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Summary

Breast cancer is the most common cancer in women. It accounts for more
than a third of all new cases of cancer in women. When an anomaly is discovered
during a screening examination or a person presents symptoms, several
examinations must be carried out. It is the anatomopathological examination of the
tissues taken at the level of the anomaly which establishes the diagnosis of breast
cancer. This removal at the level of the anomaly is most often carried out by micro
or macro biopsies through the skin. Different types of treatments can be used to
treat breast cancer: surgery, radiotherapy, hormone therapy, chemotherapy and

targeted therapies.

Asprosin, a novel glycogenic cytokine, released by white adipose tissue
during fasting and involved in the development and progression of various clinical

conditions including diabetes Mellitus , obesity, cardiomyopathy, cancer

Spexin (SPX) is a novel cytokine related to many metabolic effects, such as
gastrointestinal movements, insulin and glucose homeostasis, lipid metabolism and

energy balance.

Midkine (MK) is a heparin-binding growth factor that can induce various
effects in the targeted cells including nerve cells, neutrophils, macrophages,

smooth muscle cells, fibroblasts, mammary gland cells and tumor cells.

Homocysteine (Hcy) is physiologically essential for processes such as cell

cycle progression and maintenance of cellular homeostasis.

Malondialdehyde (MDA) It is the end product of lipid peroxidation. Because
MDA is a product of lipid peroxidation , it is frequently used as a biomarker of

oxidative stress during major health issues such as cancer.



The goal of the present study was to predict the progression of cancer by
investigating a novel cytokines in serum of early detected cancer in patients.
Subjects are 113 divided into 45 controls, 68 patient who have breast cancer. This
study was designed as a case-control study. Breast cancer patient was divided into
four groups: before treatment, after the first dose, after the second dose, and after
third dose. The samples were collected from Babylon Oncology Center in Merjian
Teaching Hospital in Hilla City during the period from August 2021-March 2022.
The age range of all subjects female (35+10 years). Blood samples were withdrawn
after nearly 12 hours of overnight fasting. Serum concentrations of lipid profile
was measured by colorimetric methods. Serum concentrations of total antioxidant
capacity (TAC), malondialdehyde (MDA), asprosin, sepxin, and midkine were

measured by using Enzyme Linked Immune Sorbent Assay technique.

The results showed a significantly increased lipid peroxidation, measured as
MDA, in the serum of breast cancer patients who were not taken any medication
were higher than controls groups (p<0.001)were (23.22+12.27943) nmol/ml of
MDA levels in breast cancer patient and (16.55+ 4.995255) nmol/ml of MDA
levels in healthy controls. In current study found that treatment by chemotherapy
resulted a significant decrease in MDA levels when compare with MDA levels in
patients who were not taken any medication. The mean plasma homocysteine level
in breast cancer patients were elevated before treatment. In addition, it is found that
the mean serum TAC levels in breast cancer patients were significantly less than
the control group. Moreover, a positive correlation was observed between activity
of chemotherapy and MDA levels. The same correlation between tHcy levels and
TAC levels while a negative correlation was observed between TAC levels with
MDA levels in the patient group. also in this study it is found that Spexin were

lowered in breast cancer patients than the healthy group while the Spexin tend to



Increase in breast cancer patients who receiving chemotherapy. Inversely, midkin
and asprosin were higher in breast cancer patients than control but the Asprosin
were tended to decrease in breast cancer patients who receiving chemotherapy

compared with patient before chemotherapy.

It can be concluded that the measured cytokines are indicators for
progression of tumor cancer in patient since the spexin decreased in patients while
both midkin and Asprosin increased in the patient due to the most well-known
metabolic abnormality in cancer cells. Also, monitoring of serum cytokines may be
helpful for evaluation of chemotherapy effects. In addition the other parameters
MDA, Hcy, and TAC levels have the important role in the progression of cancer

after and before chemotherapy.
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Chapter One Introduction and Literature Review

1.Introduction and Literature Review

Breast cancer is a significant reason of death among women all over the
world and the most common type of cancer. Nearly 2 million cases of breast cancer
were reported in 2018. In 2022, there will be an estimated 287,850 new cases of
invasive breast cancer diagnosed in women; 2,710 cases diagnosed in men, and an
additional 51,400 cases of ductal carcinoma in situ (DCIS) diagnosis in women.
(ACS, 2022). Its prevalence is increasing on a global scale, apart from the United
States, where its stability is relatively consistent (Thouvenot et al., 2018). Breast
cancer is caused due to genetic, reproductive, environmental, and dietary and
lifestyle related risk factors (Dhillon, 2009). The diagnosis of breast cancer is
based on observations through the breast clinical examination and the use of
Imaging techniques. Imaging tests are useful for screening and giving the
diagnostic of this kind of disease and other breast diseases (McDonald et al.,
2016).

Tumor marker is a biomarker that is found in blood, urine or body tissues
that can be elevated by the presence of one or more types of cancer. It is produced
either by the tumor itself or by the host in the response to a tumor (Kilpatrick &
Lind, 2009). The ideal tumor marker should be both specific and sensitive to detect
small tumors to allow early diagnosis or help in (Amayo & Kuria, 2009). The
American Society of Clinical Oncology (ASCO) has updated its recommendations
for use of tumor markers in prevention, screening, treatment and surveillance of
breast cancer. 13 categories of breast tumor markers were considered. The tumor
markers that showed evidence of clinical utility and were recommended for use in
practice include Cancer Antigen 15-3 (CA 15-3), Cancer Antigen 27.29 (CA
27.29), Carcinoembryonic antigen (CEA), Estrogen receptor (ER), Progesterone
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receptor (PR), Human epidermal growth factor receptor 2 (HER2), urokinase
plasminogen activator (UPA), plasminogen activator inhibitor 1 (PAI-1) and multi
parameter assays for gene expression(Donepudi et al., 2014). There are other
categories that would be studied for detection of breast cancer such as (MK, Spx,
Asp, Hcy, MDA, and TAC).

Homocysteine (Hcy) impaired plasma Hcy level is closely related to
malignant processes (Li et al., 2020) In summary, an elevated level of Hcy can
contribute to cancer initiation, promotion, and progression. The specific
polymorphisms in genes contributing to Hcy metabolism or diet defciency in
folate, vitamin B6, or cobalamin directly correlate with the Hcy level’s

misbalance(Koklesova et al., 2021).

Malondialdehyde (MDA is 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( Lee et al., 2012). cmjoo

Spexin (SPX) it is extensively expressed in central and peripheral tissues
(Kolodziejski et al., 2018).

Asprosin,(Asp) is secreted from white adipose tissue and metabolized in the
liver, where it promotes rapid glucose release into the bloodstream (Romere et al.,
2016).

Midkine (MK) is a soluble secreted cytokine, it can be readily quantitated in
blood samples, thereby making it a minimally invasive biomarker for detecting,

monitoring and managing illness(Cellmid, 2014).
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1.1 Breast cancer

Breast cancer (BC) is the most prevalent type of cancer seen in women even
though various awareness programs and modern diagnostics increased detection at
an early stage(Stimpfel & Virant-Klun, 2016). Prevalence is increasing on a global
scale, apart from the United States, where its stability is relatively consistent
(Stimpfel & Virant-Klun, 2016) Moreover, genetic factors also contribute in
disease development but only account for only 5-10% (Campeau et al., 2008)
Mammary glands tissue provides the site for disease progression with an evolution
time of 7 years, because cancer cells are doubled in 100-300 and 30 doublings are
required for emersion of disease (Navarro, 2006). Worldwide statistics show that in
2018 approximately two million new cases were detected, with total BC
accounting for 11.6% of all cancers (kim, 2019). The majority of BC cases are still
detected in later stages as the early stages are often asymptomatic, patients often
ignore telltale signs of the disease and avoid screening programs(Springfield et al.,
2019). Depending upon the severity of cancer, treatment modalities include
surgery, radiation therapy, chemotherapy, immunotherapy, and targeted therapy
(Springfield et al., 2019). Chemotherapeutic drugs are administered to patients
before surgery (as neoadjuvant therapy) or post-surgery (as adjuvant therapy) and
are primarily aimed at selective inhibiting the proliferation and activating apoptosis
in cancer cells (Michele et al., 2017). However very often patients encounter
moderate to severe side effects in addition to developing acquired resistance to the
drug (which is a more adaptive response to the presence of drug) due to prolonged
treatment (Michele et al., 2017). In addition to acquired drug resistance several
other factors contribute to treatment resistance and variations in the pattern of
resistance are observed between different cancers and anticancer drugs (Mansoori

et al., 2017). In BC the response to chemotherapeutic drugs varies with the
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different BC-subtypes which to a certain degree is attributed to their heterogeneity.
Additionally specific genetic, epigenetic, and metabolic attributes of the subtypes
confer an in-built resistance (intrinsic resistance due to gene mutations) against
certain drugs (Calaf et al., 2015).

1.2 Anatomy of the Female Breast

The mature breast is located within the anterior thoracic wall, between the
second and sixth intercostal cartilage. More specifically, the innermost portion of
the breast lies atop the pectoralis fascia of the pectoralis major, serratus anterior,
external oblique abdominal muscles, and the upper extent of the rectus sheath, it
measures from 10 to 12 cm in diameter. Breasts are cone shaped structures that
extend from each lateral border of the sternum to the anterior axillary line (Alex et
al., 2020). During puberty the onset of the menstrual cycle and changes in
hormones such as estrogen and progesterone in the body leads to the incomplete
development of the breast. Only during pregnancy will the female breast mature to
its full capacity. Most of the incompletely developed breast consists of adipose
tissue, but also comprises fibro glandular parenchyma and connective tissue. The
breast parenchyma contains 15—20 units called lobes. These lobes are made up of
20—40 lobules and each lobule consists of 10—100 hollow cavities known as alveoli
that are a few millimeters in size (Alex et al., 2020). Cuboidal epithelium capable
of synthesizing the protein and lipid components of breast milk, and myoepithelial
cells capable of contracting epithelial cells compose each alveolus. The lobes of
the breast drain into lactiferous ducts which broaden to form a sinus prior to
converging with the nipple. Major ducts are made up of double layers of cuboidal

epithelial cells and minor ducts are made up of a single layer of cuboidal cells
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while the lactiferous sinus is lined by stratified squamous epithelial cells Figure 1-
1 (Alex et al., 2020). The lactiferous sinus drains to the nipple-areola complex- the
more pigmented circular area on the vertex of the breast (Quora et al., 2021).
Underneath the areola, smooth muscle fibers lie in a circular pattern in the dense
connective tissue and parallel to lactiferous ducts in order to erect nipples in
response to appropriate stimuli. The areola also contains sweat, sebaceous and
accessory glands called the Montgomery tubercles, which secrete oils (Quora et
al., 2021).
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Fig. 1-1 The anatomy of the woman breast (Alex et al., 2020).

1.3 The Lymphatic System of the Breast

The lymphatic system includes lymph nodes and lymphatic vessels. The
lymph fluid is made in the process of balancing hydrostatic and oncotic pressure in

capillaries and tissues. It has several interesting and unique characteristics. The
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lymphatic system, which begins with the blind tubes, passes through the lymph
nodes and eventually connects to the heart through the veins, such as the
subclavian vein (Jeon & Chang, 2020). Unlike the veins, the lymphatics have
fewer bifurcations, and they show the clear direction towards axillary or inguinal
lymph nodes in the extremities and moves in one direction through the smooth
muscle action and valves in the lymphatic vessels. It is also intriguing that the
connection between the superficial and deep lymphatic system is not significant
(Jeon & Chang, 2020). Although there exist perforating lymphatic vessels and they
connect the superficial and deep lymphatic vessels, some authors argue that they
only parallel the arteries originating below the deep fascia and do not connect the
two lymphatic systems definitely (Jeon & Chang, 2020). The lymphatic vessels can
be largely divided into three categories including lymph capillaries, pre-collectors,
and lymph-collecting vessels (Suami & Scaglioni, 2018). The lymph capillaries
(20 to 70 um) are located just beneath the epidermis and have blind endings. They
are formed with the endothelial cells that are loosely overlapped with each other.
Anchoring filaments connect the endothelial cells and the surrounding tissue. In
the case of excess interstitial fluid being, the anchoring filaments are stretched and
the gaps between the endothelial cells are open to absorb the fluid (Suami & Kato,
2018). The lymph capillaries don’t have valves and are connected by the pre-
collectors in the deep dermal layer. The pre-collectors (70 to 150 pm) have
unidirectional valves helping lymph flow from the superficial to deep layers and
become larger vessels through meeting together in the dermal layer (Suami, 2016).
Via the efferent pre-collectors, they connect to the lymph-collecting vessels in the
subcutaneous layers. The lymph-collecting vessels (150 to 500 pum) can be
subdivided as superficial and deep ones according to their anatomical location to
the deep fascia. They have three-layered structure, including the endothelial,

smooth muscle, and collagen fiber with fibroblast layers (Greene & Goss, 2018) .
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The smooth muscle layer performs a major role in rhythmic contraction for the
directional flow of the lymph fluid. In the upper extremities, there may be an
alternative pathway of the superficial lymph-collecting vessels that skips the
axillary lymph nodes (sentry nodes) and goes to the supraclavicular lymph nodes
through the deltopectoral nodes (interval lymph nodes). It can work as a detour for

preventing upper-extremity lymphedema (Greene & Goss, 2018).

1.4 Etiology and Risk Factors of Breast Cancer

Breast cancer is common in the United States (US), with approximately one
in eight women diagnosed during their lifetime . Incidence increases with age, but
roughly 18% occur before the age of 50 years (DeSantic et al., 2019). Razavi
suggests that there is etiologic heterogeneity of breast cancer associated with age at
onset (young-onset vs. older-onset) (Razavi et al., 2020) . It was proposed that
prenatal exposure to endogenous or exogenous hormones might influence the
trajectory of breast cancer development later in life, implying that a critical
window for carcinogenesis of the breast might begin during prenatal life. For
example, intrauterine exposure to insulin-like growth factors has been proposed to
have a role in breast cancer risk (Schernhammer, 2002). Other perinatal factors,
such as birth weight and birth length, might reflect in utero exposure to growth
hormones (Zheng et al., 2021). Most of the research studies evaluating the
association between birth weight and risk among young women have reported a
modest increase in breast cancer risk associated with high birth weight (Bothou et
al., 2020).
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1.5 Prevalence of Breast Cancer

Women in the Middle East face a significant risk of high mortality rate from
BC, due to the delay in the diagnosis and the advanced stages of the disease at the
time of diagnosis. In kingdom of Saudi Arabia, BC is usually diagnosed at late
stage and more frequently in young, pre-menopausal women, under the age of 45,
In comparison to western countries (Alshareefl et al., 2019). In Irag breast cancer
Is the most common type of malignancy among lIragi women as shown in Figure 1-
2 (Al-Rawaq et al., 2016). It accounts approximately one third of the registered
female cancers according to the latest Iragi Cancer Registry which shows a trend
for the disease to be affected younger age groups(Alwan N, 2014). The morbidity
and mortality of cancer in lrag show a horrible results in increased incidence of
breast cancer (4,542) cases in female annually, The mortality 9,000 deaths in
female annually 1 in 6 women worldwide develop cancer during their lifetime, 1 in
11 women die from the disease (Ferlay et al., 2018). An additional 51,400 cases of
ductal carcinoma in situ (DCIS) diagnosis in women. (ACS, 2022). The etiologies
of the majority of BCs are unknown, with only about 25% to 40% of them
attributed to well known risk factors (ACS, 2009). Awareness of BC risk factors
(gender, age, family, personal history, racial factors, radiation exposure, breast
changes, early menarche, late menopause, prolonged null parity, obesity, diet,
alcohol consumption, tobacco smoking, excessive estrogen exposure, oral
contraceptive use, stress, anxiety) and perception of personal risk, are important
factors for motivation, prevention, and/or early detection of the disease (RB
.,2010). Knowledge about the disease (including screening methods and warning
signs) plays an important and effective role towards developing and employing
screening programs in a community. This can effectively improve the chances of

early detection of BC, should result in an improvement in survival rates and quality
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of life (Elmore et al., 2005). Late diagnosis of BC is mainly due to lack of
awareness in the population and barriers to access health services as shown in
Figure 1-3 (WHO, 2018). Early detection of BC can be achieved through:
Implementing effective screening programs and annual mammogram in the
targeted population; Improving public awareness about signs and symptom of BC;

and the encouragement of females to take a prompt action (Saud & Siddig, 2017).

(riple negaive
14%

Wlunind A
B e positve

M e 2 enrched

g

luminal A
69%

triple posRive S e
%

Fig 1-2 prevalence of molecular subtypes of breast cancer in Iraq (Al-

Rawagq et al., 2016)



Chapter One Introduction and Literature Review

Fig 1-3 Prevalence of breast cancer according to (WHO and Globocan 2018).

1.6 Signs and symptoms

Some people have no symptoms and the cancer is found during a mammogram (a
low-dose x-ray of the breast) through the National Breast Cancer Screening

Program. If you do have symptoms, they could include (Cardoso et al., 2019) :

* A lump, lumpiness or thickening, especially if it is in only one breast.
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* A change in the size or shape of the breast

* A change to the nipple, such as a change in shape, crusting, sores or ulcers,
redness, a clear or bloody discharge, or a nipple that turns in (inverted) when it

used to stick out

« A change in the skin of the breast, such as dimpling or indentation, a rash, a scaly

appearance, unusual redness or other color changes
« Swelling or discomfort in the armpit

 Ongoing, unusual pain that is not related to your normal monthly menstrual cycle,

remains after your period and occurs in one breast only (Cardoso et al., 2019).

1.7 Histological classification of breast tumors

According to the English version of histological classification of breast
tumors in the General Rules 18th ed. prepared by the General Rule Committee of

the Japanese Breast Cancer Society as shown in Figure 1-4 (Tsuda, 2019).

11
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Breast Cancer

SN

In Situ Carcinoma Invasive (Infiltrating) Carcinoma
Ductal Lobular
Invasive Infiltra-
bul ting
Lobular Ductal
Tubular Ductal Medullary
Lobular Mucinous

Fig 1-4 Histopathological classification of breast cancer

1.7.1 Benign Tumors

Adenomyoepithelioma (AME) is composed of both duct epithelial cells and
myoepithelial cells, wherein the proliferation of the latter predominates. This
tumor shows the coalescence of well circumscribed multiple nodules surrounded
by fibrous connective tissue as shown in Figure 1-5 (Ali3 Talaat, 2020). In general
AME is a benign tumor. It rarely shows malignant transformations in either or both
of duct epithelial and myoepithelial components, and in that case, is classified as
AME with carcinoma or malignant. AME in the category of malignant tumor.
Pleomorphic adenoma, apocrine adenoma. These entities can be incidentally
detected as solitary lesions or accompanied by other benign lesions. Their
implications as risk indicators of invasive cancer occurrence and/or as

precancerous lesions in themselves are under discussion. The classification of

12
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benign tumors maintains its previous five categories: intra ductal papilloma, ductal

adenoma, nipple adenoma, adenomas, and adeno mayo epithelioma (Tsuda, 2019).
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Fig. 1-5 Cell of benign tumor of breast (Ali & Talaat, 2020).

1. Intra ductal papilloma (IDP):- Is papillary tumor arising in the mammary duct.
Clinically, discharge, sometimes bloody discharge, is common from the nipple.

Some tumors are solitary, while others are multiple (Tsuda, 2019).

2. Ductal adenoma:- Comprises the proliferation of benign epithelial cells, and is
often accompanied by central scar like fibrosis. This entity sometimes expands
outside mammary ducts as pseudo-invasion and/or shows apocrine metaplasia with
relatively conspicuous cellular atypia. Note: ductal adenoma is a synonym of

sclerosing intra ductal papilloma.

3. Nipple adenoma:- Is an adenoma of papillary or solid structure arising within
the nipple or a sub-areolar mammary duct. This tumor may be confused with

carcinoma.

13



Chapter One Introduction and Literature Review

4. Adenoma is mainly composed by the proliferation of epithelial components with
relatively scant stromal components. The adenoma is sub classified into tubular
adenoma and lactating adenoma. The former entity has a tubular structure. The
latter occurs during lactation and is composed of mammary gland tissue showing

secretory changes (Tsuda, 2019).

5. Adenomyoepithelioma (AME) is composed of both duct epithelial cells and
myoepithelial cells, wherein the proliferation of the latter predominates. In general,
AME is a benign tumor. It rarely shows malignant transformations in either or both
of duct epithelial and myoepithelial components and in that case is classified as

AME with carcinoma or malignant (Masood, 2016).

1.7.2 Malignant Tumors

For the morphological study of breast cancer, first must understand whether
the tumor is limited to the epithelial component of the breast or has invaded the
surrounding stroma, and whether this tumor appeared in the mammary ducts or
lobes (Vuong et al., 2014). However, in histopathological practice, cell type
characteristics, number of cells, type and location of secretion, immune
histochemical profile and architectural characteristics determine if the tumor is
ductal or lobular, in addition to its sub-classifications, rather than its precise
location in the mammary tissue (Makki, 2015). About 50% to 80% of newly
diagnosed breast cancer cases are called invasive ductal carcinoma (IDC); the rest
of the cases are classified as invasive lobular carcinoma (ILC) (Lynn Henry &
Lisa, 2019). IDCs can be classified as “no specific type” because these tumors do
not present sufficient morphological characteristics to be determined as a

characteristic histological type; they can also be recognized as a “special type” if
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they present sufficient distinctive characteristics, and particular cellular and

molecular behavior (Masood, 2016).

1.7.2.1 Invasive Ductal Carcinoma

No specific type (IDC-NST) The histological subtype IDC-NST is the most
common, constituting about 40% to 75% of all invasive breast carcinomas.
Usually, it has a wide scope of morphological variation and clinical behavior
(Masood, 2016). Tumor cells are pleomorphic with protruding nucleoli and

numerous mitoses as shown in Figure 1-6.

Fig 1-6 Cells of invasive ductal carcinoma (Masood, 2016).

1.7.2.2. Medullary carcinoma

Special subtype of invasive breast carcinoma, responsible for approximately
5% of all cases, and associated with better clinical results and lower rates of

involvement in axillary lymph nodes (Akram et al., 2017) It usually affects
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patients between 30 and 40 years old and is often associated with mutations in the
BRCAL germline (Breast cancer gene 1), as shown in Figure 1-7 (Masood, 2016).

Fig. 1-7 Cells of medullary carcinoma (Masood, 2016).

C. Metaplastic carcinoma

Metaplastic carcinoma histological subtype is characterized by the dominant
component of metaplastic differentiation, representing approximately 1% of all
cases and affecting women, mainly in post-menopause (Nascimento & Oton,
2020). Morphologically it is a poorly differentiated heterogeneous tumor that
contains ductal carcinoma cells mixed with other histological elements such as

squamous cells, spindle cells as shown in Figure 1-8 (Papa, et al., 2021).

16



Chapter One Introduction and Literature Review

Fig 1-8 Cells of metaplastic carcinoma (Nascimento & Oton, 2020).
D. Apocrine carcinoma

Apocrine carcinoma  constitutes about 1% to 4% of all cases, with
prominent apocrine differentiation comprising at least 90% of tumor cells (Makki,
2015). This subtype is generally of high histological grade, it is more commonly
seen in postmenopausal women (Vranic et al., 2013). Microscopically tumor cells
are large with an abundant granular eosinophilic cytoplasm, positive for PAS
(Periodic acid-reactive Schiff) staining and prominent nucleoli; in addition, bizarre
tumor cells with multi lobulated nuclei can also be observed as shown in Figure 1-
9 (Vranic et al., 2013).
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Fig 1-9 Cells of apocrine carcinoma (Vranic et al., 2013).
E. Mucinous carcinoma

Mucinous carcinoma is a special subtype of breast cancer, also known as
colloid, gelatinous, mucous and mucoid carcinoma, responsible for 2% of all
newly diagnosed cases (Akram et al., 2017). This subtype has been associated
with a favorable prognosis and often affects women over 60 years of age
(Marrazzo et al., 2020). Morphologically, these tumors have abundant amounts of
extracellular mucin, surrounding small clusters of tumor cells with different growth

patterns and with mild nuclear atypia as shown in Figure 1-10 ( Zhang et al.,
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1.2.7.6. Cribriform carcinoma

Special subtype associated to a good prognosis, generally affecting patients
who are approximately 50 years old and constituting about 1% to 3.5% of all breast
cancer cases. Cribriform carcinoma has almost no evidence of regional or distant
metastasis (Makki, 2015). Microscopically, this subtype presents islands of
uniform tumor cells, with low-grade atypia as shown in Figure 1-11, cribriform
appearance in 90% of the tumor and often associated with DCIS (Ductal carcinoma

in situ) without well-defined stromal invasion (Cong et al., 2015).

Fig 1-11 Cells of cribriform carcinoma (Mukend et al., 2018).

1.7.2.7. Tubular carcinoma

Well-differentiated subtype, occurring in women between 50 and 60 years of
age and constituting about 2% of all newly diagnosed cases. Most tubular
carcinomas are associated to a wide range of potentially premalignant proliferative
lesions (Zhang et al., 2018). This subtype is characterized by the proliferation of
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prominent tubules (>90%), which can be angled, oval or elongated, with a
disorganized disposition and open lumen covered by a single layer of epithelium,
usually without presentation of necrosis and mitosis as shown in Figure 1-12
(Zhang et al., 2018).

Fig 1-12 Cells of Tubular carcinoma (Masood, 2016).

H. Neuroendocrine carcinoma

Neuroendocrine carcinoma is constitutes about 0.5% to 5% of all cases of
breast cancer and commonly occurs in older ages (Masood, 2016). This type of
tumor has characteristics similar to neuroendocrine tumors of the gastrointestinal
tract and lung, consistently expressing the markers chromogranin A and
synaptophysin in more than 50% of neoplastic cells (Jurc¢i¢ et al., 2016).
Morphologically, there is an infiltrative growth pattern with solid aggregates of
tumor cells arranged in alveolar, trabecular or rosette patterns, and peripheral
palisades can also be observed as shown in Figure 1-13. Neoplastic cells can be of
different sizes and generally have fine eosinophilic granular cytoplasm (Li et al.,
2017).
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Fig 1-13 Cells of neuroendocrine carcinoma (Li et al., 2017).

1.7.2.9. Invasive lobular carcinoma

Invasive lobular carcinoma is the second largest biologically distinct
carcinoma, representing about 5% to 15% of all newly diagnosed cases and
generally affecting women of advanced age. The classic form of the ILC is
characterized by the presence of small tumor cells with little atypia, uniformly
distributed throughout the stroma in a concentric pattern as shown in Figure 1-14.
Among pleomorphic ILC, tumor cells have a hyperchromatic and eccentric
nucleus, prominent mitoses and apocrine. Histiocytic or signet ring cells can be
observed and they are more likely to have TP53 mutations (Tumor protein 53)
(Nascimento & Oton, 2020)
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Fig 1-14 Cells of invasive lobular carcinoma (Nascimento & Oton, 2020).

1.8 Cancer Grading

Histological tumor grade is based on the degree of differentiation of the
tumor tissue. In breast cancer, it refers to the semi-quantitative evaluation of
morphological characteristics and is a relatively simple and low-cost method,
requiring only adequately prepared hematoxylin-eosin-stained tumor tissue
sections to be assessed by an appropriately trained pathologist using a standard
protocol. NGS is based on the evaluation of three morphological features: (a)
degree of tubule or gland formation, (b) nuclear pleomorphism, and (c) mitotic
count (Pathology Reporting, 2005). Invasive carcinomas are morphologically
subdivided according to their growth patterns and degree of differentiation, the
latter of which reflects how closely they resemble normal breast epithelial cells.
This subdivision is achieved by assessing histological type and histological grade,
respectively. The Nottingham (Elston-Ellis) modification of the Scarff-Bloom-
Richardson grading system, also known as the Nottingham Grading System (NGS)
(Elston CW et al., 1991) , is the grading system recommended by various
professional bodies internationally (World Health Organization [WHO], American
Joint Committee on Cancer [AJCC], European Union [EU], and the Royal College
of Pathologists (UK RCPath) (Pathology Reporting, 2005, and Tavassoli et al.,
2003) .

1.9 Cancer staging

Breast cancer staging is based on the TNM system, defined by the American
Joint Committee on Cancer, which takes into account tumor (T) size, the extent of

regional lymph node (N) involvement, and the presence or absence of metastasis
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(M) beyond the regional lymph nodes as shown in Table 1-1 and Table 1-2 . Using
this system, whose criteria 3and details are outlined in Table 1, breast cancer is
staged from 0O to IV. Stage O implies in situ cancer, while stages | to IV indicate
Invasive cancer, with IV implying metastatic spread to distant organs (Hammer et
al., 2008).

Table 1-1 TNM staging system of breast cancer for histopathology (Kalli et al., 2018)

TNM Class Criteria
TO No evidence of primary tumor
Tla Carcinoma in situ
T1 <or=2cm
Tlmlc Microinvasion .1 cm or less
Tla >1to.5cm
Tlb >5tolcm
Tlc >1to2cm
T2 >2to5cm
T3 >5cm
T4 Any size tumor with direct extension to: a)

Chest well or b) skin

T4a Chest well , not including pectoralis
muscle

T4b Skin edema, ulceration, satellite skin
nodule

T4c 4a and 4b

T4d Inflammatory carcinoma

NX Regional lymph nodes cannot be removed

NO No regional lymph node metastasis

N1 Metastasis to movable ipsilateral axillary
lymph node
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N2 Metastasis in ipsilateral axillary lymph
nodes fixed of matted (N2a) or met. Only
in clinically apparent ipsilateral mammary
nodes without clinically evident axillary
lymph nodes. (N2b)

N3 Metastasis in ipsilateral infraclavicular

lymph nodes (N3a) or clinically apparent
ipsilateral internal mammary lymph nodes

(N3b) or ipsilateral supraclavicular lymph

nodes (N3c)
Mx Distant metastasis cannot be assessed
MO No distant metastasis
M1 Distant metastasis

Table 1-2 Staging system of breast cancer for oncology (Amin et al., 2017)

Breast cancer Classification criteria based on

stages TNM

Stage 0 Tis, NO, MO

Stage A TO, N1, MO or
T1, N1, MO or
T2, NO, MO

Stage 11B T2, N1,M0
T3, NO, MO

Stage A TO, N2, MO or
T1, N2, MO or
T2, N2, MO or
T3, N1, MO or
T3, N2, MO
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Stage I11B T4, NO, MO or
T4, N1, MO or
T4, N2, MO

Stage I11C any T, N3, MO

Stage IV any T, any N, M1

1.9.1 Stage Zero

Stage zero means that breast cancer cells have developed, but they did not
have time to spread to any surrounding tissues, or to the lymph nodes or other
organs. Usually zero stage means the so-called ductal carcinoma in situ or lobular
carcinoma in situ .At stage 0 survival rate during 5 years is almost 100% (Blanco
etal., 2018).

1.9.2 The first stage of breast cancer

The first stage means that tumor size is less than 2 cm. And that indicates
that has not yet spread to the lymph nodes or to other organs (i.e. not metastasized)
(Stage 1A) or was able to form only micro metastases in 1-3 lymph nodes in the
underarm area (Stage 1B) (Epstein et al., 2011). On the 1st stage, the survival rate
during 5 years is almost 100% (ACS, 2016).

1.8.3 The second stage of breast cancer
1.9.3.1 Stage2A

It indicates that tumor size is less than 2 cm (or not detected) and has one or

both of the following characteristics:

A -Already spread to no more than 3 lymph nodes under the arm, forming

metastases more than 2 mm in diameter.
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B-Small metastases were found in the lymph nodes in mammary glands. C- tumor
Is greater than 2 cm in diameter, but less than 5 cm and has not spread to the lymph

nodes or other organs (Laaksonen & Mitsuk, 2016).
1.9.3.2 Stage2B

This stage indicates that tumor is greater than 2 cm in diameter, but less
than 5 cm and has not spread to the lymph nodes or other organs or small cancer
metastases were found in no more than three lymph nodes in the axilla and / or
lymph nodes in mammary gland, but not found in the internal organs; or the tumor
is larger than 5 cm in diameter, but has not grown into the chest wall or skin and
did not form metastases in the lymph nodes or internal organs (Laaksonen &

Mitsuk, 2016). At stage 2 the survival rate during 5 years is about 93% .
1.9.4 The third stage of breast cancer
1.9.4.1 Stage 3A

This stage indicates that tumor is not more than 5 cm across and has spread
to no more than 9 lymph nodes in the axilla or formed metastases in the lymph
nodes in mammary gland, but not to internal organs. Or the tumor is greater than 5
cm in diameter, has spread to no more than 9 of the lymph nodes under the arm
and formed metastases in the lymph nodes in mammary glands, however, did not
grow into the breast bone or skin and has no metastasis in internal organs (ACS,
2016).

1.9.4.2 Stage 3B

This stage means that the tumor had time to grow into the chest wall or skin,
but did not form metastases in the internal organs and has one of the following

characteristics found from :
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A-No metastases in the lymph nodes.

B- It as only 1-3 micro metastases in lymph nodes or axillaries lymph nodes in

mammary glands.

C- It does not spread to more than 9 lymph nodes in the axilla or form metastases

in the lymph nodes inside the mammary gland.
1.9.4.3 Stage 3C

In this stage the tumor regardless of its size; it has one of the following

characteristics, as said in :
A-Has metastases in more than 10 lymph nodes under the arm.

B-Has metastases in the lymph nodes under or above the collarbone. During the

stage 3 survival rate during 5 years is approximately 72% (Burbage, 2020).
1.2.9 .5 The fourth stage of breast cancer

It is the stage where the tumor is regardless of its size, was able to form
metastases in other organs. In most cases, breast cancer metastases are formed in
bones, liver, brain or lungs (Li et al., 2017). Survival rate during 5 years at 4th

stage is on average 22% (Burbage, 2020).

1.10 Breast cancer prevention

For many women and their health care providers, breast cancer prevention is
synonymous with mammography screening. Regular breast cancer screening of
asymptomatic women through mammography is considered a form of secondary

prevention, because the early detection of breast cancer through screening can lead
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to more effective treatment, better outcomes, and fewer deaths (Secretan et al.,
2015). The decline in breast cancer mortality from 1975 to 2000 was attributed, in
part, to mammography screening (Berry et al., 2007). although improvements in
treatment likely drove most of that and subsequent declines (Narod et al., 2015).
Nearly 90% of the women diagnosed with breast cancer in the United States will

survive at least 5 years (Owens et al., 2019).

1.11 Treatment of breast cancer

Drugs used to treat breast cancer are considered systemic therapies because
they can reach cancer cells almost anywhere in the body. Some can be given by
mouth, injected into a muscle, or put directly into the bloodstream. Depending on
the type of breast cancer, different types of drug treatment might be used,

including:

| -Chemotherapy for Breast Cancer

2- Hormone Therapy for Breast Cancer

3- Targeted Drug Therapy for Breast Cancer
4- Immunotherapy for Breast Cancer

The ACS reach to recovery program connects people facing breast cancer — from
diagnosis through survivorship — with trained volunteers who are breast cancer
survivors. Clinical trials are carefully controlled research studies that are done to
get a closer look at promising new treatments or procedures. Clinical trials are one
way to get state-of the art cancer treatment. In some cases they may be the only

way to get access to newer treatments. They are also the best way for doctors to
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learn better methods to treat cancer. Still, they're not right for everyone. If you
would like to learn more about clinical trials that might be right for you, start by

asking your doctor if your clinic or hospital conducts clinical trials (ACS,. 2018).
1.11.1 Surgery for Breast Cancer

Most women with breast cancer have some type of surgery as part of their
treatment. There are different types of breast surgery, and they may be done for
different reasons, depending on the situation. For example, surgery may be done

to:

1-Remove as much of the cancer as possible (breast-conserving surgery or

mastectomy).

2- Find out whether the cancer has spread to the lymph nodes under the arm

(sentinel lymph node biopsy or axillary lymph node dissection)

3-. Restore the breast’s shape after the cancer is removed (breast reconstruction)
4-. Relieve symptoms of advanced cancer.

There are two main types of surgery to remove breast cancer:

1-Breast-conserving surgery is surgery to remove the cancer as well as some
surrounding normal tissue. Only the part of the breast containing the cancer is
removed. How much breast is removed depends on where and how big the tumor
iIs, as well as other factors. This surgery is also called a lumpectomy,
guadrantectomy, partial mastectomy, or segmental mastectomy (Hudis et al.,
2016).

2-Mastectomy is a surgery in which the entire breast is removed, including all of

the breast tissue and sometimes other nearby tissues. There are several different
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types of mastectomies. Some women may also have both breasts removed in a

double mastectomy (Cruz et al., 2015).
1.11.IT1 Chemotherapy

Chemotherapy is recommended in the vast majority of triple-negative,
HER2-positive breast cancers and in high-risk luminal-like HER2-negative tumors
. The absolute benefit of is more pronounced in ER-negative tumors (Berry et al.,
2007). Chemotherapy regimens containing both anthracycline (eg, adriamycin) and
taxane (such as adriamycin/cyclophosphamide followed by taxane) achieve the
greatest risk reduction and remain the appropriate choice in high risk patients.
Specifically, the use of anthracycline appears most important in patients with more
lymph node involvement and with triple-negative disease (Alvaro et al., 2017). In
patients who receive a complete course of neoadjuvant chemotherapy with
anthracycline and taxane. Arecent trial suggested that capecitabine could lower
recurrence rates and improve survival for patients with residual disease following
neoadjuvant chemotherapy, (Masuda et al., 2017) .Some chemotherapeutic drugs

used in lIraq for breast cancer treatment :

Gemzar (gemcitabine for injection, USP) is a nucleoside metabolic inhibitor that
exhibits antitumor activity. Gemcitabine HCI is 2"-deoxy-2",2"-difluorocytidine
mono hydrochloride (B-isomer) (Celia, C., et al., 2021).

Cytoxan(Endoxan) (cyclophosphamide) is a common chemotherapy drug that
stunts or halts cancer cell growth. It is used in combination with other medications
to treat breast cancer and several other forms of cancer. When considering Cytoxan
or any breast cancer treatments, (Caroline et al., 2019). Cytoxan is often combined
with one other drug, Adriamycin, in a chemotherapy infusion to treat breast cancer.
This combination is called AC (Abe, O., et al., 1982 ).
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Taxanes are a class of diterpenes. They were originally identified from plants of
the genus Taxus (yews), and feature a taxadiene core. Paclitaxel (Taxol) and
docetaxel (Taxotere) are widely used as chemotherapy agents (Hagiwara &
Sunada, 2004). Taxotere belongs to a class of chemotherapy drugs called plant
alkaloids. Plant alkaloids are made from plants (Ottaggio et al., 2008).

Neupogen is a medication given to some people receiving chemotherapy to
prevent or treat a condition called chemotherapy-induced neutropenia. Neutrophils
are a type of white blood cell (WBC) that help prevent infection (Rigby & Deleo,
2012). Neupogen works by stimulating the bone marrow to increase the production
of white blood cells. After chemotherapy administration, the medication is given as

a subcutaneous injection (in the tissue under the skin) (Lee, et al.,2015) .

Table (1-3) Types of common chemotherapy drugs used for breast cancer treatment(Sadeque et

al., 2000)
CMF Cyclophosophomide,Methotrexate,5-F4
AC Doxorubicin, Cyclophosphamide
CAF Cyclophosphamide,doxorubicin,5-F4
AC—-T Doxorubicin, cyclophosphamide, paclitaxel
CEF Cyclophosphamide, epirubin,5-

F4,vincristine,prednisone

AT Doxorubicin, docetaxel (Taxoter)
AC-Taxoter | Doxorubicin, cyclophosphamide , docetaxel
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1.11.I1I Radiation Therapy for Breast Cancer

Radiation therapy (also called Radiotherapy) improves breast cancer
outcomes in women treated with lumpectomy and in some patients who receive
mastectomy. It is often the last step of active treatment for breast cancer patients
who had surgery and when indicated, chemotherapy. Radiation therapy causes
biological effects in the cancer cells that cause them to die (Balaji et al., 2016).
After surgery, radiation may be used to stop the growth of any cancer cells that
remain. Radiation therapy dose is calculated ahead of time by a team of radiation
oncologists, physicists, and dosimetrists. The therapy is based on an individual’s
specific case, as well as health and body type (Balaji et al., 2016). The dose is
enough radiation to kill a cancer cell, while still allowing normal cells to recover
before the next dose. In patients who are treated with chemotherapy first and then
surgery, or surgery without chemotherapy, radiation typically begins 6 to 8 weeks
after surgery. In patients who are treated with surgery first and then chemotherapy,
radiation typically begins 4 to 6 weeks after the last cycle of chemotherapy (Balaji
et al., 2016).

1.11.IV Target therapy

With a better understanding of the etiology of breast cancer, molecularly
targeted drugs have been developed and are being testing for the treatment and
prevention of breast cancer. Targeted drugs that inhibit the estrogen receptor (ER)
or estrogen-activated pathways include the selective ER modulators (tamoxifen,
raloxifene, and lasofoxifene) and aromatase inhibitors (Als) (anastrozole, letrozole,
and exemestane) have been tested in preclinical and clinical studies. Tamoxifen

and raloxifene have been shown to reduce the risk of breast cancer and promising
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results of Als in breast cancer trials, suggest that Als might be even more effective
in the prevention of ER-positive breast cancer. However, these agents only prevent
ER-positive breast cancer. Therefore, current research is focused on identifying
preventive therapies for other forms of breast cancer such as human epidermal
growth factor receptor 2 (HER2)-positive and triple-negative breast cancer (TNBC,
breast cancer that does express ER, progesterone receptor, or HER2). HER2-
positive breast cancers are currently treated with anti-HER2 therapies including

trastuzumab and lapatinib (Mohamed et al., 2013).

1.12 Oxidative stress

Oxidative stress caused by an imbalance in the redox status of the body. In
such a state, increase of free radicals in the body can lead to tissue damage.
Damage caused by oxidative stress is involved in many types of diseases, including
neurological diseases (Alzheimer’s and Parkinson’s), diabetes, atherosclerosis,
arthritis, inflammation, and, most importantly, broader types of cancer including
breast cancer (Nourazarian et al., 2014) Oxidative stress is an imbalance in the
ratio between oxidants (free radicals) and antioxidants, a condition in which the
body’s redox and oxidation reactions - resuscitation problems arise. Disorders are
caused by the increasing of the imbalance between production and removal of free
radicals and reactive species in the body (Samir et al., 2019). Many cellular
processes, including cell metabolism, signaling pathways, pathways regulating
gene expression, cell proliferation, and apoptosis (programmed cell death), are
affected by oxidative stress (Poli et al., 2004). Increasing the free radicals changes
the structure and functions of the main bimolecular body, including changes in

proteins, lipids, and nucleic acids, and can lead to tissue damage. Products derived
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from this injury are used as biomarkers of oxidative stress in the assessment and
diagnosis of all cancers. Especially breast cancer (Abdal Dayem et al., 2010).
Previous studies have demonstrated that oxidative stress is associated with
carcinogenesis and the incidence of cancer. During the carcinogenesis process, the
level of reactive oxygen species in cancer cells increases and levels of antioxidants
dwindle. destruction caused by oxidative stress has an impressive role in the
occurrence and progression of breast cancer. Studies suggest that in this disease
oxidative stress is increased. Many mechanisms are effective in enhancing
oxidative stress, including genetic variations in antioxidant enzymes, estrogen
therapy, and excess reactive oxygen species (Badid et al., 2010). Tumor cells
produce more free radicals compared with normal cells; thus, they are influenced
by oxidative stress. Because of that, markers of oxidative stress have been
identified in samples of breast carcinoma. Numerous factors through different
mechanisms are involved in increasing reactive oxygen species of breast tumor
cells (Mohseni et al., 2019).

1.13 Reactive oxygen species (ROS)

Reactive oxygen species (ROS) is a collective term referring to unstable,
reactive, partially reduced oxygen derivatives that are created as a by-product of
normal metabolic processes (In et al., 2017). including superoxide anion, hydrogen
peroxide, hydroxyl radical, lipid peroxides, protein peroxides and peroxides
formed in nucleic acids (Lushchak, 2014). They are maintained in a dynamic
balance by a series of reduction-oxidation (redox) reactions in biological systems
and act as signaling molecules to drive cellular regulatory pathways (DmitryZorov

et al., 2014). Excessive oxidative stress derived from ROS accumulation
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deregulates the anti oxidative defense system, which is closely associated with
various diseases (Stowe et al., 2017). especially cancers. Though emerging studies
have demonstrated the primary ligand stimulants, the enzymatic generation
mechanisms as well as the putative downstream targets , the major mechanisms by
which ROS participates in cancer development in concentration dependent,
spatially dependent and temporally dependent manners remain insufficiently
understood (Reczek & Chande, 2018).

1.14 Reactive Oxygen Species and Breast Cancer

Beginning in the 1990s, studies set the stage for the concept that ROS are a
driving factor for tumor genesis. One important characteristic of cancer cells is
their increased ROS levels compared to those in their counterpart cells and the
subsequently elevated levels of antioxidants to detoxify the accumulated ROS to
reinstitute a redox balance. ROS are thought to play oncogenic roles by
contributing to activation of proto-oncogenes and inactivation of tumor suppressor
genes and by acting as signaling molecules to induce abnormal cell growth and
metastasis(In et al., 2017). ROS accumulation in normal cells is one of the
initiating factors in the early stage of the neoplastic process. Therefore, an
appropriate application of antioxidants can decrease the oxidative stress burden,
consequently preventing normal cells from sliding into the abyss of malignant
transformation. Numerous epidemiologic data and preclinical/ clinical studies have
suggested that keeping an anti oxidative dietary or pharmaceutical application of
anti oxidative phytochemicals can effectively prevent tumorigenesis. Breast tumor
microenvironment (TME) cells is a perplexing niche that comprises diverse cell
types and is supported by an extracellular matrix (ECM) and soluble factors
(Deepak et al., 2020). BC cells instigate and promote the progression of tumors by

establishing tumor-associated stroma from adjoining normal fibroblasts, immune
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cells as well as endothelial cells. The TME is characterized by hypoxia, metabolic
reprogramming, nutrient deprivation, by enhancing epithelial mesenchymal
transition( EMT) and switching to glycolytic metabolism. They originate largely
from the mitochondria, transverse to the cytosol, and mediate cellular signaling.
ROS are associated with tumorigenesis by affecting multiple biological activities
including regulation of cell proliferation, mediation of genomic instability,
induction of inflammation, development of resistance to apoptosis, initiation of
metabolic reprogramming, and promotion of metastasis (Kalyanaraman et al.,
2018). Extensive research over the years established the involvement of ROS in
BC initiation and progression. In contrast the overproduction of ROS is detrimental
to the survival of BC. Chemotherapy, radiotherapy, and photodynamic therapy
trigger cell death by inducing ROS, which are also implicated in the activation of
apoptotic signaling pathways and the tumor suppressor genes p53 (Averill-Bates
et al., 2016). However the functional role of ROS in survival or cell death is

different among the subtypes of BCs.
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Fig. 1-15 Pathophysiological functions of ROS in breast cancer. (Kalyanaraman et al., 2018).
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1.15 Lipid Profile and Breast Cancer

lipids are the major cell membrane components essential for various biological
functions including cell growth and division of normal and malignant tissues.
Usefulness of variations in tissue/blood cholesterol levels in diagnosis and
treatment of various diseases has been studied by several workers. Plasma lipids
level reflects dietary lipid intake in individuals. There are several reports of
elevated plasma lipid level such as total lipids, phospholipids, triglycerides (TG),
total-cholesterol (T-CHOL), low density lipoprotein-cholesterol (LDL-C) and free
fatty acids in pre and post-menopausal breast cancer patients (Bani, et al., 1986). It
has been postulated that changes in the concentration of serum lipids in the breast
cancer patients could result in an increase production of tumor necrosis factor and
inhibit adipose lipoprotein lipase activity by the action of insulin(Knapp, et al.,
1991). Human mammary tissue metabolizes lipids from plasma affected by female
gonadal hormones. Malignant proliferation of breast tissue in women has been
associated with changes in plasma lipid and lipoproteins levels (Lane, et al., 1995).
Low LDL-C in malignancy might be explained by an increased demand of
cholesterol from neoplastic cells, resulting in increased LDL removal through the
enhancement of LDL receptor activity (Vitols, et al., 1985,5 Goldstein, et al.,
1977). This pattern of lipid abnormalities is very similar to that observed during
the acute-phase response in a variety of acute and chronic diseases (Veneracion, et
al., 1989), and might be due to the release of proinflammatory cytokines
(Hardardottir, et al., 1994). It is possible that lipid abnormalities in cancer patients
might represent an acute-phase response due to cytokines delivery by
inflammatory cells around the tumor or by the tumor cell itself (Blackman, et al.,
1993).
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1.16 Malondialdehyde (MDA)

Malondialdehyde is one of the results of lipid peroxidation is known to be
present in human plasma and to possess biological properties that may be relevant
to carcinogenesis (GOneng et al., 2001). 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.
Numerous studies have examined the possibility of a connection between lipid
peroxidation and cancer (Raffa & Tallarida, 2010) and in the last few years, it has
come to be considered the main indicator of lipoperoxidative processes (We et al.,
2021). Thus justifying the studies concerning its role as an indicator of oxidative
stress (Hassanpour et al., 2021) and a precursor of endothelial disorder(Polidori et
al., 2002). Some studies showed that lower total antioxidant capacity and higher
MDA levels increased oxidative stress and could be related to breast cancer
(Go'nenc et al., 2007).

1.17 Homocysteine

Homocysteine (Hcy), a sulfhydryl-containing non-proteinogenic amino acid,
is a metabolic intermediate produced by the demethylation of methionine (Met) in
the body and is physiologically essential for processes such as cell cycle
progression and maintenance of cellular homeostasis (Koklesova et al., 2021). In
turn, Hcy metabolism contributes to (1) the folate-dependent/independent re
methylation to form Met and (2) the trans sulfuration pathway (via cystathionine)
to form cysteine as shown in Figure 1-16(Judd et al., 2018). Hcy is commonly
found in blood plasma in four different forms: circulates as free thiol (1%),

remains disulfide-bound to plasma proteins such as albumin (70-80%), and
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combines with other Hcy to form the dimer Hcy or combines with other thiols (20—
30%) (Hankey, 1999). Elevated Hcy is related to various pathologies, while many
of them are also associated with oxidative stress (Sibrian-Vazquez et al., 2010) , or
inflammation (Elsherbiny et al., 2020). Redox state disbalance and oxidative stress
are suggested as primary mechanisms associated with pathogenesis related to
HHcy. ROS generation occurs during oxidation of the free thiol group of Hcy
during its binding either with plasma proteins (such as albumin) or with other low-
molecular plasma thiols or another Hcy molecule. Some of the proposed
mechanisms of oxidative stress induced by Hcy include auto-oxidation of Hcy
(Lehotsky et al., 2016). Impaired plasma Hcy level is closely related to malignant
processes (Hasan et al., 2019). Recent evidence revealed an elevated level of
plasma Hcy in a cohort of patients with different cancer types, including breast
(Yamashita et al., 2013), colorectal (Ferroni et al., 2009), ovarian (Saorin et al.,
2020), or lung (Xu et al., 2019). A high level of Hcy is associated with venous
thromboembolism, one of the leading causes of death in cancer patients (Yang et
al., 2018). Patients with an advanced stage of cancer manifest both HHcy and
venous thromboembolism. On the other hand, patients with early-stage cancer have
a low plasma Hcy, and venous thromboembolism is absent (He et al., 2021). In
general, HHcy is a risk factor for venous thromboembolism after chemotherapy or

surgery treatment (Pruner et al., 2019).
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Fig 1-16 Methionine-homocysteine cycle and polyamines pathways. (Yaméogo, N. et al., 2022).

1.18 Antioxidants

Antioxidants are compounds that inhibit the oxidation of other molecules by
neutralizing ROS and other reactive species (Kurutas, 2016), which can be
enzymatic, such as superoxide dismutase or catalase, or nutrient-delivered
molecules, consumed with foods or by dietary supplement intake (Gulcin, 2020)
Research has shown that oral antioxidant supplementation may reduce side effects
of chemo and radiotherapy, leading to better quality of life (Singh et al., 2017).
However, there is also a controversy around the positive effect of antioxidant
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supplementation on cancer treatment, since it was associated with lower
therapeutic efficacy, and cancer recurrence (Ambrosone et al., 2019). Previous
studies have shown that a higher content of dietary antioxidants, obtained through
food, was associated with lower oxidative stress biomarkers in healthy adults
(Bacchetti et al., 2018). In this context, the Dietary Antioxidant Capacity (DAC) is
a useful tool for evaluating the dietary antioxidant content, since it considers all
type of food antioxidants present in the diet, and the synergistic effects between
them (Mozaffari et al., 2019). It has been shown that DAC is inversely associated
with breast cancer risk , but there is lack of evidence regarding the influence of
DAC on oxidative stress in women undergoing adjuvant treatment for breast

cancer (Sasanfar et al., 2020).

1.19 Antioxidant and Breast cancer.

The application of antioxidants in cancer prevention ROS accumulation in
normal cells is one of the initiating factors in the early stage of the neoplastic
process. Therefore, an appropriate application of antioxidants can decrease the
oxidative stress burden, consequently preventing normal cells from sliding into the
abyss of malignant transformation. Numerous epidemiologic data and preclinical/
clinical studies have suggested that keeping an antioxidative dietary or
pharmaceutical application of antioxidative phytochemicals can effectively prevent
tumorigenesis Breast tumor microenvironment (TME) cells is a perplexing niche
that comprises diverse cell types and is supported by an extracellular matrix
(ECM) and soluble factors (Deepak et al., 2020). BC cells instigate and promote
the progression of tumors by establishing tumor-associated stroma from adjoining

normal fibroblasts, immune cells as well as endothelial cells. The TME is
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characterized by hypoxia, metabolic reprogramming, nutrient deprivation, , by
enhancing EMT and switching to glycolytic metabolism. They originate largely
from the mitochondria, transverse to the cytosol, and mediate cellular signaling.
ROS are associated with tumorigenesis by affecting multiple biological activities
including regulation of cell proliferation, mediation of genomic instability,
induction of inflammation, development of resistance to apoptosis, initiation of
metabolic reprogramming, and promotion of metastasis (Kalyanaraman et al.,
2018). Extensive research over the years established the involvement of ROS in
BC initiation and progression. In contrast, the overproduction of ROS is
detrimental to the survival of BC. Chemotherapy, radiotherapy, and photodynamic
therapy trigger cell death by inducing ROS, which are also implicated in the
activation of apoptotic signaling pathways and the tumor suppressor genes p53
(Kalyanaraman et al., 2018). However, the functional role of ROS in survival or

cell death is different among the subtypes of BCs.

1.23 Cytokines and Breast Cancer

Cytokines are highly inducible, secretory proteins that mediate intercellular
communication in the immune system. They are grouped into several protein
families that are referred to as tumor necrosis factors, interleukins, interferons, and
colony-stimulating factors. In recent years, it has become clear that some of these
proteins as well as their receptors are produced in the organisms under
physiological and pathological conditions. The exact initiation process of breast
cancer is unknown, although several hypotheses have emerged. Inflammation has
been proposed as an important player in tumor initiation, promotion, angiogenesis,

and metastasis, all phenomena in which cytokines are prominent players. Several
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cytokines regulate the inflammatory tumor microenvironment. Interleukin (IL)-1,
IL-6, IL-11, and transforming growth factor-b (TGF-b) stimulate cancer cell
proliferation and invasion (Nicolini et al., 2006) and cytokine receptor activation
and intracellular signaling by NF-kB accelerate tumor progression (Ndez-Garci'a
et al., 2019; Taniguchi & Karin, 2018).

1.21 Spexin

Spexin is a cytokine (peptide) that was identified through modern
bioinformatics search strategies (Ma et al., 2018). In humans, spexin is a product
of the Ch120rf39 gene. The prepro peptide is composed of 116 amino acid residues
. Mature spexin contains 14 amino acids. Rat spexin differs from the human and
mouse peptide sequences by one amino acid within the C-terminal portion, ending
with the sequence GHR instead of GRR (Wang et al., 2020). Previous studies have
revealed the widespread expression of spexin mRNA and protein in rat tissues
including the hypothalamus, cerebral cortex, hippocampus, pons, retina,
esophagus, stomach, kidney, ovary, and adrenal gland . Its location in endocrine
cells and its ability to be secreted suggest its possible role as an endocrine factor.
Moreover, an important role of spexin in the functioning of epithelial cells has also
been suggested . However, the expression of spexin mMRNA and protein in human

tissues is unknown (Kolodziejski et al., 2018).

1.22 Asprosin

Asprosin is a recently discovered cytokine (hormone) released by white

adipose tissue (WAT) that is typically significantly elevated in obese adults.
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Consequently, the adverse effects of increasing WAT in obesity during breast
cancer (BC) development and progression have attracted interest of researchers
and clinical practitioners. Asprosin, encoded by the fibrillin 1 (FBN1) gene, is
secreted from white adipose tissue and metabolized in the liver, where it promotes
rapid glucose release into the bloodstream (Romere et al., 2016). Empirical
evidence further indicates that its levels are increased in obese women, as well as
those affected by polycystic ovarian syndrome (PCOS), type 2 diabetes, and
metabolic syndrome, whereby this adverse effect is linked to insulin resistance (Ll
et al., 2018). Although the relationship between asprosin and cancer is
insufficiently studied, extant findings indicate that asprosin immunoreactivity is
increased in malignant mesothelioma (Kocaman & Artas, 2020), suggesting that it

may play a role as a glucogenic peptide in ovarian cancer (OZCAN et al., 2021).
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Fig 1-17 Asprosin :profibrllin C-terminal polypeptide (Romere et al., 2016)
1.23 Midkine

Midikine is heparin-binding growth factor, is up-regulated in many types of
cancer. Multiple growth factors have been identified that are up-regulated in
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malignant tumors, and these factors play crucial roles in tumorigenesis and
tumor progression, including tumor survival, growth, invasion, angiogenesis, and
metastasis Midkine, was originally reported to be a product of a retinoic acid-
responsive gene in embryonal carcinoma cells (Piirnak et al., 2020). The human
midkine gene is located on chromosome 11911, (Ross-Munro et al., 2020) and
encodes a 13-kDa protein rich ina basic amino acids and cysteine (Garapati et al.,
2010), Midkine is plays an important role in the development of tooth (Alvis et al.,
2019). Lung (Toriyama et al., 1996) kidney,(Sakurai et al., 2001), bone (Dreyfus et
al., 1998) and nerve tissue (Kadomatsu & Muramatsu, 2004). MK is widely
conserved from Drosophila to human . Human MK sequences are extremely
highly conserved: 87% of amino acids are identical and all amino acid changes are

conservative except for an insertion (Cai et al., 2020).
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Aim of Study

The present study was planned to evaluate the levels of cytokines and
antioxidants in association with different grade of breast cancer.

To complete this aim the following objective were done:-

1. Estimation of serum cytokines (Midkine , Aspirosin, and spexin) in breast
cancer patients before and after chemotherapy.

2. Estimation of serum total antioxidant capacity (TAC), malondialdehyde
(MDA), and homocysteine (Hcy) in breast cancer patients before and after
chemotherapy.

3. Estimation of serum lipid profile in breast cancer patients before and after
chemotherapy.

4. Study the relationship between cytokines, TAC, MDA, Hcy, and lipid profile
with grades of breast cancer .

5. Investigation new biomarker for progression of breast cancer in breast cancer
patients before and after chemotherapy by estimation the level of cytokines

and compare cytokine with Hcy and MDA in all patients.
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Chapter Two

2. Materials and Methods

2.1

Chemicals

Materials and Methods

Below are the chemicals used in the current study.

Table 2-1 Chemicals used in the study

Chemicals Symbol Origin 3 company
Alcohol 70%,80%,95% Alcohol Clenzium, UK
Antioxidant ELISA kit ( | TAC Zhejiong, china
cat. No. E2199 Hu)

Bioassay laboratory

Asprosine ELISA kit Asp Zhejiong, china
(Cat. No.E4095 Hu)

Bioassay laboratory

Cholesterol kit TC DIRUI, China
Eosin stain Eosin ACS,USA
Formalin 10% Formalin USA

High density lipoprotein | HDL-C DIRUI, china
cholesterol kit

Homocysteine ELISA kit | Hcy Zhejiong, china
(Cat. No. E3292Hu)

Bioassay laboratory

Hematoxylin stain Hematoxylin | ACS,USA
Malonodialdehyde MDA Zhejiong, china
ELISA kit (Cat. No.

E1371 Hu) Bioassay

laboratory

Midkin ELISA kit (Cat. MK Zhejiong, china

No. E1633 Hu) Bioassay

48



Chapter Two Materials and Methods
laboratory
paraffin Paraffin Paraplast, USA

Spexin ELISA kit(Cat. Spx
No. E3507 Hu)Bioassay
laboratory

Zhejiong, china

Triglyceride reagent kit TG-C DIRUI, china

Xylene xylene Burlington, Canada

2.2 Instruments

There are several tools and techniques are used in current study they are
listed in Table 2-2 .

Table 2-2 Instruments and tools used in the study

Instruments Company Origin
Bloating paper MP China
Biochemistry full DRIUI China
automated-analyzer

Centrifuge Kubota Germany
Disposable syringe Almateen China
Eppendorf tube (0.5 ,1.5) | Bioplastic Netherlands
ELISA CHRO MATE USA
Microscope Novel Germany
Micropipettes Watson Nexty Japan
Water path Memmert Germany
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2.3 Ethical Considerations
Ethical issues achieve base on:

A) Agreement of College of Science for Women (University of Babylon, Iraq
and Department of Chemistry at the same institution).

B) Scientific committee agreement of Oncology Center in Merjan Teaching
Hospital in Babylon province in Hilla City.

C) Oral agreement of all patient and healthy control people before taking blood
samples from them.

D) The goals and methods of this research have been clarified to all members in

the present research in order to obtain their oral approval.

2.3.1 Patients group

This study was designed to test population comprised of 68 females
histopathelogically diagnosed as breast cancer either familial. The patients age
ranged between 35 + 10 year (mean + SD). They were collected from the
Oncology Unit in Babylon Oncology Center in Marjan Medical City Teaching
hospital in Al-Hilla city when they attended to the hospital for treatment or for
check up and some of them admitted in the hospital. All patient were participated
after surgery. They were all undergoing chemotherapy treatment according the
following protocol for treatment (Gemzar, Taxol, ACT, Nepogen, Endoxan) .
They are from City of Hilla in the middle region of Irag. Any subject suffered
from the following health problems were excluded from the current study.

Exclusion Criteria:
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* Diabetes mellitus.

* Cardiac diseases

* Hypertension

* Primary renal dysfunction.

* Other types of malignancies not related to the metastasis of breast cancer.
2.3.2 Controls group

The control group included 45 apparently healthy age 35+10years (mean +
SD). They were selected from general population, women attending to the hospital
who were patients relatives, visitors, medical staff and their relatives and friends.
Only individuals free from signs and symptoms of any chronic diseases such as
DM, cardiac diseases, hypertension, renal diseases or others were selected to

participate in this study.

2.3.3 Study diagram

The diagram of work steps of current study is shown in Figure 2-1.

51



Chapter Two Materials and Methods

Fig 2-1 Study subject for present study

2.4 Tissue Experimental design

2.4.1 Tissue Preparing and Microscopic Examination

All tissue samples that were examined histologically were taken from the
Surgical excision after surgery of removal breast mass or masstectomy and lymph

node. Below the steps of tissue processing in histological laboratory:-
*Tissue processing

A procedure which need to take place after gross examination between tissue
fixation, embedding and then sectioning of paraffin blocks is called tissue

processing.
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*There are 2 main steps in preparation of the slide:
1. Sectioning of tissue
2.Staining of tissue
Routine stain

Hematoxylin and Eosin stain (H and E stain)
2.4.2 Paraffin Sectioning

Tissues from the body taken for diagnosis of disease processes must be
processed in histopathology laboratory to produce microscopic slides that are

viewed under microscope by pathologist
Paraffin sectioning can be done by 2 ways:
1.Automated tissue processioning (specimen numbers high)
2.Manual tissue processioning (specimen numbers low or high)
2.4.3 Tissues that come to the histological laboratory are:-
a. Biopsy specimen like endoscopy ( colonoscopy, endocervical biopsy. .etc)

b. Resected disease organ like gall bladder, uterus, breast, intestine, bone,

cartilage, soft tissue etc.
c. Resected organ or tissue after chemotherapy or radiotherapy.
d. Forming cell block from FNAC.
e. Autopsy

f. Animal like mouse
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2.4.4 Specimen Accessioning

Tissue specimen received in the surgical pathology have a request form, that
list contain the patient information and history along with a description of the site
of origin. The specimen were accessioned by giving them a number that will

identify each specimen for each patient and maintaining a registrar book.
2.4.5 Gross Examination

Tissue removed from the body for diagnosis arrive in pathology department
and they were examined by a pathologist ,pathology assistant. The specimen must

be placed in a fixative on arrival.
2.4.6 Fixation

Fixative is a chemical substance which preserve the architecture of tissue
near normal by Killing cells before enzymatic degradation by cellular enzymes.

Fixation done in a fixative (formalin 10% ) for 12 hours.
Factors that affecting fixative

a. Buffering

b. Penetration

c. Volume

d. Temperature

e. Concentration

f. Time interval
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2.4.7 Manual Tissue Processioning
a. Dehydration

First the water from the tissue must be removed by dehydration. This is

usually done by 90 minutes each series of alcohol from 70% to 80% to 95%.
b. Clearing

Consist of removal of dehydrant with a substance that will miscible with the
embedding media. The commonest clearing agent is Xylene. Tissue was placed

in Xylene 1 and Xylene 2 each for 30 minutes.
c. Infiltrating

Tissue was then infiltrating with embedding agent like molten paraffin wax

in a Becker placed in a hot air woven for 6-8 hours which replaces toluene.
D. Embedding

After tissue have been dehydrated, cleared and infiltrating with embedding
material like paraffin which is then hardened. This is achieved by placed tissue in a

metallic angle and then was cooled .
E. Sectioning

The blocks then was chilled in a try of ice because the cold wax makes a
clean cut compared to paraffin wax cut at room temperature. The paraffin block

was cut by using a rotatory microtome with 4-5 micro-miter thickness.
F. Labeling

For indefinite storage of block, an identification number was written by

Indian ink on a small piece of paper and attached this in one side of block.
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G. Water Bathing

After sectioning the sectioned tissue was placed in warm water bath to

floated that help to remove the wrinckles.
H. Making Slide and Numbering

Sections tissue were picked up on a glass microscopic slides from water
bath and placed in a Hot air oven for 15 minutes to help the sections add here to

the slides. The slide was then numbered by non- removable ink.
I. Staining

Clearing rinsed in xylol for 10 dips to remove wax. Then rinsed in graded
alcohol (70%, 80%, and 95%) for 5dips each to remove xylol.

J. Drying
After staining, slides were drying by bloating paper.
K. Cover-Slipping

The stained section on the slide was covered by a thin piece glass with
DPX to protect the tissue from being scratched, to provide better optical quality for

viewing under the microscope, and to preserve the tissue section for years to come.
L. Drying

Then the slide was dried in hot air oven for 5 minutes.
M. Microscopic examination

Stained slide then was examined by pathologist. Pathologist was wrote the
report in a register book.
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2.5 Blood Sampling

Three milliliters of blood was drawn by vein puncture from all individuals
participated in this study. The blood placed in gel tube. It was left thirteen
minutes at room temperature for coagulation. Blood was centrifuged forl0-15
minutes at 3000 Xg. Serum was collected and divided into three aliquots then
stored at -20°C till analyses for measuring the level of homocysteine, midkine,
malonodialdehyde, antioxidant, spexin, asprosin and concentration of lipid

profile.

2.6 Enzyme Linked Immuno Sorbent Assay (ELISA)Technique

Specific kit for measuring human levels of (MDA level, TAC level, Hcy
level, Spx level, Asp level, MK) in serum was supplied by Bioassay technology

laboratory .

2.7 Methodology
2.7.1 Estimation of serum ( MDA, TAC and Hcy ) levels.
Principle

The kit used a double-antibody sandwich enzyme-linked immune sorbent

one-step process to assay (MDA, TAC and Hcy) in human serum.
Assay Procedure

1. All reagents, standard solutions and samples were used as instructed. All

reagents were brought to room temperature before use. The assay was performed
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at room temperature.

2. The number of strips required for the assay were determined. the strips were

inserted in the frames for use. The unused strips were stored at 2-8°C.

3. Fifty microliters of standard was add to standard well. Antibody dose not add

to standard well because the standard solution contains biotinylated antibody.

4.Forty microliters of sample was add to sample wells and then 10ul from (MDA
,or TAC, or Hcy ) anti-body was add to sample wells, then 50ul streptavidin-HRP
was add to sample wells and standard wells ( Not blank control well ). They were
mixed well. The plate was covered with a sealer. It was incubated 60 minutes at
37°C.

5. The sealer was removed and the plate were washed 5 times with wash buffer.
The wells were soaked with at least 0.35 ml wash buffer for 30 seconds to 1
minute for each wash. For automated washing, all wells were aspirated and washed
5 times with wash buffer, The wells were over filled with wash buffer. The plate

was blotted onto paper towels.

6. Fifty microliters of substrate solution A was add to each well and then 50ul
substrate solution B was add to each well. The plate were incubated covered with

a new sealer for 10 minutes at 37°C in the dark.

7. Fifty microliters from Stop Solution was add to each well, the blue color was

changed into yellow immediately.

8. The optical density (OD value) of each well was immediately used a microplate

reader set to 450 nm within 10 minuets after adding the stop solution.
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Reagent Preparation for MDA

Standard was reconsidiuted by adding the 120ul of the standard (80nmol/ml)
with 120ul of standard diluent to generate a 40nmol/ml standard stock solution.
The standard was allowed to sit for 15 mins with gentle agitation prior to making
dilutions. Duplicate standard points was prepared by serially diluting the standard
stock solution (40nmol/ml) 1:2 with standard diluent to produce 20nmol/ml,

10nmol/ml, 5nmol/ml and 2.5nmol/ml solutions.
Reagent Preparation for Hcy

Standard was reconsidiuted by adding the 120ul of the standard (64nmol/ml)
with 120ul of standard diluent to generate a 32nmol/ml standard stock solution.
The standard was allowed to sit for 15 mins with gentle agitation prior to making
dilutions. Duplicate standard points was prepared by serially diluting the standard
stock solution (32nmol/ml) 1:2 with standard diluent to produce 16nmol/ml,

gnmol/ml, 4nmol/ml and 2nmol/ml solutions.
Reagent Preparation for TAC

Standard was reconsidiuted by adding the 120ul of the standard (96U/ml)
with 120pul of standard diluent to generate a 48U/ml standard stock solution. The
standard was allowed to sit for 15 mins with gentle agitation prior to making
dilutions. Duplicate standard points was prepared by serially diluting the standard
stock solution (40U/ml) 1:2 with standard diluent to produce 20U/ml, 10U/ml,
5U/ml and 2.5U/ml solutions.

Wash Buffer

A 20ml of Wash Buffer Concentrate 25x was diluted into distilled water
which yield 500 ml of 1x Wash Buffer. It was mixed gently until the crystals have

59



Chapter Two Materials and Methods

completely dissolved.

Calculation of Results: Results were obtained by plotting absorbance at Y-axis

and concentration at X-axis.
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Fig. 2-3 log-log calibration curve of MDA
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Fig 2-7 log-log calibration curve of Hcy

2.7.2 Estimation of serum (Asp, Spx and MK) level
Principle

The kit used a double-antibody sandwich enzyme-linked immune sorbent

one-step process to assay( Asp, Spx, and MK) level in Human serum.
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Assay Procedure

1. All reagents, standard solutions and samples were as instructed. All reagents
were brought to room temperature before use. The assay was performed at room

temperature.

2. The number of strips required for the assay were determined. the strips were

inserted in the frames for use. The unused strips were stored at 2-8°C.

3. Fifty microliters from standard reagent was add to standard well. Antibody dose
not add to standard well because the standard solution contains biotinylated

antibody.

4.Forty microliters from sample was add to sample wells and then 10ul from
(Asp, or Spx, or MK) anti-body was add to sample wells, then 50ul streptavidin-
HRP was add to sample wells and standard wells ( Not blank control well ). They
were mixed well. The plate was covered with a sealer. It was incubated 60 minutes
at 37°C.

5. The sealer was removed and the plate were washed 5 times with wash buffer.
The wells were soaked with at least 0.35 ml wash buffer for 30 seconds to 1
minute for each wash. For automated washing, all wells were aspirated and washed
5 times with wash buffer, The wells were over filled with wash buffer. The plate

was blotted onto paper towels.

6. Fifty microliter from substrate solution A was add to each well and then 50ul
substrate solution B was add to each well. The plate were incubated covered with

a new sealer for 10 minutes at 37°C in the dark.

7. Fifty microliters from Stop Solution was add to each well, the blue color was

changed into yellow immediately.

63



Chapter Two Materials and Methods

8. The optical density (OD value) of each well was immediately used a microplate

reader set to 450 nm within 10 minuets after adding the stop solution.
Reagent Preparation for Spx

Standard Reconstitute the 120ul of the standard (4800ng/L) with 120ul of
standard diluent to generate a (2400ng/L) standard stock solution. The standard
was allowed to sit for 15 mins with gentle agitation prior to making dilutions.
Duplicate standard points was prepared by serially diluting the standard stock
solution (2400ng/L) 1:2 with standard diluent to produce 1200ng/L, 600ng/L,
300ng/L and 150ng/L solutions.

Reagent Preparation for Asp

Standard Reconstitute the 120ul of the standard (128ng/ml) with 120ul of
standard diluent to generate a 64ng/ml standard stock solution. The standard was
allowed to sit for 15 mins with gentle agitation prior to making dilutions. Duplicate
standard points was prepared by serially diluting the standard stock solution
(64ng/ml) 1:2 with standard diluent to produce 32ng/ml, 16ng/ml, 8ng/ml and

4ng/ml solutions.
Reagent Preparation for MK

Standard Reconstitute the 120ul of the standard (2400pg/ml) with 120ul of
standard diluent to generate a 1200pg/ml standard stock solution. The standard
was allowed to sit for 15 mins with gentle agitation prior to making dilutions.
Duplicate standard points was prepared by serially diluting the standard stock
solution (1200pg/ml) 1:2 with standard diluent to produce 600pgml, 300pg/ml,
150pg/ml and 75pg/ml solutions.
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Wash Buffer

A 20ml of Wash Buffer Concentrate 25x was diluted into distilled water which
yield 500 ml of 1x Wash Buffer. It was mixed gently until the crystals have

completely dissolved.
Calculation of Results:

Results were obtained by plotting absorbance at Y-axis and concentration at X-

axis.

Absorbance

O T T T T T T 1
0 20 40 60 80 100 120 140

Asp concentration ng/L

Fig. 2-8 Standard curve for Asp
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2.8 Estimation of body mass index

Body Mass Index (BMI) defining anthropometric characteristics in mass /
height2 Adults and groups for classification (categorization) the common
interpretation is that it represents an index of the fatness of a person. Body mass
index (BMI) was determined by the following equation (Misra &
Dhurandhar,2019).

weight(K
BM|=—"¢Y (K9)
Height (meter)

2.9 Estimation of Lipid Profile

2.9.1 Estimation of Serum Total Cholesterol(TC)

The total Serum TC is determined by the enzyme method for the

quantitative in vitro diagnostic measurement using a kit.
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Principle

Cholesterol ester in the sample, under the existence of lipoprotein esterase,
hydrolyzed into cholesterol and free fatty acid. Total cholesterol oxidized by
cholesterol oxidase to generate cholest-4-ene-3-ketone and hydrogen peroxide. The
generated hydrogen peroxide, under the existence of peroxide , react with hydroxyl
benzoic acid and 4-amino—antipyrine to produce H,O and quinone imine pigments.
The generated volume of quinone imine pigments is proportional to total
cholesterol volume in the sample, by measuring the generated pigment volume at

specific wavelength, total cholesterol concentration can be calculated.
Cholesterol ester + H,O_LPL 5  Cholesterol + fatty acid

Cholesterol + O, Cholesterol oxidase Cholesteric -4-en -3- keto + H,0,

H,0O, + 4-Aminoantipyrine + para hydroxyl benzoic acid PODE Quinone imine

Pigments + H,O
Procedure
1-Reagent 1 and Reagent 2 are liquid and ready for used .

2-Test condition

Temperature 37°C Reagent 1 volume | 240ul

Main wavelength | 500~520 Sample volume 3ul
Absorbance range | 0~2A Reaction time 300-600s
Optical path 1.0cm Test mode 2point end assay
Sub —wavelength | 660nm Reagent 2 volume | 60uL
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3- The solutions were mixed at 37° for 5 minutes at least .

4- The absorbance of sample and standard were measured at 500nm (Perovi¢ &
Dol¢i¢, 2019).

Calculation :

Sample concentration (mmol/L)

mmol

sample tube Ao . ,
d X calibrator concentration( ; )

_calibration tube absorbance

Reference range
Optimal range :<5.2 mmol /L
Brim rise :5.2 mmol /L ~ 5.71 mmol /L

Rise :>5.72 mmol /L.
2.9.2 Estimation of Serum Triglyceride(TG)

Serum TG were determined by the oxidase method for the quantitative in

vitro diagnostic measurement using a kit
Principle

Triglycerides in the sample catalyzed by lipoprotein lipase (LPL)and
hydrolyzed into glycerol and free fatty acid, under the existence of glycerol kinase
(GK) and adenosine triphosphate (ATP) generate glycerol, the glycerol is
phosphorylated to form 3-glcerophosphate. Under the existence of glycerol
phosphate oxidase (GPO), it reacts with oxygen to produce hydrogen peroxide and
dihydroxyacetone phosphate. Catalyzed by peroxidase (POD), hydrogen peroxide
react with 4- amino —antipyrine to produce H,O and quinone imine pigment, the

volume of quinone imine pigment is proportional to triglyceride content in the
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sample. By measuring the generated pigment volume at specific wavelength, the

triglyceride concentration of the sample can be calculated .

Triglyceride + H,O LPL glycerol + free fatty acid

Glycerol + ATP GK+ Mg* 3- phosphoglyceride + ADP
3-phosphoglyceride + O, ___GPO dihydroxyacetone phosphate + H,0,
H,0, +4-aminoantipyrine POD Quinone imine pigment + H,O .
Procedure

1-Reagent 1 and Reagent 2 are liquid and ready for used .

2-Test condition

Temperature 37°C Reagent 1 volume | 240ul

Main wavelength | 500~520 Sample volume 3ul
Absorbance range | 0~2A Reaction time 300-600s
Optical path 1.0cm Test mode 2point end assy
Sub —wavelength | 660nm Reagent 2 volume | 60uL

3- The solutions were mixed at 37° for 5 minutes at least .

4- The absorbance of sample and standard were measured at 500nm(Perovi¢ &
Dol¢i¢, 2019).

Calculation :

Sample concentration (mmol/L)
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sample tube Ao mmol

= — X calibrator concentration( )
calibration tube absorbance L

Reference range
Male :0.45 mmol /L ~1.81 mmol / L 40 mg /dl ~ 160 mg /dI

Female : 0.40 mmol /L ~ 1.53 mmol /L 35 mg/dl ~135 mg /di
2.9.3 Estimation of Serum High. Density Lipoprotein Cholesterol

Serum HDL.C was determined by the direct method for the quantitative in

vitro diagnostic measurement using a Kit.

Principle

High — density lipoprotein cholesterol in the sample, under the existence of
surfactant in the reagent, is selectively catalyzed and hydrolyzed by cholesterol
esterase into cholesterol and free fatty acid. The generated cholesterol oxidized by
cholesterol oxidase to produce cholest -4-ene -3- ketone and hydrogen peroxide.
Under the existence of peroxidase, hydrogen peroxide react with aniline color of
the original material and 4-amino antipyrine to produce H,O and quinone imine
pigment, the generated quinone imine pigment volume generated is proportional to
high density lipoprotine cholesterol content in the sample, by masuring the final
pigment volume at specific wavelength, high density lipoprotein cholesterol

concentration in the sample can be calculated .

High —density lipoprotein cholesterol + H,O Cholesterol esterase  Cholesterol +

free fatty acid.

Cholesterol + O, Cholesterol oxidase cholest -4-ene-3-ketone + H,0, .
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H,O, + 4- Amino anti pyrine + Aniline color for the origin al material _Peroxidase,

Quinone imine pigment + H,0 .

Procedure

1-Reagent 1 and 2 are liquid and ready for used

2- Test condition

Temperature 37°C Reagent 1 volume | 300uL

Main wavelength | 540~570 Sample volume 4ul
Absorbance range | 0~2A Reaction time 300s

Optical path 1.0cm Test mode 2point end assy
Sub —wavelength | 660nm Reagent 2 volume | 100uL

3- The solutions were mixed at 37° for 5 minutes at least .

4- The absorbance of sample and standard were measured at 546 -660 nm (Perovi¢

& Doléi¢, 2019).

Calculation :

Sample concentration (mmol/L)

sample tube Ao mmol

=calibration tube absorbance X calibrator Concentratlon( 3 )
Reference range
Male 48.762 mg/dl ~ 66.951 mg/dl (1.70 mmol/L~ 1.73 mmol /L)
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Female 41.409 mg/dl ~ 73.143 mg /dl (1.26 mmol /L ~ 1.89 mmol/ L)

2.9.4 Estimation of Serum Low. Density Lipoprotein Cholesterol

and Very —Low Density Lipoprotein Cholesterol

The estimated LDL-c and VLDL-c serum level was determined by the Fried
wald equation (Scharnagl et al., 2005). The levels for LDL-c were calculated by
the Fried wald formula. In 1972 Fried wald had proposed a formula for LDL-c
value calculation based upon the assumption that VLDL-c is present in serum at a
concentration equal to one-fifth of the concentration of triglyceride (Perovi¢ &
Dol¢i¢, 2019) .

Therefore: LDL-c= TC- [HDL-c +VLDL-c]

VLDL-c= TC-[HDL-c+ TG/5]

Reference Values Normal value of LDL cholesterol less than 100 mg/dL
Suspicious: 150 mg/dL

Elevated: 190 mg/dL

Calculations of Atherogenic indices:

1. Castelli’s Risk Index (CRI): Castelli*s Risk Index is based on three important
lipid profile parameters, i.e., TC, LDLc and HDLc, and it is categorized into two

indices;
CIR-1 and CIR-11 (Castelli et al., 1983).
Mathematically, it is estimated as follows;

CRI-I=TC/HDLc
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CRI-11= LDLc / HDLec.

2. Atherogenic Index of Plasma (AIP) = Atherogenic Index of Plasma is a

logarithmically transformed molar ratio of TG to HDLc (Dobiasova et al., 2011):
AIP=Log;o (TG/HDLc) ratio

3. Atherogenic Coefficient (AC) = Atherogenic coefficient is an indirect measure
of cholesterol in VLDLc, IDLc, and LDLc fractions in reference to the HDLc

fraction. Mathematically, it is expressed as;

AC= (TC- HDLc)/HDLc or AC=(Non-HDLc)/HDL (Bhardwaj et al., 2013).
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2.10 Biostatistical Analysis

The results were subjected to statistical analysis and analyzed using
computer facility of Microsoft Excel 2013 and SPSS-24 (statistical package for
social science-version 24). The results were expressed as numbers and mean +SD
(Standard deviation) and median for cytokines . The one-way ANOVA (Analysis
of variance) and Fishers Least Significant Difference (LSD) were applied to
compare the differences among the studied groups.The correlation of parameters
was determined using Pearson®s correlation coefficient, taking p<0.05 lowest limit

of significance.
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3.Results and Discussions

3.1 Histopathological study of breast mass tissue:

After diagnosed of breast mass tissues by specialist (Histopathologisit) using

routine test for histopathology. The results were revealed the following :-

3.1.1 Histopathology and Grades

The primary diagnosis of breast cancer was depend on different criteria, one of
the most important one is histopathological study as well as immunohistochemistry

in regarding to specific tumor markers.

The microscopic examination by histipathologisit showing that the following

results

1.Normal breast tissue

Fig 3-1 Normal breast tissue
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2.Benign tumor of breast.

_C@)A. Benign looking breast lobule , B. Benign looking glandular components within

fibromyxoid stroma

Fig 3-2 Benign tumor of breast tissue

3.Malignant tumor of breast .

*A. Grade | *B. Grade II *C. Grade 111

Grade 1
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( *) A. well —differentiated (appear normal, growing slowly , not aggressive) B. Cords of
hyperchromatic cells with little pleomorphism within lakes of mucin (Grade I1) C.
syncytial growth pattern of pleomorphic hyperchromatic cells with frequent mitoses (
Grade I1I).

Fig 3-3 Malignant grade of breast tissue by IHC.

*A. Grade | *B. Grade Il *C. Grade 111

XS RN 2™ MR S NI
i Iy ;" ""'. A ",9' TR i

P I A
e “,-__‘-..t:

(®)A. well — differentiated (appear normal, growing slowly, not aggressive )  B. Indian file
pattern of small hyperchromatic cells dissecting the markedly desmoplastic storma (Grade
1) C. Clusters of pleomorphic and hyperchromatic cells with abundant cytoplasm
infiltrating fibroblastic storma (Grade I11)

Fig 3-4 Malignant grade of breast tissue according to IHC
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3.2 Comparative study of all studied parameters in patients

and control.

Sixty eight breast cancer patients with (45) healthy population as a control for
studied parameters (Hcy, Asp, Spx, MDA, MK, TAC, and lipid profile). The

results were shown as the following :-
3.2.1 Measurements of MDA levels in patient and control

The results of the current study found the a brightly illuminated location that
the mean of serum MDA levels are a significantly increase in patient with breast
cancer (p <0.005) as compared with control group, at mean £ SD ( 23.22 + 12.27
16.55 + 4.99) respectively, as like as in Figure 3-5.

E 23.22

© 25 -

£ 16.55
= 20 -

2

® 15 -

g 10 -

c

8 5 -

S o . .
= patient control

Fig 3-5 MDA concentration nmol/ml
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Fig. 3-6 MDA levels at different Grade in patient

The results of the current study found lighted area that the mean of serum
MDA levels are a significantly decrease in patient with breast cancer

different doses, ( before treatment, first, second, and third doses) respectively , as

like as in Figure 3-7.

= = N N
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Groupl

Group?2 Group3

Group4

Fig 3-7 MDA concentration according to doses in patient group
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Groupl and Group2  p= 0.66, Groupland Group3 p= 0.648
Groupl and Group4  p= 0.704, Group2 and Group3 p= 0.006

Group2 and Group4 p= 0.000, Group3and Group4 p= 0.125

Studies that are agreement with our conclusion are; (Gupta et al., 2012)
showed increase in MDA level in breast cancer as compared to controls, and thus
suggesting increased lipid peroxidation in breast cancer patients, also(Gonenc et
al., 2001) MDA levels in total cancer patients and in both breast and lung cancer
patients were significantly higher than those in healthy subjects (P < 0.001 in all
three comparisons) . There was no significantly effect of BMI, age or menopausal
status on plasma MDA in either breast cancer patients or controls, while (Go nenc
et al., 2007) found that in patients, MDA levels were significantly higher than
those in controls (p<0.05), also (Goneng et al., 2006) was found that tissue MDA
levels in benign breast disease were higher than those of breast cancer patients (p <
0.05), and (Saad et al., 2020) showed that the serum levels of MDA as a marker of
oxidative stress-induced lipid peroxidation, were significantly lower in the healthy
controls compared to the BC patients (p < 0.001). Therefore we proposed excess of
LPO which cause increase a MDA product that transport in circulation system,

hens elevated MDA levels in carcinoma patients.

3.2.2 Measurements of TAC levels in patient and control

The results of the current study found the a brightly lit area that the mean of
serum TAC levels are a significantly decrease in patient with breast cancer (p<
0.005) as compared with control group, at mean + SD ( 4.74 + 431, 7.89 + 5.70)
respectively, as like as in Figure 3-8.
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Fig 3-8 TAC concentration U/ml
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Fig. 3-9 TAC level at different Grade in patient

The results of the current study found the expanded location that the mean of
serum TAC levels are a significantly increase in patient with breast cancer during
different doses, ( before treatment, first, second, and third doses) respectively, as
like as in Figure 3-10.
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Fig 3-10 TAC concentration according to doses in patient group

Groupl and Group2 p= 0.368, Groupland Group3  p=. 0.000

Groupland Group4  p= 0.000, Group2 and Group3 p= 0.219

Group2 and Group4 p= 0.188, Group3 and Group4 p= 0.000

The studies that agreement with our finding, (Gupta et al., 2012) found that
the level of TAC and activity of both SOD and GSH-Px decreased in breast cancer
patient as compared to the healthy control, while (Hoseini et al., 2021) said that
there were lower TAC levels in cases compared to controls and was statistically
significant. The results suggest that increased serum MDA and decreased TCA
activity may be due to oxidative stress, which may play an important role in BC
formation, according to (Saad et al., 2022) the increase in serum lipid peroxidation
in breast cancer was associated with enhanced antioxidant capacities. Increased
generation of oxygen free radicals can induce TAC but not SOD, the activity of

TAC is significantly increased with the increase of tumor stage and tumor size,
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while (Saad et al., 2020) said that compared with the BC patients, a notable
decrease in the serum levels of TOS and increase in serum levels of TAC are
shown in the healthy controls (P < 0.001), also (Goneng et al., 2006) demonstrated
that both nitrate and nitrite and total antioxidant capacity in the benign group were
lower than in the malign group (p < 0.05). and (Go nenc et al., 2007) suggested
that serum levels of TAC measured in patients were significantly lower than those
in controls (p<0.05) . In addition in patients with cancer, there is an increase in
vascular permeability and hence increase in the albumin flux across the capillary
wall towards the extravascular compartment. This is due to the release of tumor
necrosis factor, which may increase microvascular permeability, leading to
hypoalbuminemia (Nazha B, et al., 2015). Since the albumin is known as a
component of TAC because of more than 70% of the free radical-trapping activity
of serum was due to human serum albumin (HSA). Therefore the oxidative stress

increase in cancer due to low activity of antioxidant against free radical.

3.2.3 Measurements of Hcy levels in patient and control

The results of the current study found the high lighting spots that the mean
of serum Hcy levels are a significantly increase in patient with breast cancer (p<
0.005) as compared with control group, at mean + SD (4.211+ 5.04, 2.856% 1.58)

respectively, as like as in Figure 3-11

86



Chapter Three Results and Discussions

4.211
45 -
- 4 - 2.856
£35
o
€ 3 -
c
52.5 1
r o2 -
g 1.5 -
S 1-
205 -
0 T 1
patient control
Fig 3-11 Hcy concentration
2.75
2.73
2.75 -
E 27 -
©
€ 2.65 1
%‘ 26 - 2.55
S 255 -
g
S 25 -
2.45 . ; ;
Gradel Grade2 Grade3
Grade Group

Fig 3-12 Hcy concentration in different Grade

The results of the current study found the bright point that the mean of serum
Hcy levels are a significantly decrease in patient with breast cancer during

different doses, (before treatment, first, second, and third doses) respectively, as
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like as in Figure 3-13.
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Figure 3-13 Hcy concentration according to doses in patient group

Groupl and Group2 p= 0.074, Groupland Group3 p= 0.0001

Groupl and Group4  p= 0.0001, Group2 and Group3 p= 0.080

Group2 and Group4  p= 0.021, Group3 and Group4 p= 0.0001

The current study was in agreement with (Lin, et al,. 2010) higher Hcy
levels may be associated with an increased risk for breast cancer among women
with low folate status, also (Yamashita, et al., 2013) despite the fact homocysteine
levels were normal at the diagnosis, we verified the increase of this amino acid
during chemotherapy treatment, (Berger et al., 2000) pointed out that the highest
estrogen level is associated with the decrease in serum concentration of total Hcy,
while (Friso et al., 2006) showed that estrogen hormone may reduce homocysteine
levels in postmenopausal women, and (Abdollahi 3, Omranipour,.2014) showed a

significantly higher serum concentration of Homocysteine in patients with
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malignant tumor before chemotherapy compared with benign tumor patients.
Normal cells can cover their Met consumption from Hcy remethylation. Malignant
cells in organs as lung, kidney, breast, colon and bladder are methionine-
dependent, because they cannot convert Hcy to Met resulting to Hcy accumulation.
An increased level of Hcy is also related to folate concentration. Folate cofactors
act as essential intermediates in Hcy remethylation to Met, in SAM synthesis and
in the production of nitrogenous bases for DNA/RNA synthesis (Almadori, et al,.
2005). Methionine-dependent cells have lower SAM/SAH ratio comparing with
methionine independent cells (Warnecke, et al., 2000). Higher level of SAH
increased Hcy level as long as Hcy is not converted to Cys by trans sulfuration
pathways. Several studies observed higher Hcy level and unchanged plasma level
of Cys in patients with cancer Since, homocysteine had played the role in a
function in copper transport in the body, reducing cupric to cuprous, leads to

higher cell damage (Sun, et al., 2002).

3.2.4 Measurement of Spx levels in patient and control

The results of the current study found a brilliantly lit environment that the
mean of serum Spexin levels are a significantly decrease in patient with breast
cancer (p< 0.005)as compared with control group, at median = SD (680.45+
165.77 , 2818.65+ 1702.085) respectively, as like as in Figure 3-14.
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Fig 3-15 Spx concentration in different Grade

The results of the current study found the brightly spot that the mean of
serum Spx levels are a significantly increase in patient with breast cancer (p <0.05)
during different doses (before treatment, first, second, and third  doses)

respectively in Figure 3-16.
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Fig 3-16 Spx concentration according to doses in patient group
Groupl and Group?2 p= 0.011, Groupl and Group3  p= 0.0001
Groupl and Group4  p= 0.000, Group2 and Group3 p= 0.008

Group2 and Group4 p= 0.005, Group3 and Group4 p= 0.0001

Several studies demonstrated Spexin role : (Mamoor, 2021) found that Spx
Is expressed at significantly lower levels in breast tumors as compared to the
breast. Spx was expressed at lower levels in tumors of the breast as compared to
normal breast tissue. Decreased expression of Spx in primary breast tumors was
statistically significant (p<0.001), where (Gu et al., 2015) demonstrated that spexin
Is highly expressed among endocrine and epithelial tissues, which suggests the
tissue-specific functional involvement. Circulating spexin appears to be inversely
related to blood glucose and lipids in T2DM, which may represent an adaptation to
the rise of glucose and lipid associated with T2DM. Spx was expressed at
significantly lower levels in primary tumors from patients with breast cancer as
compared to normal breast tissue. Importantly. Diabetic women have a 27 percent

greater chance of developing cancer than healthy women . therefore , the Spexin is
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a novel peptide which has a potential role as a biomarker of insulin resistance.

3.2.5 Measurement of Asp levels in patient and control

The results of the current study found a bright point that the mean of serum
Asp levels are a significantly increase in patient with breast cancer (p <0.005) as
compared with control group, at median + SD (14.91+6.56, 13.11+ 17.82)

respectively, as like as in Figure 3-17.
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Fig 3-17 Asp concentration ng /ml

92



Chapter Three Results and Discussions

18

20 -
o 15 - 13,
5 9.
(@] 10 ]
[
B
> 5 -

0 : . .

Gradel Grade?2 Grade3
Grade Group

Fig 3-18 Asp concentration in different Grade

The results of the current study found the a highly lighting scene that the
mean of serum Asp levels are a significantly decrease in patient with breast cancer
(p >0.005) during different doses ( before treatment, first, second, and third doses)

respectively, as like as in Figure 3-19.

- 137 12515

> 12.5 -

s 12 11.53

£ 115 - 1Lz 1111

o

S 11 -

8

a 105 -

<

10 . . . .
Groupl Group?2 Group3 Group4
Groups

Fig 3-19 Asp concentration according to doses in patient group
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Groupl and Group?2 p= 0.184, Groupl and Group3  p= 0.283
Groupl and Group4  p= 0.157, Group2 and Group3 p= 0.861

Group2 and Group4 p= 0.648, Group3 and Group4 p= 0.014

Studies that reinforce with our finding is (Ozcan et al., 2021) indicate that
asprosin levels in BC patients are significantly higher than in healthy women
therefore, elevated asprosin values can be an indicator of an increased BC risk, as
well as (Kocaman & Artag, 2020) said that available evidence indicates that
asprosin immunoreactivity is considerably raised in malignant mesothelioma, and
can thus serve as its possible diagnostic marker, according to (Romere et al., 2016)
asprosin dysfunction is caused by immunological or genetic factors, and results in
a significant decrease in glucose and insulin concentrations. asprosin can reach
pathological levels in BC patients, also (Leonard et al., 2021) showed that, an
association between fasting plasma asprosin levels in healthy women and
menstrual cycle, oral contraceptive use, and physical activity levels has been
established. As glucose uptake is elevated in tumor cells, asprosin (as a novel
glucogenic adipokine) may play a role in tumor development and progression.
Available evidence indicates that asprosin immunoreactivity is considerably raised
in malignant mesothelioma, and can thus serve as its possible diagnostic marker
(Kocaman, et al ., 2020).

3.2.6 Measurement of MK levels in patient and control

The results of the current study found a bright spots that the mean of serum
MK levels are a significantly increase in patient with breast cancer (p <0.005) as
compared with control group, at median + SD ( 691.59 £ 420.28, 537.18 £ 414.59)

respectively , as like as in figure (3-20).
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The results of the current study found some few bright points that the mean
of serum MK levels are a significantly decrease in patient with breast cancer (p
<0.05) during different doses (before treatment, first, second, and third doses)

respectively, as like as in Figure 3-22.
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Fig 3-22 MK concentration according to doses in patient group

Groupl and Group?2 p= 0.559, Groupland Group3  p= 0.939

Groupl and Group4  p= 0.383, Group2 and Group3 p= 0.907

Group2 and Group4 p= 0.719, Group3 and Group4 p= 0.000

Our finding were agreement with previous studies (Hadida et al., 2019)
showed that MK levels were significantly elevated in BC patients compared with
healthy control samples matched in age and geographical distribution. Moreover,
serum MK level positively correlated with clinical staging of breast cancer, in BC
patients. The high sensitivity of MK suggest that it may be a novel marker for early
breast cancer detection, also (Sorkun et al., 2016) demonstrated that there is an
increase in MK expression in the presence of tumors. The fact that this expression
increases at the serum level even at early stages and that there is a decrease in the
serum MK level after the tumor has been removed shows that MK can be used as a

cancer marker, while ( Li et al., 2015) Found that MK was overexpressed in breast
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cancer tissues compared with normal mammary tissues. Meanwhile, they found
that MK protein overexpression was significantly correlated with clinical stages T
classification (tumor size), N classification (lymphnode metastasis), and M
classification (distant metastasis) in breast cancer patients, and (lbusuki et al.,
2009) showed that plasma MK levels were abnormally elevated in breast cancer
patients, especially in metastatic cases. Measurement of plasma MK levels may be

useful for detection of primary invasive cancer and metastatic cancer.
3.2.7 Measurement of Lipid profile levels in patient and control

The results of the current study found the places with a lot of light that the
mean of serum (TC, TG, HDL-c, LDL-c, and VLDL-c) levels were a significantly
Increase in patient with breast cancer (p <0.005)as compared with control group,
at mean + SD (227.67+ 46.52, 190.7 + 44.008, 204.99+ 82.41, 173.41 +69.71,
55.68+12.65, 56.16+8.55, 131.43+ 43.72, 99.87+37.83, 43.21+17.72, 32.27+
9.008) respectively , as like as in Figure 3-23.
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Fig 3-23 Lipid profile concentration
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The results of the current study found spots with only a lot of light that the
mean of serum TC levels are a significantly decrease in patient with breast cancer
during different doses (before treatment, first, second, and third doses)

respectively, as like as in Figure 3-24.
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Fig 3-24 TC concentration according to doses in patient group
Groupl and Group?2 p= 0.797, Group2and Group3  p= 0.786

Group3 and Group4  p= 0.231, Group2 and Group4 p= 0.461

The results of the current study found the expanded location that the mean of
serum TG levels are a significantly decrease in patient with breast cancer during
different doses (before treatment, first, second, and third doses) respectively, as
like as in Figure 3-25.
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Fig 3-25 TG concentration according to doses in patient group
Groupl and Group?2 P= 0.224, Group2 and Group3  p= 0.393

Group3 and Group4  P= 0.898, Group2 and Group4 p= 0.377

The results of the current study found a brightly spot that the mean of serum
HDL-c levels are a significantly increase in patient with breast cancer during

different doses ( before treatment, first, second, and third doses) respectively, as
like as in Figure 3-26.
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Fig 3-26 HDL-c concentration according to doses in patient group
Groupl and Group?2 P= 0.596, Group2 and Group3  P= 0.713

Group3 and Group4  P=. 0.920, Group2 and Group4 P= 0.655

The results of the current study found a high lighting area that the mean of
serum LDL-c levels are a significantly decrease in patient with breast cancer
during different doses ( before treatment , first, second, and third doses)

respectively, as like as in Figure 3-27.
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Fig 3-27 LDL-c concentration according to doses in patient group
Groupl and Group2 P=.0.336, Group2and Group3  P= 0.972

Group3 and Group4  P= 0.646, Group2 and Group P=0.674

The results of the current study found an expanded location that the mean of
serum VLDL-c levels are a significantly decrease in patient with breast cancer
during different doses (before treatment, first, second, and third doses)

respectively, as like as in Figure 3-28.
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Fig 3-28 VLDL-c concentration according to doses
Groupl and Group2 P= 0.442, Group2 and Group3  P= 0.351

Group3 and Group4  P= 0.800, Group2 and Group4 P= 0.485

Several studies that was agreement with our result : (Shah et al., 2008) Find that ,
plasma TC as well as HDL levels were significantly lower and TG and VLDL
levels were higher in breast cancer patients as compared with the controls. Plasma
LDL levels were lower in breast cancer patients as compared with the controls,
while (Abdelsalam et al., 2012) were found that values of TG, LDL, and TG/
HDL ratio were significantly increased in all the four stages of breast cancer (P
<0.05), while the values of HDL and VLDL were not significantly changed , also (
Rakesh et al,.2012) demonstrated that , when compared with breast cancer
patients, total serum cholesterol and triglyceride levels were increased in cases;
whereas HDL, though being in the normal range, was found to be decreased in
cases as compared to controls. However, LDL level did not differ between the two
groups, and (Xin Li et al,. 2018 ) The levels of TG and LDL in breast cancer
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group were significantly lower than those in control group (P <0.001). With age
stratification, the levels of TG and LDL in breast cancer group were still
significantly lower than those in control group (P <0.001). Significant statistical
difference was observed in the TG level of breast cancer group compared to
normal group (P <0.05) There was a significant statistical difference in HDL level
among breast cancer group compared to control group (P <0.001), respectively. In
tumor cells present higher levels of reactive oxygen species (ROS) than not tumor
cells, which allow them to activate prosurvival and epithelial-to-mesenchymal
transition programs to support cancer progression and dissemination. Nevertheless,
excessive ROS may promote apoptotic cell death. It has been demonstrated that
enzymes implicated in the mobilization of intracellular neutral lipids provide
metabolic flexibility to increase the levels of FAs for oxidation at mitochondria. In
the FAO pathway, acyl-Co As are cyclically dehydrogenated, hydrated, and
decarboxylated, resulting in the progressive shortening of the FA. Enhanced
mitochondrial P-oxidation of FAs has been described in pancreatic cancer
(Khasawneh J, et al. 2009, and Freigang S, et al., 2013) and in metastatic breast
cancer (Li S, et al., 2014). Therefore, the cancer has Increased FAO augments by

the metabolic oxidative stress.

3.3 Atherogenic Indices for Patient and Control

Table 3- 1 Comparison between atherogenic indices for patient and control

Atherogenic indices | Patient Control
CRI-I 4.088 3.395
CRI-II 2.360 1.77
AIP 0.565 0.489
AC 3.088 2.395
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Table 3-8 Receiver operating characteristic- area under curve (AUC) analysis of the measured

biomarkers for the diagnosis of breast cancer

Variables | Cut-off Sensitivity | Specificity | AUC P-value | CIl95%
cConc. % %

Hcy pg/ml | 3.5150 70.6% 66.7% 0.786 0.003 0.614-0.958
MK pg/ml |512.5000 |64.7% 57.1% 0.613 0.234 0.434-0.793
ASP pg/ml | 9.5850 76.5% 76.2% 0.745 0.010 0.583-0.907
SPX pg/ml | 750.6000 |35.3% 23.8% 0.246 0.008 0.088-0.405
MDA 17.9450 |76.5% 71.4% 0.746 0.010 0.577-0.916
pg/mi

Antioxidant | 3.4550 17.6% 14.3% 0.083 0.000 0.000-0.195
Pg/ml

The results in Table 3-8 and Figure 3-28 showed that Hcy, Asp, MDA
(followed by pg/ml) have the top three sensitives (70.6%, 76.5%, 76.5%)
respectively for differentiation between breast cancer patient and healthy control.
While the (MK, TAC, Spx) have no significant diagnostic ability (p> 0.05).
Therefor subjects with an Asp concentration higher than 9.5 pg/ml have significant
potential (p<0.001) to be diagnosed as breast cancer patients with sensitivity of
76.5% and specificity of 76.2%. these result reflect the impact of high Asp levels
on the appearance of breast cancer symptoms. ROC curve analysis indicated the
highest sensitivity and specificity for predicting breast cancer before metastasis or
growing in tumor size .
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Fig. 3-29 Receiver operating characteristic curve of all cytokines which can used for diagnosis of

breast cancer against healthy control.
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3.4 Correlation Study

The result of correlation of studied parameters in condition that related to the
therapeutic doses, in the Table 3-2 the result of patients groups before treatment
uses, revealed that a significant correlation between TAC1 with Hcyl (p< 0.01)
and Spx1 (p< 0.01), also highly positive significant correlation between Hcyl
and Spx1 (p< 0.01), and weakly positive correlation between Aspl with MK1
(p< 0.01) and MK1 with MDA1 (p< 0.05).

Table 3-2 Correlation of studied parameters before chemotherapy treatment.

Correlation MDAl | MK1 Aspl Spx1 Hcyl
0.579
MK1 Person correlation
Sig (2-talid ) 0.015
0.679° [0.393
Aspl | Person correlation
Sig (2-talid) 0.003 0.118
-0.456- |-0.254- |-0.400-
Spx1 Person correlation
Sig (2-taild ) 0.066 0.324 0.112
-0.441- [-0.267- |-0.383- [0.989"
Hcyl | Person correlation
Sig (2-taild ) 0.076 -0.200- |0.129 0.0001
-0.359- [-0.200- |-0.369- |0.861" |0.903"
TAC1 | Person correlation
Sig (2-taild) 0.157 0.441 0.145 0.0001 |0.0001

* Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant

at the 0.01 level (2-tailed).
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In Table 3-3 the correlation result of breast cancer patients after receiving
the first dose of chemotherapy, there is a significant direct positive correlation
between Asp2 and MK2 (p< 0.01), also direct correlation between Hcy2 and Spx2
(p< 0.01) and between Spx2and MDA2 (p< 0.01) , also TAC2 has positive
correlation with Spx2 (p< 0.01) and Hcy?2 (p< 0.01).

Table 3-3 Correlation of studied parameters after the first dose of chemotherapy treatment.

Correlation MDA2 | MK2 Asp2 Spx2 Hcy2
0.375
MK2 | Person correlation
Sig (2-talid ) 0.138
0.339 0.054

Asp2 | Person correlation
Sig (2-talid) 0.183 0.838

0551 |0.179 |0.181

Spx2 | Person correlation
Sig (2-taild ) 0.022 0.492 10.486

0.411 0.235 |-0.129- |0.854"

x

Hcy2 | Person correlation
Sig (2-taild ) 0.101 0.364 |0.622 0.0001

0.200 0.195 |-0.315- |0.664

0.744™
TAC2 | Person correlation
Sig (2-taild) 0.440 0.453 0.218 0.004 0.001

* Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant
at the 0.01 level (2-tailed).
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In Table 3-4 the correlation result of breast cancer patients after receiving
the second dose of chemotherapy after21 day form last dose, there is a significant
direct positive correlation between MK3 with MDAS3 (p< 0.05), Asp3 with MK3
(p< 0.05) and MK3 (p< 0.05), also Hcy3 with Spx3 (p< 0.01), and TAC3 with
HCY3 (p< 0.01), Spx3 (p< 0.01).

Table 3-4 Correlation of studied parameters after the second dose of chemotherapy treatment.

Correlation MDA3 | MK3 Asp3 Spx3 Hcy3
0.103
MK3 Person correlation
Sig (2-talid ) 0.694
0.431 0.070
Asp3 | Person correlation
Sig (2-talid) 0.084 0.791
-0.433- | -0.332- |-0.188-
Spx3 Person correlation
Sig (2-taild ) 0.083 0.193 0.471
-0.496-" |-0.337- |-0.246- |0.928"
Hcy3 | Person correlation
Sig (2-taild ) 0.043 0.186 0.340 0.0001
-0.574-" [ -0.506-" | -0.318- |0.946~ [0.924"
TAC3 | Person correlation
Sig (2-taild) 0.016 0.038 0.214 0.0001 | 0.0001

*, Correlation is significant at the 0.05 level (2-tailed). **. Correlation is

significant at the 0.01 level (2-tailed).
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In Table 3-5 The correlation result of breast cancer patients after receiving

the third dose of chemotherapy after21 day form last dose, there is a significant
direct correlation between Hcy4 with (MDA4, MK4, Asp4, and Spx4) (p< 0.01),
and direct correlation between TAC4 with (MDA4, Asp4, and Spx4) (p< 0.01).

Table 3-5 Correlation of all studied parameter after the third doses of chemotherapy treatment

Correlation MDA4 | MK4 Asp4d Spx4 Hcy4
0.275
MK4 Person correlation
Sig (2-talid ) 0.285
0.456 0.433
Aspd | Person correlation
Sig (2-talid) 0.066 0.082
-0.108- |-0.128- |-0.104-
Spx4 | Person correlation
Sig (2-taild ) 0.681 0.625 0.691
-0.041- [0.028 |-0.079- |0.966
Hcy4 | Person correlation
Sig (2-taild ) 0.877 0.916 0.762 0.0001
-0.002- |0.087 |-0.082- |0.900 [0.945
TAC4 | Person correlation
Sig (2-taild) 0.995 0.038 0.738 0.0001 |0.0001

**_Correlation is significant at the 0.01 level (2-tailed)
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Table 3-6 Correlation between lipid profile, Cytokines and age group

age cholest TG HDL LDL VLDL
group of erol
patients
MK Pearson Correlation -0.080- 0.174 -0.058 0.188 0.088 0.066
Sig. (2-tailed) 0.480 0.121 0.610 0.093 0.436 0.556
Asp Pearson Correlation 0.0017 | - 0.096 0.127 | -0.116- 0.090
0.035-
Sig. (2-tailed) 0.884 0.755 0.393 0.259 0.304 0.426
Spx Pearson Correlation -0.091- | - "0.250- | -0.001- 0.091 | -0.252-"
0.039-
Sig. (2-tailed) 0.420 0.729 0.024 0.996 0.418 0.023
MDA Pearson Correlation 0.012 0.034 0.013 | -0.036- 0.015 0.010
Sig. (2-tailed) 0.917 0.765 0.911 0.753 0.896 0.930
Hcy Pearson Correlation -0.129- | - -0.165- | -0.092- | -0.063- -0.165-
0.148-
Sig. (2-tailed) 0.252 0.188 0.141 0.416 0.579 0.140
TAC Pearson Correlation 0.134 | - -0.083- | -0.004- 0.044 -0.086-
0.007-
Sig. (2-tailed) 0.234 0.948 0.459 0.971 0.693 0.447
age Pearson Correlation 0.086 | 0.314" | -0.144- 0.001 | 0.333"
group of | Sig. (2-tailed) 0.428 0.003 0.180 0.992 0.002
patients

**_Correlation is significant at the 0.01 level (2-tailed).

*, Correlation is significant at the 0.05 level (2-tailed).
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Table 3-7 Correlation between lipid profile during different doses of chemotherapy

Paired Samples Correlations Correlation Sig.

Pair 1 TC before & TC1 0.199 0.445
Pair 2 TC1 & TC2 0.364 0.151
Pair 3 TC2 & TC3 0.670 0.003
Pair 4 TC1&TC3 0.667 0.003
Pair 5 TG before & TG1 0.739 0.001
Pair 6 TG1 & TG2 0.679 0.003
Pair 7 TG2 & TG3 0.931 0.000
Pair 8 TG1 & TG3 0.635 0.006
Pair 9 HDL-c before & HDL-c1 0.149 0.569
Pair 10 HDL-c1 & HDL-c2 0.401 0.110
Pair 11 HDL-c2 & HDL-c3 0.142 0.587
Pair 12 HDL1 & HDL3 0.371 0.143
Pair 13 LDL-c before & LDL-c1 0.426 0.088
Pair 14 LDL-c1 & LDL-c2 0.253 0.326
Pair 15 LDL-c2 & LDL-c3 0.313 0.222
Pair 16 LDL-c1 & LDL-c3 0.466 0.059
Pair 17 VLDL-c before & VLDL-c1 0.718 0.001
Pair 18 VLDL-c1 & VLDL-c2 0.674 0.003
Pair 19 VLDL-c2 & VLDL-c3 0.811 0.000
Pair 20 VLDL-c1 & VLDL-c3 0.613 0.009
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3.4 Analysis of Variance (ANOVA) Statics

Table 3-8 ANOVA Statics for all parameters

ANOVA
Sum of Squares df Mean Square F Sig.
midkine Between 369365.806 2 184682.903 0.510 0.602
Groups
Within 28234847.015 78 361985.218
Groups
Total 28604212.822 80
asprosin Between 218.520 2 109.260 0.213 0.808
Groups
Within 39942.853 78 512.088
Groups
Total 40161.373 80
spexin Between 16310512.288 2 8155256.144 1.217 0.302
Groups
Within 522657046.712 78 6700731.368
Groups
Total 538967559.000 80
malondialchehyche Between 484.167 2 242.083 1.190 0.310
Groups
Within 15872.576 78 203.495
Groups
Total 16356.742 80
homocystein Between 1655.539 2 827.770 1.013 0.368
Groups
Within 63722.824 78 816.959
Groups
Total 65378.363 80
anti oxidant Between 722.535 2 361.267 1.473 0.236
Groups
Within 19129.902 78 245.255
Groups
Total 19852.437 80
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Table 3-9 LSD Statics for lipid profil

LSD
95% Confidence Interval
Dependent (I) age (J) age group Mean
Variable group of of pateints Difference Sig. Lower Upper
pateints (1-9)
cholesterol <45 46-50 1.28433 915 -22.4856- 25.0542
>51 -10.25559- .407 -34.7445- 14.2333
46-50 <45 -1.28433- .915 -25.0542- 22.4856
>51 -11.53992- .366 -36.7621- 13.6823
>51 <45 10.25559 .407 -14.2333- 34.7445
46-50 11.53992 .366 -13.6823- 36.7621
TG <45 46-50 -64.32341-" .010 -113.1014- -15.5455-
>51 -75.52261- .004 -125.7761- -25.2691-
46-50 <45 64.32341" .010 15.5455 113.1014
>51 -11.19920- .668 -62.9574- 40.5590
>51 <45 75.52261 .004 25.2691 125.7761
46-50 11.19920 .668 -40.5590- 62.9574
HDL <45 46-50 1.38370 .545 -3.1482- 5.9156
>51 3.16049 .182 -1.5085- 7.8294
46-50 <45 -1.38370- .545 -5.9156- 3.1482
>51 1.77679 465 -3.0320- 6.5855
>51 <45 -3.16049- .182 -7.8294- 1.5085
46-50 -1.77679- 465 -6.5855- 3.0320
LDL <45 46-50 9.18171 .353 -10.3557- 28.7191
>51 -.86166- .932 -20.9901- 19.2668
46-50 <45 -9.18171- .353 -28.7191- 10.3557
>51 -10.04337- .338 -30.7745- 10.6878
>51 <45 .86166 .932 -19.2668- 20.9901
46-50 10.04337 .338 -10.6878- 30.7745
VLDL <45 46-50 -12.81956-" 012 -22.7773- -2.8618-
>51 -16.51049- .002 -26.7695- -6.2515-
46-50 <45 12.81956 .012 2.8618 22.7773
>51 -3.69093- 489 -14.2571- 6.8752
>51 <45 16.51049’ .002 6.2515 26.7695
46-50 3.69093 .489 -6.8752- 14.2571
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Table 3-10 ANOVA Statics for all parameters

ANOVA
Sum of Squares df Mean Square I Sig.
cholesterol Between Groups 18877.025 1 18877.025 9.503 0.003
Within Groups 170825.538 86 1986.343
Total 189702.563 87
TG Between Groups 22952.974 1 22952.974 2.273 0.135
Within Groups 868380.963 86 10097.453
Total 891333.937 87
HDL Between Groups 722 1 722 .009 0.925
Within Groups 6960.717 86 80.939
Total 6961.439 87
LDL Between Groups 7794.200 1 7794.200 5.554 0.021
Within Groups 120678.724 86 1403.241
Total 128472.924 87
VLDL Between Groups 1095.982 1 1095.982 2.591 0.111
Within Groups 36374.502 86 422.959
Total 37470.484 87
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Chapter Four Conclusions and Recommendations
4.1 Conclusions :-

1. The bright points that the mean of serum MK, MDA, and
Asperosin levels are more indicated to the patients response to
treatment program of breast cancer.

2. Reduced the mean levels of serum Spx, Hcy, and TAC have be
used as indicators of patient status before and after treatment.

3. The Serum MK level might be associated with disease activity and
grade maturation .

4. The serum levels of MDA can be a marker of breast cancer as well
as cytokines (MK, Asp, Spx) can be considered as marker for the

grade of the breast tumor.
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4.2 Recommendations :-

1- Study the apoH level and correlated with albumin in breast cancer patients

before and after chemotherapy

2-Study the effects of S—Adenosyl Methionine (SAMe) level and
S—Adenosyl Homocysteine (SAH) correlated with homocysteine levels in breast

cancer patients before and after chemotherapy

3- Study of Midkine and Protein tyrosine phosphatase receptor type Z1 as marker

for progression of cancer in all grade

4- Estimated of pleiotrophin levels in patients and relationship with Midkine in

breast cancer patients before and after chemotherapy

5- Effects of obesity, insulin resistance and correlated with cytokine in breast

cancer patients before and after chemotherapy
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