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Summery

Breast cancer (BC) is the most common cancer in females worldwide.
Breast cancer is an uncontrolled growth of epithelial cells originating from breast
ducts or breast lobules. Breast cancers are invasive or infiltrating, it occurs when
they have through the walls of the glands or ducts that originated and grown into

surrounding breast tissue.

This study was designed to investigate the level of High mobility group
protein box 1(HMGB1), Receptor for Advanced Glycation End Products
(RAGE), Malondialdehyde (MDA) and vitamin E to find the potential
association between these parameters with disease progression in women with
breast cancer, and to evaluate the role of the genetic mutation (T/A RAGE and
T/C HMGBL1 in the gene polymorphism and associated risk of breast cancer and

disease progression in Babylon Province.

To achieve the objectives of this study, a test was conducted on (100)
people who were divided into two groups .The first group included 50 patients
with breast cancer, while the second group included 50 control group.

The concentration of HMGB1, RAGE, MDA and vitamin E were
determined by ELISA technique. DNA was extracted from blood and genotyped
for RAGE T/A gene mutation rs1800624 (via RFLP-PCR technology), HMGB1
T/C gene rs1412125 (via allele-specific AS-PCR technology). The results were

evaluated by various statistical analyses.

A significant increase in the level of HMGB1, RAGE and MDA was
observed in breast cancer patients compared to the control group. Vitamin E level
was significantly increased in patients with breast cancer. compared to control.

This increase is may be due to the nutritional supplement.



On the other hand, the mutation genotypes of RAGE gene T/A
rs1800624, HMGB1 T/C gene rs1412125 in breast cancer patients did not show

any significant association with disease (p > 0.05).

Finally, the gene polymorphism is not associated with the RAGE T/A
gene rs1800624 and HMGB1 T/C rs1412125 gene polymorphism associated in

breast cancer.
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Chapter One Introduction and Literature Review

1. Introduction

1.1. General Introduction

Breast cancer (BC) is the most common cancer in females worldwide [1].
Breast cancer is an uncontrolled growth of epithelial cells originating from breast
ducts or breast lobules. This disorder includes early noninvasive breast cancer,
such as ductal carcinoma in situ (DCIS) or lobular carcinoma in situ (LCIS),
breast cancer with basement membrane invasive (primary invasive breast
cancer) and breast cancer that has spread to distant lymph nodes or metastasize

to distant organs [2].

Breast cancer is the most common cancer among women, comprising

23% of the 1.1 million female cancers that are newly diagnosed each year [3].

In lIrag, breast cancer is the commonest type of female malignancy,
accounting for approximately one-third of the registered female cancers
according to the latest Iraqi Cancer Registry [4]. This shows that the breast is the
leading cancer site among the Iraqi population in general, exceeding even
bronchogenic cancer. The incidence of breast cancer increased in Iraq in recent

years, causig a significant health problem [5].

1.2. Risk Factors for Breast Cancer include
1.2.1. Non-Modifiable Risk Factors

1.2.1.1. Age and Gender

The vast majority of cases of breast cancer, reaching 99%, occur in
women. Only 1% of cases of this malignant tumor affect men. However, the
incidence of breast cancer in men, like that in women, shows a steady upward

trend, which is most likely associated with obesity [6].
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After gender, age is the most important known risk factor for breast
cancer , because the incidence of breast cancer is highly related to the increasing
age. Therefore, it is necessary to have a mammography screening ahead of time

in women aged 40 or older [7].

Numerous studies indicate that breast cancer in young women is
characterized by high grade malignancy, frequent overexpression of the HER-2

receptor or occurs as a molecular biological subtype (“triple negative”) [8].
1.2.1.2. Genetic Predisposition

The Genetic Predisposition form about (5-10%) of breast cancer cases.
The best-known genetic mutations associated with this cancer include mutations
in the BRCA1 and BRCAZ2 genes [9],[10].

Women with BRCA1 or BRCA2 mutations have an increased risk of
developing breast cancer. These women have up to 50% chance of developing
breast cancer. BRCA1 mutations also increase the risk of ovarian cancer. When
testing positive for these mutations, frequent monitoring of the cancer by MRI

or prophylactic mastectomy should be performed [10].
1.2.1.3. Family History

The risk of developing breast cancer increases twice in women whose
closest relative (mother, sister) has been treated for the malignant tumor and by
three to six times if the two closest relatives have been treated [11].

1.2.1.4. Menstrual History

The hormonal history of exposure to high levels of estrogen and
progesterone considered as an important risk factor. Women befor 13 years old

of onset of menstruation, women having no children or having a child after age
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30, and menopause women after age 50, all those considered more menstrual

cycles and have a greater period of hormone exposure [12].

1.2.2. Modifiable Risk Factors

1.2.2.1. Environmental Factors and Exposure to Carcinogens

lonizing radiation and other carcinogens that are caused mutation in the
DNA of normal cells and converted it to abnormal cancerous cells were increased

the risk of developing breast cancer [13].
1.2.2.2. Reproductive and Hormonal Factors

Estrogens play an important role in the pathogenesis of the development
of breast cancer. Breast cancer is considered a hormone-dependent tumor in
which elevated estrogen levels and longer exposure to this hormone are

associated with an increased risk of its development [14],[15].
1.2.2.3. Obesity

One of the risk factors for developing breast cancer, confirmed in many
studies, is obesity. many studies explained the relationship between obesity and
breast cancer prevalence in premenopausal and postmenopausal women [16].
These research found that both overweight and obesity increased the risk of
developing breast cancer, particularly steroid-receptor-expressed breast cancer,
In postmenopausal women who did not use hormone replacement therapy
[17],[18].

1.2.2.4. Smoking

Research reports on the impact of chronic nicotinism on the increased
risk of breast cancer are contradictory. However, a study by Jones [19]. published

in 2017 showed that smoking, especially at the beginning of early peripubertal
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age or adolescence, was associated with a moderate but statistically significant

increase in the risk of developing breast cancer [8].
1.2.2.5. Oxidative stress

There is increasing evidence indicating that oxidative stress is involved
in the pathogenesis of breast cancer. Exposures from endogenous and exogenous
oxidant sources constantly produce reactive oxygen species (ROS) including
superoxide radicals, hydrogen peroxide, and hydroxyl radicals in vivo [20].
These ROS cause oxidative damage to biomolecules (e.g., DNA, protein, and
lipids), and can cause genetic alterations, a process held in check only by the
existence of multiple antioxidant systems that alter the balance between

prooxidant cellular activity and antioxidant defenses [21],[22].
1.3. Breast Anatomy

Breasts are composed of fatty tissue that contains the glands responsible
for milk production in late pregnancy and after childbirth. Within each breast,
there are about 15 to 25 lobes formed by groups of lobules, the milk glands. Each
lobule is composed of grape-like clusters of acini (also called alveoli), the
hollow sacs that make and hold breast milk. The lobules are arranged
around ducts that funnel milk to the nipples. About 15 to 20 ducts come together
before they reach the nipple surface [23],[24] , as figure 1-1.
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/ Chest wall
1%}

Figure 1-1 : Anatomy of the normal Breast Tissue [25].
1.4. Pathology of Breast Cancer

Breast cancer begins when cells in the breast start to grow out of control.
These cells often are seen through an mammogram or its be felt as a lump when
forming a tumors. The breast cancer occurs almost entirely in women, but men
can get breast cancer, breast cancers can originate from different parts of the
breast [26].

Sarcomas and lymphomas are also other types of breast cancer that are
less common small number of growth start in other tissues in the breast. When
cancer cells of the breast get into the blood or lymphaticsystem, breast cancer
can metastasize and these cells are carried to other parts of the body [27].

The lymphatic system is a network of lymphatic vessels found
throughout the body that connects lymph nodes. The clear fluid that is present in
the lymph vessels, called lymph, contains tissue byproducts and waste material,

as well as immune system cells. In breast cancer, cancer cells can enter lymph
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vessels and start to grow in lymph nodes. Most of the lymph vessels of the breast
drain into: [28].

1. Axillary nodes: Lymph nodes under the arm

2. Supraclavicular: Lymph nodes above the collar bone

3. Infraclavicular: Lymph nodes below the collar bone

4. Internal mammary lymph nodes: Lymph nodes inside the chest near the

sternum.

If cancer cells are carried by lymph nodes, there is a higher chance of
cells passing through the lymphatic system and metastasizing to other parts of
the body. If there are more lymph nodes with breast cancer cells, the chance of
finding cancer in other organs is higher. If cancer is present in one or more lymph
nodes, the treatment plan will be affected. Often, patients need surgery to remove
one or more lymph nodes to determine if the cancer has spread. However, not all
women who have cancer cells in their lymph nodes will develop metastases, and
some women who do not have cancer cells in their lymph nodes will later

develop metastases [29].

1.5. Histopathological Types of Breast Cancer
1.5.1. Noninvasive (In situ carcinoma)

1.5.1.1. Ductal Carcinoma in -Situ (DCIS)

The most general kind of non-invasive breast cancer, is limited to the
breast duct DCIS starts out as a mass that grows in a milk duct, which carries
milk from the lobules, or glands, to the nipple. Over time, chances increase for
the mass to break through the ductal walls into the surrounding tissue and fat of
the breast [30].

DCIS may be a potential precursor to invasive cancer and is also

associated with an increased risk for developing new invasive breast cancer [31].

6
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1.5.1.2. Lobular Carcinoma in Situ (LCIS)

It called lobular neoplasia. It occurs when the abnormal cells growing
within and expanding some of the lobules of the breast. LCIS may consider a
risk factor for developing invasive cancer, but it’s generally not considered to be

a precursor of invasive cancer [32].
1.5.2. Invasive Carcinoma

About (80%) of breast cancers are invasive or infiltrative, it occurs when
they invade the walls of the glands or ducts that originated and grown into
surrounding breast tissue [33],[34].

1.5.2.1. Invasive Ductal Carcinoma (IDC)

Infiltrating ductal carcinoma is also recognized as invasive ductal
carcinoma. IDC originates from ductules of breast and extends to the duct wall,

invading the breast fatty tissues and probably other parts of the body [35].
1.5.2.2. Invasive Lobular Carcinoma (ILC)

Invasive lobular carcinoma (ILC) comprises approximately 10% of
breast cancers and is less common than infiltrating ductal carcinoma (IDC). ILC
iIs from originates (lobules) of the breast, but frequently extends to other areas
of the body [35],[36].

ILC is hormonally mediated, more common in older age, tends to be
multicentric, estrogen/progesterone receptor (ER/PR) positive and HER2-neu

negative [37].
1.5.2.3. cribriform carcinoma (ICC)

Invasive cribriform carcinoma (ICC) is a rare type of primary breast

carcinoma with an incidence of 0.3%-3.5% [38]. Its main characteristic is a
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unique structure with most of its invasive components arranged in a cribriform
pattern [39].

1.5.2.4. Mucinous carcinoma

Mucinous carcinoma accounts for approximately 2% of all breast cancer
and is a rare subtype of infiltrating ductal carcinoma. It often presents as a
lobulated, well-circumscribed mass on mammography, sonography, and
magnetic resonance imaging and can therefore be mistaken for a benign [40].
The incidence of mucinous carcinoma increases with age being approximately

1% in women < 35 years of age and 7% in women> 75 years of age [40].
1.5.2.5. Comedo ductal carcinoma

Comedo-DCIS is a histologic subtype of preinvasive breast neoplasia
that is characterized by prominent apoptotic cell death and has greater malignant
potential than other DCIS subtypes [41]. One clinically important histologic

feature is the presence of intralumenal (comedo) necrosis [42].

DCIS with comedo histology are most likely to recur following surgical
excision or progress to invasive cancer. In comparison to non-comedo-DCIS,
comedo DCIS lesions are populated by larger and more pleomorphic neoplastic
cells. There is no information yet on the mechanisms of apoptosis in comedo-
DCIS or the role of apoptosis in the transformation of comedo-DCIS into

Invasive carcinoma [43].
1.5.2.6. Tubular carcinoma

Tubular carcinomas are a special type of infiltrating - (invasive) breast
carcinoma. Women with tubular carcinoma generally have a better prognosis
than women with more common types of invasive carcinoma. Tubular

carcinomas account for around 2% of breast cancer diagnoses [44].
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1.5.2.6. Other types

There are several other types of breast cancer ,including medullary
carcinoma also is an invasive breast cancer that designs a discrete margin normal
tissue and medullary tissue. Others, inflammatory breast cancer is the form of
swollen breasts (red and warm) with dimples or broad ridges due to cancer cells
blocking lymphatic vessels or channels in the skin over the breast. Inflammatory

breast cancer is uncommon and is tremendously fast-growing [35].

Paget’s disease of the nipple is a rare form of breast cancer characterized
by the presence of intra epidermal tumour cells. It is often associated with ductal

carcinoma in situ (DCIS) or invasive cancer in the breast parenchyma [45].
1.5.3. Grade

The grade of breast cancer refers to how much cancer cells have
similarity with healthy cells when examined under a microscope. Determining
the grade of breast cancer may help the doctor to predict how quickly the cancer
will metastasize. If cancer tissues look like normal tissues, it is called a low-
grade tumor. If the cancerous tissues appear very different from normal tissue, it
Is called a high-grade tumor. In general, the lower breast cancer grade considers

the better prognosis [46], as shown in Table 1-1.

Table 1-1: Grading of Breast Cancer [47].

Grading
Grade 1 Cancer cells look a little different from normal cells. They
(Low grade) | are usually slow-growing.
Grade2_ Cancer cells do not look like normal cells. They are growing
(Intermediate f h de 1b b f de 3
Grade) aster than grade 1 breast cancer, but not as fast as grade 3.
Grade 3 Cancer cells look very different from normal cells. They are

(High grade) | fast-growing.
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1.5.4. Hormone receptor

Hormonal receptors play a key role in regulating the growth and
differentiation of breast epithelium and hormone receptor status is a prognostic
indicator in invasive carcinoma. The expression of hormone receptors as
determined by immunehistochemical stains indicates that the cells retain the

ability to be manipulated by exogenous hormone therapy [48].

Estrogen receptors (ER) and progesterone receptors (PR) are uniformly
expressed in normal breast tissue, ductal hyperplasia of the usual type. In DCIS,
there is less uniform expression, particularly in the higher-grade lesions. The

overall expression of estrogen receptors in DCIS is about 75% [48].
1.5.5. Her2

human epidermal growth factor receptor 2(HER?2) is a transmembrane
growth factor receptor found in normal and malignant breast epithelial cells.
Phosphorylation of the intracellular tyrosine kinase results in intracellular
signaling and activation of genes involved in cell growth. Overexpression of
HER2 has independent prognostic significance in early breast cancer and may
also predict response to hormonal and cytotoxic therapies HERZ2 is a relatively
new prognostic marker and holds promise for predicting response to various

therapies and for target specific therapy [49].
1.6. Molecular Subtypes of Breast Cancer
Breast cancer is grouped into four basic subgroups according to these:

1.6.1. Luminal A

Luminal A is typically low grade with excellent prognosis, ER/PR
positive and HER?2 negative, Ki-67 low, with high expression of ER-related

genes and low expression of proliferation related genes [50].
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1.6.2. Luminal B:

Luminal B breast cancer is having an aggressive clinical behavior, with
prognosis similar to that of HER2-enriched and basal like groups. Luminal B
tumours are higher grade with worse prognosis, and may be PR negative and/or
HER2 positive with high expression of proliferation related genes. Luminal B
cancers show increased relapse rates in the first 5 years after diagnosis, overall
survival, and a metast free survival dissemination time pattern similar to basal-
like and HER2-enriched cancers [51].

1.6.3. Her2\neu+ enriched

Human Epidermal Growth Factor Receptor 2-positive (HER2+) breast
cancer (BC) is a highly aggressive disease commonly treated with chemotherapy
and anti-HER2 drugs, including trastuzumab. HER2+ BC is caused by over-
expression/amplification of the HER2/ERBB2/NEU tyrosine ki- nase receptor
and constitutes 15-20% of cases [52].

1.6.4. Triple-negative

Triple-negative breast cancers are defined as tumors that lack expression
of estrogen receptor (ER), progesterone receptor (PR), and HER2. Basal-like
breast cancers constitute one of four intrinsic subgroups of breast cancer, the
existence of which was revealed by microarray-based expression profiling
studies. This subgroup is characterized by an absence or low levels of expression
of ER, an absence of HER2 overexpression, and expression of genes usually

found in basal or myoepithelial cells of the normal breast [53].
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1.7. Staging and Grading of Breast Cancer

1.7.1. Staging

Staging system was mainly based on: The stage is based on the size and
degree of local invasion by the primary tumor and is categorized from T1 to T4.
The N stage is determined by the extent of nodal involvement including axillary,
internal mammary, and ipsilateral supraclavicular lymph nodes. M describes if
the cancer has spread to another part of the body. The aim of cancer staging is to
identify the prevalence of the disease and to help to develop the treatment plan
[54], as shown in Table 1-2.

Table 1-2: Staging Breast Tumors According to TNM Classification [55].

T category N category M category

Stage 0 Tis NO MO
Stage | T1 NO MO
Stage IIA TO N1 MO
T1 N1 MO

T2 NO MO

Stage 1IB T2 N1 MO
T3 NO MO

Stage A T0 N2 MO
T1 N2 MO

T2 N2 MO

T3 N1, N2 MO

Stage 11IB T4 NO,N1,N2 MO
Stage I11C Any T N3 MO
Stage IV Any T Any N M1

12
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1.8. Symptoms of Breast Cancer

The most common symptom of breast cancer is a new lump or mass. A
painless, hard mass that has irregular borders is more likely to be cancerous, but
breast cancers can be tender, soft, or rounded. They can even be painful. For this
reason, it is important to have any new breast mass or lump or breast change
checked by a health care professional experienced in diagnosing breast diseases.

Other possible signs of breast cancer include:

 Swelling of all or part of a breast (even if no distinct lump is felt)
« Skin irritation or dimpling.

* Breast or nipple pain.

* Nipple retraction (turning inward).

* Redness, scaliness, or thickening of the nipple or breast skin.

* Nipple discharge (other than breast milk [41].

1.9. Diagnosis of Breast Cancer

1.9.1. Mammography

Mammography is a specific type of imaging that uses a low-dose X-ray
system to examine the breast, and is currently the most effective method for
detection of breast cancer before it becomes clinically palpable .Mammography
offers high-quality images at a low radiation dose. Current guidelines of the
American Cancer Society (ACS) recommend that women aged 40-49 years have
a routine mammogram every one to two years, with the first beginning at age 40
[56].

13
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1.9.2. Ultrasound

Ultrasound imaging is one of the most effective tools as an adjunct to
mammography to detect and diagnose abnormalities in the breast. Studies show
that ultrasound is able to detect and discriminate benign and malignant masses
with high accuracy and reduce the number of unnecessary biopsy ultrasound is

more sensitive for detecting invasive cancer in dense breasts [57].
1.9.3. Magnetic resonance imaging (MRI)

Magnetic resonance imaging creates image at different cross-sections by
applying strong magnetic field with RF signals, and contrast agent can be applied
to increase the resolution of MRI image. Breast MRI has been recommended for
subjects with high breast cancer risk, the MRI tests have been suggested for
specific population groups including BRCA mutation carriers and subjects with
high breast cancer risk Compared to mammography and ultrasound, MRI is less
specific but more sensitive to detect small tumors in subjects with high breast

cancer risk [26].
1.9.4. Fine Needle Aspiration

Fine Needle Aspiration (FNA) is a diagnostic technique of a tumor that
Is used in the diagnosis of breast lesions. Fine needle is inserted into the mass
with very slow and the specimen is collected and placed on a slide for

microscopic examinations [58].
1.9.5. Core Needle Biopsy (CNB)

This technique is used when there is no experience cytopathologist to
evaluate results from an FNA. CNB provides material for histological evaluation

by distinguishing between ductal carcinoma in situ and invasive cancer [59].
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1.9.6. Excisional Biopsy

Excisional Biopsy is the surgical removal of a breast mass with the
surrounding normal breast tissue. It's used when a Needle biopsy is not feasible
or discordant with imaging results. The breast mass is removed and examined
for biopsy [59].

1.10. Treatment of Breast Cancer
1.10.1. Surgery

Most patients with breast cancer have surgery to remove the cancer
from the breast. Some of the lymph nodes under the arm are usually taken out
and looked at under a microscope to see if they contain cancer cells . Surgery

for breast cancer consists of two main options [60].
1.10.1.1. Lumpectomy

Surgery to remove a tumor (lump) and a small amount of normal tissue
around it [61].

1.10.1.2. mastectomy

1.10.1.2.1. Modified radical mastectomy

Surgery is one of the mainstays of treatment. Modified radical
mastectomy (MRM) typically involves removal of the entire breast, including
the skin, areola, nipple, and most axillary lymph nodes, but the pectoralis major

muscle is spared [62].
1.10.1.2.2. Breast-conserving surgery

Breast-conserving surgery is currently the standard treatment for most

patients with early-stage breast cancer [63].
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may also have some of the lymph nodes under the arm removed for biopsy [64].

1.10.2.Systemic Therapy

1.10.2.1.Cytotoxic therapy

Chemotherapy is a treatment using anti-cancer (cytotoxic) drugs.
Chemotherapy can be given before surgery (this is called primary or (neo-
adjuvant chemotherapy) to try and reduce the size of a tumor, or after surgery

(adjuvant chemotherapy) [65].

The aim of chemotherapy given after surgery is to destroy any cancer

cells that may have spread from the breast to other parts of the body [66].

Targeted therapy HER2-positive patients left untreated have a worse
prognosis. trastuzumab given together with chemotherapy in early breast cancer
[25].

1.10.3. Hormonal Therapy

Approximately 80% of breast cancer patients have ER-positive tumors,
the growth of which is stimulated by hormones. Adjuvant endocrine therapy
either blocks or lowers the circulating endogenous hormone levels, thereby
reducing both local and distant recurrences. They are administered following
chemotherapy since they decrease the proportion of proliferating cells, making

the tumor less sensitive to chemotherapy in ER-positive patients [25].
1.10.4. Radiotherapy Therapy

Radiotherapy plays a vital role in local treatment of lymph node
metastasis in breast cancer. However, radiotherapy has effect on both normal
and tumor cells, which means patient have to suffer side effects that come along,
and the toxicity is always dose dependent [67].
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1.11. Damage Associated Molecular Patterns in Breast Cancer

Damage associated molecular patterns (DAMPs) are nuclear or cytosolic
proteins with defined intracellular function that are released outside the cell
following tissue injury. This transmitted from the intracellular space to the
extracellular space moves the DAMPs from a reducing to an oxidizing
environment causing their functional denaturation, resulting in their loss of
function [68].

DAMPs are endogenous danger signals that are discharged to the
extracellular space in response to damage to the cell from trauma or pathogen.
They are expressed in different cell types and function in normal cellular
homeostasis. They are localized in the nucleus and cytoplasm (HMGB1),
cytoplasm (S100 proteins), exosomes (heat shock protein) and extracellular
matrix (hyaluronic acid). On the basis of their origin and mechanism of action,
the pro-inflammatory DAMP molecules can be classified as those that directly
stimulate cells of the innate immune system and those that generate DAMPs from

other extracellular molecules [69].
1.11.1. High Mobility Group Box 1 (HMGB1)

High mobility group protein box 1 (HMGB1) is a member of the high
mobility group protein superfamily with secretory and intracellular activity
superfamily with secretory and intracellular activity [70].HMGBL1 is encoded by
the HMGB1 gene (13g12) in human [71].

High mobility group box-1 (HMGB1) is a factor regulating malignant
tumorigenesis and proliferation [72].

1.11.2. Structure of High Mobility Group Box 1 (HMGB1)

HMGBL is a 215 amino acid long protein that consists of two DNA-
binding domains (HMG A box and HMG B box) and a C-terminal acidic tail in
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the nucleus, HMGB1 performs its binding and bending functions with DNA
mainly through its A and B box domains respectively. The C-terminal acidic tail
Is composed of continuous aspartate and glutamate residues, and has a protective
effect on HMG A and B box during the transport of HMGB1 from the nucleus
to the cytoplasm [73] [74], figure 1-2.

HMG A box HMG B box C-terminal acidic tail
. | TES—T
—————— - B [
g 13 95 163 186 213

Figure 1-2: Structure of High Mobility Group Box 1 (HMGBL1) [74].

1.11.3. Mechanism Release of High Mobility Group Box 1
(HMGB1)

There are two nuclear localizing sequences (NLSs) present in HMGB1,
one in Box-A and other in Box-B. Both NLSs have lysine AA residues.
Hyperacetylation of these lysine residues enables translocation of HMGB1 from
nucleus to cytoplasm [75].

The shuttling of HMGB1 protein from nucleus to cytoplasm was
determined by the overall acetylation state. There are two possible mechanisms
for the release of nuclear HMGBL1 protein by the immune cells, active secretion

or passive secretion [76].

Active release of HMGB1 from macrophage or monocytes requires a
pro-inflammatory stimulus that was responsible for the acetylation of HMGB1
and leading to accumulation in cytoplasm. Active secretion of HMGB1 could
not be possible either by Endoplasmic reticulum or Golgi complex secretory
pathway due to absence of leader peptide sequence HMGB1 was actively
secreted by inflammatory cells like macrophages or monocytes during the tissue

injury and oxidative stress [77].
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Passive release of HMGBL1 extent of acetylation was the key factor
responsible for the release and binding of HMGBL1 with dsDNA . In necrotic
cells, the extents of hyper-acetylation weaken the binding of HMGB1 to DNA
and thus facilitated the release of HMGB1 from nucleus in passive manner.
While in apoptotic cells intracellular maintenance of hypoacetylated HMGB1
was due to its strong binding with dsDNA thus limited release into nearby
environment, hence responsible for causing insignificant inflammation in the

neighboring tissue after apoptosis [78], figure 1-3.
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Figure 1.3: Schematic representation of active secretion and passive release
mechanism of HMGBL1 protein [78].
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1.11.4. Role of HMGBL1 Protein in Breast Cancers:

High mobility group protein box 1 (HMGB1) has a complex role in
carcinogenesis because it has both pro- and anti-tumorigenic bioactivities

HMGB1 up-regulation or down-regulation varies with the type of cancer [79].

Moreover HMGB1 has mixed effects on the hallmarks of cancer namely
unlimited replicative potential, ability to develop blood vessels (angiogenesis)

evasion of programmed cell death (apoptosis [80].

Serum HMGB1 could be a useful serological biomarker for diagnosis and

screening of breast cancer [81].

Finding revealed that HMGBL1 could be able to promote growth of breast
cancer cells in-vitro. HMGB1 overexpression has been associated with increased
apoptosis when BC cell lines have been treated with anti-HMGB1 promotes
angiogenesis by binding to its receptor RAGE, activating NF-«B up-regulating
leukocyte adhesion molecules and the production of proinflammatory cytokines
and angiogenic factors in both cancer drugs and radiation thereby [82].

High mobility group protein box 1 (HMGB1) is a crucial factor in the
development and progression of breast cancer. Binding of HMGB1 to RAGE has

been associated with tumor cell survival, progression, and metastasis [83].

HMGBL1 protects cells from apoptosis because it affects telomere stability and
stimulates certain cellular proteins involved in the proliferation of cancer cells
[84].

High mobility group protein box 1 (HMGB1) may prove to be useful
biomarker to detect the progression of BC and could be targeted by gene therapy

technique for cure[85].
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1.12. Receptor for Advanced Glycation End Products (RAGE)

The human (RAGE) gene is located on chromosome 6p21.3, has a total
length of 3.27 kb, and contains 11 exons [86].

RAGE, a Cell surface protein, is a multi-ligand receptor of the
immunoglobulin super- family that is expressed in combination with certain
active ligands including advanced glycosylation end-products (AGEs) and

several members of the S100 family [87].

RAGE is considered a receptor for HMGB1 and several S100 proteins,
which are Damage-Associated Molecular Pattern molecules (DAMPS) released

during tissue damage [88].

When RAGE is combined with ligands, it promotes the downstream
phosphorylation of the p38 MAPK protein, thus increasing the expression of the
NF-kB signaling path. NF-kB encourages the expression of inflammatory
factors, such as TNF-a and IL-1p, by regulating the target genes and triggering
related inflammatory and autoimmune responses, resulting in persistent tissue

damage [89], as shown in the figurel-4.
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Figure 1.4: Receptor Advanced Glycation End Product (RAGE) regulates the
MAPK/NF-xB signaling pathway. After binding to the ligand, RAGE
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phosphorylates its downstream MAPK and activates NF-kB protein. NF-«kB
enters the nucleus to promote the transcriptional expression of inflammatory
factors [89].

Studies have revealed that high-sugar diets, amyloidosis, oxidative stress,
and other unique environments can significantly induce RAGE expression on the
surface of smooth muscle cells, neurons, and other cells. RAGE participates in
critical physiological processes, such as regression of inflammation,
maintenance of cell homeostasis, and postinjury repair and regeneration[90] .For
example, a low concentration of S100B regulates cell proliferation and
differentiation through RAGE under physiological conditions. Under
pathological conditions, the combination of S100B and RAGE stimulates the

release of proinflammatory cytokines [91].

RAGE plays a master regulator of origin, invasion and metastasis of
tumours by binding with AGEs, HMGBJ1, or S100 group of proteins, which are
expressed largely during pathological conditions of glycation and inflammation.
The receptor-ligand duo serves as the key target for prevention and successful
treatment of cancers, irrespective of their site of origin, molecular subtype, and
disease stage. It confers selective cytotoxicity to drugs targeting RAGE and its
ligands, which when identified could be used in combination with standard
conventional chemotherapy for effective control of progression and metastasis
of cancers, simultaneously devoid of any adverse effects to normal cells [91].

The formation of the AGER complex primarily includes components
such as non-enzymatic glycation proteins and lipoproteins, and its protein
structure is comprised of an extracellular domain and a single transmembrane

domain with a short cytosolic tail [92].
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AGEs belong to a heterogeneous, complex group of compounds formed either
exogenously or endogenously by different mechanisms and from a variety of

precursors [93].

Advanced glycosylation end-products (AGEs) the products of
nonenzymatic glycation condensation and oxidation between carbonyl groups of
reducing sugars and free amine groups of nucleic acids, proteins or lipids, which
form as post-translational modifications of proteins and lipids, primarily on

lysine and arginine groups within the backbone protein [93] [94].

AGER expression is induced by excess oxidative stress and increased
inflammatory responses after tissue injury, and its expression has been suggested
to have devastating effects on tissue reorganization. Accordingly, scholars have
suggested that the risk of development of BC might be attributed to various

mutations in the AGER gene related to tumor progression [95].
1.12.1. RAGE Structure

RAGE consists of extracellular, hydrophobic, transmembrane, and
intracellular segments. The extracellular V-shaped region provides RAGE-
ligand binding sites. Intracellular fragments can bind to various intracellular
signal molecules and mediate signal transduction to cause cascade reactions,

including full-length type, truncated C-terminal type, and truncated N-terminal
type [96].

The truncated C-terminal type is endogenous secretory soluble RAGE
(esRAGE), which can be secreted by cells and contains only the extracellular
segment. In contrast, the truncated N-terminal type consists of the
transmembrane region and an intracellular component. Membrane-associated
proteases can remove the transmembrane component of RAGE by hydrolysis,
and the released extracellular segment can form soluble SRAGE with esRAGE.

SRAGE can competitively bind to RAGE ligands, but binding to ligands
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terminates intracellular signal transduction due to the loss of transmembrane and

intracellular fragments [91], as Figure 1-5.
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Figure 1-5: RAGE structural organization.
1.13. Single Nucleotide Polymorphisms

SNPs are variants in the genome occurring naturally in the human
population.” Each individual inherits one allele copy from each parent, so that
the individual genotype at an SNP site is AA, BB, or AB [97]. SNP is defined as
a genomic locus where two or more alternative bases occur with appreciable
frequency (>1%). SNPs are the most frequent type of variation in the human
genome, occurring once every several hundred base pairs throughout the genome
(200). For any given SNP, the SNP can occur in a coding region but not result in
a change in amino acid, it can occur in a coding region with an amino acid
change, it can occur in a regulatory region where the result is a change in gene

expression, or it can occur in a region between genes [98].

25



Chapter One Introduction and Literature Review

1.14. The Role of Oxidative Stress in Breast Cancer Risk and

Prognosis

Oxidative stress can be defined as an imbalance between oxidants and
antioxidants in favor of the oxidants, potentially leading to damage. If the level
of reactive species is high and overcomes the antioxidant defense mechanisms
of the human body, oxidative damage can occur to lipids, proteins, or directly to
DNA [99].

DNA damage is hypothesized to play an important role in the initiation
of carcinogenesis Oxidative stress mechanisms are also involved in the activation
of cell signaling pathways, including tumor cell proliferation, increased tumor
cell migration, and increased tumor cell proangiogenic factors, and play a key
role in apoptosis, mechanisms that can impact both cancer progression and
metastasis. Increased reactive oxygen species (ROS) and the resulting high
oxidative stress are key characteristics of malignant tumors. Many cancer
treatments, such as radiotherapy and certain chemotherapy agents, act through

oxidative stress pathways via the production of ROS to kill tumor cells [99].

Several biomarkers of oxidative stress have been identified for use in
studies and can be measured in various biological samples including both blood
and urine. Commonly used biomarkers include DNA damage biomarkers, such
as 8-hydroxy-2 deoxyguanosine, protein carbonyl groups as a marker of protein
oxidation, and malondialdehyde (MDA) as markers of lipid peroxidation
[100],[101], as Figure 1-6.
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Figure 1-6: ROS action on DNA, lipids and proteins lead to DNA base
oxidation, lipid peroxidation and protein carbonylation [102].

Biomarkers of oxidative stress have been investigated for their
association with the development and progression of several cancer types, and in
particular breast cancer, as oxidative stress mechanisms may be involved in
several known breast cancer risk factors Breast cancer cells have been shown to
be susceptible to oxidative damage and have high levels of oxidative stress,
including protein damage, DNA damage, and lipid peroxidation several breast
cancer risk factors may alter levels of endogenous oxidative stress [99],[103].

Non- enzymatic anti-oxidants include a variety of exogenous biological

molecules such as glutathione, vitamin C, vitamin E, and carotenoids [104].

An anti- oxidants system may work to either prevent the formation of
ROS (primary anti-oxidants) or react with the ROS to neutralize or inhibit their

actions (secondary anti-oxidants) [103].
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1.14.1. Malondialdehyde (MDA) as alipid peroxidation marker

MDA is a highly reactive three-carbon dialdehyde formed as a result of
the depletion of antioxidant systems during the peroxidation of polyunsaturated
fatty acids by reactive oxygen species. MDA comes in two forms: endogenous
from lipid peroxidation and exogenous from diet [105].

Lipid peroxidation, which is the result of non- enzymatic auto-oxidation
of polyunsaturated fatty acids. Malondialdehyde (MDA) is one of the final
decomposition products of lipid peroxidation(polyunsaturated fatty acids
peroxidation in the cells) . and it is also formed as a product of the
cyclooxygenase reaction in prostaglandin metabolism. MDA may be involved in
tumour promotion because it can interact with functional groups of a variety of
cellular compounds, including the amino groups of proteins and nucleic acid
bases, the N bases of phospholipids and the SH groups of sulphydryl compounds
[106].

MDA alters the physical structure of cell membranes and is involved in
the creation of protein, DNA, and RNA in an indirect manner. It also has
carcinogenic and mutagenic effects. For many years, MDA has been utilized as

a biomarker for lipid peroxidation and oxidative stress [107].

An increase in free radicals causes overproduction of MDA.
Malondialdehyde level is commonly known as a marker of oxidative stress [108].

1.14.2. Vitamin E:

The term vitamin E includes eight different chemical forms four

tocopherols and four tocotrinols [109].

The most bio- logically active form of vitamin E is tocopherol. Vitamin
E, the major lipid-soluble antioxidant found in cell membranes, protects against

lipid peroxidation and is a free radical scavenger. are among the body's primary
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defenses against cellular oxidative damage caused primarily by toxic oxygen
products. Free radicals and reactive oxygen molecules are generated
endogenously as a result of metabolic reactions. There are also numerous
exogenous sources of these molecules, including tobacco smoke, pollutants,

organic solvents, and pesticides Free [109].

vitamin E, may protect breast tissue from oxidant damage that may lead

to the development of cancer [110].

Reactive oxygen species ROS is a term that includes roots that focus on
oxygen (Superoxide) anion radical, Hydroxyl radical, Peroxyl radical, Lipid
hydroperoxide, and Hydroperoxyl HO2 and DNA in cells and tissues, stimulate
undesirable oxidation and causing membrane damage, protein modification,
DNA damage, and cell death induced by DNA fragmentation and lipid
peroxidation . The Researches results show significant decreased in levels of
vitamin E (p<0.05) in malignant and radiotherapic groups comparing to the

control group [111] .
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Aims of the study

1.

Identification the genotypic and allelic frequency of HMGBL1 (rs1412125)
and RAGE (rs1800624) genes in breast cancer patients compared with
healthy control by using AC- PCR, RFLP-PCR and their association with

susceptibility to breast cancer.

Measure the Serum level of HMGB1 and RAGE in both breast cancer
patients and healthy controls and assess their expression with progression of

disease.

Measuring serum level of vitamin E (as antioxidant) and evaluation their

expression with progression of disease.

Measuring serum level of Malondialdehyde (MDA) and evaluation their

expression with progression of disease.
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2. Materials and Methods
2.1. Materials

2.1.1. Study Places

This study was carried out on patients whom diagnosed by physicians
in Babylon Center Treatment Cancer at Margan Hospital. The patients did not
receive any chemotherapy or radiation prior to taking the blood sample to
exclude the effect of these drugs on the biochemical and genetic result. The
practical part of this study was conducted at the laboratory of Chemistry and
Biochemistry Department /College of Medicine / University of Babylon. Sample
collection was conducted during the period from the September 2022 until the
of December 2022.

2.1.2. Study Design
This study was designed as case-control study.

2.1.3. Study Population

2.1.3.1. Breast Cancer Groups

The breast cancer patients whom participated in this study were
(50), their age range between (29-69) years old were divided according to the
molecular classification of breast cancer by immunohistochemistry technique
that depends on the expression of ER, PR, and Her2-enriched proteins into four

groups:
-Luminal A: 20 female patients with breast cancer.
-Luminal B: 17 female patients with breast cancer.

- Her2\neu+ enriched: 7 female patients with breast cancer.
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-Triple-negative: 6 female patients with breast cancer.
2.1.3.2. Control Group

The control group whom participated in the study includes (50)
apparently healthy females. Their age were ranged between (29-69) years.

2.1.4. Ethical Issues

All participants in this study were informed before to collecting samples,
and verbal agreement was obtained from each of them. The study protocol and
the subject information and consent form were reviewed and approved by a local

ethics committee.

2.1.5. Data Collection
2.1.5.1. Inclusion Criteria

2.1.5.1.1. Inclusion Criteria of Patients

Female subjects were (29-69) years of age.

Patients include females premenopausal and postmenopausal.

Women primarily new diagnosed with breast cancer by physicians and
confirmed through biopsy.

The patients did not receive any chemotherapy or radiation prior to taking the
blood sample.

2.1.5.1.2. Inclusion Criteria of Controls

e Female subjects were (29-69) years of age.

¢ include females premenopausal and postmenopausal.
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¢ No present diagnosis of breast cancer and other type of cancers.
¢ No family history of breast cancer.
e No chronic diseases.

2.1.5.2. Exclusion Criteria
2.1.5.2.1. Exclusion Criteria of Patients

¢ Patients who received chemotherapy or radiation.
e Patients with benign breast tumor.
e Diabetic patients.

2.1.5.2.2. Exclusion Criteria of Controls

e Female with breast cancer family history
e Female with chronic diseases.
e Diabetics.

2.1.6. Demographic and Anthropometric Measurement

2.1.6.1. Questionnaire

Socio-demographic characteristics include height, weight, age, age
menarche, age of menopause, histological subtype, grade , and family history of

cancer, as shown in the questionnaire included in the appendix.
2.1.6.2. Anthropometric Measures

Body mass index (BMI), which is weight in kilograms divided by height

in meters squared [110].
BMI (Kg/m?) = weight (kg) / height (m?).
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BMI < 18kg/m2 is underweight.

BMI 19-24.9 kg/ m 2 is normal.

BMI 25 - 29.9kg/ m 2 is overweight.

BMI 30 - 34.9 kg/ m 2 is class | obesity

BMI 35 - 39.9 kg/ m 2 is class Il obesity.

BMI 40 kg/m2 and above is Class 111 obesity.

2.1.8. Blood Collection

Venous blood samples were collected from control and patients by using
disposable syringe (5 ml). Five ml of blood were obtained from each subject by
vein puncture, 2 ml was put into EDTA tubes and stored at - 20°C (deep freeze),
in order to be used later in genetic part of the study, the remaining of blood 3
ml, pushed slowly into disposable tubes containing separating gel was allowed
to clot at room temperature and then centrifuged at 2000 xg for approximately
10 minutes then the serum was divided into small Eppendorf tube and kept in a
deep freezer (-20° C) to be used for biochemical estimation of the levels of
HMGB1, RAGE, malondialdehyde (MDA) and vitamin E by ELISA technique.

2.2. Chemicals

Chemicals and kits used in this study were listed in Table 2-1:
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Table 2-1: Chemical Substances Used in the Present Study

No Materials PIEe e Origin
company
1 Agarose Condalab Spain
2 Absolute Ethanol (100%) Fluka Chemika | Switzerlad
3 DNA extraction kit Favorgen Taiwan
4 DNA ladder 100bp Promega USA
5 Ethidium bromide Promega USA
6 Primers Macrogen Korea
Human high mobility group protein B1 . .
7 ELISA Kit Melsin China
8 Malondialdehyde (MDA) Kit Melsin China
9 Nuclease free water Promega USA
10 PCR Master mix Kit Promega USA
11 Restriction enzyme T_herm(_) England
scientific
Receptor for Advanced Glycation End . .
12 Products (RAGE) Kit Melsin China
13 TBE buffer Promega USA
14 Vitamin E Kit Melsin China

2.3. Instruments

The instruments and tools used in this study are shown in Table 2-2.
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Table 2-2: Instruments and Tools Used in this Study.

No Devices and tools Company Origin
1 Centrifuge ThermoFisher Germany
2 Deep Freeze GFL Germany
3 Disposable syringes(5mL) | BiozekMedical China
4 ELISA reader and Paramedical Italian
5 EDTA tube (5ml) AFCO Jordan
6 Eppendorf tube (1.5ml) China
7 Gel documentation Analytik jena Germany

Gel electrophoresis Bioneer Germany
9 Gel tube (10 mL) AFCOVAC Jordan

10 Hot Plate Grant England
11 Incubator Memmert Germany
12 Micro centrifuge Wise spin Korea
13 Nano- drop Analytik jena Germany
14 Oven Memmert Germany
15 PCR Thermo cycler Analytik Germany
16 Sensitive balance Kern Germany
17 Spel(:Jt\r{)-gi:Sgtt)()l r?w-eter Shimadzu Japan
18 Vortex Kunkel Germany
19 Water bath GFL Germany
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2.4. Methods

2.4.1. Determination of Serum Human High Mobility Group
Protein B1 (HMGB1) Levels

2.4.1.1. Principle

The Sandwich-ELISA technique is used in the determination of
HMGB1level of patients and control. The plate has been pre-coated with human
HMGB1 antibody. HMGB present in the sample is add and bind to antibodies
coated on the microplate wells. After that biotinylated human HMGB1 antibody
Is added and bind to HMGBL1 present in the sample. Streptavidin-HRP is added
and binds to the biotinylated HMGB1 antibody. After incubation period
unbound streptavidin-HRP is washed away. Chromogen A and B were added to
microplate wells and incubated followed by addition of stop solution. Absorption

Is then measured at 450 nm [86].
2.4.1.2. Kit Contents

Table 2-3 listed the contents of kit that used to determine High Mobility
Group protein B1(HMGBL1) produced by Melsin company (Chaina).

Table 2-3: Contents of Kit Used to Determine HMGB1 Levels.

No Components Quantity
1 Microelisa Stripplate 12*8 Strips
2 Standred (1 set) 0.3mIX6
3 Sample diluent 6.0mIX1
4 HRP-Conjugate reagent 10.0miIX1
5 20X Wash solution 25mlX1

37



Chapter Two Materials and Methods

6 Chromogen Solution A 6.0mlIX1
7 Chromogen Solution B 6.0mlIX1
8 Stop Solution 6.0mIX1
9 Closure plate membrane 2
10 User manual 1
11 Sealed bags 1

2.4.1.3. Preparation of Reagent
Woash solution was diluted with distilled water 1:20.
2.4.1.4. Assay Procedure

1. Before use, all reagent bring to room temperature. The assay is performed at

room temperature.
2. A volume of 50ul of standard was added to well standard.

3. A volume of 40ul from sample were added and then added 10ul antiHMGB1
antibody to sample well, then 100ul of HRP-conjugate reagent to both sample
and standard wells, then mixed well. The over plate covered with sealer and
incubated for 60 min at 37 ° C.

4. Sealer was removed , and microplate was cleaned 5 times with a wash buffer.

using automatic washer.

5. A volume of 50ul chromogen solution A was added and then followed by
addition 50ul chromogen solution B for each wells. The coated plate incubated

with new sealer for 15 min. at 37 ° C in dark media.

6. To each well 50ul of stop solution was added, and the color change from the

blue to yellow immediatly.
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7. The optical density (OD value) of each well identified directly after applying
the stop solution by utilize a microplate reader set at 450 nm within 15 min.

Detection range: 0-40000 pg/ml
Sensitivity: less than 10 pg/ml

2.4.1.5. Result Estimation

Results were determined using standard curve as shown in figure 2-2.

Figure 2-1: Standard curve for Human HMGBL1.

2.4.2. Determination of Serum Receptor for Advanced Glycation
End Products (RAGE) Levels

2.4.2.1. Principle

The Sandwich-ELISA technique is used in the determination of RAGE
level of patients and control. The plate has been pre-coated with human RAGE
antibody. RAGE present in the sample is add and bind to antibodies coated on
the microplate wells. After that biotinylated human RAGE antibody is added and
bind to RAGE present in the sample. Streptavidin—-HRP is added and binds to the
biotinylated RAGE antibody. After incubation period unbound streptavidin-HRP
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Is washed away. Chromogen A and B were added to microplate wells and
incubated followed by addition of stop solution. Absorption is then measured at
450 nm [86].

2.4.2.2. Kit Contents

Table 2-4 listed the contents of kit that used to determine Receptor for
Advanced Glycation End Products (RAGE) produced by Melsin company
(Chaina).

Table 2-4: Kit Contents of Receptor for Advanced Glycation End Products
RAGE Levels Determination.

No Components Quantity
1 Microelisa Stripplate 12*8 Strips
2 Standred (1 set) 0.3ml X6
3 Sample diluent 6.0ml X1
4 HRP-Conjugate reagent 10.0ml X1
5 20X Wash solution 25ml X1
6 Chromogen Solution A 6.0ml X1
7 Chromogen Solution B 6.0ml X1
8 Stop Solution 6.0ml X1
9 Closure plate membrane 2
10 User manual 1
11 Sealed bags 1
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2.4.2.3. Reagent Preparation
Wash solution was diluted with distilled water 1:20.
2.4.2.4. Assay Procedure

1. Before use, all reagent bring to room temperature. The assay is performed at

room temperature.

2. A volume of 50l of standard was added to well standard.

3. A volume of 40ul from sample were added and then added 10ul anti RAGE
antibody to sample well, then 100ul of HRP-conjugate reagent to both sample
and standard wells, then mix well. The over plate covered with sealer and
incubated for 60 min at 37 ° C.

4. Sealer was removed , and microplate was cleaned 5 times with a wash buffer.

using automatic washer.

5. A volume of 50ul chromogen solution A was added and then followed by
addition 50ul chromogen solution B for each wells. The coated plate incubated

with new sealer for 15 min. at 37 ° C in dark media.

6. To each well 50ul of stop solution was added, and the color change from the

blue to yellow immediatly.

7. The optical density (OD value) of each well identified directly after applying

the stop solution by utilize a microplate reader set at 450 nm within 15 min.
Detection range: 0-4 ng/ml

Sensitivity: less than 0,1 ng/mi
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2.4.2.5. Result Estimation

Results were determined using standard curve as shown in figure 2-3

Figure 2-2: Standard Curve of RAGE.

2.4.3. Determination of Serum Malondialdehyde (MDA) Level

2.4.3.1. Principle

The Sandwich-ELISA technique is used in the determination of MDA
level of patients and control. The plate has been pre-coated with human MDA
antibody. MDA present in the sample is add and bind to antibodies coated on the
microplate wells. After that biotinylated human MDA antibody is added and bind
to MDA present in the sample. Streptavidin-HRP is added and binds to the
biotinylated MDA antibody. After incubation period unbound streptavidin-HRP
is washed away. Chromogen A and B were added to microplate wells and
incubated followed by addition of stop solution. Absorption is then measured at
450 nm [86].
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2.4.3.2. Kit Contents

Table 2-5 listed the contents of kit that used to determine

Malondialdehyde (MDA) produced by Melsin company (Chaina).

Table 2-5: Kit Contents of Malondialdehyde (MDA) Levels Determination.

No Components Quantity
1 Microelisa Stripplate 12*8 Strips
2 Standred (1 set) 0.3ml X6
3 Sample diluent 6.0ml X1
4 HRP-Conjugate reagent 10.0ml X1
5 20X Wash solution 25ml X1
6 Chromogen Solution A 6.0ml X1
7 Chromogen Solution B 6.0ml X1
8 Stop Solution 6.0ml X1
9 Closure plate membrane 2
10 User manual 1
11 Sealed bags 1

2.4.3.3. Reagent Preparation
Wash solution was diluted with distilled water 1:20.
2.4.3.4. Assay Procedure

1. Before use, all reagent bring to room temperature. The assay is performed at

room temperature.
2. A volume of 50ul of standard was added to well standard.

3. A volume of 40ul from sample were added and then added 10ul anti RAGE
antibody to sample well, then 100ul of HRP-conjugate reagent to both sample
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and standard wells, then mix well. The over plate covered with sealer and
incubated for 60 min at 37 ° C.

4. Sealer was removed , and microplate was cleaned 5 times with a wash buffer.

using automatic washer.

5. A volume of 50ul chromogen solution A was added and then followed by
addition 50pl chromogen solution B for each wells. The coated plate incubated

with new sealer for 15 min. at 37 ° C in dark media.

6. To each well 50ul of stop solution was added, and the color change from the

blue to yellow immediatly.

7. The optical density (OD value) of each well identified directly after applying
the stop solution by utilize a microplate reader set at 450 nm within 15 min.

Detection range: 0-8nmol/ml
Sensitivity: less than 0,2nmol/ml

2.4.3.5. Result Estimation

Results were determined using standard curve as shown in figure 2-4.

Figure 2-3: Standard Curve of Malondialdehyde (MDA).
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2.4.4. Determination of Serum Vitamin E Level

2.4.4.1. Principle

The Sandwich-ELISA technique is used in the determination of vitamin
E level of patients and control. The plate has been pre-coated with human vitamin
E antibody. Vitamin E present in the sample is add and bind to antibodies coated
on the microplate wells. After that biotinylated human vitamin E antibody is
added and bind to vitamin E present in the sample. Streptavidin—-HRP is added
and binds to the biotinylated vitamin E antibody. After incubation period
unbound streptavidin-HRP is washed away. Chromogen A and B were added to
microplate wells and incubated followed by addition of stop solution. Absorption

Is then measured at 450 nm [86].
2.4.4.2. Kit Contents

Table 2-6 listed the contents of kit that used to determine Vitamin E produced
by Melsin company (Chaina).

Table 2-6: Kit Contents of Vitamin E Levels Determination

No Components Quantity
1 Microelisa Stripplate 12*8 Strips
2 Standred (1 set) 0.3ml X6
3 Sample diluent 6.0ml X1
4 HRP-Conjugate reagent 10.0ml X1
5 20X Wash solution 25ml X1
6 Chromogen Solution A 6.0ml X1
7 Chromogen Solution B 6.0ml X1
8 Stop Solution 6.0ml X1
9 Closure plate membrane 2
10 User manual 1
11 Sealed bags 1
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2.4.4.3. Reagent Preparation
Wash solution was diluted with distilled water 1:20.
2.4.4.4. Assay Procedure

1. Before use, all reagent bring to room temperature. The assay is performed at

room temperature.
2. A volume of 50l of standard was added to well standard.

3. A volume of 40ul from sample were added and then added 10ul anti RAGE
antibody to sample well, then 100ul of HRP-conjugate reagent to both sample
and standard wells, then mix well. The over plate covered with sealer and
incubated for 60 min at 37 ° C.

4. Sealer was removed , and microplate was cleaned 5 times with a wash buffer.

using automatic washer.

5. A volume of 50ul chromogen solution A was added and then followed by
addition 50ul chromogen solution B for each wells. The coated plate incubated

with new sealer for 15 min. at 37 ° C in dark media.

6. To each well 50ul of stop solution was added, and the color change from the

blue to yellow immediatly.

7. The optical density (OD value) of each well identified directly after applying

the stop solution by utilize a microplate reader set at 450 nm within 15 min.

Detection range: 0-80u mol/L
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2.4.4.5. Result Estimation
Results were determined using standard curve as shown in figure 2-5

Sensitivity: less than 0,1 pmol/L.

Figure 2-4: Standard Curve of Vitamin E.
2.4.5. Genomic DNA Extraction

Genomic DNA was isolated from the peripheral blood of subjects according to

manufacturer manual. Table 2-7 shows the components of DNA extraction kit.

Table 2-7: Components of DNA extraction Kit.

RBC Lysis Buffer 135 ml
FATG Buffer 30ml
FATG Buffer 40ml

W1Buffer 45ml
Wash Buffer 25ml
Elution Buffer 30ml

FABG Mini Column 100ml
Collection Tube 200ml
User manual 1

47



Chapter Two Materials and Methods

Preparation of Wash Buffer by adding ethanol (96-100%)

Ethanol volume for Wash Buffer | 4ml | 100ml 200ml

2.4.5.1. DNA Extraction Procedure

1.

2.

A volume of 300 pl of blood was transferred to 1.5 ml micro- centrifuge tube.

A volume of 900 ul of RBC Lysis Buffer was added to the 300 ul of blood
sample and mix it up by inversion. The sample mixture was incubated at

room temperature for 10 min.

Sample was centerfued at 3,000 Xg for 5 min. and then the supernatant was

completely removed.

A volume of 100 ul of RBC Lysis Buffer was added to the pellet and
resuspend the cells by pipetting.

A volume of 100 ul of FABG Buffer was added to the sample mixture, and

then mixed well by vortexing.

The sample mixture was incubated at room temperature for 10 min. During

incubation, invert the tube was inverted every 3 min.
Preheat required elusion Buffer in a 70 ° C water bath.

A volume of 200 ul of Ethanol (96-100%) was added to the sample and
vortex for 10 sec. The sample was pipette to mix well if there is any

precipitate formed.

A FABG column was placed to a collection Centrifuge tube. The sample
mixture was transfered carefully to FABG column. At speed 14,000 rpm for
1 min. The collection tube was discarded and placed the FABG column into

a new collection tube.
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10. A volume of 400 pl of W1 Buffer added to the FABG column and
centrifuged for 30 sec at speed 14,000 Xg. The flow-though was discarded
and placed the FABG column back to the collection tube.

11. A volume of 600 ul of wash Buffer was added to the FABG column and
centrifuged for 30 sec at speed 14,000 Xg. The flow-though was discarded
and placed the FABG column and place the FABG column back to the
collection tube.

Note: make sure that ethanol has been added to wash Buffer when first open.

12. Centrifugation is required for an additional 3 min at speed 14,000 Xg to dry

the column.

Note: this step will avoid the subsequent enzymatic reactions from being

inhibited by residual liquid.
13. The dry FABG column was Placed to a new 1.5 ml micro-centrifuge tube.

14. A volume of 100 pl of Preheated elusion Buffer added or TE to the membrane
center of FABG column.

Note: for effective elusion, make sure that the elusion solution is dispensed onto

the membrane center and absorbed completely.
15. The FABG column was Incubate at 37 ° C for 10 min in an incubator.

16. Centrifugation is required for 1 minute at full speed 14,000 Xg to elute the
DNA.

Note: standard volume for elution is 100 pl. If higher DNA vyield is required,
repeat the DNA elution step to increase DNA recovery and the total volume
could be 200 pl.

17. The DNA fragment was stored at -20 ° C.
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2.4.6. Estimation the DNA Purity and Concentration by Using

Scan Drop

2.4.6.1. Principle

When the DNA sample in the Scan Drop cuvette is exposed to UV light
at 260 nm, the sample will absorb the light of a spectrophotometer. The more
absorption light by the sample reflected a higher concentration of DNA in the
sample. The absorbance of nucleic acid is maximal at 260 nm and of protein at
280nm. The absorption ratio in these wavelengths is used in protein and nucleic
acid extraction as a measure of purity [112]. The ratio of 1.8-2 is generally
acceptable purity to DNA. Absorbance’s 230 nm is acceptable as an outcome of
other contamination; Thus the ratio A260/A230 was repeat calculated [113].

2.4.7. Estimation of DNA by Agarose Gel Electrophoresis

Agarose gel electrophoresis is a commonly used technique for separating
proteins and DNA. Nucleic acid molecules separated according to their size with
the aid of an electric current, the negatively charged molecules traveled toward

anode which is positively charged [114].

The flow is influenced solely by the molecular weight in which the
smaller weight molecules traveled faster than larger ones. Also, nucleic acid
fractionation by performing agarose gel electrophoresis can be considered as a
first step in the purification of the interested bands. A horizontal gel
electrophoresis tank was used in this method with an external power supply, a

suitable running buffer, DNA sample, with suitable dye [115].

The isolated DNA sample then was loaded into agarose gel well and an
electric field was exposed. DNA backbone which has a negative charge was
migrated towards the anode. The small size of DNA was migrated faster, as a
result, the DNA was separated by size. The Agarose percentage in the gel was
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determined what size range of DNA was resolved. DNA has the same mass /
charge ratio so that the size of the DNA molecules was separated and the distance

traveled was inversely proportional to its molecular mass.
2.4.7.1. Gel Preparation

1- A suitable agarose mass was weighed out into an Erlenmeyer flask. By using
wi/v percentage solution agarose gels were prepared. The concentration of the gel
was depended on the size of the DNA fragment to be separated. The

concentration of the agarose gel was ranged between 1.5-2%.

2- The running buffer was added to the agarose containing flask. TBE buffer was

used as a gel running buffer.

3- The agarose-buffer mixture has been heated, and this was usually achieved by
hot plate heating, which can also be achieved over a heater. The flask content

was swirled until the agarose dissolved fully and it was cooled down to 50°C.

4- A volume of 5 -6 pl of ethidium bromide nucleic acid staining solution was
added to the agarose solution and the flask was gently swirled to mix the solution

and to avoid forming bubbles.

5- The comb was placed, and the agarose solution was poured into the gel tray

till the comb teeth were flood for around 1/4-1/2 into the agarose.

6- It was allowed to cool the agarose gel until solidified, the comb was removed
so the gel was ready.

2.4.7.2. Loading the Samples and Electrophoresis

The DNA sample and loading dye were mixed to visualize and determine
the speed of the fragments while migrating through the gel running buffer was
applied up until it filled the gel 's surface. It was important that the running buffer

used to prepare the gel was the same. Then DNA sample was added to the gel
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well. DNA size marker was loaded with the experimental sample. After applying
an electric field DNA molecules were moved from negative electrode(cathode)
to positive electrode (anode) through the gel. The gel was ready for analysis. The

DNA bands in the gel were visualized using UV transilluminator.
2.4.8. Detection of Genomic DNA

The presence of genomic DNA extracted by the previous procedure was
detected by using agarose gel electrophoresis (1.5%). The extracted DNA is
colorless, so gel loading dye was used with DNA to ease the loading step of the
electrophoresis procedure, as shown in figure 2-3.

Ladder 4 s [ M b Cth P Ll - Rt [l T i I
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7

344 bp

Figure 2-5: Genomic DNA.
2.4.9. Allele-specific polymerase chain reaction (AS-PCR)

An AS-PCR technique was performed to detect and genotype the
HMGB1 gene polymorphism (rs1412125) from BC patients and healthy blood
samples. This technique is based on allele-specific primers, which can be used
for single nucleotide polymorphism (SNP) analysis [116].
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2.4.9. 1. Preparations of primer

These primers produced by Macrogen Table 2-8, 2-9. which were
dissolved in sterile free nucleus water. The standard solutions (100 pl) created
by adding H20 to vial holding the lyophilized primers, and the working solution
(10 ul) was done by combining (10 ul) of stock primers with (90 ul) of H20.
Both the stock and the working solution were kept in-20°C.

Table 2-8: The sequence of primer that used for HMGB1 (rs1412125) gene.

rs1412125 (T/C) gene polymorphism

Primer Sequence (5'-3") Product
size
Wild type
Forward Primer
Mutant Forward
Primer
Common Reverse

Primer

TCTTTTTAAAAGAAAATACACTATT

TCTTTTTAAAAGAAAATACACTATC 209bp

AGTAGAGGGAAGCAGAGGATAGT

Table 2-9: The forward and reverse primers that used for RAGE (rs1800624)
gene [95].

' Restriction
Primers Sequence
Enzyme
forward | 5- TCAGAG CCCCCG ATCCTATTT 3’
reverse 5'- GGGGGCAGTTCTCTCCTC -3’ Tasl (Tsps5091)

2.4.9.2. Master Premix Components

A master premix of Promega was used as shown in Table 2-10.
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Table 2-10: GoTag® G2 Green Master Mix components.

No Item Concentration
1 Each: dNTP (((jj'?\r%z) dCTP, dGTP, 200 MM

2 MgCI2 1.5mM

3 Tap polymerase 1 U/u 1 U/n

4 Tris-HCI (pH 8.5) 75 mM

5 (NH4)2504 20 mM

2.4.9.3. PCR Reaction Mixture

To obtain PCR products from the (HMGB1, RAGE) genes, the
polymerase chain reaction (PCR) of the HMGB1gene was performed with two
reactions per sample (a wild-type allele combination reaction) and a single
(mutant-type allele combination reaction), and one reaction for the RAGE gene
by Using (GoTagq® G2) Green Master Mix) and this was done as in Tables 2-11,
2-12, 2-13.

Table 2-11: Wild type allele PCR Reaction mixture for HMGB1gene.

Contents of reaction mixture Volume
Genomic DNA Template 6.5uL
Wild Type Forward Primers 2uL
Common Reverse Primer 2uL
G2 Green Master Mix 12.5uL
Nuclease free water 2UL
Total 25uL
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Table 2-12: Mutant type allele PCR Reaction mixture for HMGB1 gene.

Contents of reaction mixture Volume
Genomic DNA Template 6.5uL
Mutant Type Forward Primers 2uL
Common Reverse Primer 2uL

G2 Green Master Mix 12.5uL
Nuclease free water 2uL
Total 25uL

Table 2-13: PCR Reaction mixture for RAGE gene.

Contents of reaction mixture Volume
Genomic DNA Template 6.5uL
Forward Primers 2uL
Reverse Primer 2uL
G2 Green Master Mix 12.5uL
Nuclease free water 2uL
Total 25uL

2.4.9.3. Polymerase chain reaction (PCR) conditions for HMGB1

gene

PCR Thermo cycler conditions were done for gene HMGB1 rs1412125

as shown in Table 2-14.

Table 2-14: PCR conditions for HMGBL1 gene

AS -PCR step Temp. Time repeat
Initial denaturation 95°C 5min 1
Denaturation 95°C 30 sec 35 cycle
Annealing 55°C 30 sec
Extension 72°C 30 sec
Final extension 72°C 5min 1
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Then the amplification products were separated by electrophoresis
through 1.5-2% agarose gel stained with ethidium bromide.

2.4.10. Polymerase Chain Reaction Restriction Fragment Length
Polymorphism PCR-RFLP

2.4.10.1. Principle

PCR-RFLP is the amplification of the fragment containing the variation.
This technique involves treating the amplified fragment with an appropriate

restriction enzyme.

This method began with the amplification of DNA from the gene target
area using a PCR machine and then moved on to the RFLP method of cutting

DNA amplicons using restriction enzyme [116].

2.4.10.2. Polymerase Chain Reaction (PCR) Amplification for
(RAGE) Gene

Single nucleotide polymorphism of the RAGE Gene Amplification is (-
374T/A), It was amplified by a polymerase chain reaction (PCR) with specific

primers and by use restriction enzyme (Tsp509l).
2.4.10.3. PCR Conditions for RAGE gene

PCR Thermo cycler conditions were done for RAGE gene rs1800624 as
shown in Table 2-15.
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Table 2-15: RFLP- PCR conditions for RAGE gene.

RFLP -PCR step Temp. Time repeat
Initial denaturation 94°C 5min 1
Denaturation 94°C 30 sec 35 cycle
Annealing 57°C 30 sec
Extension 72°C 30 sec
Final extension 72°C 5min 1

Then the amplification products were separated by electrophoresis

through 1.5-2% agarose gel stained with ethidium bromide.

2.4.10.4. Restriction Enzyme Assay for (RAGE) Gene

Polymorphism

The PCR product digested with the restriction enzyme Tasl (Tsp5091).

Optimization of digestion conditions done by using:

1- Restriction enzyme prepared by mixing 1pl restriction enzyme TasI (Tsp5091)
with 10ul of the PCR product.

2- Buffer B 2.5ul

3- Tango A 2.5ul

4- Sterile nuclease-free water 4ul

The time of incubation for four hours at 37°C (The digestion conditions
that gave best result). The enzyme was inactivated by heat at 65°C for half an

hour.
2.4.11. Photo Documentation

Agarose gel was visualized with a gel documentation package in UV
transiluminators. The gel was exposed to ultraviolet light and the photos were

taken using a digital computing camera for the gel documentation device.
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2.5. Statistical Analysis

Statistical analysis was carried out using SPSS version 20.0 Continuous
variables are expressed as mean and standard deviation. The group of patients
and control was evaluated by use analysis of variance student t test, with P <0.05
was considered the change as significant. ANOVA test was used to compare
means between three groups or more. Pearson, chi-square test were used to find
the association between categorical variables. Pearson correlation coefficient
was used to assess the relationship between two continuous variables. Receiver
operating characteristic (ROC) curve was used to evaluate the diagnostic value
of HMGB1, RAGE, MDA . The area under the curve(AUC) provides a useful
tool to compare different biomarkers. Whereas an AUC value close to 1 indicates
an excellent diagnostic and predictive marker. A p-value of < 0.05 was

considered as significant.
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3. Results and Discussion

3.1. Demographic Characteristics of Patients and Control

Demographic characteristics of the 100 studied subjects, 50 breast cancer

and 50 control subjects, as shown in Table 3-1.

Table 3-1: Comparson of Means + standard deviation of age and BMI between
patients and control.

Patient (50) Control (50) :
Parameter Mean + SD Mean + SD P-value
Age (year) 45.11 + 6.66 42.2+7.02 0.26
BMI(kg/m2) 28.4 +4.23 27.23 +2.33 0.3

P <0.05 is consider significant, SD : standard deviation, BMI: Body Mass Index.
3.1.1. Age

Patients included in this study had age range (29-69) years, with
meanxSD 45.11 + 6.66 years Control group was with an age rang (29-69) years
and meanzSD 42.2 £ 7.02 years. The mean differences of age and body mass
index between the breast cancer group and the control group is statistically non-
significant P > 0.05. This matching is crucial to get rid of any variations in the

findings that might be caused by these parameters' discrepancies.

The age range used in this study is similar to the study conducted by
Andrew et al., 2015 and Dodova et al., 2015, the age range used in these two
studies was (30-70) years [117], [118].

3.1.2. Body Mass Index (BMI)

For weight, the results in the Table 1-3 indicate that mean differences of
body mass index between the patient group and the control group is statistically
not significant P > 0.05.
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A higher body mass index is associated with a higher risk of breast
cancer, especially in the postmenopausal period [119], [120].

3.2. Family History of Breast Cancer

The presence of family history is an important contributory factor in
breast cancer. This study showed 21 (42%) of breast cancer patients have positive
family history, and 29 (58%) of breast cancer patients have no family history,
and these results were significantly associated with the risk of breast cancer when

compared to the healthy control, (p =0.001) as shown in Table 3-2.

Table 3-2: Distribution of patients and control subjects according to family

history.
Patient (50) Control (50)
S P-value
Family History N % N %
Positive 21 42 0 0
Negative 29 58 50 100 0.001

N: number of cases, Chi-square test; S: significant at P > 0.05.

The results indicated the breast cancer risk was strongly associated with
the family history of breast cancer in any first-degree relative, with the most
convincing results observed in those whose mother and sister had breast cancer.
This finding agreed with Choi et al.,[114], and Haber et al., [115]. who reported
that the risk of breast cancer was associated with the presence of a family history
of breast cancer.

3.3. Distribution of Breast Cancer Patients and Healthy Controls

According to Some Variables

The current study shows that the mean of menarche age were 12.52 +

1.83 and 13.08 + 1.06, in patients with breast cancer and healthy control group,
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respectively. The mean was lower in patients group in comparison with control

group and the difference was non-significant (P>0.1), as shown in Table 3-3.

Table 3-3: Distribution of breast cancer patients and healthy controls according

to the menarche age.

Patient (50) | Control (50)

Variable Mean+SD | Mean +SD P-value
Menarche Age 121'%231 13.08 + 1.06 0.1
Patient (50) Control (50)
Menopausal Age N ” N ” P-value
Pre-menopausal | 23 46 46 92
Post-menopausal | 27 54 4 8 0.05

P < 0.05 is consider significant, SD = standard deviation.

These results consistence with results of Khalis et al., (2018), which
found that early menarche (< 13 years) was significantly associated with an

increased risk of breast cancer [121].

Laamiri et al., (2015), who reported a significant association between
early age of menarche and an increased risk of breast cancer in Moroccan patients
[122].

Although an early age of first menarche and a late age of menopause
increases the risk of developing breast cancer. It is estimated that every year of
delay after the age of 12 reduces the premenopausal BC risk by 7% and

postmenopausal cancer by 3% [123].

The current study detects the 23(46%) premenopausal and 27(54%)
postmenopausal, of BC patients. This results are similar to a study done by A.
Ozsoy, et al., 2017, which indicated that women with a menopause age of 55

have 2 times higher risk for developing breast cancer as compared to those with
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a menopause age of 45 [124]. The results of the study agree with those of
Marsden etal., 2019, which indicated that the effect to be equivalent to a 2.8%

increase in risk for every year of delay in menopause [123].

3.4. Distribution of breast Cancer Patients According to Some

Associated Clinical Features

The results in Table 3-4 indicate that 37 (74%) have positive estrogen
receptor, 32 (64 %) have positive progesterone receptor but only 24 (48%) of
patients have positive HER 2. The most common breast cancer subtype which

comprises 80% of all patients are estrogen receptor positive (ER) [126].

Although there is a direct correlation between the level of ER expression
In invasive breast cancer and the likelihood of response to hormonal therapy,
even tumors with low levels of ER expression show significant benefit compared

to completely ER-negative tumors [127].

Table 3-4: Some Clinical Features of breast Cancer Patients.

Patients
Characteristic
N %
Estrogen Receptor
Positive 37 74
Negative 13 26
Progesterone Receptor
Positive 32 64
Negative 18 36
HER?2
Positive 24 48
Negative 26 52

N: number of cases, HER2: Human epidermal growth factor receptor 2.
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3.5. Distribution of Breast Cancer Patients According to Tumor

Characteristics

The data presented in Table 3-5, show the frequency distribution of

patients according to tumor size show that most patients with breast cancer have

T2 tumor size, 28 (58.3%) of patients, as in shown figure 3-1.

Table 3-5: Tumor characteristics of breast cancer patients.

Characteristic Patients
N %
Tumor size
T1 8 16.7
T2 28 58.3
T3 6 125
T4 6 12,5
Tumor Grade
Gl 3 6
G2 34 68
G3 13 26
Lymph Node
NO 13 26.5
N1 15 30.6
N2 15 30.6
N3 6 12.3
Distance of Metastasis
MO 43 89.6
M1 5 10.4
Stage of Cancer
Stage | 25 50
Stage 11 14 28
Stage Il 6 12
Stage IV 5 10

63




Chapter Three Results and Discussion

12.50%

Figure 3-1: A Pie Chart showing the frequency distribution of patient with breast

cancer according to tumor size.

3.6. Biochemical Parameters

3.6.1. HMGB-1

The findings demonstrated a significant difference in HMGBL1 levels
between patients and their control group (P< 0.025). Means, standard deviation,

and statistical parameters were shown in the Table 3-6.

Table 3-6: HMGB1 level in patients and control group.

Study Group N HMGBL level (ng/ml) Mean + SD P-value

patient 50 552+0.74

control 50 4.93+0.88 0.025
P < 0.05 is consider significant, SD = standard deviation, HMGB1: High

Mobility Group Box-1.

Evaluation of HMGBL in breast cancer patients showed that the mean
and SD for the patients were (5.52 + 0.74) and for a healthy control (4.93 = 0.99),
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respectively There were a significant differences in serum HMGB1 levels (p
<0.01), this is due to the fact that HMGBL1 plays an important role as a cytokine
involved in triggering inflammation and inflammatory-related diseases including
cancer by regulating the expression of other inflammatory cytokines, it can be
actively secreted by inflammatory cells like macrophages and NK-cells, released

into circulation Especially apoptotic cell death [77],[128].

The results shown in Table 3-7 patients with breast cancer had greater
median serum HMGB-1 levels compared to control group values, 5.474 pg/ml
versus 5.055 pg/ml, the difference was a significant (P < 0.017).

Table 3-7: Median levels of Serum HMGB-1 in patients with breast cancer and

control subjects.

HMGB-1 (ng\ml) P;tl%%ts Cﬁgggl P-value
Median 5.474 5.055 0.017

P < 0.05 is consider significant, HMGB-1: High Mobility Group Box-1.

3.6.1.1. Distribution of Serum HMGB-1 Level According to

Tumor Characteristics

The results of this study are shown in the Table 3-8 that there was no
significant association between mean serum HMGB-1 levels and tumor size. The
mean serum HMGB-1 level increased at T1, compared to the T2, T3 and T4
volume, was 5.54 + 0.78 5.48 + 0.65, 5.14 + 0.98 respectively (p = 0.48).

The levels were higher in grade two (5.66 = 0.8) than in grade one and
grade three, corresponding to (5.7 £ 0.36 and 5.13 £ 0.47, respectively (p = 0.08).
There is no significant between mean levels of serum HMGB-1 and cancer stage,
the value was higher in stage 1 (5.68 = 0.7) than in stage 2, stage 3 and stage 4,
5.35+0.9,5.2£0.53, 5.62 + 0.57 respectively (p> 0.38).
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There was no association between the serum HMGB1 levels and
progression of the tumor size and stage. This outcome is consistent with Sun s. et
a. 2015[129].

Table 3-8: Distribution of serum HMGB-1 level according to tumor

characteristics.

HMGB-1 level (ng\ml)
Tumor size T1 T2 T3 T4 £
value
Mean =+ SD 5.77+0.44 | 5.54+0.78 | 5.48+0.65 | 5.14+0.98 0.48
N 8 28 6 6 NS
Tumor Grade G1 G2 G3 P-value
Mean =+ SD 5.740.36 | 5.66+0.80 | 5.13+0.47
N 3 34 13 0.08 NS
Stage of cancer Stage 1 Stage 2 Stage 3 Stage 4 v;;Je
Mean + SD 5.68+0.7 |5.35+0.91 | 5.2+0.53 | 5.62+0.57 0N338
N 25 14 6 5

N: number of cases, HMGB-1: High Mobility Group Box-1, NS: Non-
Significant.

3.6.2. RAGE

The findings demonstrated results RAGE showed that the difference was
a highly significant (P < 0.003), as shown in Table 3-9.

Table 3-9: Comparison of RAGE level in patients and control group.

Study Group N RAGE level (pg/ml) Mean £ SD P-value
patient 50 0.56 £0.5

control 50 0.47 +0.14 0.003 HS
N: number of cases, RAGE: Receptor for Advanced Glycation End Products,

HS: High Significant.
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Evaluation of RAGE in breast cancer patients showed that the mean and
SD for the patients were (0.56 + 0.5) and for a healthy control (0.47 + 0.14),
respectively. There were a highly significant differences in serum RAGE levels
(p <0.003); Increased expression of RAGE was demonstrated in different tumors,
including breast cancer and may increase with th progression of the tumor.
Activation of RAGE may stimulate the proliferation, migration, and invasivity
of tumor cells [130].

RAGE plays essential roles in inflammation, RAGE is the link between
inflammation pathways and pathways that promote tumorigenesis and many
other conditions [130].

The results shown in Table 3-10, patients with breast cancer had greater
median serum RAGE levels compared to control group values, 0.557 pg/ml
versus 0.533 pg/ml, the difference was highly a significant (P < 0.003).

Table 3-10: Median levels of Serum RAGE in patients with breast cancer and

control subjects.

RAGE Patients Patients P-value
(pg\ml) N=50 N=50
Median 0.557 0.533 0.003 HS

N: number of cases, RAGE: Receptor for Advanced Glycation End Products,
HS: High Significant.
3.6.2.1. Distribution of Serum RAGE Level According to Tumor

Characteristics

The results of this study showed that there was significant association
between the mean levels of RAGE in the serum and the tumor size. the mean of
serum RAGE increased with increasing the size of tumor with higher levels in

T4 (1.34 £1.92) size in compared to T1, T2 and T3 size in patients group,
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(0.52+0.1, 0.56+0.05, 0.51+0.12), respectively (p < 0.023). The levels were
higher in grade three (0.92+1.31) than in grade one and grade two , (0.54+0.078
and0.55+0.082, respectively (p =0.24).

RAGE and its ligand HMGBL1 are considered as critical mediators of
cancer development and progression through activation of oncogenic signaling

cascades linked to tumor cell proliferation and metastasis [131].

RAGE may increase with tumor progression. Which leads to the
activation and stimulation of the proliferation, transmission and spread of cancer
cells. However, this increase, perhaps as a compensatory mechanism to counter
further progress [132]. This outcome is consistent with Mueen H. et al. 2022
[132].

Non significant association between mean levels of serum RAGE and
cancer stage, the value was higher in stage two (0.85+1.2) compared than in
stagel, stage 3 and stage 4, (0.57+0.04, 0.55£0.05, 0.54+0.05) respectively, (p>
0.62). as shown in Table 3-11.

Table 3-11: Distribution of Serum RAGE Level According to Tumor

Characteristics.

RAGE level (pg/ml)
Tumor size T1 T2 T3 T4 P-value
Mean £ SD | 0.52+0.1 | 0.56+0.05 | 0.51+0.12 | 1.34*+1.92
N 8 28 6 6 0.023 S
oo Gl G2 G3 P-value
rade
Mean £ SD | 0.54%+0.07 | 0.55+0.08 | 0.92+1.31
N 3 34 13 0.24 NS
S;:r?ge?f Stage 1 Stage 2 Stage 3 Stage 4 P-value
Mean £ SD | 0.57+0.04 | 0.85+1.27 | 0.55+0.056 | 0.54+0.056
N 25 14 6 5 0.62 NS

N: number of cases, P < 0.05 is consider significant, NS: Non Significant.
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3.6.3. MDA

The findings demonstrated results MDA showed that the difference was
a highly significant (P < 0.002), as shown in Table 3-12.

Table 3-12: Comparison of MDA level in patients and control group.

Study Group N MDA level (ng/ml) Mean + SD P-value

patient 50 1.21 £0.07

control 50 1+0.29 0.002

P < 0.05 is consider significant, MDA: Malondialdehyde.

MDA, one of the final decomposition products of lipid peroxidation, is
known to be present in human plasma and to possess biological properties that
may be relevant to carcinogenesis. Lipid peroxides and their products can cause
damage to membrane- bound enzymes and other macromolecules, including
DNA, and have been implicated in several disease processes including cancer.
Many studies have examined the possibility of a connection between lipid
peroxidation and cancer [106]. Our findings of raised MDA levels in patients

with cancer have provided further evidence of this relationship.

This outcome is consistent with D.Tsikas et al. 2017 [133] , C.Yeh et
al., 2005 [133], who found a significantly higher MDA level in breast cancer
patients than in the control group (p < 0.05).

3.6.3.1. Distribution of Serum MDA Level According to Tumor

Characteristics

The results of this study showed that there was non significant association
between the mean levels of MDA in the serum and the tumor size, the mean of
serum MDA increased with increasing the size of tumor with higher levels in
T4 (2.65 £3.51) size in compared to T1, T2 and T3,(p = 0.44). The levels were
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higher in grade three (1.89£2.38) than in grade one and grade two, (p =0.73); as
shown in Table 3-13.

Increased ROS in the tumor environment plays an important role in
cancer progression by altering the expression of suppressor genes involved in
apoptosis, increasing the expression of cytokines involved in angiogenesis This
process facilitates the migration of cancer cells to other parts of the body. Thus,
increases in free radicals and oxidative stress both play important roles in the

development of cancer [134].

Increased oxidative stress caused by reactive species can reduce the
body’s antioxidant defense against angiogenesis and metastasis in cancer cells.
These processes are main factors in the development of cancer. Bimolecular
reactions cause free radicals in which create such compounds as
malondialdehyde (MDA) [135].

Table 3-13: Distribution of serum MDA level according to Tumor

characteristics.

MDA level (ng/ml)

Tumor size T1 T2 T3 T4 P-value
Mean + SD 1.23+0.06 | 1.52+1.7 | 1.23+0.06 | 2.65*+3.51
0.44 NS
N 8 28 6 6
Tumor Grade Gl G2 G3 P-value
Mean + SD 1.26+0.08 | 1.47+1.54 | 1.89+2.38
0.73 NS
N 3 34 13

Stage of cancer | Stage 1 Stage 2 Stage 3 Stage 4 | P-value
Mean + SD 1.58+1.79 | 1.84+2.29 | 1.18+0.08 | 1.21+0.09

N 25 14 6 5
N: number of cases, MDA: Malondialdehyde, NS: Non-Significant.

0.84 NS
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3.6.4. Vitamin E

The findings demonstrated results vitamin E showed that the difference

was a Significant (P < 0.01), as shown in Table 3-12.

Table 3-14: Comparison of vitamin E level in patients and control group.

Study Group N Vitamin E level (ng/ml) Mean £ SD | P-value

patient 50 11.12*+£1.88

control 50 95+26 0.01

N: number of cases, P < 0.05 is consider significant.

This result was disagreed with study done by Nsaif. G et al. 2018, In Iraq,
who found significant decreased in levels of vitamin E (p<0.05) in malignant

groups comparing to the control group.

There are several reports, which reveal decrease vitamin E concentration
in BC patients, and Ha- cisevki et al. have seen no changes in vitamin E
concentration [136].

This difference in the results may be due to the patients taking nutritional

supplements that led to this increase in them.
3.5 Diagnostic values for Serum HMGB1, RAGE and MDA

Receiver operating characteristic curve (ROC) was used to assess the
diagnostic values of HMGB1 and RAGE in identifying breast cancer patients,

and which of them is more specific or sensitive in the diagnosis.
3.5.1 Receiver Operating Characteristic Curve for HMGB1

Receiver operator characteristic (ROC) curve analysis was performed to
assess the HMGB-1 cutoff value as well as to forecast the breast cancer as

diagnostic tests or adjuvant diagnostic tests. The outcomes are displayed in figure
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3-2. The HMGB-1 cutoff value was > 5.069 with sensitivity 76%, specificity
70%, positive predictive value (PPV) 89.19%, negative predictive value (NPV)
55.17, and area under curve of 0.79 (0.676-0.91).
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Figure 3-2: ROC curve for HMGB-1.

For HMGBL, our results stated that fair diagnostic value in the diagnosis

of breast cancer.
3.5.2 Receiver Operating Characteristic Curve for RAGE

Receiver operator characteristic (ROC) curve analysis was performed to
assess the RAGE cutoff value as well as to forecast the breast cancer as
diagnostic tests or adjuvant diagnostic tests. The results are shown in figure 3-3.
The RAGE cut off value was >0.548 with sensitivity 74 %, specificity 70 %,
positive predictive value (PPV) 82.35 %, negative predictive value (NPV) 41.67
%, and area under curve of 0.81 (0.691-0.923).
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Figure 3-3: ROC curve for RAGE.

For RAGE, our results stated that good diagnostic value in the diagnosis
of breast cancer.

3.5.3. Receiver Operating Characteristic Curve for MDA

Receiver operator characteristic (ROC) curve analysis was performed to
assess the MDA cutoff value as well as to forecast the breast cancer as diagnostic
tests or adjuvant diagnostic tests. The results are shown in figure 3-4. The MDA
cut off value was >1.1397 with sensitivity 88 %, specificity 70.8 %, positive
predictive value (PPV) 86.3 %, negative predictive value (NPV)73.9 %, and area
under curve of 0.86(0.784-0.957).
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Figure 3-4: ROC curve for MDA.

For MDA, our results stated that good diagnostic value in the diagnosis

of breast cancer.

3.6 Pearson Correlations of HMGB1 and RAGE, with other

parameters.

There is no significant correlation of HMGB1 with RAGE r=0.13, P=0.4.
So HMGBL1 level no effect RAGE level, as shown in Table 3-12 and figure 3-2,
While there is a statistically significant correlation with vitamin E, MDA (
r=0.35, P=0.015) (r=0.41, P=0.003), respectively. So HMGBL1 level indirectly
effect MDA and vitamin E level as figure 3-3, 3-4.
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Table 3-15: Correlations between HMGB1 and other parameters.

HMGB1
R 0.13
RAGE
p-value 0.4
R 0.35*
MDA
p-value 0.015
R 0.41**
Vitamin E
p-value 0.003

** Correlation is significant at the 0.01 level, * Correlation is significant at the

0.05 level, r: Pearson correlation.
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Figure 3-4: Correlations between HMGB1 and RAGE.
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Figure 3-5: Correlations between HMGB1 and MDA.
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Figure 3-6: Correlations between HMGB1 and Vitamin E.
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There is a statistically significant correlation of RAGE with vitamin E

and MDA (r=0.43, p =0.003), (r =0.4, p =0.005) respectively, as shown in Table
3-13 and figure 3-5, 3-6.

Table 3-16: Correlations between RAGE and other parameters.

RAGE
r 0.4**
MDA
p-value 0.005
r 0.43**
Vitamin E
p-value 0.003

P < 0.05 is consider significant, r:Pearson correlation, MDA: Malondialdehyde.

R? Linear = 0.162

Vitamin E

RAGE

Figure 3-7: Correlations between RAGE and Vitamin E.
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Figure 3-8: Correlations between RAGE and MDA.

3.7 Genetic Analysis
3.7.1. Detection of Genes Polymorphisms

3.7.1.1. Detection of RAGE rs18400624 Polymorphism

The two alleles of RAGE gene were separated by using the restriction
enzyme method. The A allele resulted in an undigested PCR product of 344 base
pairs (bp), There are three genotypes: TA, TT and AA. The homozygote genotype
were showed only T allele amplification at 130, 110, 75, 29 base pairs bp. The
homozygote genotype were showed only A allele amplification at 240, 75, 29
base pairs bp. Whereas, the heterozygote genotype were showed T and A alleles
amplification at 240 , 130, 110, 75, 29 bp respectively.
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3.7.1.2. Electrophoresis Results

The figure 3-5 shows an agarose gel of a PCR product digested with a
restriction enzyme (Tsp5091) for SNP rs1800624 of the RAGE gene

polymorphism. Gene polymorphisms of homozygous AA and TT homozygotes.

Ladder
b SR R G WO Sy A N LA () N ¢ T S 3 (T 1T (I s U L

wy e T e Sy m e

wow TA TT TA AA TT TA TATA TA AA TATT TT AMATA TA TA TT T T

Figure 3- 9: Agarose gel (2%) electrophoresis of PCR product digested with
(Tsp509I) restriction enzyme.

3.7.1.3. Distribution of Allele Frequency of RAGE (rs1800624)

SNP in breast cancer Patients and Control Group

There is non-significant difference in allele frequency (P=0.06) of A
allele and T allele, as shown in Table 3-5 between patient with and healthy
control. This indicate that no one of the two alleles represent a risk factor for
breast cancer. This result agreed with Pan H et al. who found no association
between alleles of the RAGE polymorphism and breast cancer [137].
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Table 3-17: Allele Distribution of (rs1800624) SNP of RAGE gene

Polymorphism.

Patient | Control | P-value 0
RAGE vl el OR 95% ClI
T 74 62 1.194 0.985-1.447
A 26 38 0.06 0.684 0.45-1.036

OR: odds ratio, CI: confidence interval.
3.7.1.4. Genotype Distribution and Allele Frequency of rs1800624

There is non-significant difference between patients and control in TT,
AA, and TA genotyping of (rs1800624) in RAGE gene (p=0.22) as in Table 3-
6. This indicates that there is no association between SNP genotyping and breast
cancer. This may be due to the fact that the chosen SNP (rs1800624) or the
chosen gene may not be closely related to the disease or may be due to the small
sample size taken for the study, it may be in larger sample size will get a

significant difference.

Table 3-18: The Genotype Distribution of ( rs1800624) SNP in RAGE Gene.

Patient | Control | P-value 0
RAGE N=50 N= 50 OR 95% Cl
TT 27 20
TA 20 22 0.22 1.186 0.907-1.55
AA 3 8 0.489 0.146-1.64

OR: odds ratio, Cl: confidence interval.

The observed genotype distributions of examined polymorphisms in
RAGE gene were consistent with the Hardy-Weinberg equilibrium in both breast

cancer patients and controls (P > 0.05).
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This results similar with other studies such as Pan H et al., 2014, In Han-
China, which is case control study included 509 patients with breast cancer and
504 control group [137], Hashemi et al. 2012, In Iran which is case control study
included 71 patients with breast cancer and 93control group there was no
difference between RAGE (-374T/A) bp polymorphisms among patients with
breast cancer and healthy controls, suggesting that larger studies are necessary
to demonstrate any putative relation between RAGE gene polymorphisms and

susceptibility to breast cancer [138].

This result was disagreed with study done by Yue L et al., 2016, In Han-
China, which is case control study included 524 patients with breast cancer and
518 control group, the frequency of rs1800624 polymorphism mutant A allele in
RAGE gene was significantly higher in patients than in controls (24.52% versus
19.50%, P = 0.006) [138]. This study differs with the current result may be due

to the low sample size and inclusion criteria chosen for the study.
3.7.2. Detection of HMGB1 rs1412125 Polymorphism

The distribution of HMGB1 rs1412125 Polymorphism was detected by
specefic allele -PCR technique. At this locus there are three genotypes; TC, TT
and CC. The wild type homozygote genotype were showed only T allele
amplification at 209 bp product size. The mutant type homozygote genotype
were showed only C allele amplification at 209bp product size. Whereas, the
heterozygote genotype were showed T and C alleles amplification at 209bp
product size respectively, as in the figure 3-14. The genotype distribution had no
deviation from Hardy-Weinberg equilibrium in all study groups and agree with
the reports of Yue et al., (2016) [139].

81



Chapter Three Results and Discussion

Figure 3-10: Agarose gel (2%) electrophoresis of Allele Specefic PCR product
analysis of rs1412125 (T/C) gene polymorphism. (M), 100-1500 base pair
ladder. The presence of (TT) wild type homozygote were showed in T wild type
allele only. The presence of (CC) Mutant type homozygote were showed in C
mutant type allele only. Whereas the (T/C) heterozygote were showed in both T
and C allele. All genotypes observed at 209bp product size.

3.7.2.1. Distribution of Allele Frequency of (rs1412125) SNP in

breast cancer Patients and Control Group

There is non-significant difference in allele frequency (P=0.2) of T allele

and C allele, as shown in Table 3-5 between patient with and healthy control.

This indicate that no one of the two alleles represent a risk factor for
breast cancer. This result agreed with et al. who found no association between

alleles of the RAGE polymorphism and breast cancer.
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Table 3-19: Allele Distribution of (rs1412125) SNP of HMGB1 gene

Polymorphism.

Patient | Control | P-value 0
HMGB1 N=50 N= 50 OR 95% ClI
T 60 72 0.828 0.6-1.136
0.237
C 40 28 1.455 0.774-2.732

OR: odds ratio, Cl: confidence interval.

3.7.2.2. Genotype Distribution and Allele Frequency of
(rs1412125)

There is non-significant difference between patients and control in TT,
TC, and CC genotyping of (rs1412125) in HMGBL1 gene (p=0.09) as in Table 3-
7.

Table 3-20: The Genotype Distribution of (rs1412125) SNP in HMGBL1 Gene.

Patient | Control | P-value 0
HMGB1 N=50 N= 50 OR 95% Cl
TT 25 27
TC 10 18 0.09 0.514 0.223-1.186
CC 15 5 2.7 0.72-10.14

OR: odds ratio, Cl: confidence interval.

HMGBL1 plays multiple roles inside and outside cells, such as chromatin
stabilization, DNA repair, gene transcription, program cell death regulation, and
iImmune response. The HMGB1 gene has been implicated in tumor progression

In various types of cancer such as colon, liver, breast, oral, and lung cancer [140].

All genotypic frequencies were in Hardy-Weinberg equilibrium (p >
0.05). This results similar with other studies such as B- Huang et al., 2018, In

China, which is case control study included 313 patients with breast cancer and
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217 control group, the frequency of rs1412125 polymorphism in HMGB1 gene
was non significantly in patients and controls [141], Yue. L et al., 2016, [139].
This result was disagreed with study done by Hantoosh MH et al., 2022 [141].

3.7.3. Association between RAGE rs18400624 genotype and
RAGE levels

The Table 3-22 shows a non significant association between RAGE
levels (pg/ml) and the Genotype TT, TA, AA in patients and control, P =0.6, 0.3,
respectively. This indicate non significant association between RAGE (pg/ml)
and RAGE rs18400624 Polymorphism in patients with BC.

Table 3-21: Association between RAGE rs18400624 genotype and RAGE

levels.

Genotype RAGE serum level (pg/ml) Mean+ SE p-value
Patient
1T 0.56+0.04
TA 0.56+0.05
0.6 NS
AA 0.6+0.1
SEMEERE RAGE serum level (pg/ml) Meant SE p-value
Control
1T 0.45+ 0.154
TA 0.44+0.139
0.3NS
AA 0.58+0.02

NS: Non-Significant, SE: Standard error.
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3.7.4. Association between HMGB1 rs1412125 genotype and
HMGBL1 levels.

The Table 3-23 shows a non significant association between HMGB1
levels (pg/ml) and the Genotype TT, TC, CC in patients and control, P =0.8, 0.9,
respectively. this indicate non significant association between RAGE (pg/ml)
and HMGB1 rs1412125 Polymorphism in patients with BC.

Table 3-22: Association between RAGE rs18400624 genotype and RAGE
levels.

Genotype HMGB1 serum level (ng/ml) Meanz SE p-value
Patient
TT 0.59+0.1
TC 0.56+0.04 0.8
CC 0.59+0.04
Genotype RAGE serum level (pg/ml) Mean+ SE p-value
Control
TT 0.45+0.16
TC 0.46+0.14 0.9
CC 0.44+0.23

NS: Non-Significant, SE: Standard error.
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Conclusions

1. The level of HMGBland RAGE could be used as a prediction tool aid in the

diagnosis of Breast Cancer.

2. The polymorphisim of rs1412125 of HMGB1 and rs1800624 of RAGE could

not be use in the diagnosis or prediction of Breast Cancer.
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Recommendations

1. Study other SNP in the candidate genes in this region.

2. To obtain a complete picture of genotype distribution in the Iraqi population,
the sample size must be increased and more Iragi provinces added. Using

DNA sequencing technique to detect the genetic polymorphism of SNPs.
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	﴿ نَرۡفَعُ دَرَجَٰت مَّن نَّشَآءُۗ وَفَوۡقَ كُلِّ ذِى عِلۡمٍ عَلِيمٌ ﴾
	1.12.1. RAGE Structure

