-way variant analysis
(ANOVA) that revealed significant differences between measurements of blood testing for TG,
HDL, LDL, Cholesterol and Glucose for all subjects, (Figure5.4)
700

600 sig< 0.05

500

400 sig< 0.05 sig< 0.05 sig<0.05
300
200 sig<0.05
sig<0.05
100
o
CHOL 100-200 HDL 35-60 TG 60-200 Glucose 80-120 Bod\fmass index
(8M1)

W Benign ™ Malignant = Normal

Figure 5.4. Serum levels of lipid profile, glucose and BMI values of all subjects

The cholesterol levels malignant group were higher than those with benign tumors and
normal control (P < 0.05). Also, women with benign tumors showed higher cholesterol levels

than those with normal control.
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Expectedly, the differences between HDL levels between women with breast cancer and
those in control were significant (P <0.05). Lower levels of HDL were observed in cancer

patients. No significant differences were seen between patients with benign tumors and normal

control (P >0.050).

On the other hand, the triglyceride (TG) levels and the low density lipoprotein (LDL)
levels in patients with breast cancer were higher than those with benign tumor and normal

control. [Malignant Tumors > Benign Tumors (P < 0.05) and Benign Tumors > normal (P <

0.05)].

Nevertheless, with regard to Glucose levels, there was a significant difference between
patients with breast cancers and those with benign tumors or normal control. Where the glucose

levels in cancer patients with high IGF1 is ranked at range of high normal.

5.2.2. Serum IGF-1 analysis

Since the mean levels of serum IGF-1 is different between age groups, a new method
(ANCOVA) of analyzing IGF1 levels in plasma of patients samples was applied, the differences
in IGF-1 levels were significant (P < 0.05) between the three groups. The mean IGF-1 levels in
serum for patients with breast cancer was higher than being tumors group. But there were no
significant differences between those with benign tumors and others with normal control

(Figures.5).

Serum IGF1 ANCOVA

sig< 0.05

NORMAL

Benign 108,377

o

20 40 60 80 100 120 140 160 180

Figure 5.5. The mean serum levels of IGF1 in all study groups

16



5.2.3. Histopathology analysis of breast tumors

Immunohistochemistry staining for IGF-1 and IGF-1R was conducted on Tissue Micro
Array. Statistical studies revealed that expression of IGF-1 was observed on 51.98 % on
malignant samples vs 32.53 % on non-malignant samples

T
W

Figure 5.6. A. Portion of Breast Cancer Tissue Micro Array, H&E Stain X2
B. Portion of Breast Cancer Tissue Micro Array, IGF1, IHC staining (X2)

Figure 5.7 A.TMA, Invasiove Ductal Carcinoma (H&E X4)
B. IGF1, Immunostaining (+1) for the same sopts at A(X4)
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Figure 5.8. A. Same Spots as in figure 5.7. (A) ( IDC) with power of (X10)
B. Same Spots as in (figure 5.7) (B) (IDC) with power of (X10) Showing IGF1, [HC
staining (+1)

power of (X20). H E stain and B. Shwing IGF1, IHC staining
(moderate 2+)

Figure 5.9. IDC ith
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Figure 5.10.
A. DCIS with power of (X10). B. IGF1by IHC staining (moderate 2+)
C. Normal breast ducts (H&E) stain D. Mild immunostaining with IGF1(+1)
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. B. Showing IGF1 IHC staining (modertae, 2+)

Figure 5.12. A. H&E Stain (X20) invasive ductal carcinoma of breast (IDC)
B. High Expression of IGF1 (X20) in IDC of breast same spot at A
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Figure 5.13.
A.C. Normal Breast Tissue.
B.D. Negative immunostaining for IGF1. (X10)
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Figure 5.14.
A. H & E stain (DCIS) with power of (X10) B. IHC staining for IGF1R (3+)

Figure 5.15.
A. Invasive ductal carcinoma high grade with power of (X10)
B. Immunohistochemistry staining for IGFIR (3+) (X10)
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Figure 5.16.
A. Invasive ductal carcinoma, high grade with power of (X10).

B. IDC, high grade, IHC staining for IGF1R (3+) (X10)

Figure 5.17
Invasive Ductal Carcinoma, high grade, IHC staining for IGFIR (3+) (X20)
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Expression of IGF1 in breast cancer samples compare to the nonmalignant tumors was

significant (P <0.05) according to TMA (Figure 5.18.)

phi correlation sig <0.05

56,70%

Benign Malignant

= igfl Negative % igfl positive %
Figure 5.18. Expression of IGF-1 in Breast Tumors

statistical studies revealed that expression of IGF1R was observed on 56.35 % on
malignant samples vs 23.8 % on non-malignant samples. IGF-1R Expression in breast cancer
samples compare to the nonmalignant tumors was significant (P <0.05) (Figures.5.19)

phi correlation , sig < 0.05
120%

100%

Benign Malignant

= igfr Negative % igfr Positive %

Figure 5.19. Expression of IGF-1R in Breast Tumors

Interesting findings that 70% of Her 2 positive breast cancer subjects expressed IGF1

while 54.1 % of patients with Her2 positive expressed IGF1 in their tissues (Figure5.20)
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120%

100%
BO%
0%
a0
20%

0%

Her2 Negative Her2 positive

= igfl Negative % = igfl positive %

Figure 5.20. Expression of IGF1 and Her2 on TMA of Breast Tissues
Interesting findings that 80% of Her 2 positive breast cancer subjects expressed

IGF1R while 20 % of patients with Her2 positive expressed IGF1R in their tissues (Figure 5.21).

120%  phicorrelation, sig>0.05
100%
80%
60%
40%
20%
0%
Her2 Negative Her2 positive

= igfr Negative % = igfr Positive %

Figure 5.21 Expression of IGF-1R and Her2 on TMA of Breast Tissues

Importantly, about 61% of estrogen receptors positive (ER) breast cancer have IGF1
positive expression on their samples while 39% of patient with ER positive are IGF1 positive
(Figure 5.22)

3

ER Negative ER Positive

w igfl Negative %  © igfl positive %

Figure 5.22. Expression of IGF1 and ER on TMA of Breast Tissues

25



Reviewing ER expression, it was found that 95% % of ER breast cancer samples are

positive for IGFI1R expression on their samples while 69.2 % of patient with ER positive are
IGF1 positive (Figure 5.23)

phi correlation, sig < 0.05

Chart Title
120%

100%

B0

69,2%
6056
95%

a8

- -

0% T ——

ER Negative ER positive
migfr Negative %

igfr Positive %

Figure 5.23. Expression of IGFIR and ER on TMA of Breast Tissue

On the other hand, 59.5 % of subjects that expressed IGF1 were positive for Progesterone
receptors (PR) while 40.5% of patients with progesterone positive expressed IGF1 (Figure 5.24)
Figure 5.24. Expression of IGF1 and PR on TMA of Breast Tissue

Chart Title
phi correlation
sig > 0.05
120%
100%
B0
66.70% 59,50%
60% 4
a40%
- - -
0%
PR Negative PR Positive

migfl Negative % igf1 positive %

For progesterone expression, 92.9 % of subjects that expressed IGF1R were positive for

Progesterone receptors and 63.6 % of patients with progesterone positive expressed IGFIR
(Figure 5.25)
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phi correlation, Sig <0.05 Chart Title
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PR Negative PR positive

m igfr Negative % igfr Positive %

Figure 5.25. Expression of IGF1R and PR on TMA of Breast Tissue

Our study revealed no correlations was found between triple negative breast cancer
(TNBCs: ER, PR and Her2) and expression of IGFI. In addition, this study revealed no

correlations was found between triple negative breast cancer and expression of IGF-IR.

It has been reported that IGF1 was involved in risk of early-onset of breast cancer in
young women from hereditary breast cancer families and (IGF1) genotype predicts breast
volume after pregnancy and hormonal contraception (42).

In our study, we did not find significant link between malignant tumor size and levels of
IGF1 in serum (Figure 5.26). In addition, there was no significant association between the

expression levels of IGF1 or IGF1R in tissue and tumor size (Figure5.27)

31;iog> 0.05  Mean Rank igfl according to tumor size

30,00
29,00
28,00
27,00
26,00
25,00
24,00

<2cm 2-5cm >5cm
B Mean Rank igfl

Figure 5.26. Tumor size according to Serum IGF1 levels
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sig>0.05  Mean Rank of igfr according to tumor size

31,00
30,00
29,00
28,00
27,00
26,00
25,00
24,00

<2cm 2-5cm >5cm
B Mean Rank

Figure 5.27. Tumor according to Serum IGFIR in Tissue

Studying the results between IGF1 expression and tumor stages according to lymph node
metastases in our studies revealed no significant association was present between IGF1
expression levels and tumor stages.

About 68.2 of subjects with lymph nodes metastases have IGF1 levels above the mean
and about 67.6 % with negative lymph nodes metastases have IGF1 levels above the mean

(Figure 5.28)

Phi correlation. .
: Chart Title
Sig> 0.05
120,0%
100,0%
80,0%
0, 0,

60,0% 67,6% 68,2%
40,0%
0,0%

Less than the normal limit Above normal limit
igf-1
B Lymph Nodes Negative % Lymph Nodes positive %

Figure 5.28. Lymph Nodes according to IGF1 Levels
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5.3. Discussions

As mentioned in the introduction, Breast cancer is the most common cancer and the
leading cause of cancer death among females worldwide, accounting for 25% of all cancer cases
and 15% of all cancer-related deaths among females. (42)

Substantial evidence indicates that the socioeconomic status (SES) of breast cancer
patients has a significant impact on prognosis through its associated influence on the cancer stage
at diagnosis. Previous findings suggest people with lower incomes have a later cancer stage at
point of diagnosis and a worse overall prognosis. Also, Socioeconomic status is significantly
associated with education level and occupation, both of which can greatly influence patients’
perception of the tumor, thereby affecting the level of early detection, diagnosis, and treatment.
(42)

This observation was noted in our study and we found that 87% (P < 0.05) of those
subjects with malignant diseases have intermediate educational level or have never been to the
school. This is in fact very important observation that may contribute to the lack of preventive
measures (self-examination, diet, environmental factors, etc..) that women may practice to
decrease the risk of breast cancer progression, therefore they are losing early stage diagnosis.

Several studied linked between the obesity, IGF1 status and MetS as a phenomenon in
BrCa progression. Obesity disorder is characterized by an increase in white adipose tissue mass.
Clinically it is defined as a BMI of >30 kg/m2, however this definition fails to take into account
gender, differences in muscle mass, and the relative amounts of peripheral and central fat in an
individual subject.

Our study revealed significant correlation between malignancies and body mass index
(BMI). 77% of those with breast cancer are obese or overweight.

Insulin resistance and other features of the MetS commonly accompany obesity.
However, the degree of peripheral and hepatic insulin resistance varies between individuals, as
does the presence of chronic inflammation, as evidenced by markers such as pro-inflammatory
cytokines and CRP.

Expression of IGF1 in breast cancer was significantly associated with high BMI; it
appears likely that sensitivity to insulin in obesity plays a central role in the GH-IGF axis
response, by inhibiting pituitary GH, increasing hepatic GH responsiveness and suppressing

hepatic IGFBP-1 secretion. Our result revealed that there is a correlation between IGF1 and BMI
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in all age groups. This is confirming that obesity is associated with an increased IGF-I response
to GH and increased GH-binding protein levels so that an increase in expression of GH receptor
may explain lack of suppression of total IGF-I levels. Some studies report an inverse relationship
between total IGF-I concentrations and measures of adiposity, such as waist circumference. (43)

In respect to the oxidative stress, that plays an important role in the pathogenesis of lung,
breast and bladder cancer as well as chronic obstructive pulmonary disease, and atherosclerosis.
Smoking may enhance OS not only through the production of reactive oxygen radicals in smoke
but also through weakening of the antioxidant defense systems. In this study, we found
significant correlation between malignancies and cigarette smoking and 86 % of those with breast
cancer are either smokers or secondary smokers. (44)

However, this is may not be the case in other diseases such as rheumatoid arthritis, where
is the cigarette smoking as an important cause of a relative IGF1 and leptin deficiency in RA
patients. (45)

On the other hands, another study showed no relationship noted between tobacco
smoking and either IGF-1 or IGFBP-3 overexpression. (46)

Variations in results between studies may contributed to different in samples size,
geographic locations, individual genomic programs and life styles.

Elevations in LDL cholesterol and three glycerides levels with low levels of HDL
cholesterol can predict development and prognosis in metabolic syndrome and eventually in
cardiovascular diseases and malignant diseases in general. In our studies, the cholesterol and
LDL levels in patients with breast cancers along with TG were higher in breast cancer patients
than benign tumors and normal controls (P < 0.05). While lower levels of HDL were observed
in cancer patients as expected (P <0.05).

Nevertheless. Glucose levels and BMI, there was no significant differences between
patients with breast cancers and those with benign tumors or normal control. Interestingly the
patients with normal controls have glucose levels and BMIs higher than breast cancer group.

In summary, the mean levels of IGF1 in plasma/serum for patients with breast cancer was
156.49 ng/ml which is higher than those with being tumors and no significant differences

between those with benign tumors and others with normal control.
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From the above findings the indicators of metabolic syndromes (TG, Cholesterol, LDL,
HDL) and remarks of oxidative stress (tobacco smoking and others) are associated with elevation
or high expression of IGF1 which is eventually linked to breast cancer progression.

From the immunohistochemistry staining, we found that IGF1 and IGF1R showed high
expression on malignant tissue compared to nonmalignant. The expression of IGF1 was
observed on 51.98 % on malignant samples vs 32.53 % on non-malignant samples (P<0.05) and
the expression of IGF1R was observed on 56.35 % on malignant samples vs 23.8 % on non-
malignant samples (P <0.05)

It was found that IGF1R expression patterns in epithelial cells of normal tubular ductal
lobular unit in benign breast biopsies were associated with an increased risk of subsequent breast
cancer. (47)

In fact, receptor tyrosine kinases are transmembrane molecular scaffolds that influence
cellular processes including the cell cycle, cell migration, cell metabolism survival, proliferation
and differentiation. Insulin-like growth factor-I receptor (IGF-IR) is an RTK that stimulates
growth in many different cell types, blocks apoptosis, acts as an intermediate of many growth
hormone responses, and may stimulate the growth of some types of cancer. The IGF-IR
associated with ligand insulin-like growth factor I (IGF-1) promotes association of IGF-IR with
She, Grb2, and Sos-1, which initiates Ras and Erk kinase cascades, thereby modifying
transcription factor activity, such as activation of the ELK transcription factors. Therefore,
activation of IGF1R by IGF1 Ligand favor cellular proliferation and cancer progression. (48)

Interesting findings that 70 % of Her 2 positive breast cancer expressed IGF1 in their
tissues and 80 % of Her 2 positive breast cancer subjects expressed IGFIR. Our results are
similar to the previous published data for the same subject. (49)

Both, IGF1R and Her2 Receptors promote cellular growth after activations and they
function on coordination with ER receptors as well.

Since, our result revealed that there is a correlation between IGF1 and ER Expression. It
appears that the binding of IGF-I to its receptor activates the tyrosine kinase and initiates a
cascade of auto-phosphorylation that activate intracellular kinases and nuclear transcription
factors, including the ER. There is increasing evidence for a complex mechanism of crosstalk
between peptide and steroid pathways. The emerging model of crosstalk between IGF-I and

estrogens suggests that estrogens, acting through the ER, induce the expression of IGF1. IGF1
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in turn exerts its actions through binding to the IGF1R, a transmembrane protein with tyrosine
kinase activity.

On the other hand, the inhibition of IGF-1R signaling with anti-IGFR antibodies, May
restricts BrCa cell growth in vivo.

Antiestrogens, on the other hand, inhibit IGF1 receptor dependent growth by
downregulating the IGF autocrine pathway and modulating the expression of IGF binding
protein. In addition, antiestrogens decrease the expression of IGF-I binding sites and suppress
the activation.

In addition, inhibitors that blocked PKA and PI3K effect of IGF-I on ER-a expression
and activity, suggesting that protein kinase and PI3K may be involved in the crosstalk between
the IGF-I and ER-o pathways. Because the serine/threonine protein kinase Akt (PKB) is
downstream PI3K, experiments were conducted to determine whether Akt is involved in the
crosstalk between IGF-IR and ER-a. (50)

Since the progesterone is an ovarian steroid hormone that is essential for normal breast
development during puberty and in preparation for lactation and breastfeeding. The actions of
progesterone are primarily mediated by its high-affinity receptors, which include the classical
progesterone receptor PR (a-b). In fact, PR action in BrCa is grossly understudied and remains
controversial. (51)

Confounding the role of progesterone in BrCa is that progesterone has biphasic effects
((both proliferative and inhibitory) on the breast cancer cell lines grown in vitro. For this reason,
it has been suggested that progesterone acts primarily as a priming agent, with growth promoting
activity dependent upon cellular context. For example, progestins upregulate many of the
components of growth factor-initiated signaling pathways, including IRS-2 and EGFR family
members and their ligands, therefore, progesterone may act primarily by sensitizing BrCa cells
to growth factor and cytokine signals. In addition, IGF1 my influence directly or indirectly the
GH effects on many luteal functions. (52,53)

Nevertheless, the association of expression of IGF, IGF1R and progesterone have been
reported in several studies and in our study, this association is overexpressed in tissue of BrCa
patients that is in concordance with published data.

Recent studies have shown that the levels of estrogens and other steroid hormones in

breast fluids are much higher than in serum, which may be the result of local synthesis or
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increased uptake from the circulation. No differences in estrogen levels of breast fluid have been
found between normal women and those with breast disease. A possible explanation may be
differences in the levels of estrogen antagonists, such as progesterone.

Finally, we did not find any correlation between IGF1 serum levels and tumor stage or
lymph nodes metastases as have been demonstrated in BrCa and other cancer types such as
Subjects samples, age groups and geographic distribution as well as genotypes may explain this

contradictory.

5.4. Conclusion

Our studies showed that the elevation of serum IGF1 levels as well as the overexpression
of IGF1/IGF1R in tissues of BrCa patients are associated with high levels of MetS markers such
as LDL, Cholesterol, TG, glucose, BMI and low levels of HDL. On the other hand, overexpressed
of IGFI/IGFIR is associated with expression of Her2, Estrogen and Progesterone in breast
cancer tissues and eventually adds more risk in cancer progression, that support the link of OS
on breast cancer progression.

Interestingly, this study revealed remarkable link between malignant subjects and their
educational levels, which may have reflected in many aspects on their lifestyles such as low
physical exercises, diet type and high carbohydrates uptake that increase the risk of breast cancer.

Nevertheless, we did not find in this study any correlation between serum IGF1 levels
and tumor stage or lymph nodes metastases in patient’s breast tumors as have been mentioned in

previously published reports in BrCa and other cancer types

6. Insulin-leptin axis, Cardiometabolic risk and Oxidative Stress in elderly with MetS

6.1. Introduction

This Study was conducted at the Department of Biochemistry at Davila University in
support of our findings about the relation between MS, OS, aging and risk of CVD and cancer.

The study aimed to establish indicators for MS by revealing the Insulin-to-Leptin Ratio
(ILR) and Insulin Adipogenic Resistance (IAR)-index.
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As it has been reported, aging leads to a number of physiological changes in all organ
systems, including changes in circulating hormone levels and inflammatory responses, increases
in fat deposition, decreases in metabolism, reductions in growth factors and tendency to develop
certain cancer types (54). Hence, individuals with MS have abnormal adipokine profiles that
affect insulin sensitivity (55,56) and the MS triad of obesity, insulin resistance and hypertension
prevalently increases with age, as has been reported in numerous worldwide studies (57,58),
white adipose tissue is under influence of autocrine, paracrine, and endocrine signals (59).
Through their complex signaling cascades, leptin and insulin are key playing metabolic
hormones involved in the first line of the adaptive response mechanisms related to the food
intake, glucose homeostasis and energy expenditure (60). Nevertheless, insulin also acts to
regulate appetite by influencing the expression of different orexigenic and anorexigenic
neuropeptides in the brain, ultimately decreasing food intake and body weight (61). Also, the
leptin hormone secreted by adipocytes functions similarly to that observed for insulin, which
effects both glucose metabolism and free fatty acid (FFA) oxidation in the liver, pancreas, and

skeletal muscle (62).

At the molecular level, adipocytokines such as (IL-1, IL-6, IL-8, leptin, C-reactive protein
(CRP) and plasminogen activator inhibitor 1 (PAI-1) accompanied by a decreased production of

adiponectin (63,64).

In pancreatic islets, elevated glucose concentrations increase the metabolic activity of
islet cells, exhausting them, and leading to elevated formation of ROS. (65)

6.2. Materials and Methods

MetS group (45 patients 37 women and 8 men) according to the criteria of AHA/NHLBI
definition, while the control group (27 healthy women and 8 healthy men). The levels of fasting
glucose, cholesterol, LDL-C, HDL-C, TG and serum uric acid were measured by standard
laboratory techniques on Thermo Fisher Diagnostic System (USA). The levels of Fasting insulin
and leptin were assessed with a Sandwich ELISA. The measurement of the Ferric Reducing
Ability of Plasma (FRAP) was conducted using the method described by Jansen and Ruskovska
(66). The serum Advanced Oxidation Protein Products (AOPP) were measured by

spectrophotometer.
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6.3. Results

The study revealed no significant difference in the age distribution between the study
groups associated with metabolic syndrome, but as expected, BMI, systolic and diastolic blood
pressures, TG, cholesterol and LDL cholesterol, as well as fasting glucose levels were
significantly higher in subjects with MetS, compared with the control group. HDL-cholesterol
levels were significantly lower in MetS group than in control. Hence, the calculated Insulin-to-
Leptin Ratio (ILR) and the Insulin-Adipogenic Resistance index (IAR-index) were further used
as proposed surrogate biomarkers to explore relationships between metabolic profile, oxidative

stress and the secretory functions of B-pancreatic cells and adipocytes, in both groups.

With respect to serum antioxidant capacity, in both study groups we found significant
positive correlations between FRAP and uric acid levels.

Overall, the CVD risk biochemical markers, oxidative stress and inflammation markers
were higher in MS group, indicating a relevant atherogenic risk associated with hyperinsulinemia
and hyperleptinemia. Furthermore, a significant positive association between fasting serum
insulin and serum leptin levels was pointed out only in MetS patients. In apparently healthy
subjects, leptin levels were significantly inversely associated with fasting glucose and LDL-
cholesterol as well as with FRAP and uric acid

In MetS group, leptinemia was significantly negatively correlated only with fasting
glucose. The other relationships identified in control subjects were no longer identified, neither

for leptin nor for ILR individual values in MS patients.

Among the markers evaluated to assess the oxidative stress exerted at systemic level, in
MS subjects the most relevant was AOPP which was positively correlated with triglycerides and

negatively correlated with HDL-C as well with the ratio FRAP/UA.

By using the multivariate linear regression analysis, method stepwise, in which leptin,
ILR and IAR-index were introduced as dependent parameters we pointed out that in control
subjects, the determinant of leptin was fasting glucose. Whereas in MS subjects, insulin was the
significant determinant of leptin. In control subjects, LDL and FRAP were the significant

determinants of leptin and ILR whereas the determinants of [AR-index were FRAP (in control
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subjects) and HDL-cholesterol (in MS subjects). In all study population BMI was the common
determinant of leptin, ILR and [AR-index, and only HDL-cholesterol was the individual

determinant of JAR-index.

At this study, we compared the fasting serum concentrations of insulin, leptin,
inflammation, and oxidative stress markers in MetS versus healthy elderly subjects. There were
significantly higher serum insulin and leptin levels in MS subjects, as compared to controlled
subjects. Also, significant negative correlations between serum leptin and fasting glucose were
discovered in both study groups (controlled and MetS), whereas the significant inverse
correlations of leptin with total cholesterol, LDL-cholesterol, uric acid, and FRAP were pointed

out only in the controlled group.

6.4. Discussion

Our results are in line with recent studies that reported similar trends and patterns in
elderly patients with type 2 diabetes, showing high leptin levels that were closely linked to
obesity and to the length of the disease (67). Our findings are also in accordance with recent
studies in adult subjects, which reported a strong association between serum leptin levels with

components of MetS, especially in abdominal obesity and insulin resistance. (68,69)

IAR-index in subjects MetS was significantly and positively correlated with uric acid and
serum antioxidant capacity (FRAP), and inversely correlated with HDL-cholesterol. Concerning
the IAR-index, the most important finding is its significant positive correlation with oxidative
damage exerted on proteins (AOPP), pointed out in both control and MS subjects. Also, in both
study groups, a trend towards an inverse correlation between ILR and atherogenic index was

observed, but this became significant when considering the whole sample study population.

We also aimed to determine the metabolic, oxidative stress, and inflammation predictors
of leptin, ILR and IAR-index. By performing multiple linear regression analysis, we found that
in MS subjects, only insulin represents a significant determinant of leptin levels, whereas HDL-
cholesterol was the significant determinant of IAR-index in both MS subjects, as well as in all

study subjects. Moreover, we emphasized the findings that leptin levels were significantly and
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positively associated with insulin resistance, and that BMI was the relevant predictor of leptin,
ILR, and [AR-index values in all study groups.

We can include our results within findings of a large group of recent studies linking leptin
with the pathogenesis of insulin resistance and MS (70,71,72). In morbidly obese subjects, there
were significantly higher plasma leptin and leptin-to-adiponectin ratio, as well as, additionally
lower concentrations of plasma leptin receptors, which indicate leptin resistance, future risk of

insulin resistance, and D2M. (73)

6.5. Conclusions

Our study has shown that in healthy elderly subjects, elevated ILR values have a positive,
protective impact on glucose and lipid metabolism, as well as on systemic oxidative stress—
assessed as serum antioxidant capacity (FRAP) and protein damage (AOPP). Conversely, lower
ILR values reveal perspectives of a higher risk of metabolic impairment, hyperglycemia and
dyslipidemia, insulin and leptin-resistance, proatherogenic and prooxidant conditions,
endothelial damage, and cardiovascular risk.

Although not completely validated as specific biomarkers for the current exploration of
the adipo-insular axis, ILR and [AR-index reflected the biological state of adipose and pancreatic
B-cells, and could represent integrated high-potential biomarkers for disease and patient

stratification.

7. Clinical Relevance of total serum Antioxidant Status Assay in elderly subjects with

Type 2 Diabetes Mellitus

7.1. Introduction and objective

The association between DetM, OS Products and Morbidities and Mortalities in BrCa

patients has been demonstrated and we aimed at this study to focus on this relationship.

In this study we compared the clinical relevance - in terms of cardio metabolic risk- of two
methods currently used for the analysis of serum total antioxidant status, namely the ferric reducing
antioxidant power (FRAP) and the ferric reducing capacity (FRC) and examined their relationships

with a marker of serum protein oxidative damage (AOPP), in elderly patients with T2DM.
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7.2. Materials and methods

The group of 87 elderly subjects (19 men & 68 women, aged 65-80 years) were enrolled
in this study with T2DM.

The levels of glucose, cholesterol, HDL-C, LDL-C, blood urea nitrogen, creatinine, uric
acid, FRAP and serum Advanced Oxidation Protein Products (AOPP) were measured. To
evaluate the cardiovascular risk, the Atherogenic index (Ai) was calculated by the

logarithmically transformed ratio of triglycerides on HDL-cholesterol: Ai = log (TG/HDL-C).
7.3. Results

In fact, normal ageing as well as pre-diabetic and diabetic hyperglycemia are known to
be associated with increased production of ROS and oxidative damage to critical molecules in
the body: proteins, lipids and nucleic acids (74,75). Nutritional stress, for instance caused by
excess high-fat and/or carbohydrate diets, promotes oxidative stress as evidenced by increased

lipid peroxidation and protein oxidation products, and by a decreased antioxidant status (76).

The mean values of biomarkers indicating the atherogenic and cardiovascular risk,
namely HDL-cholesterol levels were significantly lower whereas the values of fasting glucose,
cholesterol, LDL-cholesterol and TG were significantly higher in diabetic subjects compared
with the control group. The serum atherogenic index (Ai) which is widely used as CVD risk
biochemical marker was significantly higher in T2DM group versus control. Non-significant
differences between groups were observed for creatinine and blood urea nitrogen, whereas uric

acid levels were slightly higher in diabetic patients.

The OS biomarkers were evaluated at systemic level through the assessments of serum
total antioxidant capacity (FRAP and FRC) and advanced oxidation protein products (AOPP).

In elderly subjects with type T2DM, significantly higher serum AOPP levels were found
out compared with healthy group. Regarding the serum antioxidant status, in all study population,

FRAP and FRP were significantly positive correlated with uric acid individual levels

Therefore, the FRAP and FRC values were divided to the individual serum levels of uric
acid and expressed also as FRAP-to-uric acid ratio (FRAP/UA) (table 1). FRAP and FRC levels
were slightly, non-significantly higher in the T2DM subjects. Moreover, after the additional

normalization to uric acid values, the ratios FRAP/UA and FRC/AU remained unchanged
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between the studied groups. The study of oxidative stress metabolic determinants which
influence the antioxidant status at systemic level revealed important relationships between
individual values of FRAP and FRC with biochemical parameters explored in all study

population as well as separately, in control subjects and diabetic patients.

Statistical correlation analysis evidenced significant negative associations between the
ratios FRAP/UA and FRC/UA with cholesterol and Atherogenic index (Ai) in all study
population. A negative relationship between the ratio FRAP/AU and AOPP was pointed out.

Several methods have been developed to assess plasma total antioxidant capacity, some
of which being commercialized as reagent kits. Because of their assay principle which is different
from case to case, results cannot be comparable when using different methods. Therefore, in the
present study we evaluated the serum antioxidant status in healthy elderly subjects and T2DM
patients using two analytical methods widely used in different clinical studies - FRAP and FRC.
Both method used are based on the same principle — the reduction of iron-complexes followed
by a change in color of the reduced Fe**-complexes. The aim was to correlate these markers with
the subject’s cardiometabolic risk and with a marker of serum protein oxidative damage (AOPP),
in order to investigate, in geriatric subjects, the clinical significance of these biomarkers in

monitoring the diabetes progression.

7.4. DISCUSSION

A first observation pointed out was the significant positive correlation of serum antioxidant
status expressed as FRAP and FRC with uric acid - a serum compound with low molecular
weight acknowledged to fulfill a dual role, explicitly as a hydrosoluble antioxidant and, in the
same time, at higher concentrations (hyperuricemia) as pro-inflammatory agent, being regarded
as cardiovascular risk marker (77). Moreover, Jansen and Ruskovska (78) also found recently a

good correlation of FRAP with uric acid.

We also noticed that in T2DM subjects the FRAP/uric acid ratio displayed better
statistically significant correlations with all the biomarkers representative for the cardiometabolic
risk: total cholesterol, HDL-cholesterol, triglycerides and atherogenic index, as well as with

AOPP which reflect the pro-inflammatory and pro-atherogenic conditions in the endothelial
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microenvironment. The decreased FRAP/UA ratio and increased AOPP values could be

considered as an early marker of the pathogenesis of diabetes complications in elderly patients.

These new results extend our knowledge on the associations between systemic
antioxidant status and oxidative stress markers in elderly subjects with dyslipidemia and insulin
resistance. As FRAP and AOPP assays can also be automated and optimized on a clinical auto-
analyzer, they are both very suitable for large number of samples and can provide valuable

additional information about the antioxidant status, beyond the traditional metabolic parameters.

Our results are in line with a recent study conducted on a sample population composed
0of 212 T2DM and 208 normal subjects above the age of 40, in which Kharroubi et al. (79)] found
significantly higher levels of serum total antioxidant status (TAS) — measured as Trolox
equivalents - in type 2 diabetes, and detected several continuous variables associated with the
TAS level, namely systolic blood pressure, fasting plasma glucose, glycated hemoglobin, and
body mass index. In contrast with these findings Rani and Mythili (79) pointed out a significant
decrease in the total antioxidant status among diabetic patients and significant increase in their

malondialdehyde levels in comparison to healthy controls.
7.5. Conclusion

Therefore, the present study identified significant associations between total antioxidant
status measured using FRAP and FRC assays and increased metabolic risk factors in elderly

subjects with type 2 diabetes.
CONCLUSIONS

In the present Thesis we investigated for the first time the network of
IGF1/IGF1R, metabolism syndrome metrics and oxidative stress products in breast cancer
progression. We studied the expression of IGF1/IGFR1 on breast cancer tissues of women using
immunohistochemistry staining and correlate the findings with the levels of IGF1 in serum of
the same subjects. Then, when we measured the levels of cholesterol, LDL, HDL, Triglyceride
and Glucose with other metrics such as BMI, cigarette smoking and life style as indirect
indicators for oxidative stress we found out significant correlation between all these parameters

and we compared our results with similar data from international literatures.
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Our studies showed that the elevation of serum IGF1 levels as well as the overexpression
of IGFI/IGFIR in tissues of breast cancer patients are associated with high levels of
metabolic syndrome markers as such, LDL cholesterol, triglycerides, glucose, body mass

index (BMI) and low levels of HDL.

The significant association between IGF1/IGF1R overexpression and Her2 positive/ER

Positive support the link of oxidative stress on breast cancer progression.

Interestingly, this study revealed remarkable link between malignant subjects and their
educational levels which may have reflected in many aspects on their lifestyles such as
low physical exercises, diet type and high carbohydrates uptake that increase the risk of

breast cancer.

We did not find any correlation between IGF1 serum levels and tumor stage or lymph
nodes metastases as have been mentioned in previously published reports in breast

cancers and other cancer types.

We study the biochemical and clinical relevance of new indices of insulin-leptin axis in
elderly subjects with metabolic syndrome by creating new insulin-adipogenic indices,
namely Insulin-to-Leptin Ratio (ILR) and Insulin-Adipogenic Resistance index (IAR-
index). ILR and [ARindex reflected the biological state of adipose and pancreatic -cells
and seem to depict the adipoinsular axis status related to metabolic and oxidative stress
better than individual markers. Therefore, ILR and IAR-index could represent integrated

high-potential biomarkers for disease and patient stratification.

We investigated the clinical relevance of serum total antioxidant status and relationships
with oxidative stress markers and provided new insights and information regarding the
use of specific methods to assess oxidative stress at systemic level with more adapted
methods to routine assays, that will enable healthcare professionals — nutritionists,
geriatricians, surgeons, to make use of categories of tests for evaluating oxidative stress
indicating parameters. These new results extend our knowledge on the associations
between systemic antioxidant status and oxidative stress markers in elderly subjects with
dyslipidemia and insulin resistance. To gain physicians interest in new techniques of
oxidative stress assessment is crucial for the accurate monitoring of diabetes progression.
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