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Abstract

Introduction: Most of breast cancers are induced by abnormal levels of estrogen,
progesterone, and changes in lipid profiles. Cancer cells metabolize lipids unlike normal
cells and affected by steroid hormones. Estrogen or estradiol controls metabolism of
lipids and it regulates rate of progesterone metabolism. Progesterone regulates the effect
of estradiol. Tamoxifen and armidex are drugs that block estrogen action on its receptors
or decrease estrogen levels. Although, they change progesterone and lipid concentrations
in breast cancer patients this may induce adverse effects like hyper /hypo estrogenic
properties and lipidimea and other diseases as secondary complications. Thus,
assessment of steroid hormones and lipid profile levels are necessary for breast cancer
patients, but in Ethiopia, it has not yet been studied and used for treatment.

Objective: - To assess the relationship between serum estradiol, progesterone and lipid
profiles level among breast cancer patients before and after hormonal therapy at Tikur
Anbessa Specialized Hospital.

Methods: Cross-sectional study design was used to assess the relationships between
serum estradiol, progesterone and lipid profile levels in breast cancer patients before and
after hormonal therapy by comparing with healthy controls. Convenient sampling method
was used to select 120 participants. Immunochemistry analyzer was used to measure
steroid hormone levels and lipids were measured by chemistry analyzer. Data analyzes
were done by independent sample t-test, Oneway ANOVA and Pearson‘s correlation
coefficient. P-value < 0.05 was taken as statistically significant.

Results: In breast cancer patients without medication significantly lower mean serum
progesterone, TC and HDL-C levels at (p<0.05) and insignificantly higher estradiol, TG
and LDL-C levels at (p>0.05) were observed when compared with healthy controls.
Significantly higher mean serum TC, LDL-C, TG, HDL-C levels (p<0.05) and
insignificantly higher progesterone and lower estradiol levels were found in breast cancer
patients with medication than without medication.

Conclusion: Synthesis of lower serum progesterone, HDL-C and higher serum estradiol
levels were correlated in breast cancer patients. Armidex and Tamoxifen medications
inhibit the levels of steroid hormones and lipid profiles through unclear mode of action.
Thus, the change in these hormone and lipid levels may lead to other diseases as
secondary complications.

Key words: Breast cancer, estradiol, progesterone, lipid profile, Tamoxifen, Armidex



1. Introduction
1.1.  Over View of Breast Cancer

Cancer is a group of diseases characterized by uncontrolled growth and spread of
abnormal cells. If the spread is not controlled, which result in death (Abate et al., 2016).
About 18.1 million new cancer cases and 9.6 million cancer deaths were estimated in
2018 (Bray et al., 2018). However, in 2012, new cases were only 14.1 million and 8.2
million cancer-related deaths had occured (Solomon and Mulugeta, 2019). In 2030, it is
expected that the numbers of new cases probably will increase by 46% from the cases
reported in 2018 (Egue et al., 2019).

Breast cancer is the most commonly diagnosed cancer and the major cause of deaths
worldwide, which account 2.1 million new cases and 626,679 deaths of the total cancer in
2018 ( Bray et al.,2018). It is the most common malignancy among women throughout
the industrialized world (Ali, 2014). In developed countries, the incidence rates of many
cancers are generally two to three folds higher than developing countries. However, the
differences between mortality rates are smaller. Because, in developing countries higher
case of death are estimated for many cancer types (Bray et al., 2018), 60% of the deaths
are estimated to occur in these countries. Because of the majority of these cases are
diagnosed in later stages (Chauhan et al., 2016), due to these countries face resource and
infrastructure limitation that challenges the goal of improving breast cancer outcomes by

early detection, diagnosis, and treatment (Shah et al., 2014).

In Africa, the number of new cases 1.06 million in 2018 (5.8% of the total) and the
number of deaths 693,000 (7.3% of the total) were estimated (Bray et al., 2018). Sub-
Saharan Africa 94,000 women developed breast cancer and of which 48,000 were died in
2012 (Brinton et al., 2014). Ethiopia is one of the Sub-Saharan Africa countries,that the
trend of breast cancer in the last 16 years; (1997-2012) were 3460 (prevalence=20.8%)
new cases were registered among the total number of all new cancer cases registered in
Tikur Anbessa Specialized Hospital (TASH) (Abate et al., 2016). Based on recent report
by Hadgu et al., (2018), annual incidence and mortality rate of breast cancer accounted

for 34% of female cancer cases, followed by cervical cancer at 16%.



Breast carcinomas are classified into five sub-types: - luminal A, luminal B, human
epidermal growth factor receptor 2-enriched, triple-negative and normal-like based on

molecular characterizations:

* Lumina A are included as estrogen receptor positive(ER+) and/or progesterone
receptor positive (PgR+), human epidermal growth factor receptor 2-negative and
low proliferation marker Ki67. The cancer is low-grade and tends to grow
slowly.

* Luminal B also contains (ER+ and/or PgR+, either human epidermal growth
factor receptor 2-positive or negative and with high levels Ki67).These two
breast cancers originate in luminal cells lining the breast‘s milk ducts and proteins
on the cell surfaces reach out and consume estrogen, which promotes the growth
of the tumors (Hammond et al., 2010).

* Human epidermal growth factor receptor 2-enriched carcinoma cells can express
either or both estrogen and progesterone receptors (ER and PgR). Amplified or
overexpressed human epidermal growth factor receptor -2 gene amplification and
account for 15% to 25% of all breast cancers. It is genomically diverse also
usually aggressive disease with a poor prognosis and a shorter overall survival
than other sub groups (Abramovitz et al., 2016).

» Triple-negative breast cancer lacks the expression of ER, PgR, and absence of
Human epidermal growth factor receptor 2-enriched overexpression or gene
amplification. It has worst prognosis, tend to relapse early and more frequently
and short progress free survival time (Mina et al.,2017; Jaglanian and Tsiani,
2020) , and

* Normal-like breast cancer is similar in profile to luminal A disease. But its

prognosis is slightly worse than luminal A cancer (Breast Cancer Org., 2020).

Several available regional data sets in Africa determined that most breast cancers are ER+
(Hammond et al., 2010). Although, in Ethiopian Luminal B tumors of breast cancer
patients exhibit highly proliferative and ER + tumors represent 65% of the cases (Hadgu
et al., 2018).



Higher levels of estradiol and lower levels of progesterone induce its mitogenic effects in
breast cells. As a consequence, they induce breast cancer cells, which contain large
number of hormonal receptors that are sensitive to imbalanced hormone levels. This
refers to as hormonal sensitive breast cancer/hormonal receptor positive breast cancer
(NCI, 2017). The growth of many breast tumors is estrogen-dependent and approximately
70-80% of all breast cancers are hormone sensitive (Komen, 2019; GSN, 2016; Buijs et
al., 2008). It is classified into ER+ and/or PR+, in breast tissue ER and PgR) are broadly
studied markers (Kome, 2017). The hormonal receptor status allows to distinguish four
subgroups of breast cancers such as: 65% are ER+PgR+, 13% are ER +PgR-,2% are ER-
PgR+, and ER-PgR- ( Breast Cancer Org, 2020; Effi et al., 2017).

Although, malignant cells are metabolize lipids in different way from the normal cells
and the change of lipid profile levels may be the result of abnormal lipid metabolism,
which associated with tumor pathogenesis and tumor host interactions (Shah et al., 2008).
Mammary tissue is rich in lipids (Nayak et al., 2016). The enhancement of estrogen
activity can derive from change of lipid profile. This indicated that lipids are closely
linked to steroid hormones (Pecks et al., 2016). Alghough, estradiol regulates the rate of
progesterone metabolism that arises from cholesterol (Miller and Mclean, 1987). Low
HDL-C and sex hormone levels may stimulate growth of epithelial and stromal tissues, as
a result may increase cellular proliferation in the breast tissue (Flote et al., 2015). The
influence of the progestogens on the estrogen effects on the lipid profile is dependent on
the progestogen androgenicity (Callejon et al., 2009). Hormonal therapies substantially
reduce morbidity and mortality in patients with breast cancer patients that express ER
and/or PR (Hammond et al., 2010; Althuis et al., 2004). In addition, the changeof plasma
lipid profile levels in breast cancer patients are regressed by effective treatment of the
tumor (Shah et al., 2008). Stopping the action of estrogen in the breast is a known
therapeutic approach for preventing recurrence (ASCO, 2019). Tamoxifen is a drug
which blocks ER in breast cancer cell via stopping estrogen from binding to the cancer
cells. Armidex is a drug which decrease estrogen levels and deactivate the aromatase
complex, (Breast Cancer Org., 2020; NBCF, 2016; Coscia et al., 2017).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Pecks%20U%5BAuthor%5D&cauthor=true&cauthor_uid=27582578
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pecks%20U%5BAuthor%5D&cauthor=true&cauthor_uid=27582578

1.2. Literature Review

1.2.1. Serum Estrogen Hormone and Breast Cancer Risk

Estrogens are major natural steroid hormones, which is important in sexual development
and others body function (Hussain et al., 2013). It regulates the growth and
differentiation of mammary cells and promotes the development of breast cancer (Jamall
et al., 2010; YU et al., 2003). Its regulation mediates by estrogen receptor (ER) in nuclear
and extranuclear compartments (M arquez et al., 2006),

1.2.1.1. Forms of Estrogen Hormone

There are several forms of estrogen that can attach to the ER such as estrone, estretrol,
estriol, estradiol, which are with different amount of time it stays bound to receptors,
affinity and strength of the response (Fuentes & Silveyra, 2019). The more
intoxicating/potent of the estrogen, the longer the binding time, a weak potency of
estrogens are providing a low and safe to stimulate the cell. However, strong estrogens
have more effect to stimulate the receptor in the cell (Taylor and BellTaylor, 2009).
Estrone is a type of estrogen formed primarily in adipose tissue and found in the body
after menopause. Estriol and estretrol are the weakest estrogen, found in the body
primarily during pregnancy (Kolan, 2014). However, the word estrogen is commonly
used to refer as estradiol, due to its physiological relevance and predominance during

reproductive years (Samavat & Kurzer, 2015)

1.2.1.2. Serum Estradiol and Breast Cancer Risk

Estradiol is one of the most potent forms from others estrogens and plays an important
role in maintaining the health of tissue in the body (ZRT Laboratory, 2014; Yaghjyan,
2011). Serum levels and estrogenic activity of estradiol is higher and strongest. Thus,
estradiol stimulates ER (Taylor and Bell-Taylor 2009), which affects the targeted tissues
in the breast through interacting with two nuclear receptors such as ER-a and ER-f
(Palmisano et al, 2018; GSN, 2016). Although, it’s exerted a rapid action through

membrane-localization of ERa and ERB occur in tumor environments. In cancer cells,



membrane initiated ERo signaling mediates the proliferative effects of estradiol

(Acconcia and Marino, 2011; Platet et al., 2004).

There are enzymatic pathways responsible for deactivation and removal of estradiol from
the body. Deactivation of estradiol including biotransformation to less reactive estrogen
such as estrone, estriol, and 2-hydroxyestrone. Single nucleotide polymorphism gene is
responsible for encoding the enzyme necessary to convert estradiol to less active estrogen
metabolites. This gene can change gene expression and enzyme function and also can
compromise these biochemical processes and increased breast cancer risk (GSN, 2016;
Taylor and Bell-Taylor, 2009). Estradiol associated with the development and
progression of breast cancer (Travis and Key, 2003). Althgough, It is plays significant
role in maintaining health, but when certain catechol metabolites are forming in excess
and not eliminated properly it can also have the opposite effect (ZRT Laboratory, 2014).
It is increase proliferation of breast epithelium and stroma cells, increase the chances of
mutation in rapidly proliferating epithelium and the delicate hormonal balance of breast
tissue cells (Velloso et al., 2017; Atoum et al., 2014; Yaghjyan, 2011). Higher exposure
of estrogen concentration is more susceptible in the formation of breast cancer (Ali,
2014).

1.2.1.3. Estrogen Metabolism and Breast Cancer

Estrogen metabolism takes place primarily in the ovaries especially membrana granulose
and luteinized granulosa cells (Hussain et al., 2013). High amount of estrogens (estradiol
and estrone) are producing by ovaries in cyclical monthly patterns response to the
pituitary-derived luteinizing and follicle stimulating hormones in premenopausal women
(figure.1) (Yaghjyan, 2011; Hammond et al., 2010; Buijs et al, 2008; Travis and Key,
2003; Feigelson and Henderson, 1996).

However, in postmenopausal women estrogen metabolism takes place in peripheral
tissues (figure.1). The conversion of estrone is the major source of estradiol. It is
produced mostly through the peripheral conversion of androgen precursors,
predominantly androstenedione, in extraglandular tissue such as adipose tissue (figure.2).
Adipose tissue is the main source of estrogen (Hussain et al., 2013). In these women, the
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ovaries produce few or no estrogenic compounds and homeostatically estrogen
production is not controlling by pituitary gonadotrophins (Travis and Key, 2003).
However, androgen (testosterone and androstenedione) are precursors of estrogen, which
produced by the adrenal gland and converted to estradiol and estrone by an enzyme that
catalyzes the rate-limiting step in estrogen biosynthesis called cytochrome P450
aromatase (aromatase) in peripheral tissues through aromatization. Because, the gene
cytochrome P450cl9a are accumulates in the peripheral tissues (figure.1 and 2) (Dixon,
2014; Hammond et al., 2010; Santen et al., 1999). These process is the most important
source of estrogens in the breast tissue (Yaghjyan, 2011). The physiologic origins adrenal
or ovarian of the circulating androgens in women are an important risk factor for breast
cancer (figure.1) (Kaaks et al., 2005).
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Figure 1: premenopausal and postmenopausal synthesis of estradiol from different organs and
pathway. Adopted from (Barros-Oliveira et al., 2017). In premenopausal breast cancer
patients estradiol is produced by ovaries in monthly patterns through the pituitary-
derived luteinizing and follicle stimulating hormones aromatization of androgen. In
postmenopausal women estrogen metabolism is take place in peripheral tissues through
aromatization of androgen (testosterone and androstenedione). Androgen is produced
through adrenal gland and converted by an aromatase in to estradiol and estrone.




Breast tissue can make estradiol from epithelial cells, stroma, and macrophages, which
infiltrate normal tissue (Santen et al., 1999). Stromal cells in breast carcinomas are the
major source of estrogens in the tumor. The local estrogen production by stromal
fibroblasts is in early stages of breast carcinogenesis drives epithelial expansion later
replaced or additionally supplied by epithelial cells themselves (Yaghjyan, 2011). Liver
metabolized estrogen through three different pathways. Depending on the pathway,
estrogen can be converted in to low risk (2a-hydroxy) or higher risk (16a-hydroxy and
4a-hydroxy) metabolites for breast cancer (figure.2) (Folk, 2019).

Hormone Metabolism
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& .
Estrone — Estradiol DHT
(Dihydrotestosterone)
W
4-Hydroxyestrone 16a-Hydroxyestrone
} Possibly
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Estriol
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@ 17p-Hydroxysteroid Dehydrogenase A\ = increased by cruciferous vegetabies and flax
(178-OHSD)
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@ Sa-Reductase AND NADPH
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Figure 1: Estrogen metabolism. Conversion of androgen: testosterone and androstenedione in to
estrone and estradiol. Adopted from (Kolan, 2014). Estrone is intermediate substance, which
further converted in to estradiol and three different metabolites (2a-, 40-, and 160-
Hydroxyestrone) in liver.

It is widely accepted that cancer causation is the result of the combined influence of
genetic susceptibility and environmental exposures (including endogenous hormone
exposure). The primary risk factors for breast cancer can be understood as regulators

of the lifetime endogenous estrogen exposure (Manni, 1999).
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1.2.1.4. Mechanism and Action of Estrogen in Breast Cancer Formation

The precise mechanism action of estrogen in breast cancer is unknown and controversial
in women (Santen et al., 20015 and 1999). However, estrogen exerts their effect in breast
cancer through two alternative complex mechanisms: (classical) genomic and

nongenomic (non-classical) mechanism (Fuentes and Silveyra, 2019).

Genomic or nuclear-initiated estrogen signaling phathway is involed when estradiol bind
to ER (ERa) in the cytoplasm, after which the receptors dimerizes translocates into the
nucleus, then bind to specific Deoxy Ribo nucleic Acid (DNA) sites in estrogen
dependent tissues called Hormone Responsive Elements and promotes target genes
expression (Owiredu et al., 2009; Bjo™ rnstro'm and Sjo” berg 2005). After estrogen
response elements bind ligand bound ER dimers, modulation of transcription occurs via
interaction with coactivators or corepressors (Platet et al., 2004). Morevere, ERs are
ligand-dependent transcription factors that regulate genes, which are involved in cell

proliferation, differentiation, apoptosis, and cell migration.

Nongenomic or membrane-initiated estrogen signaling are mediated by a G protein-
coupled receptor 30 /GPR30 and ER-036 that start the activation of a variety of
cytoplasmic signal transduction pathways(Zhou et al., 2014) , and induced intracellular
signaling events through second messengers. Also, interaction with others membrane
receptors such as insulin like growth factor-1-receptor and epidermal growth factor
receptor, and stimulate effector molecules such as tyrosine kinase receptors and
phosphatidyl inositol 3 kinase, serine/ threonine protein kinase, and mitogen-activated
protein kinase (Song et al., 2005), that enable the activation of other transcription factors
associated to proliferation, apoptosis, and differentiation (Tecalco-Cruz et al., 2017).
That mean, it have important physiological consequences leading to DNA synthesis, cell
proliferation and apoptotic inhibition (Song et al., 2005), cell migration, metastasis and

hormone dependent drug resistance (Rosen, et al., 2006).

Therefore, the high expression of ER and the activation of its genomic and nongenomic

pathways have effects on breast cancer development and drug resistance (Tecalco-Cruz,

2017). This also may be related with the levels of estrogen in blood and tissues are
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associated with breast cancer carcinogenesis (Zhou et al., 2014). Because, cellular
pathways deregulation has been associated with breast cancer, leading to alterations in
cell proliferation, apoptosis, and the indirect hormonal balance of breast tissue cells
(Velloso et al., 2017).

In other ways, studies classifed the mechanism of estrogen induce breast cancer in two
ways as a genotoxin and mitogen (Ali, 2014). Estrogens are substances, which can
directly produce the stimulation of mitotic activity in the tissues of the female genital
tract. The initiation of mitotic effect by estrogens is considered as a multistage process
which is susceptible to disruption at many stages, such as ER binding, transcription,
macromolecular synthesis, cell proliferation, and clinical consequences (Starek, 2003)..
The mitotic rate of human breast epithelial cells is greatest during luteal phase of the
menstrual cycle. Estradiol is the major factor of the mitotic rate of human breast
epithelial cells and increased serum concentrations of estradiol in both premenopausal
and postmenopausal women. High estradiol concentrations are related to an increased
risk for breast cancer (Key, 1999). Because, estrogen exposure can influence estrogen
activity based on its receptor. The more estrogen in the body the more ERs are in the
body. This phenomenon may play a role in the development of cancer in women. (Taylor
and Bell-Taylor, 2009) (figure 3).

Estrogen metabolites can exert genotoxic effects, which contribute to the development of
breast cancer (Yue et al., 2010). The levels of estrogen in the breast increase when
aromatase is overexpressed. Sufficient amounts of aromatase in the breast tissue and
enough estradiol as substrate available for formation of substantial amounts of genotoxic
metabolites. When epithelial, stroma, and macrophages cells overexpress aromatase and
provide sufficient amounts of estradiol locally to allow conversion to genotoxic quinine
metabolites (Santen et al., 2015). Estrogens stimulate proliferation of breast cells and
increase the chances for genetic mutations that could result in cancer. Estrogen
metabolism generates oxygen-free radicals and quinones which produce both stable and
unstable DNA adducts. Both result in genetic mutations which accumulate and could
ultimately cause cancer (Santen et al., 1999). The ER independent, carcinogenic effects

of estrogens are occurring through the actions of estrogen metabolites. The presence of
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the aromatic A-ring, oxidative metabolism of estradiol results in the formation of 2, 3-
and 3, 4-catechols (quinones) catalyzed by cytochrome P450 enzymes present in human
breast tissue. These quinones can also reduced to semiquinones by cytochrome P450
reductase. This process can establish a redox cycle to produce reactive oxygen species
that cause oxidative DNA damage (Santen et al., 20015). Additional, 2, 3- and 3, 4-
estradiol-quinones, which form covalent adenine and guanine DNA adducts. Adducts of
the 4-hydroxylated products of adenine and guanine are unstable. Thus, cleaved from
DNA with formation of depurinated sites. Mutation at these DNA sites can occur through
error prone DNA repair and end results are formation of mutations. Accumulation of
these mutations then contribute to the development of breast cancer) (figure 3). Breast
cancer are expected in women with combinations of mutations of estrogen metabolizing

enzymes (Yue et al., 2010).

Etrogen in excess
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Oxgen free radical by redox
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2a,4a,16a-hydroxyestrone
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Figure 2: Mechanism and action of estrogen in breast cancer formation depending on mitogen and
genotoxic effects of estradiol. Adopted from (Santen et al., 2015).
Estradiol induced breast cancer through over activation of transcriptional process stimulate
cell proliferation and increase the chances for genetic mutations. Although, estrogen
metabolism generates oxygen-free radicals and quinones which produce unstable DNA
adducts. That means the 2, 3- and 3, 4-quinones can be reduced to semiquinones by
cytochrome P450 reductase, and this process can establish a redox cycle to produce reactive
oxygen species that cause oxidative DNA damage.
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1.2.1.5. The Factors Influencing Estrogen Activity

Factors influencing estrogen activity such as estrogen binding to sex hormone binding
globulin (SHBG), estrogen production, estrogen exposure, estrogen metabolism and
elimination. SHBG is a protein that carries the majority of estrogen in the bloodstream.
Estrogen is a fat-soluble and it must attach to SHBG, which is a water-soluble protein
that transported to target tissues (Taylor and Bell-Taylor, 2009). The availability of
estrogen in tissues is determined not only by the production of the hormone and
concentrations in circulation but also by the extent to which it is bound to a binding
protein, SHBG. Thus, high concentrations of SHBG decrease the proportion of estradiol
that is able to leave the circulation and enter the cells (Travis and Key, 2003). Thus,
when the concentration of SHBG decrease and the free estrogen is excess and deliver its
message to the cells that contain more estrogen receptor. Estrogen metabolism and
elimination of estrogen influences the total amount of estrogen in the body (Taylor and
BellTaylor, 2009).

1.2.1.6. Factors That Affect Serum Estrogen Levels

Serum estrogen levels increase when increased lifetime exposure to estrogen and
progesterone. The factors that expose for estrogen as discussed by several studies are
delayed childbearing, sedentary lifestyle, stress and poor diet (Taylor and Bell-Taylor,
2009) (high fat diet), lack or short duration of breast feeding, family history of breast
cancer, environmental factors like exposure to radiation and chemicals (Laisupasin, 2013;
Jamall et al., 2010). Reproductive events that are early menarche, late menopause,
alcohol intake, in active physical activity /sedentary life style and high circulating
estradiol levels in premenopausal and postmenopausal women are associated with an

increased incidence of breast cancer (Yue et al., 2010).

1.2.1.6a. Life Style

Changes in lifestyle is associated with urban migration that is, a more economically
developed one, and associated with a decline progesterone levels or an increased estrogen
concentration, results increase breast cancer risk in premenopausal women (Houghton et
al., 2016). But, Rohariya et al., (2017) stated that there is no effect whether the patient
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lives in rural or urban area. Breast cancer incidence rates indicate that within different
countries are increasing and appear to be higher in urban than rural areas. Immigrant
studies have given evidences that westernized lifestyle increases the level of estrogen
levels and results in a higher incidence of breast cancer (Kim et al., 2009). Although, the
change of hormonal levels are increased risk of breast cancer in Mongol women is lower
when compared to British, and United States of America, especially in women born in the
Mongolian countryside (Houghton et al., 2016).

1.2.1.6b. Stress

Stress increased releasing of cortisol. Cortisol decreases SHBG, this consequently
increase the amount of free estrogen level. The elevated level of estrogen can block
ovulation. Thus, progesterone production is absent and this can become the cause of
breast cancer (Taylor B. and Bell-Taylor A., 2009). Therefore, cortisol has an impact on
estrogen activity in the mammary gland, which may initiate protumorigenic changes

during periods of stress (Antonova et al., 2011).

1.2.1.6¢. Obesity

Obese women have a 2.5 times greater chance to develop breast cancer than women with
a normal body mass index (BMI). Obesity is a recognized risk factor for postmenopausal
breast cancer (Kim et al. 2009; Rohariya et al., 2017). It is correlating with a 30— 50%
higher relative risk of breast cancer in menopausal women (Coscia et al., 2017). The
increased risk in postmenopausal women is probably due to increased level of circulating
estradiol, and reduced level of SHBG by the conversion of androgens to estrone in
adipose tissue, which is increased biologically active unbound form of estradiol
(Rohariya et al., 2017; Howe et al., 2013; Kim et al., 2009; Owiredu et al., 2009;
Carpenter et al., 2003; and Travis and Key, 2003). Peripheral aromatization of
androgen precursors in adipose tissue is responsible for estrogen biosynthesis after
menopause because elevation of aromatase expression in subcutaneous of these tissue
(Subbaramaiah et al., 2011). Obesity is characterized by high levels of estrogen, which
increases the growth of endocrine responsive of breast cancer (Newman and Gonzalez-
Perez, 2014).
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Obese postmenopausal women have more estrogens, insulin growth factor-I, and insulin
than thin women. Crosstalk between the insulin growth factor pathways do and estrogen-
mediated signalling may favour an increased risk of breast cancer largely in those
women. The increased circulating concentrations of insulin and insulin growth factor-I
cause a reduction in blood levels of SHBG with a consequent elevation in the
bioavailable fraction of circulating estradiol. Additionally, SHBG may act directly on
breast cancer cells to inhibit estradiol-induced proliferation, loss of which in obese
women can contribute to tumorigenesis (Maccio and Madeddu, 2011).

In obesity was increasingly recognized as a mild inflammatory condition, deregulated
secretion of proinflammatory cytokines and adipokines such as interleukin- 1,
interleukin- 6, and tumour necrosis factor alpha (Newman and Gonzalez-Perez, 2014;
Arcidiacono et al., 2012). Obese postmenopausal women are at increased risk of
developing hormone receptor positive breast cancer (Subbaramaiah et al., 2011), through
a hormonal mechanism involving the metabolism of an androgenic precursor to estrogen
in adipose tissue (Ha et al., 2009). BMI is recognized as determinant of serum estradiol in
postmenopausal women (Howe et al., 2013). Therefore, leads to an overall increase in
the active levels of circulating estrone and estradiol, which may promote the growth, and
metastatic potential of breast tumour in obese women (Owiredu et al., 2009; Carpenter et
al., 2003).

1.2.1.6d. Body Weight

Higher body weight means more fat tissues and higher estrogen level. This may increase
breast cancer in women who are higher in body weight after menopause (komen, 2017).
The higher BMI is increased breast cancer risk in postmenopausal women (Owiredu et
al., 2009). Because, when BMI increased the main source of estradiol in postmenopausal
women via the extra glandular aromatization of androstenedione and estradiol also
increases in postmenopausal women. This clearly indicated that the relationship between
BMI and breast cancer risk can mainly connected on the relationships of BMI with serum

estradiol concentrations (Owiredu et al., 2009; Key, 1999). However, changes in plasma
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estradiol levels in breast cancer patients were not associated with BMI (Coscia et al.,
2017). In comparison of BMI values, between controls and breast cancer patients based
on menstrual status BMI of Premenopausal cases were higher than controls. But, it was
found to be non-significant (Rohariya et al., 2017).

1.2.1.6e. Alcohol Consumption

Alcohol appears to increase plasma estrogen levels. Alcohol consumption maybe a small
extent increased breast cancer risk. However, studies show that women who consume
three or more alcohol drinks per day increase about 50-70% breast cancer risk when
compared to non-drinkers (Feigelson and Henderson, 1996). Alcohol intake decreases the
liver ability to eliminate estrogen from the blood. Because the liver damage influence
estrogen metabolism when it is in excess. In addition, alcoholic diet lack vitamin and
fiber that is important for estrogen metabolism in liver and in stomach (Taylor and Bell-
Taylor, 2009).

1.2.1.6f. Reproductive Events

Reproductive factors that increase the duration and/or levels of exposure to ovarian
hormones, which stimulate cell growth, have been associated with an increase in breast
cancer risk (NCI, 2016). A woman has an increased risk of breast cancer during lifelong
estrogen exposure.; this is increased in case of early menarche, a late menopause, and/or
an absence of childbearing, age at first birth /age of first full pregnancy, low/or absence
of breast feeding, number of births, and gap of birth (Dall and Britt, 2017 ; Kapil et
al.,2014). At first age menstruation/ menarche, women who began menstruating before
ages 11 or 12 years and at late menopause, women go through menopause after age 55
year have somewhat higher risk of breast cancer. Because, their breast cells have been
expose to estrogen and progesterone for a longer time. Longer exposure to these
hormones increases breast cancer risk (ASOC, 2019), due to maximize the number of
ovulations (Rohariya et al., 2017; Santen et al., 1999).

Pregnancy may help protect against breast cancer because it pushes breast cells into their
final phase of maturation (ASCO, 2019). Study also showed that breast feeding may

delay return of regular ovulatory cycles and decrease endogenous sex hormone levels
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(Shah et al., 2014). Moreover, pregnancy and breastfeeding, which both reduce a
woman‘s lifetime number of menstrual cycles and reduced cumulative exposure to
endogenous hormones (NCI, 2016). Thus, decrease breast cancer risk. Timing of
pregnancy, Women who had their first pregnancy after age 35 or who have never had a
full-term pregnancy have a higher risk of breast cancer (ASCO, 2019; Dall and Britt,
2017). An early first full-term birth is the most effective modifiable breast cancer
prevention (Katz, 2016). Lactation, differentiation of the cells of the mammary gland,
prior to exposure to a carcinogen, protects them from malignant transformation. During
pregnancy, estriol is increased largely than estrone and estradiol which can reduce the
risk of breast cancer (Kapil et al., 2014).

However, the protective effect of early age at first birth is complex. During the first
trimester of pregnancy, the level of free estradiol rises rapidly. However, pregnancy is
continuing free estradiol levels lower, while SHBG levels rise, giving a net overall
benefit with respect to the endogenous estrogen profile which permanently reduces breast
cancer risk. Prolonged lactation is more importantly to reduce the risk (Feigelson and
Henderson, 1996). Parity has also associated with breast cancer risk; higher parity was
associated with a decrease in the risk of breast cancer (Kapil et al., 2014). An increased
number of births are also associated with decreased breast cancer risk, additional births
providing an extra 10% reduction in risk (Dall and Britt 2017; Katz, 2016).
1.2.1.69. Age

Age is a crucial factor in malignancy, most of the studies show malignancy presents more
in elder population when compared to young ones (Rohariya et al., 2017). Researchers
indicated that no influence of age on the plasma levels of steroids hormones. The study
predominantly included older women in the group of patients. An expected characteristic
due to the fact that, age is a risk factor for breast cancer (Coscia et al., 2017). However,
studies showed that in Sub-Saharan Africa the youngest women developed breast cancer.

Thus, age does not concern as breast cancer risk factor (Hadgu et al., 2018).
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1.2.1.6h Physical Activity

Physical activity can reduce the number of ovulatory cycles. The risk of breast cancer
among women who exercised for more hours per week during their reproductive years

was nearly 60% lower than that of inactive women (Feigelson and Henderson, 1996).

1.2.1.7. Serum Estrogen Hormone Levels and Breast Cancer Risk

Endogenous sex hormones and endogenous hormonal milieu predicts the chances of
breast cancer in females. Serum estrogen levels can account for differences in breast
cancer risk (Cleary and Grossmann, 2009). Breast tumors have aromatase activity and
can produce estrogen even after circulating estrogen levels have dropped to very low
levels. The amount of estrogen in the blood is linked to an increased risk of breast cancer
in women (Quigley, 2017). For instance, high circulating levels of estrogens are
associated with increased risk of breast cancer in Caucasian women (Yu et al., 2003),
specifically women with higher blood level of the estradiol have an increased risk of
breast cancer (komen, 2017; Key, 1999).

Studies indicated that circulating estrogen levels are highest in the pre-ovulatory phase of
the menstrual cycle. During pregnancy and post-menopause time mostly which is around
age of 50 decrease sharply. Overall, several studies have shown that high levels of
estrogen are associated with increased risk of breast cancer in women before and after
menopause. Higher levels of total estradiol and bioavailable estradiol were associated
with higher breast cancer risk in postmenopausal women (Farhat et al., 2013). Contrary,
a meta-analysis of nine prospective studies observed that premenopausal women with
relatively high serum estrogen concentrations had an approximately two fold risk of
breast cancer compared with postmenopausal women with relatively low serum
concentrations of sex hormones. Although, other studies have indicated that high serum
levels of estradiol in pre-menopausal women elevate the breast cancer risk in comparison
with the much lower levels of these hormones in post-menopausal women (Colditz,
1998). A pooled analysis of data from seven studies found that higher blood estrogen
level might be modestly increase breast cancer risk before menopause (Komen, 2017).

However, Breast cancer patients also have a lower level of both estrogen as compared to
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controls (Hussain et al., 2013). No significant changes were observed in serum estradiol
levels between the premenopausal breast cancer patients and the controls (Owiredu et al.,
2009). Although, In a case control study of Sub- Saharan Africa country, Uganda there
was no association between level of estradiol and breast cancerrisk (Awio et al., 2012).

However, the studies indicate that measuring of serum estrogen level in premenopausal
women is a challenged. Because, estrogens levels are vary throughout the menstrual
cycle (Komen, 2017; Becker et al., 2007). Thus, hormonal exposure in premenopausal
women is more complex and difficult to estimate in epidemiological studies (Travis and
Key, 2003). In postmenopausal women, serum estrogen levels are the risk of breast
cancer. When the elevation of the mean values of serum estradiol levels above 20-25%
the incidence of breast cancer is 2 to 3 times higher (Coscia et al., 2017). Estradiol levels
in postmenopausal women are generally less than 10 to 20 pg/mL (Dixon, 2014;
Hammond et al., 2010). However, it was not possible to quantify plasma estradiol level
when below 5 pg/mL. The ability to determine plasma steroid levels below this limit
might have resulted in a greater percentage reduction in these hormones age (Coscia et
al., 2017). Menopause results in the loss of ovarian estrogen production and a
consequent drop in circulating levels of estradiol. During menopausal, serum estradiol
level is drop well below the lower end seen in premenopausal women (Travis and Key,
2003). The premenopausal women reference ranges of serum estradiol level are widely
varying from source to source (Becker et al., 2007). Therefore, its level is variable at
different phase of the cycle (Travis and Key, 2003). Studies show that, the mean
integrated levels of estradiol during a full menstrual cycle have been reported variously
by different sources. That is, 80, 120, and 150 pg/mL.This study used the reference
ranges of serum estradiol level as determined in a Caucasian population of healthy
women and premenopausal women are :- during follicular phase 12.4 -233 pg/mli,
Ovwulation phase41.0-398 pg/ml, Luteal phase 22.3-341 pg/ml, for postmenopausal < 5-
138 pg/ml (Cobas, 2016).
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1.2.2. Serum Progesterone and Breast Cancer Risk

Progesterone is one of the hormones in our bodies that stimulates and regulates various
functions (Goldstein, 2019). Progesterone is a steroid hormone and it has 21 carbon
atoms. It is a precursor or building block for estrogen but also transmit its own unique
message to cells (Taylor.and BellTaylor, 2009). Progesterone governs the second half of
the menstrual cycle, it is becomes known as a major regulator of cell proliferation and
stem cell activation in the adult mammary gland (Brisken et al., 2015). Which regulate
mammary gland through influencing physiological and endocrine related processes
including mammary development (Singh et al., 2017). Progesterone and PRs are
essential for the development and cyclical regulation of hormone-responsive tissues
including the breast (Mauvais-Jarvis et al., 1986). The actions of progesterone are
primarily mediated by its high-affinity receptors, which include the classical PR-A and
PR -B isforms, located in diverse tissues where progesterone control the breast tissues
(Lange et al., 2008).

Progesterone inhibits estrogen-driven growth (Mauvais-Jarvis et al., 1986). Thus, it
decreases breast cell growth, involved the maturation of breast cells, and decreases the
rate of multiplication. Progesterone also promotes normal cell death in tissues of the
breast, which is important in the prevention of cancer (Creative Diagnostics Blog, 2018;
Bettuzzi et al., 1991). Hence, specific actions of progesterone in breast cancer are poorly
understandable. However, the studies recognized that the role of progesterone in
mammary gland proliferation and differentiation (Singh et al., 2017). Progesterone is
required for proliferative activity of the breasts tissue may be involved directly or
indirectly in either stimulating or inhibiting breast cancer. The dual, and paradoxical,
actions of progesterone suggest the possibility that progesterone may be converted to two
types of metabolites (Sa-pregnane and 4a-pregnene) (Wiebe et al., 2000). This biphasic
effect of progesterone is due to higher level of Sapregnane results in increased
proliferation and promotes breast cancer progression (Singh et al., 2017) ,and exposure to
the 4-pregnenes results in opposite (anticancer-like) effects by causing suppression of cell

proliferation (Lewis et al., 2004).
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1.2.2.1. Mechanism and Action of Progesterone in Breast Cancer

Progesterone directs cells to slow their growth and mature normally. The major function
of progesterone is to regulate the activity of estrogen and it is able to decrease the
production of ER (Taylor and Bell-Taylor, 2009). The mechanisms by which
progesterone exert their anti-estrogenic action in women include a reduction of estrogen
secretion in the systemic circulation through increased 17p-hydroxysteroid
dehydrogenase which leads to accelerated metabolism of estradiol to estrone in the target
organ (Mauvais-Jarvis, 1986). And decreases the target organs response to estrogen by a
reduction of estrogen receptor levels in the organ and a direct effect on cell multiplication
(Creative Diagnostics Blog, 2018; Bettuzzi et al., 1991). This action decrease the cell‘s
ability to over react to excessive levels of estrogen. Thus, these mechanisms, by which
progesterone protects the body from estrogen- induced breast cancer proliferation
(Taylor.and Bell-Taylor, 2009).

1.2.2.2. Progesterone Metabolism in Breast Cancer
Progesterone primarily produced in the corpus lutem during luteal phase, lesser extent in

adrenal and during pregnancy from placenta. Thus this cyclical hormone exposure
beginning at menarche and ending at menopause, occurs monthly and differentiation of
specialized tissue within reproductive tract and breast tissue (Goldstein, 2019; Graham
and Clarke 1997). Corpus luteum procedures progesterone after ovulation and the levels
begin to increase maximum (6-10 ng/m). On the 14th day of the cycle progesterone level
is reach t010 ng/mL. This level starts to decrease on the 15th day of the cycle. The key
regulated step in luteal progesterone production appears to be regulation of transport of
cholesterol to the inner mitochondrial membrane (Kuru, 2018). The corpus lutem
production of Progesterone is stimulated, and maintained by various hormones, specific
by estradiol (Diaz et al, 2002). Progesterone biosynthesis requires only two enzymatic
steps; the conversion of cholesterol to pregnenolone, catalyzed by P450 side chain
cleavage located on the inner mitochondrial membrane, (Christenson and Devoto, 2003;
(Diaz et al., 2002). P450 side chain cleavage catalyzes three oxidation steps:
hydroxylations at the 20 and 22 positions and then cleavage between these two carbons

(Kuru, 2018). P450 side chain cleavage dramatically increases in curpus luetum after the
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Lutenizing hormone surge and luteinization (Diaz et al., 2002). Pregnenolone diffuses out
of the mitochondria to the smooth endoplasmic reticulum where it is converted to
progesterone by the enzyme 3-f hydroxysteroid dehydrogenase (Christenson and Devoto,
2003). Because, pregnenolone has been two hydrophilic residues, that make it less stable
in cellular membrane and more readily mobile through the cell. Progesterone then
diffuses out of the luteal cell and into the bloodstream to be transported to target tissues
(Kuru, 2018). The levels of 3-B hydroxysteroid dehydrogenase increase dramatically
following the luetilizing hormone surge and ovulation to a maximum at days 8 /11 after

estrus.

Metabolism of progesterone is also important for determining the circulating
concentrations of progesterone (Diaz et al., 2002). Breast tissue can convert progesterone
into two classes of metabolites: 4-pregnenes and 5o—pregnanes (Wiebe et al., 2000). The
process requires the action of the enzymes, 5a- reductase, 3a-hydroxysteroid
oxidoreductase and 20a-hydroxysteroid oxidoreductase. The enzyme activities are
differences in normal and tumor mammary gland tissues. Sa-pregnanes are produced at a
significantly higher rate in tumorous than in normal human breast tissue, because Sa-
reductase activity increased in the carcinoma (Lewis et al., 2004). 5 a- reductase is
convert progesterone into So— pregnane irreversible, then Sa-pregnane can be further
converted reversibly in to 3a- and 20a-hydroxy pregnanes by the action of 30/B- and 20a-
hydroxysteroid oxidoreductase (figure 4) (Wiebe et al., 2000). However, the activities of
3a-hydroxysteroid oxido-reductase and 20a-hydroxysteroid oxido-reductase were higher
in non-tumorous breast tissues, Progesterone is converted directly and reversibly to more
d-4-pregnenes (Lewis et al., 2004) (figure 4). The concentration of 5a pregnanes exceeds
greatly in respect to 4a-pregnene which is attributed due to increased activity of steroid
5a-reductase. These metabolites act on almost in all breast cancer cell lines irrespective
of their tumorigenicity. The relative concentrations 4o pregnenes and 5a- pregnane are
used to be responsible for determining shift of normal cells towards neoplasia (Singh et
al., 2017).
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Figure 4: progesterone metabolism in normal and tumour tissue. Adapted from (Singh et al.,
2017).50-reductase, 3a-hydroxysteroidoxid reductase (30-HSO), 20a-hydroxysteroid
oxidoreductase (20aHSO), 30/ B -hydroxysteroid oxidoreductase (30/8-HSO) enzymes
are found in normal breast tissues and breast cancer cells, catalyses the conversion of
progesterone to active metabolites, such as 4o pregnenes in normal tissue and 5a-
pregnane in tumor tissue. 5a-pregnane further metabolized in to 3a and 200-hydroxyl
pregnanes.

1.2.2.3. Factors Affecting Progesterone Level

One cause of progesterone imbalance is estrogen dominance by outside factors such as
environmental hormones (i.e., xenoestrogen) found in the foods you eat. Other causes of
diminished progesterone include insulin resistance, chronic stress, poor nutrition, and
insufficient exercise (Lee & Hopkins, 2004). When the body is stressed, it works to
produce higher levels of the hormone cortisol that manages stress in the body. Because,
progesterone is the precursor to cortisol, when cortisol levels increase, progesterone
levels decrease. Therefore, too much stress in a woman's life can lead to a progesterone
deficiency, causing the estrogen dominance symptoms mentioned above (BodylLogicMD,
2020).
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1.2.2.4. Levels of Progestrone and Estradiol in Normal Menstrual Phase

Estrogen and progesterone work synergistically when present in a proper ratio. The
normal ratio of free estrogen to free progesterone is approximately 20 to 1. After
ovulation progesterone is 20 times higher than estrogen. In menstrual cycle the first
bleeding day both are low. During follicular or proliferation phase, estrogen is abundant
hormone, under the influence of follicular stimulation hormone produce by the ovary and
responsible for the development of follicle. During Ovulation occurs estrogen and
progesterone working in partnership. The egg is released from the follicular cysts. This
cyst can transformed in to corpus luteum at luteal phase and responsible for production of
progesterone. Progesterone is the dominant hormone and instructs the uterine lining to

stop growing and multiply but start to maturation (Taylor and Bell-Taylor, 2009).

Thus, the levels of serum estrogen and progesterone hormone are varying for
premenopausal women as depend to menstrual phase. However, in post-menopausal
women the ovary not produces estrogen but from peripheral cell estrogen produces
directly and in directly through other steroid hormone metabolism mechanism. Estrogen

is dominant hormone at this time (Bernstein and Ross, 1993).

1.2.2.5. The Relationship between Progesterone and Estrogen in Breast Cancer
Estrogen and progesterone play a major role in the etiology of breast cancer (Buijs et al.,
2008). High estrogen levels in postmenopausal women are associated with an increase in
breast cancer risk. But, such a relation has not yet been established in premenopausal
women, despite biologic evidence that breast epithelial cell division rates are high during
the luteal phase of the menstrual cycle when estradiol and progesterone levels are high
(Bernstein and Ross, 1993). However, the effects of estrogen alone do not fully account
for the relationships observed between breast cancer and hormone-related risk factors.
Other hormones, such as progesterone may also be important (Howe et al., 2013).
Estrogen and progesterone promote cellular and epithelial growth in the normal
mammary gland and are positively associated with an increased risk for breast cancer in
both premenopausal and postmenopausal women (lversen et al., 2016; Furberg et al.,
2005).
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However, progesterone may also have an antagonistic activity against estradiol, may be
conditional long periods of luteal phase defect leading to an unopposed estrogen effect on
the breast might promote breast carcinogenesis. Thus, estrogen and progesterone have
many different roles in the body and are equally important for reaching and maintaining
optimal health. A woman‘s life can be explained by the fluctuations of these two
hormones. So these hormones are in balance a woman‘s life is normal, but out of balance
the problems are follow and when secreted in an adequate balance, permit the complete
and proper development of the mammary gland (Mauvais-Jarvis et al., 1986). The
balance can be easily disturbed by excessive exposure to environmental toxins, diet,
medications, poor sleep, stress, and poor elimination of excess hormones (The women‘s
wellness collective, 2019). However, Low or absent of progesterone level in the body
may play a role in the development of cancer in women. Thus, in the absence of
sufficient quantities of progesterone, the body begins to make androgens to regulate the
effect of estrogen. Estrogen dominance is one of the most common hormonal imbalances
women experiences due to either excess estrogen or a lack of progesterone in the body.
This imbalance can negatively affect health in numerous ways (The women‘s wellness
collective, 2019). When ovulation does not occur in bodies do not produce enough
progesterone to keep estrogen levels in patterned (Taylor.and BellTaylor, 2009), which is
sensitive to the risk of breast cancer (NUNM, 2020). Therefore, an excess of estrogen
and/or a deficiency of progesterone are responsible for breast cancer (Taylor.andBell-
Taylor, 2009). When estrogen is excess in the body, inversly progestrone decreased
because estrogen increased the production of cortisol binding globulin in the body.
Cortisol binding globulin is important for binding of progestrone from the blood (Holst et
al., 2004). Therefore, at last involved in abnormal breast cell development and enhanced
free radical or toxic substances in breast cancer cell (Taylor and Bell-Taylor, 2009).
Breast cancer cell proliferation is promoted by a variety of mitogenic signals. Estrogen is
considered as most predominant mitogenic signal in hormone-dependent breast cancer.

Progesterone is mainly considered to have protective effect (Singh et al., 2017).

23



1.2.2.6. Serum Progesterone Levels and Breast Cancer Risk Factors

Progesterone levels appear to be an unsure risk factor for both pre and postmenopausal
breast cancer with significant inverse association among progesterone levels and breast
tumor risk (Atoum et al., 2014). However, other studies indicate that breast cancer
patients also have a lower level of both estrogen and progesterone as compared to
controls. In cases, this may be due to the failure of proper matching between the cases
and the controls with respect to their different phases of menstrual cycle during the

measurements of blood hormones (Hussain et al., 2013).

A case — control study within the European Prospective Investigation of Cancer and
Nutrition in examine relationships among premenopausal serum concentrations of sex
steroids. The results demonstrated an elevated serum progesterone concentration was
associated with a statistically significant reduction in breast cancer risk (Kaaks et al.,
2005). A low progesterone/estrogen ratio and anovulatory cycles are more frequent in
breast cancer patients than in a normal population. Even, it has been suggested that a
relatively low progesterone secretion might favor the development of cancer (Saez et al.,
1978). There is a direct association between the risk of breast cancer and progesterone
level (Missmer et al., 2004).

Serum progesterone is low during the follicular phase less than 1.5ng/mL, Levels begin to
increase just before the onset of the luteinizing hormone surge and then increase
progressively to peak levels 6 to 8 days after ovulation. After menopause, serum
progesterone of adrenal origin is less than 0.5ng/mL (Staruss and Barbieri, 2013).
However, the reference ranges as determined in a Caucasian population healthy woman
of premenopausal used in this study are :- during follicular phase 0.2 -1.5 ng/ml,
Ovwulation phase 0.8-3.0 ng/ml, Luteal phase 1.7-20 ng/ml , for postmenopausal 0.1- 0.8
ng/ml (cobas,2016).
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1.2.3. Lipid Profile Levels in Breast Cancer Patients

Lipids are essential for various biological functions including cell growth and division of
normal and malignant tissues and the major cell membrane components (Laisupasin,
2013). There is a high requirement of lipids for new membrane biogenesis during
neoplastic processes. Cells realize these necessities from the circulation, by synthesis
through the metabolism, or from degradation of major lipoprotein fractions such as High-
density lipoproteins (HDL), low-density lipoproteins (LDL), and very low-density
lipoproteins (VLDL) (Taha et al, 2014). Malignant cells appear to metabolize lipids
differently from the normal cells (Shah et al., 2008). Its proliferation of breast tissue are
associated with changes in plasma lipid and lipoproteins levels (Furberg et al., 2005;
Nayak et al., 2016). On the other hand, the developing breast cancer also might be
considered as one of the factors in alterations of lipid profile levels (Abdelsalam et al.,
2012).

Epidemiological studies have proposed that a relationship between lipids and cancer
correlating with lipid abnormalities and oncogenesis. The changed lipid profile status
may be due to abnormal lipid metabolism associated with tumor pathogenesis and tumor
host interactions (Shah et al., 2008). Dyslipidaemia can affect cell integrity in patients of
breast cancer (Mishra, 2015). Dysregulated lipid metabolism is recognized as hallmark of
cancer. Dependable with the importance of lipids in cancer, regulatory factors, enzymes,
and transporters involved in lipid transport, lipid synthesis, and lipid degradation are
dysregulated in cancer cells. This lipid diversity is still not fully understood and still a
subject of controversy (Pandeya et al., 2018; Zhao et al., 2016). Factors such as cancer
stages, types of cancer, parity, high fat diet, Obesity and menopausal status may affect to

lipid profile levels in breast cancer patients (Laisupasin, 2013; Kim et al., 2009).

However, studies have shown a strong relationship of plasma lipids changes with risk of

breast cancer and conflict in the association of serum levels of various lipid components

and breast cancer (Peela et al., 2012). Plasma lipid profile levels may predict the risk of

breast cancer (Shah et al., 2008). Total lipids, phospholipids, Triacylglycerol (TG), Total

cholesterol (TC), LDL-C and free fatty acids elevated in premenopausal and post-
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menopausal breast cancer patients (Abdelsalam et al., 2012). Lipid profile is not only
associated with etiology but also with prognosis in cancer. Increased lipid levels have a
major role in the pathophysiological appearance and progression of breast cancers
associated with women (Ghahremanfard et al., 2015). The reference range of all lipid
profile levels (TC, TG, HDLC, and LDL-C) according to this study is as follows in (table
1).

Table 1: Cobas lipid panel / cut off points of lipid profile levels.

Parameters Cut point mg/dl

Desirable Border line Higher
TC <200 200-239 >240
LDL-c <100 129-130 >160
TG <150 150-200 >240
HDL-C >65 40-65 >40

(Adopted from cobas, 2016).
1.2.3.1. Total Cholesterol and Breast Cancer Risk

Cholesterol is a chief lipid constituents of cell and it is critical for physiological functions
like maintenance of the structural and functional integrity of all biological membranes
(Mishra, 2015). Proliferating cells (cancer cells) increased requirements for cholesterol,
to overcome its need. Thus, tumor cells can increase lipid biosynthesis and can also
uptake cholesterol from the bloodstream (Taha et al., 2014). A major link has been
established between cell growth and cholesterol biosynthesis. Cholesterol inhibition,
either by decreasing cholesterol availability (lowering of plasma cholesterol) or by
decreasing intracellular cholesterol synthesis can inhibit tumor cell growth and possibly

prevent carcinogenesis (Mishra, 2015; Owiredu et al., 2009).

Enhancement of utilization of cholesterol by neoplastic cells for new membrane
biogenesis, which is the pathogenesis of the decreased cholesterol decreased synthesis or
increased catabolism. Cholesterol synthesis by liver can be inhibited by tumour
metabolites. A number of epidemiological studies have shown the increased risk of death
from cancer with hypocholesterolemia and also proposed that low levels of cholesterol is

a predisposing factor for carcinogenesis (Raste and Naik, 2000). However, different
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scholars showed that different findings on the level of TC in breast cancer patients.
Lower levels of TC are found in cancer patients, and this is much more severe in
advancedstage disease but this was not significant. Low levels of cholesterol in the
proliferating tissue and in blood compartment could be due to carcinogenesis may
contribute to hypocholesterolaemia (Mishra, 2015). In contradict to this, the study
showed that high cholesterol levels associated with breast cancer (Llanos et al., 2012).
Cholesterol level and ratio of TC/HDL-cholesterol demonstrated significantly increase in
breast cancer compared to control (Taha et al., 2014). The elevated levels of TC have
been observed in different stages of breast cancer patients in comparison to the control
group (Nayak et al., 2016). The same observation is reported in different study the
plasma cholesterol levels in breast cancer patients were found significantly higher as
compared to the normal healthy individuals (Ghahremanfard et al., 2015; Abas et al.,
2014; Hussain et al., 2013; Laisupasin, 2013; Abdelsalam et al., 2012; Jamall et al., 2010
). The study also demonstrated significantly high serum TC levels of post-menopausal
study group as compared to premenopausal control group (Rohariya et al., 2017; Nayak
et al., 2016; Peela et al., 2012). Whereas, the results of meta-analysis suggested that the
levels of TC in premenopausal and postmenopausal breast cancer patients were not

statistically significant when compared with controls (Zhao et al., 2016).
1.2.3.2. Triglyceride and Breast Cancer Risk

TG serve as an independent source for fatty acid oxidation, an important process
promoting cell proliferation and tumor growth. Hence, proposing a carcinogenic potential
of TG (Loftergd et al., 2018). The increased levels of TG were closely related to
decreased concentrations of SHBG, which increased the amount of free estradiol and
developed breast cancer risk (Zhao et al, 2016; Taha et al, 2014). TG levels in breast
cancer patients were found to be significantly higher as compared to the normal healthy
individuals (Nayak et al 2016; Abdelsalam et al., 2012; Jamall et al., 2010; Shah et al.,
2008). Furthermore, there is a significant variation between the TG levels of
postmenopausal women and the premenopausal women. Postmenopausal women have
shown an increase in serum TG levels when compared to that of premenopausal women
(Peela et al., 2012). The serum TG level in postmenopausal breast cancer patients was

higher than control (Mishra, 2015; Owiredu et al., 2009). Although, the results of this
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meta-analysis suggested that TG levels was higher in both premenopausal and
postmenopausal barest cancer compared with normal controls (Zhao et al, 2016).
However, other studies did not demonstrate a statistically significant increase in TG. In
the case of premenopausal women, serum TG level had not shown any statistically

significant variation.
1.2.3.3. HDL-Cholesterol and Breast Cancer Risk

HDL-C possesses anti-inflammatory properties. It has inversely associated with breast
cancer risk (Loftergd et al., 2018). Due to, increased serum HDL-C is associated with
greater production of anti-inflammatory cytokines such as interleukin 10, which thought
to play a protective role against breast cancer (Bernstein and Ross,1993; Boyd and
McGuire,1991). HDL-C plays a key protective role against oxidative membrane damage
by inhibiting LDL-C oxidative damage (Kim et al., 2009). The function of HDL-C is
reverse cholesterol transport and the pleiotropic properties of the HDL-C particle
including its anti-oxidative function (Abas et al., 2014). It is reasonable that as total
cholesterol levels increase, potentially stimulating increases in HDL-C levels, breast
cancer risk subsequently decreases (and vice versa)( Kshirsagar et al., 2016;Llanos et al.,
2012). Particles of HDL-C are thought to be derived from lipolysis of TG and the LPL
activity is decreased in cancer, increased plasma TG levels may be one of the factors for a
lower concentration of HDL-C (Shah et al., 2008). However, decreased concentrations of
HDL-C and vitamin C and E are not likely to be sufficient enough to counter higher
reactive oxygen metabolites production in breast cancer patients that may cause oxidative
stress leading to cellular and molecular damage thereby resulting in cell proliferation and

malignant conversions (Taha et al, 2014).

However, the pathogenesis of breast cancer by HDL-C is still not confirmed (Kim et al.,
2009). The observation that low HDL-C levels may be associated with an increased risk
of breast cancer, this indicated that high HDL-C levels may cause a protective effect
(Llanos et al., 2012). Low HDL-C was significantly associated with stage (stage 11l and
IV). The cancer patients are characterized by lower levels of HDL-C (Nayak et al., 2016;
Abas et al., 2014; Hussain et al., 2013).
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Studies on breast cancer showed that low HDL-C among premenopausal women might be
a marker of increased breast cancer risk (Abas et al., 2014). A high HDL-C level is
increased risk of breast cancer. The association between serum HDL-C level and risk for
breast cancer can be influenced by menopausal status, so premenopausal cases have mean
HDL-C levels lower than matched controls. Whereas, in postmenopausal cases had
higher levels than controls (Ghahremanfard et al., 2015; Peela et al., 2012). However, the
plasma HDL-C levels in breast cancer patients were no significantly lower (Taha et al,
2014; Jamall et al., 2010) and also no significant difference was observed in HDL-
cholesterol levels between the breast cancer patients and controls (Owiredu et al., 2009).
No significant difference between serum levels of HDL-C in pre and postmenopausal
control groups and study groups, while post-menopausal breast cancer patients had
slightly lower values as compared to premenopausal controls (Rohariya et al., 2017).

1.2.3.4. LDL-Cholesterol and Breast Cancer Risk

The elevated plasma LDL-C is more susceptible to oxidation, may result in high lipid
peroxidation in breast cancer (Pandeya et al., 2018 and Hussain et al., 2013). This may be
cause of oxidative stress leading to cellular and molecular damage, resulting in cell
proliferation and malignant (Zhao et al., 2016; Abas et al., 2014 and Owiredu et al.,
2009). Higher LDL-C levels result are higher levels of oxidized, which increases reactive
oxygen species levels and subsequently damage DNA, delay DNA repair, activate

oncogenes, and inactivate tumor suppressor genes (Kim et al., 2009).

However, the inverse association between LDL-C and breast cancer cannot be as easily
explained and suggested that might be due to increased activity of the LDL receptor,
which promotes the removal of LDL-C from circulation. LDL-C levels are affected by
the presence of the disease (Kshirsagar et al., 2016). The levels of serum LDL-C were
higher in breast cancer patients as compared to control group (Rohariya et al, 2017;
Hussain, et al., 2013 and Abdelsalam et al., 2012). The level of LDL-C was significantly
higher at VI stages compared with the normal control group (Zhao et al., 2016). There
was a significant increase in LDL-C in all stages of breast cancer and LDL-C was higher
in post-menopausal cases (Nayak et al., 2016). The increase in LDL-C levels of

premenopausal patients was (22%) and that of postmenopausal patients was (12%)
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compared with the controls (Owiredu et al., 2009). However, serum LDL-C had not
showed significant variation in breast cancer (Peela et al., 2012).

1.2.3.5. The Relationship between Estradiol, Progesterone and Lipid Profile
Levels in Breast Cancer

Lipids and steroid hormones are closely linked, while cholesterol is the substrate of all
classes of steroid hormones synthesis (Pecks et al., 2016; Atanassova and Koeva, 2012),
such as: glucocorticoids (e.g. cortisol), mineralocorticoids (e.g. aldosterone), and sex
hormones (androgen, estrogen and progesterone) (figure 5) (Kuru, 2018).

Androgens DHT, Estrogens

Zona glomerulosa Zona fasciculata Zona reticularis

Adrenal cortex | Peripheral Tissue

Figure 5: The relationshipbetween steroid hormones and lipid profile in synthesis pathway.
Adopted from Shawaka (2018). Cholesterol is the precursor of all classes of steroid
hormones: glucocorticoids (cortisol), mineralocorticoids (aldosterone), and sex
hormones (androgen, estrogen, and progesterone) with different enzymes. Specialy,
hydroxysteroid dehydrogenase, P450ccs (desmolase/hydroxylase), and another
aromatase enzymes are the most important in the synthesis estradiol from androgen
precursor.
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The synthesis take in the adrenal gland, ovary, testis, and placenta. The three principal
sources of cholesterol are de novo synthesis of cholesterol from acetate, circulating
lipoproteins, cholesterol ester stores and plasma membranes (Kuru, 2018).The major
source of cholesterol for luteal cells is circulating lipoproteins, particularly HDL-C and
LDL-C. Receptors for HDL and LDL have been identified in the curpus luetum. The
HDL receptor increases dramatically after luteinization of granulosa cells in vitro or in
vivo (Diaz et al., 2012). LDL receptor number and uptake of LDL-C and Storage of
cholesterol esters in lipid droplets is controlling by two opposing enzymes, cholesterol
esterase (cholesterol ester hydrolase) and cholesterol synthetase (Hu et al., 2010).

The enzymes involved in the synthesis of steroid hormones can be divided into two major
classes of proteins: the cytochrome P450 heme-containing proteins (CYP) and the
hydroxysteroid dehydrogenases (Miller and Auchus, 2011). The first and rate-limiting
step of steroidogenesis is convertion of cholesterol to pregnenolone after cleavage of side
chain, catalyzed by cytochrome P450scc enzyme (also called 20, 22-desmolase, or 20,
22-lyase) names hydroxylases (figure 5), located in the inner mitochondrial membrane
(Hu et al., 2010). This critical step is control by the adrenocorticotropic hormone in the
adrenals and by the luteinizing hormone in the gonads. The reactions consume molecular
oxygen and nicotinamide adenine dinucleotide phosphate (NADPH, reduced) as the
source of reductive potential, reduced form (NADPH) as a cofactor and are linked to an
electron transport system (Steimer, 2020). In the synthesis several enzymes are involved:
cytochrome P450 cholesterol side-chain cleavage enzyme (P450scc, 11B-hydroxylase),
cytochrome P450 17a-hydroxylase (P450c17, 17a-hydroxylase, 17-20 lyases, P450
aromatase (aromatase, CYP19A1), 21a-hydroxylase, 11B-hydroxylase and aldosterone

synthase (figure 5) (Atanassova and Koeva, 2012).

Next, Pregnenolone diffuses across the mitochondrial membrane and further metabolized
by 3Bhydroxysteroid dehydrogenase enzymes (figure 5) associated with the smooth
endoplasmic reticulum (Miller and Auchus, 2011). A Hydroxysteroid dehydrogenase
enzyme is the second class of steroidogenic enzymes; called alcohol oxydoreductases
catalyze the dehydrogenation of hydroxysteroids. Acting as oxydoreductases and require

nicotinamide adenine dinucleotide (NAD, oxidized) and/or NADPH as electron
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acceptor/donor, include: 3p-hydroxysteroid dehydrogenase, 11 -hydroxysteroid
dehydrogenase and 17B-hydroxysteroid dehydrogenase (figure 5) (Atanassova and
Koeva, 2012).

Pregnenolone can be converted either to progesterone, which branches to the
glucocorticoid and androgen/estrogen pathways, or to 17a-hydroxypregnenolone, which
is another route for the formation of androgens and estrogens. Androgen formed in the
adrenal in form of dehydroepiandrosterone, androstenedione and testosterone. Estrogen
formation requires another P-450 enzyme, the aromatase complex (P-450Arom). The
substrate is either androstenedione (for estrone) or testosterone (for estradiol). Estrone
and estradiol are interconvertible through a reversible reaction involving another 178-
hydroxysteroid dehydrogenase, as in the androstenedione-testosterone conversion (figure
5) (Steimer, 2020).

Steroids are highly lipid soluble, once they are synthesized can simply diffuse across the
cell membrane and enter the interstitial fluid then enter to the blood (Hall, 2016). Steroid
hormones regulate hepatic lipid production. Lipid metabolism and steroid hormone
biosynthesis are closely linked, thus human mammary tissue metabolizes lipids from
plasma affected by female gonadal hormones ( Pecks et al., 2016; Ghahremanfard et al.,
2015). Changes in the lipid profile can be described by an increased estrogen activity,
which is involved in the development of breast cancer and in the modulation of lipid
metabolism (Jamall et al., 2010). Lipid profile can reflect higher levels of, or greater
response to estrogens, which are associated with an increased risk of breast cancer,
particularly ER+ disease (Martin et al., 2015). Even if, lipid profile and steroid hormone
relation not only risk of breast cancer but also influence of hyperlipidemia on the
prognosis of breast cancer. This might be indicated by several mechanisms, one of the
mechanisms is cholesterol is a precursor of steroid hormones and increased steroid
hormone production, including estrogen, which might promote the growth of hormone-
dependent tumors (Taha et al., 2014). Other mechanism may be the small HDL-C
particles transporting excess cholesterol for excretion and have antiinflammatory
properties. Thus, the breast tissue may experience higher levels of circulating cholesterol,
increased low-grade inflammation, and higher levels of total endogenous estradiol and
estradiol locally produced in the breast (Flote et al., 2015).
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The estrogen concentration threshold was affecting cholesterol metabolism (Sheeba,
2013). Excess free serum estrogen levels countable for high rate of immature cell
replication and increase fat metabolism in the body (Feigelson and Henderson, 1996).
Estradiol control not only the formation but also the breakdown of lipid droplets by
regulating either the activities of cholesterol esterase, the cholesterol side chain cleavages
enzymes or the level of cholesterol transport protein (Miller and McLean, 1987).

For instance, estrogen reduce serum LDL-C levels by increasing LDL particle clearance
through LDL receptor up regulation (Filippatos et al., 2009). The inhibiting effect of
estrogen on hepatic lipase (HLP) activity contributes to a reduction of TG catabolism
(Pecks et al., 2016). Consequently, estrogen decreases the TC and LDL levels and
increases the HDL levels (Callejon et al., 2009). However, several studies reported that
estrogen inhibit LPL activity in plasma. LPL is the major enzyme responsible for
hydrolysis of circulating TG. It hydrolyzes the TG moiety of chylomicrons and VLDL,
thus resulting in the biogenesis of HDL particles (Sawadas et al., 2005). Although,
estradiol regulates the uptake and storages of cholesterol, also rate of metabolism in to
progesterone. LDL-C and HDL-C can increase progesterone in vitro (Miller and McLean,
1987). Progestogens inhibit estrogen effects on the lipid profile, which is based on the
progestogen androgenicity. Testosterone-derived progestogens highly interfere the
estrogen effects on the lipid profile, decreasing the beneficial estrogen effect (Jiang and
Tian, 2017 and Callejon et al., 2009).).

Low HDL-C and sex hormones (estrogen and progesterone) levels may, in combination,
stimulate growth of epithelial and stromal tissues, influencing both absolute and percent
mammographic density. Furthermore, hypercholesterolemia, strongly associated with low
HDL-C, may be accelerating breast cell growth and metastasis (Flote et al., 2015).
Serum HDL-C and salivary estradiol are biologically reasonable as sex steroids are
physiologic regulators of serum lipids. The changes by sex steroids may be mediated, in
part by the lipolytic enzyme, HLP; the activity of this enzyme is regulated by sex steroids
(Furberg et al., 2005). Estrogen levels are positively associated with HDL-C levels and

inversely associated with LDL-C levels in some. But not all studies (Martin et al., 2015).
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1.2.4. Hormonal Therapy and Breast Cancer Patients

Breast cancer is the most common malignancy in women and causes more than half a
million deaths annually worldwide (Verma et al., 2016). But due to earlier diagnosis and
improvements in treatment, mortality rates have declined (Buijs et al., 2008). It is a
clinically heterogeneous disease for which best treatment must be personalized to a
specific breast cancer type (Yoshimura and Furuya, 2014) and with different responses to
therapy (Lin et al., 2014). Endocrine treatment significantly reduces morbidity and
mortality in patients with breast cancer (Hammond et al., 2010). Tumors that express ER
and/or PR are likely to respond to endocrine treatment (Althuis et al., 2004 and
Angelopoulos et al, 2004). The detection of the ER and PR is crucial for prognostic
evaluation and treatment choice of breast cancer for clinical practice (Effi et al., 2017).
This is mostly based on eliminating estrogen production or blocking the ER (Buijs et al.,
2008).

In addition, change of plasma lipid profile levels in breast cancer patients are regressed
by effective treatment of the tumor. Thus, successive monitoring of lipid profile levels
can be useful as a simple, noninvasive, rapid, and dependable method for the prediction
of risk, diagnosis, and for treatment outcome in breast cancer patients receiving
anticancer therapy (Shah et al., 2008). Stopping the action of estrogen in the breast is a
known therapeutic approach for preventing recurrence, and it can be achieved by
blocking the hormone‘s action on the ERs or stopping its synthesis (ASCO, 2019).
Hormonal therapy is slow or stops the growth of hormonal sensitive tumors by blocking
the ability to produce hormones or by interfering with effects of hormones on breast
cancer cell (NCI, 2017). The two most commonly used alternative strategies of endocrine
treatment are either the interference with estrogen signaling by a selective
estrogenreceptor modulator (non-steroidal) such as tamoxifen, or the inhibition of
endogenous estrogen production via an aromatase inhibitor (steroidal) (Markopoulos et
al., 2010; Buijs et al., 2008).

1.2.4.1. Tamoxifen and Breast Cancer Patients

Tamoxifen is the most common hormone therapy drug (Breast Cancer Org., 2020; NBCF,

2016). It blocks ER in breast cancer cell via stopping estrogen from binding to the cancer
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cells and inducing them to grow and divide. While tamoxifen act like anti-estrogen in
breast cells and it acts like estrogen in other tissues. Because of this, it is called Selective
estrogen receptor modulator (ASCO, 2019). Selective estrogen receptor modulators are
anti estrogens blocks the effects of estrogen by binding to the ER and interfering with
receptor-mediated transcriptional events (Sawada et al., 2005). Its antitumor effect is
based on competition with estrogen in binding to its receptor. Tamoxifen can exert their
effect depending on serum estrogen levels. Tamoxifen is still the agent of choice in the
first-line adjuvant and metastatic treatment of premenopausal patients (Buijs et al., 2008).
Because of, tamoxifen is appropriate in both, prevention and treatment of breast cancer
(Khetrapal, 2018).

Blockade of estrogen action with tamoxifen reduces the incidence of breast cancer by 50—
75% in high-risk women (Hammond et al., 2010). Tamoxifen was associated with a
highly significant improvement in relapse free and overall survival. Its efficacy in the
treatment and prevention of ER+ breast cancer was unquestionably (Angelopoulos et al.,
2004). For almost 30 years, tamoxifen has continued the “gold - standard”endocrine
treatment of breast cancer (Sawada et al., 2005). However, use of tamoxifen has been
questioned in recent years (Ntukidem et al., 2008) .These treatments may induce severe
side effects such as endometrial cancer, thromboembolism, osteoporosis, and vaginal
atrophy (Bendrik and Dabrosin, 2009). The most frequent side effects are hot flashes,
fatigue and nausea. Less frequently observed side effects include uterine bleeding,
vaginal dryness, dyspareunia, impaired sexual desire and optical (cataract) problems.
Rare are deep venous thrombosis and thromboembolism, pulmonary embolism,
cardiovascular and ischemic cerebrovascular events (Buijs et al., 2008). Furthermore,
development of resistance to tamoxifen limits, the duration of effective treatment to 5
years (Ntukidem et al., 2008), thus typically recommended for 5 years (Khetrapal, 2018).
Tamoxifen is known to stimulate the synthesis of many ‘“estrogen-sensitive” liver
proteins including SHBG. The association between the concentrations of ER protein in
breast cancer tissue and the “estrogenic” liver response to tamoxifen as reflected by the

increase in SHBG levels during treatment (Lofgren et al., 2006).
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1.2.4.2. Mechanism and Action of Tamoxifen in Breast Cancer

Tamoxifen have both agonist and antagonist estrogenic actions in various organs, inhibits
the growth of breast tumors by competitively antagonizing estrogen binding to its
receptor (Angelopoulos et al, 2004). Tamoxifen has a complex mechanism of action
owing to its molecular structure. It is chemically very similar to estradiol, but tamoxifen
has an extra chain, which is important for its antagonistic action. Studies indicated that
tamoxifen itself is a pro-drug with a relatively low affinity for the ER. The cytochrome
P450 family CYP2D6 activate as endoxifen (4-OH-Ndesmethyl-tamoxifen). This
metabolite bind the ER with an almost 100-fold greater affinity than tamoxifen (Gjerde et
al., 2010). Tamoxifen‘s pro- and anti-estrogenic actions are mediated by its competitive
binding to the ERa and/or B) which then undergo a conformational change. The nuclear
complexes that form change the expression of estrogen-dependent genes to generate
multiple growth-promoting signals both inside and outside the nucleus (Figure 6)
(Khetrapal, 2018).
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Figure 6: Tamoxifen‘s mechanism and action in breast tissue. Adopted from (Boér, 2017).
Tamoxifen block in the proliferative actions of endogenous estrogen on mammary
gpithelium by reducing DNA polymerase activity. Tamoxifen (T), Estrogen
Receptor(ER), Estrogen (E), Activation Function 1 (AF1)domain, Activation Function 2
(AF2)domain, Estrogen Response Element (ERE).
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Tamoxifen decelerates the proliferation of breast cancer cells by inhibiting their
progression and induces apoptosis (Angelopoulos et al, 2004). The prolonged binding of
tamoxifen to specific genes can block in the proliferative actions of estrogen on
mammary epithelium by reducing DNA polymerase activity (Figure 5), both genomic
and additional non-genomic effects actually have been demonstrated with estradiol
administration (Khetrapal, 2018).

1.2.4.3. Tamoxifen and Lipid Profile in Breast Cancer

Tamoxifen exhibits different effects on the lipid profile (Lin et al., 2014). The effects of
tamoxifen vary from patient to patient and this variability is specifically seen in the
response of lipid parameters. The causes are not completely understood (Ntukidem et al.,
2008). Study showed activity of tamoxifen is considered as strong estrogen agonistic
effect on lipoprotein metabolism (Czyzykowski et al., 2014; Sawada et al., 2005) and
suggested that, like estrogens increases the plasma level of TG and liver secretion of
VLDL by inhibits the key enzymes of TG metabolism (decreases the activity of LPL and
HTGL) (Czyzykowski et al., 2014; Markopoulos et al., 2010; Sawada et al., 2005).
Tamoxifen decrease TC by 13.4% and LDL-C by 23.5%. This may be due to its partial
estrogenic activity, since estrogen is known to reduce serum LDL-C levels by increasing
LDL particle clearance through LDL receptor up regulation (Sawada et al., 2005). There
is also a tendency for HDL-C levels to increase and increased TG levels in

postmenopausal women (Markopoulos et al., 2010).

1.2.4.4. Aromatase Inhibitors and Breast Cancer

Aromatase inhibitors belong to a group of drugs widely used for breast cancer hormone
therapy, that decrease estrogen levels and deactivate the aromatase complex, in order to
stop the conversion of adrenal androstenedione into estrone, and testosterone (Hammond
et al., 2010) into estradiol in peripheral adipose tissue (Buijs et al., 2008) and within
breast cancers themselves (Coscia et al., 2017). Aromatase is a cytochrome-P450
enzyme-complex, responsible for the conversion of androgen into estrogen, the final step
in the estrogen biosynthesis pathway (Buijs et al., 2008). Excessive or in appropriate

aromatase expression was demonstrated in adipose fibroblasts surrounding breast
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carcinoma. Such activity contributes substantially to intra-tumoral estrogen levels
(Angelopoulos et al., 2004). These drugs reduces plasma and intratumoral estrogen levels
and block the rate-limiting step in the synthesis of estrogens by the cytochrome P-450
enzyme aromatase (Figure.7) (Sawada et al., 2005). For postmenopausal women with
hormone-receptor positive breast cancer, aromatase inhibitors are well tolerated (Buijs et
al., 2008). Because of, aromatase inhibitors might be more effective in preventing breast
cancer because of their dual role to block both initiation by reduce levels of the genotoxic
metabolites of estradiol by lowering estradiol concentrations in tissue and promotion of
breast cancer by lowering tissue levels of estradiol and thus blocking cell proliferation
(Coscia et al., 2017). The third-generation aromatase inhibitors armidex have been
shown to be effective in postmenopausal women with hormone-sensitive breast cancer
(Ahmad, 2013; Ntukidem et al., 2008). Armidex is non-steroidal aromatase inhibitors
(Angelopoulos et al., 2004). It is an oral inhibitor that significantly lowers both
circulating plasma estrogens and intratumoral estrogen levels (Sawada et al., 2005).

Armidex‘s action is exerted through a competitive link with the aromatase enzyme.
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Figure 7: Armidex‘s action in biosynthesis of estradiol. Adopted from (Barros-Oliveira et al.,
2017). Armidex inhibited competitively aromatase enzyme, and decreases estrogen
(estrone and estradiol) biosynthesis of estradiol from androstenedione and testosterone.

Armidex at mg/day inhibits aromatization by 96.7%, and suppresses plasma estrone and
estradiol concentrations by 84-94%. The time required for armidex to promote estrogen

suppression is two to four days. After approximately 7 days of administration, armidex
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reaches 90 to 95% of its plasma concentrations (Coscia et al., 2017). Thus might be
providing adverse effect and secondary complications (Angelopoulos et al, 2004). As
with most therapies, the use of aromatase inhibitors poses its own challenges. Aromatase
inhibitors affect cardiovascular and bone health (Ahmad, 2013; Ntukidem et al., 2008).
Their short-term adverse effects include fatigue, back pain, dyspnoea, headache and hot
flashes and associated with an increased risk of osteopenia, osteoporosis, and /or bone
fracture. Long-term effects are estrogen deprivation, including cognitive, vascular, skin,

and urogenital tract changes (Buijs et al., 2008).

1.2.4.5. Armidex and Lipid Profile in Breast Cancer

Armidex had a beneficial effect on lipid profiles of postmenopausal women with early
breast cancer after 12 weeks of treatment significantly reduced levels of TG and levels of
HDL-C significantly increased via increased activity of LPL. This enzyme is mainly
produced in adipose tissue (Sawadas et al, 2005). However, some literatures indicated
that for the postmenopausal patients with breast cancer, taking armidex might lead to an
abnormal lipid metabolism and significantly increases the levels of LDL-C, TC and
HDL-C, and significantly reduces the level of TG (Lu et al., 2011).

1.2.4.6. Serum Estradiol and Progesterone Level after Hormonal Therapy in
Breast Cancer

Understanding of breast cancer biology have led to the development of a wide selection
of systemic therapies for patients with breast cancer relapse. One of the major therapeutic
option is hormonal therapy, focused at interfering the estrogen-based signal that
stimulates growth in the majority of breast cancers (Peterson et al., 2008). In a cohort
study show that there were statistically significant reduction in estradiol levels between
baseline and three months after starting the armidex treatment (Coscia et al., 2017). In
other findings, 4 of the 66 patients the serum estradiol level was decreased at 3 months
but had then increased at 6 months, while in 2 other patients estradiol was decreased at
both 3 and 6 months but had increased at 9 months (Nagao, 2009).
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However, tamoxifen induced ovarian hyperstimulation in premenopausal patients, with
increasing circulating estrogens (Madeddu et al., 2014). In Japanese women, tamoxifen
could stimulate the ovarian function; high values of serum estradiol during post-operative
tamoxifen therapy were employed in the study (Yamazaki et al., 2015), long-term
tamoxifen therapy can be associated with increased serum levels of estradiol, Elevated
serum estrogens may explain tamoxifen's estrogenic effects (Lum, 1997). Ovarian
stimulation by tamoxifen may bring about changes on serum progesterone; the levels of
estradiol, and progesterone were elevated one fold to threefold after tamoxifen (Sherman
etal., 1979; Jordan et al., 1991).

1.2.4.7. Estradiol, Progesterone, Lipid Profiles and Hormonal Therapy on
Breast Cancer

The studies suggested that estrogen has been shownb a beneficial effect on lipid
metabolism, while the reduction of estrogen at the menopause has been associated with
an increased rate of hyperlipidemia and a risk of hypoestrogenic-related disease,
including myocardial infarction and stroke. Estrogen deficiency following treatment for
breast cancer may not be important in the metastatic setting. But, adjuvant setting very
important (Sawadas et al., 2005). While tamoxifen has been shown to improve lipid
profiles, the aromatase inhibitors have a very different mode of action and do not possess
the estrogen-agonistic effects of tamoxifen. So few data show that the effects of these
agents on lipid profiles and suggest that the different aromatase inhibitors have different
effects on lipid profiles. Also indicate that it have little effect and adverse effects
/increased hypercholesterolaemia on lipid profiles (Bundred, 2005). Arimidex through
the effect of estrogen levels may increase LPL activity and hydrolysis of TG-rich
lipoprotein, generating HDL in the process (Sawadas et al, 2005). In addition, might be
decreased activity of LDL clearances (Lu et al., 2011). TC and LDL-C rapidly decreased
and TG increased in patients treated with tamoxifen at 3 months in Comparison of
armidex and tamoxifen patients (Hozumi, 2011). Estrogen levels increase the activity of
the HTGL-C enzymes and, consequently, the levels of TC and LDL will decrease and the
synthesis of HDL will be stimulated. Progestogens with high interference on the estrogen
effects on the lipid profile (Callejon et al., 2009).
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1.3. Statement of the Problem

Breast cancer is a major public health problem in women population worldwide and
affecting developing and developed countries (Yadav et al., 2012) and it causes more
than half a million deaths annually (Verma et al., 2016). In Ethiopia, annual incidence
and mortality rate of breast cancer accounts for 34% of female cancer cases, followed by
cervical cancer at 16% (Hadgu et al., 2018).

Breast cancer is a heterogeneous and a hormone-dependent disease (Effi et al., 2017).
Levels of endogenous hormones have been associated with the risk of breast cancer
(Missmer et al., 2004). Several studies reveal that high estrogen levels and low
progesterone enhance breast cancer risk. Estrogen can make more estrogen receptors then
directly induce cell proliferation and tumour growth. But, progesterone concentration is
regulating estrogen activity in the breast tissue. Subsequently breast cancer cells contain
large number of hormonal receptor that are sensitive to imbalanced hormone level (NCI,
2017). The relationship between lipids metabolism and breast cancer is not
undistinguished until now (Abdelsalam et al., .2012) but some works have shown that the
altered lipid profile status in breast cancer patients may be due to abnormal lipid
metabolism associated with tumor pathogenesis and tumor-host interactions (Shah et al.,
2008). The pathogenesis may decrease cholesterol, decreased synthesis or increased
catabolism; this also may contribute to hypocholesterolemia (Mishra, 2015). The etiology
of lipid changes associated with breast cancer is multi factorial and relationship of lipid
changes to breast cancer is still a subject of controversy. However, an unbalanced lipid
profile was observed in disease situation with high TC, LDL-C, TG, and low HDL-C (L1,
2018). Gonadal hormones are affected lipid metabolism in mammary tissue (Zhao et al.,
2016). Estrogen, has beneficial effects on lipid metabolism that can decreases TC and
LDL-C, by LDL particle clearance through LDL receptor up regulation (Filippatos et
al.,2009) and increased HDL-C through inhibing LPL activity in plasma, which
hydrolysis circulating TG (Banerjee et al., 2005). Estradiol regulates the progesterone
production by controlling the breakdown of esterified cholesterol. LDL-C and HDL-C
can increase production of progesterone in vitro (Miller and McLean, 1987). Estrogen

and progesterone associated with only with low HDL-C levels in women may reflect
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complex biologic processes. This association stimulates growth of epithelial and stromal
tissues, and also induces breast cellular proliferation (Flote et al., 2015).

Some studies indicated that several therapeutic approaches are available for blocking

estrogen action in breast cancer patients (Singh et al., 2017). Hormonal therapies are

systemic treatment for hormone-dependent breast cancers and administered in two ways:

(@) Tamoxifen act like antiestrogen; block the effect of serum estrogens in breast cells
(ASCO, 2017). It can increase circulating estrogens (Madeddu et al., 2014),
whereas reduced plasma LPL and HLPL activities (Elisaf et al., 2000; Milionis et
al., 2001) and increased serum TG concentration (Filippatos et al., 2009). Thus,
induce hypertriglyceridemia in breast cancer by stimulating hepatic synthesis and
secretion of VLDL (Elisaf et al., 2000; Milionis et al., 2001). This dangerous lipid
abnormalities may occur months or years during therapy and may provide severe
hypertriglyceridemia which can be associated with life-threatening complications
(Elisaf, 2000), like acute pancreatitis (Filippatos et al., 2009). Long-term
administration of tamoxifen increase ovarian steroidogenesis specifically high
estradiol levels due to the presence of hyperactive ovaries, result development of
drug resistance (Lum, 1997, Madeddu et al., 2014), endometrial cancer,
thromboembolic events and so on (Markopoulos et al., 2010).

(b) The second drug aromatase inhibitors may deactivate the aromatase complex (Coscia
et al., 2017), induces lowering the level of estrogen in the body and decreases the
risk of breast cancer (komen, 2020). Arimidex through decreasing the level of
estradiol may increase LPL activity. As a consequence, increased HDL-C and
reduced TG concentration (Sawadas et al., 2005), may decrease activity of LDL
clearances and enhanced LDL-C concentration (Lu et al., 2011) which may leads to
hyperlipidemia. However, studies have shown that armidex with little effect and
adverse effect on lipid profiles /increased hypercholesterolaemia (Bundred, 2005). In
addition, provided secondary complications, inducing cardiovascular diseases.
Arimidex is to inhibit in vivo aromatization by 96-97% and to suppress plasma
estrogen levels by 84-94% (Geisler et al., 2001). This condition may be to make

hypoestrogenic effect and leads other secondary complications.
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However, Studies indicated that breast cancer occurrence has a relationship with
exposure to higher estradiol, deficiency of progesterone, and abnormality in lipid profiles
level. The effect of hormonal therapies with changes in levels of estradiol, progesterone,
and lipid profiles, and can develop endocrine resistance and secondary complications.
Yet the presence of controversial ideas around this critical issue required further research
and also the results might be varying with genetic and environmental factors. In addition,
many studies have done on hormone receptor status in breast cancer patients, but no
study was under taken on the assessment of the relationship between serum estradiol,
progesterone and lipid profiles level in breast cancer patients before and after hormonal
therapy by comparing with healthy controls at TASH in Ethiopia. Hence, this research is
expected to provide very important background information for physican and other
reasercher about the issue. In summary, the following basic questions were set at the
beginning of the study:
1. What is the effect of serum estradiol, progesterone and lipid profile levels in
breast cancer patients?
2. s there association between serum estradiol, progesterone and lipid profile levels
in breast cancer patients before hormonal therapy?
3. What is the effect of hormonal therapy on serum estradiol, progesterone and lipid
profile levels in breast cancer patients?
4. Is there a relationship between serum estradiol, progesterone and lipid profile

levels in breast cancer patients after hormonal therapy?
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1.4. Significance of the Study

Around 80% of breast cancer is hormone receptor positive. Women who were be
diagnosed with ER+ breast cancer have conditions associated with excess estrogen (GSN,
2016). An increase in level of serum estrogen is one marker of breast cancer risk. Most of
the risk factors for breast cancer that have been identified manifest their effects by
influencing the level of exposure to sex or steroid hormones (Feigelson et al., 1998). This
type of breast cancer can be managed with endocrine therapy, by lowering of estrogen
level and or by blocking the acting of estrogen hormone on breast cancer cells (ASCO,
2017). Some evidences indicated that the endogenous sex steroid hormones maybe
increased the risk of breast cancer directly, for the reason that serum cholesterol was the
precursor to steroid hormone synthesis. Gonadal hormones was affected lipids
metabolism in mammary tissue, the lipids promote tumor growth and metabolic
abnormality of it’s, which provided evidence for public health implications for breast
cancer diagnosis and prevention (Zhao et al, 2016). Any change of lipid profile in breast
cancer cases can increase its risk status. Its measurement may be helpful in evaluation of

prognostic and diagnostic of the disease (Peela et al., 2012).

There are also indications of estrogen concentration threshold affect cholesterol
metabolism. Since, a clear variation was found in the level of estrogen before and after
treatment. This may serve as a powerful predictive parameter of breast cancer and in
disease prognosis (Sheeba, 2013). Estrogen levels may serve as a clinical indicator of
breast cancer risk once laboratory methods to measure estrogens are adequately
standardized and the best estrogen fraction to predict risk is identified (Colditz, 1998).
Therefore, breast cancers have abnormalities in hormone levels. These abnormalities may
be considered in the pathogenesis of the disease and should be taken into account in the
treatment of patients of breast cancer. It may also be helpful to delay the onset of cancer
by normalizing the levels of these hormones and in deciding the treatment modality for

the patients once breast cancer has been diagnosed.

However, further studies are required to prove the benefit of measuring serum hormone
levels as a screening test (Trehan et al., 2012). Effective treatment of breast cancer has
now become a worldwide challenge. Even though, significance advance have been made
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in cellular, biochemical and clinical level, still there is a need of understanding of cancer
in all aspects. Scientists and clinicians are putting huge efforts to overcome the
challenges that come on the way to treatment of breast cancer (Ray and Hussain, 2001).

To overcome the indicated problems, further understanding of the relationship between
serum estrogen, progesterone and lipid profile levels in breast cancer and uses of
hormonal therapy for hormone dependent breast cancer patients and, measuring of
estradiol, progesterone and lipid profile levels are unquestionable during diagnosis for
screening of breast cancer before and after hormonal therapies during follow up of the
patients. Because, this phenomenon can significantly help: for early screening methods of
cases and early treatment, which provide appropriate relief to patients through specific
medications. This can prevent relapse in patients and can protect the patients from
secondary complications like drug resistance, these methods are cost effective and can be
applied in many hospitals for a developing country, Ethiopia. Thus, the data obtained/
presented in this study will provide background information for management of breast
cancer patients, helps as guideline to oncologists and preventing adverse effects of drugs
used during treatment. Finally, this study is part of the ongoing thematic projects on the
breast cancer at TASH, Ethiopia and can help the policy makers and other responsible

bodies to formulate further investigations.
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2. Objectives of the Study

2.1. General Objective of the Study

¢+ To assess the relationship between serum estradiol, progesterone and lipid profile
levels among breast cancer patients before and after hormonal therapy as
compared with healthy control groups.

2.2. Specific Objectives of the Study

» To measure mean serum estrogen, progesterone and lipid profile levels before and
after hormonal therapy.

» To compare the association between serum estradiol progesterone and lipid
profile levels before and after hormonal therapy in breast cancer patients.

» To determine the effect of hormonal therapy on the serum estradiol, progesterone
and lipid profile levels in breast cancer patients.

» To determine the strength of the association between serum estradiol progesterone
and lipid profile levels before and after hormonal therapy in breast cancer

patients.
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3. Materials and Methods

3.1. Study Area and period

The study was conducted at TASH, oncology unit from July 1/2017 — April 30 /2018.
TASH is a large referral teaching hospital, under the administration of Addis Ababa
University, located in Addis Ababa, Ethiopia. The hospital has 700 beds of which 19 are
allocated for cancer treatment, and give diagnostic and treatment service for about
370,000-400,000 patients per year. The oncology unit of TASH is the only oncology unit
for the country and has an outpatient department which gives service to new and follow-
up patients and an in-patients department (Abate et al., 2016). From 201 physicians at the
hospital, only two are hematologists, two are surgical oncologists, and two are paediatric
oncologist. Three palliative care specialists also work at the hospital. From 627 nurses of
black liononly 26 are dedicated oncology nurses. Rradiology department have one CT
scanner and one MRI scanner. TASH offers comprehensive cancer treatment within the
country. Being a public referral hospital, TASH offers the lowest cost for these services

compared to the private hospitals (Woldeamanuel et al., 2014).

3.2. Study Design
Descriptive cross-sectional study design was used to assess the relationship between

serum estradiol, progesterone and lipid proile levels in breast cancer patients before and

after hormonal therapy at TASH.

3.3. Source Population
All female breast cancer patients who were attendingat TASH during the study period

was included in the study.

3.3.1. Study Subjects
Female breast cancer patients newly diagnosed who were not receiving any treatments
(chemo, surgery, radiation and hormonal therapy), who were treated with tamoxifen,

armidex and healthy controlsat TASH.
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3.4. Eligibility Criteria
3.4.1. Inclusion Criteria

All females breast cancer patients who were;

» Willing to participate in the study,

» All confirmed newly diagnosed and not receiving any treatment (chemo, surgery,
radiation and hormonal therapy),

» On tamoxifen and armidex for three months and above three month and,
»  Other healthy females as control were included this study.

3.4.2. Exclusion Criteria

All female breast cancer patients who were/ have:

Refused to participate in this study.

Other diseases/ contradicting with breast cancer.

Taking medicines antagonistic with tamoxifen and armidex.

Lipemic serum

YV V.V VYV V V

A family history of breast cancer.

3.5.  Sample size and sampling method
Convenience sampling method would be applied to employee study subjects. The sample

size was calculated based on an estimated 22.8 % prevalence of breast cancer in Ethiopia.

The desired sample size was determined by the single population formula as follow:
n=(Za/2)?p (1-p)/d?

Where

P = estimates of prevalence rate for the population = 22.8 %

D = the margin of sample error tolerated = 5 %

Zo/2 is the standard normal variable at 1- o % confidence level = 1.96 and a =5%

q=1-p

n = minimum sample size

n = (1.96)% 0.228(1- 0.228)/(0.05)?

n=276
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The calculated sample size, using the above formula was 276 breast cancer female
patients selected as sample size. However, due to financial and time constraints the
sample size was purposely assigned to be 120. Out of this, 40 females were breast cancer
patients who were not receiving hormonal therapies and 40 were breast cancer patients
who were medicated with tamoxifen and armidex and 40 were normalfemales, who

weredid not have any breast cancer problems and included as healthy control groups.

3.6. Study Variables
3.6.1. Dependent Variables

Steroid hormone test results (normal/higher/lower)

» Serum estradiol level
« Serum progesterone level
* And serum lipid profile levels

3.6.2. Independent Variables

» Socio-demographic characteristics: Age, BMI, Drinking alcohol, Smoking status,
Physical activity, Educational status, Residence

» Reproductive condition: Current menses condition, Menstruation phases,
Menopausal status, parity, and

» Clinical characteristics: Treatment, Stage and Duration of treatment

3.7. Operational and Standard Definitions

v Dyslipidaemia:-synonymous with hyperlipidemia, or hypolipidemia abnormal
lipid profiles, which is higher or below normal reference range like
Hypocholesterolemia: - low levels of cholesterol in the proliferating tissue and in
blood compartment,

v Lipid profile levels: - which is consists of TC, LDL-C, TG and HDL-C levels.

Progestogens:- consist natural progesterone

AN

v Estrogen: - which is contained the most potency /strongest form of estradiol and

calls as estradiol.
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3.8.

Hormonal therapy: - endocrine therapy that interrupting the estrogen-based
signal that stimulates cell growth and cell proliferation, which is consists of
aromatase inhibitors/armidex/ and tamoxifen. Aromatase inhibitors:-inhibit the
conversion of androstenedione and testosterone in to estradiol, which is consists
armidex etc.

Anastrozole: - in other name of armidex, an example of the third-generation
aromatase inhibitors that is lowers both circulating plasma estrogens and
intratumoral estrogen levels.

Breast cancer patients with medication: - females breast cancer patients who
received chemo, surgery, radiation and hormonal therapy and hormonal therapy
only.

Breast cancer patients without medication: - the breast cancer patients who
did‘t received chemo, surgery, radiation and hormonal therapy and hormonal

therapy only.

Healthy control groups: - females who did‘t has breast cancer and /or a family
history.

Stages of breast cancer :- grade of cancer that are categoriezed in to two: lower
stage (stage I and 1) and higer stage(stage Ill and 1V)

Menarche :- the time of women starting menstruation ( menstrual cycle)

Data Source

The study instruments consist of patients‘card and a survey based on questionnaire that

was divided into the following sections:

3.9.

Socio-demographic characteristics
Reproductive data
Clinical characteristics

Data Collection Procedure and Processing

3.9.1. Data Collection Procedure

In this study, quantitative data was collected cross-sectionally using blood sampling

based on questionnaire that filled about patients and control group history by the

oncology nurses and investigator. The data collections were mainly focus on the
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objective of the study. Relevant information about each patient was collected based on
their characteristics like age, and reproductive events, medication histories by using
recorded data and primary data.

3.9.2. Blood Sample Collection

Steroid sex hormones dissolve in fat but not in water. Blood tests give important
information about the function of the blood cells and levels of chemicals in the blood.
The blood measurements reflect the total amount of hormone present (Taylor and Bell-
Taylor, 2009). Studies indicated that Lipid measurements are used in the diagnosis of
various endocrine disorders. The circulating lipids are carried on lipoproteins. For TC,

LDL-C fasting and non-fasting samples can be used (Gundersen health system, 2019).

Owing to this, for determination of serum estradiol, progesterone and lipid profiles level,
blood samples was collected by oncology nurses from cases and control group within ten-
month period. Blood sample was collected under septic conditions; skin was cleaned by
70% alcohol and blood drawn from patient vein, then whole blood was transferred to
serum separator yellow top test tube and centrifuged at 3000 rpm for 10 minutes. The
separated serum would be transferred in to sterile nuck tube and stored at — 80°C. Then,
serum estradiol, progesterone and lipid profiles level were measured by fully automated
immunochemistry analyzer (Elecsys 2010, cobas e 411, Roche Diagnostics
International,Switzerland) and serum lipid profiles level was measured by fully
automated Roche/ Chemistry Cobas 6000 Analyzer based on the reagent manufacturer‘s
instruction in clinical chemistry laboratory of Ethiopian public health institute. Values

were considered within the normal range for premenopausal and postmenopausal.

3.9.3. Methods of Immunochemistry Assays
Immunochemistry analysis specifically enzyme link fluorescent assay technique was
used for analyzing serum estradiol and progesterone hormone level. TC, TG and HDL-C

were determined by standard enzymatic method (Hopkins, 2003)
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3.10. Determination of the Analytes

3.10.1. Determination of Estradiol

Immunoassay was used for in vitro quantitative determination of serum estradiol level.

The electrochemiluminescence immunoassay is intended for use Elecsys® and cobas

ed41limmunoassay analyzers and employs a competitive test principle using two

monoclonal antibodies specifically directed against 173-estradiol. Endogenous estradiol

released from the sample by mesterolone complexes by added estradiol derivative labeled

with a ruthenium complex for the binding sites of the biotinylated antibody.

Test principle. Competitive immunoassay with analyte liberation total duration of assay:
18 minutes.

7
L X4

0

First incubation: By incubating the sample (25 plL) with two estradiol-specific
biotinylated antibodies, immuno complexes (mesteorlone complexs) were formed,
the amount is depend up on the analyte concentration in the sample. The higher
the estradiol concentration in the patients‘sample, the lower is the amount of

unbound biotinylated antibody.

Second incubation: after addition of streptavidin-coated microparticles and an
estradiol derivative labeled with a ruthenium complex, the still-vacant sites of the
biotinylated antibodies become occupied with formation of an antibody-hapten
complex. The entire complex becomes bound to the solid phase via interaction of

biotin and streptavidin.

Measurement: the reaction mixture is aspirated into the measuring cell where the
microparticles are magnetically captured on to the surface of the electrode.
Unbound substances are then removed with ProCell/ProCell M. Application of a
voltage to the electrode then induces chemiluminescent emission which is
measured by a photomultiplier. The signal yield is roughly reversely proportional
to the total estradiol concentration in the sample.

Results are determined via a calibration curve, which is instrument-specifically
generated by 2 point calibration, and a master curve provided via the reagent

barcode (figure 8).
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Test principle: 2-step competitive assay

Two biotinylated monoclonal rabbit Streptavidin-coated
antibodies (1gGs) against Estradiol microparticles n .

A A A acy &
¢ ¢ A !t = R o

Estradiol in the sample Ruthenylated
Estradiol

Step 1 nut Step 2 (9 { Step 3

Figure 8: Electrochemiluminescence immunoassay (ECLIA) for the in vitro quantitative
determination of estradiol in human serum and plasma. Adopted from (Elecsys 2010
analyzer, cobas e 411 analyzer, 2016).

3.10.2. Determination of Progesterone
Electrochemiluminescence immunoassay was used for in vitro quantitative determination
of serum progesterone level.
Test principle: competitive immunoassay with analyte liberation total duration of assay:
18 minutes.
¢ First incubation: 30 uL. of the sample is incubated with a biotinylated, monoclonal
progesterone-specific antibody, ruthenylated progesterone derivative, and danazol
(to release progesterone). The antibody binding sites are occupied by either
progesterone or the ruthenylated derivative, with the proportion of each

depending on the concentration of progesterone in the sample.

% Second incubation: Streptavidin-coated microparticles are added to the reaction
mixture and the immune complexes bind to the solid phase via biotin—streptavidin
interactions.

%+ Measurement: The reaction mixture is transferred to a measuring cell and the

microparticles are magnetically captured on the surface of an electrode; unbound

sample is washed away before a chemiluminescent reaction is induced by

applying a voltage to the electrode. Chemiluminescence is measured by a

photomultiplier and the concentration of Progesterone within the sample is

calculated using a calibration curve (figure 9).
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Test principle: competitive immunoassay with analyte liberation

Biotinylated monocional Streptavidin-coated
murine anti-progesterone microparticle

’_’
Free progesterone Bﬂ’ 9 min ’ ‘_‘:“b —» Measurement
in the sample ‘ ._:¢: < :¢: ¢{ ¢<

Protein-bound ___
e x“—)?( _(,_:'#: e ¢-<0—:¢li

Ruthenylated
progesterone conjugate

Figure 9: Electrochemiluminescence immunoassay (ECLIA) for the in vitro quantitative
determination of progesterone in human serum and plasma. Adopted from (Elecsys 2010
analyzer, cobas e 411 analyzer, 2016).

3.10.3. Determination of Lipid Profile Levels
3.10.3.1. Determination of TC by Enzymatic Colometric Method

Test principle: Cholesterol esters cleaved by the action of cholesterol esterase (CE) to
yield free cholesterol and fatty acids. Cholesterol oxidase (CHOD) then catalyzes the
oxidation of cholesterol to cholest-4-en-3-one and hydrogen peroxide. In the presence of
peroxidase (POD), the hydrogen peroxide formed effects the oxidative coupling of
phenol and 4-aminophenazone to form a red quinone-imine dye. The color intensity of
the dye formed is directly proportional to the cholesterol concentration. It is determined
by measuring the increase in absorbance. The intensity of the color formed is measured at
500 nm (500-550nm). The reactions are described as follows:
Cholesterol esters + H,.O __CE » cholesterol + RCOOH

Cholesterol + O; CHOD - cholest-4-en-3-one + H,0»

»

2 H.O> + 4- AAP + phenol _PQD ___ quinone-imine dye + 4 H,O
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3.10.3.2. Determination of TG
Test Principle: LPL release glycerol and free fatty acids from TG in serum. Glycerol is
converted to glycerol-3 phosphate (G3P) and adenosine-5- diphosphate (ADP) by
glycerol kinase and ATP. Glycerol-3-phosphate (G3P) is then converted to
dihydroxyacetone phosphate (DAP) and hydrogen peroxide (H202) by glycerol phosphate
dehydrogenase (GPO). In the last reaction, H>O> reacts with 4-aminophenazone (4-AP)
and P-chlorophenol in presence of peroxidase (POD) to give a red colored dye whose
intensity is measured at 500nm and directly proportional to the TG concentration in

present the sample. The reactions are summarized as follows:

Triglycerides + H20 LPL ,. Glycerol + free fatty acids
Glycerol + ATP Glycerol kinase , G3P+ ADP
G3P+ Oy GPO DAP + H»0,

v

H202+ 4 — AP + p- Chlorophenol POD ,Quinone +2H,0

3.10.3.3. Determination of HDL-C
Test Principle: In this method a magnesium/dextran sulfate solution is first added to the
specimen to form water-soluble complexes with non-HDL cholesterol fractions. These
complexes are not reactive with the measuring reagents added in the second step with
addition of reagent 2, HDLcholesterol esters are converted to HDL-cholesterol by
polyethylene glycol-modified cholesterol esterase (PEG-cholesterol esterase). The HDL-
cholesterol is replaced upon by by PEG-modified cholesterol oxidase (PEG-cholesterol
oxidase), and the hydrogen peroxide produced from this reaction combines with 4-amino-
antipyrine and HSDA under the action of peroxidase to form a purple/blue pigment that is
measured photometrically at 600 nm (secondary wavelength = 700 nm). When the
cholesterol measuring enzymes are modified with (PEG,) they are preferentially more
reactive with HDL-cholesterol than the other cholesterol fractions. This is an end point
reaction that is specific for HDL-cholesterol. The sequences of reactions are summarized

as follows:
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« ApoB containing lipoproteins + a-cyclodextrin + Mg*? + dextranSO,,

soluble nonreactive complexes with apoB-containing lipoproteins.

» HDL-cholesteryl esters PEG- cholesteryl esterase HDL-Unesterified
cholesterol + fatty acid

» Unesterified cholesterol+ O> PEG-cholesterol oxidase> cholestenone +
H20..

* H20. + 5-aminophenazone + N-ethyl-N-(3-methylphenyl)-N‘-succinyl ethylene
diamine+HO+ H* peroxidase  qunoneimine dye + H.O.

3.10.3.4. Determination of LDL-Cholesterol

Test principle: Homogeneous enzymatic colorimetric assay used for determination of
LDL- cholesterol without any preparatory steps or calculation. This automated method
for the direct determination of LDL-C takes advantage of the selective micellary
solubilization of LDL-C by a nonionic detergent and the interaction of a sugar compound
and lipoproteins (VLDL and chylomicrons). When a detergent is included in the
enzymatic method for cholesterol determination (cholesterol esterase, cholesterol oxidase
coupling reaction), the relative reactivities of cholesterol in the lipoprotein fractions
increase in this order: HDL < chylomicrons < VLDL< LDL. In the presence of Mg++, a
sugar compound markedly reduces the enzymatic reaction of the cholesterol
measurement in VLDL and chylomicrons. The combination of a sugar compound with

detergent enables the selective determination of LDL-C in serum.

a) HSDA = Sodium N-(2-hydroxy-3-sulfopropyl)-3,5-dimethoxyaniline In the presence
of peroxidase, the hydrogen peroxide generated reacts with 4-aminoantipyrine and HSDA
to form a purple- blue dye. The color intensity of this dye is directly proportional to the

cholesterol concentration and is measured photometrically.

Detergent
LDL-cholesterol esters + H20 » Cholesterol + free fatty acids
Cholesterol esterase  (selective micellary solubilization)

Cholesterol esters are broken down quantitatively into free cholesterol and fatty acids by
cholesterol esterase.
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Cholesterol oxidase

LDL-Cholesterol + O »A*-cholestenone + H,0>

In the presence of oxygen, cholesterol is oxidized by cholesterol oxidase to A*-

cholestenone and hydrogen peroxide.

2 H>O; + 4- aminoantipyrine + Peroxidase ,  Purple- blue pigment
HSDA? + H,0 + H* +5 H0
(Abs. max = 585 nm)

3.11. Data quality Assurance and Management
In order to assure its quality, the questionnaire was translate to Amharic language, and

then back to English. At the end, another person checked the consisteny. The data
collection questionnaire was well prepared and all variables were filled on the data
extraction format daily.The data would be filled by investigators immediately at blood
sample collection time and. The information gathered from patients would be well secure.
Blood sample was collected by oncology nurses who have basic knowledge on cancer
therapy care services. The blood samples for immunochemistry assay were collected by
observation with standard operation procedures and measurements of analyses were
carried out after running quality control samples. All the laboratory procedures were
handled by professional laboratory technologist. All the tests were standardized and
automated. The sample test result cross checked with questionnaire. At the end data

analysis and interpretation would be rechecked repeatedly.

3.12. Data Processing and Analysis
Followed checking for completeness and cleaning, the data obtained from laboratory

analyses of the blood samples, questionnaires coded and entered into SPSS version 20
were performed, and Statistical data was analyzed using appropriate tests. Simple
descriptive statistics test was used to present the breast cancer risk factors and general
clinical characteristics of the study participants. Categorical variables were summarized
by using number, percentage and frequency. Continuous variables were summarized by

using the mean £SD (standard deviation). Comparison of mean value of serum steroid
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hormones and lipid profile levels among the three groups and among breast cancer risk
factors and general clinical characteristics of the study participants were performed. By
using different inferential statistics at 95%confidence interval such as independent
sample t-test, One-way ANOVA with Gabriel post hoc test used for unequal sample size
and with Tukey post hoc test used for equal sample size. Pearson‘s correlation
coefficient, and multiple and binary logistic regression was employed to examine the
association between independent variables with serum estradiol, progesterone, TC, LDL-
C and HDL-C level in three examined groups. For all study participants the significance
of mean differences between all groupswas tested. In Statistical analysis all p-values less
than 0.05 was considered as significant and P <0.01 as highly significant.

3.13. Ethical Consideration
Before starting data collection and preliminary study, ethical clearance letter with

reference number SOM/BCHM/149/2009 meeting No. of DRERC 02/17 and protocol
No. of M.Sc. 6/17 issued on March 24/2017 was obtained from the Department Ethics
and Research Committee, Department of Biochemistry, College of Health Sciences,
Addis Ababa University. Then a letter informing the department of Oncology about the
study was written from ethical Committee of department of Medical biochemistry and
permission was obtained from department of hormonal therapy unit to access data from
study population. The objective of the study was briefly clarified for each participant
before enrolling any of the fit study participants. Samples and data were collected after
informed consent had been obtained from the study participants. Confidentiality,
anonymity, neutrality, accountability and academic honesty was maintained throughout
the study. The findings of the study were disseminated for health care professionals and

other concerned bodies for better care of breast cancer patients.
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4. Results

Out of the total 120 study participants, healthy controls 40 and cases of breast cancer
patients 80 (before hormonal therapy or without medication 40 and after hormonal
therapy or with medication 40) were enrolled in the study.

4.1. Breast Cancer Risk Factors and General Clinical Characteristics of
Participants.
Breast cancer risk factors (age, BMI, reproductive characteristics, smoking, alcohol

drinking) and general clinical characteristics of participants are indicated in tablel.The
mean age of healthy controls, breast cancer patients without medication and with
medication were 39.6 + 14.6, 41 £11.3 and 45.3+12.9 respectively. There were no
significant differences between age and three examined groups (p=0.135). However,
most of the participants were found in the age of between 20-45 years. The majority of
the study participants were lived in urban area. The average BMI of healthy controls,
breast cancer patients without and with medication were 20.6+ 6.3, 22.8+4.8 and 23.4+
4.8 respectively, and there were no significant differences between three examined
groups (P=0.052). Under reproductive characteristics in the age of first menarche, most
of the study participants of the examined groups were above 12 years. The average ages
of premenopausal status of healthy controls were (28.4+4.9), breast cancer patient
without medication (33.7+5.9) and with medication (34.2+5.6). Whereas, the average age
of postmenopausal status of healthy controls was (54.8+7.7), breast cancer patients
without medication were (52.6+6) and patients with medication (53.4+10.4). In birth
condition or parity, most the study participants had a child at an early age (13-25) years.
All of the study participants were non-smokers, had no alcohol drinking habit and most

of those participants were not involved physical activity.

According to general clinical characteristics, almost all of the study participants had no
chance to check their hormones level before and after follow up. Only two (5%) of breast
cancer patients with medication get a chance to know their hormonal level. (60%) and
(32.5%) of breast cancer patients without medication and with medication were found
within three month follow up. Breast cancer patients with medication (82.5%) were take

surgery, radiation, chemotherapy in addition to hormonal therapy. However, breast
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cancer patients with medication only 5% was identified their types of breast cancer i.e.
ER+ and PR+. (42.5%) and (57.5%) of breast cancer patients with medication have taken

tamoxifen and armidex. However, 37.5 % of breast cancer patients without medication

could not identify with the stage of the disease (table 2)

Table 2: Socio-demographic and clinical characteristics of study participants

Variables

Age,
Year, n (%)

Mean + SD
Min-max

Residence, n (%)

BMIKg/m?

mean+SD

Age 1% menarche, year, n

(%)

Current monthly menstrual

status, n (%)

Phase of menstruation, n

(%)

Birth condition Have

child n (%)

Age at first live birth, year,

n (%)

Menopausal status, n (%)

Classification

20-35
36-45
Above 45

Urban
Rural
<18
18-24.5
24.6-30
>30

After 12
Befor 12

Yes
No

No/chemo

1%t and 2" week
(foll)

14" day and last
week(lut)

Yes
No
menopausal

13-25
26-35
After 35
Pre

Post

Hc N=40

21(52.5)
3(7.5)
16(40)

39.6+14.6
20-70
34(85)

6(15)
7(17.5)
29(72.5)
4(10)
0(0)
20.6+6.3
36(90)
4(10)

23(57.5)
17(42.5)

19(82.6)
4(17.4)

23(100)
36(90)
4(10)

36(100)
0(0)
0(0)

23(57.5)

17(42.5)

60

Wom

N=40
13(32.5)
15(37.5)
12(30)
41.1+11.3
22-61
26(65)
14(35)
3(7.5)
26(65)
8(20)
3(7.5)
22.8+4.8
38(95)
2(5)

24(60)
16(40)

13(54.2)
11(45.8)

24(100)
31(77.5)
8(20)
1(2.5)

31(100)
0(0)
0(0)

24(60)
16(40)

Wm N=40 Wom+Wm P-

12(30)
10(25)
18(45)
45.3+12.9
26-75
31(77.5)
9(22.5)
3(7.5)
23(57.5)
8(20)
6(15)
23.4+4.82
36(90)
4(10)

15(37.5)
23(57.5)

2(5)
5(33.3)

10(66.7)

15(100)
35(87.5)
5(12.5)

32(91.4)
2(5.7)
1(2.9)

17(42.5)

23(57.5)

= 80
25(31.3)
25(31.3)
30(37.5)

43.2 +12.1
24-68
57(71.3)
23(28.75)
6(7.5)
24.5(61.25)
16(20)
9(11.25)
23.1+4.8
37(92.5)
6(7.5)

39(48.8)
39(48.75)

2(5)
18(43.8)

21(56.25)

39(100)

66(82.5)

13(16.25)
1(2.5)

31.5(95.7)
2(5.7)
1(2.9)
41(51.25)
39(48.8)

value

0.135

0.052

0.237
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Age and BMI =body mass index Kg/m? continuous variable were expressed as mean +SD (standard
deviation) used one way ANOVA; for categories variables were expressed n (numbers) and % (percent)
out of the total (40,40 and 40) for three groups respectively. For all P value< 0.05 was statistically
significant indicated by *. BRCA=breast cancer. Hc=Healthy controls. Wm=with medication.
Wom=without medication.
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4.2. Serum Estradiol, Progesterone and Lipid Profiles Levels among Healthy
Controls, Breast Cancer Patients Without and With Medication, based on Breast
Cancer Risk Factors.

A one-way analysis of variance was indicated that the average serum progesterone level
at age categories above 45 years showed a statistically significant difference between
breast cancer patients without medication and with medication groups at (p= 0.032). The
actual differences mean serum scores of progesterone level in breast cancer patients with
medication were observed higher by 0.26 when compared to patients without medication
in Post hoc multiple comparisons using the Gabriel test. In breast cancer patients without
medication were showed insignificantly higher mean serum estradiol level than healthy
control groups at age categories 36-45 (table 3).

For serum TC, LDL-C and HDL-C levels there were a statistically significant differences
observed (p=0.026; p=0.001and p=0.002) in the age categories 20-30 years of the three
groups, in post hoc multiple comparison these stastically significant difference found that
between breast cancer patients without medication and with medication (p= 0.044;
p=0.011and p=0.005) correspondingly. Breast cancer patients with medication contained
greater mean serum of these levels were 31.4, 28.3 and 11.4 than without medication
respectively. Even though, significant differences observed among breast cancer patients
with medication and healthy control groups (p=0.001) for LDL-C level and among breast
cancer patients without medication and healthy control groups (p= 0.003) for HDL-C
level. The differences mean score serum LDL-C of breast cancer patients with medication
was greater by 32.3 than healthy control groups and HDL-C level of healthy controls was
greater by 10.4 than breast cancer patients without medication. In addition, at the age
categories of above 45 years TC and HDL-C levels showed a statistically significant
differences among the three examined groups at (p= 0.026) and (p=0.024) respectively.
For TC level these significant difference indicated between breast cancer patients with
medication and without medication at (p=0.021) and for HDL-C level indicated in breast
cancer patients without medication and healthy control groups at (p=0.021).The actual

difference in mean serum scores between groups were 32 and 9 respectively (table 3).
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Table 3: Comparison of serum estradiol, progesterone and lipid profile levels with age of healthy controls and breast cancer patients

variables 20-35 years 36-45 years Above 45
Hc Wom N=13 Wm N=12 Pvalue Hc N=3 Wom N=15 WmN=10 P- N=16 N=12 N=18 P-
N=21 value Value
Etradiol = 108.6£75.9 150.2+100.7 161.9+166.2 0.360  93.5#66.3 89.7+53.4  64.1+81.8 0.606 15.8+16 20+18.8 21.3¥30 0.775
pg/mi
PgR 2.9+4.3 0.73+0.76 1.72+0.92 0.124  0.6+0.7 0.3+0.2.6 1.2+2.2 0.288 0.3+0.2 0.2+1° 0.5+0.4° 0.030*
ng/ml
TC 162.7+ 136.2+42.5¢c 167.6+33.1°  0.026* 170.7+22.2 157.2+28.6 166.6+38.9 0.701 159.8+28.7 141.8+30.8° 174+32° 0.026*
mg/dl 19.4
LDL-C  99.6+25.7° 103.6+11.8c 131.9+26.5bc <0.001 105.3+1.2 92.7.9+21.4 107.7#32.9 0.340 101.7+27  104.5+16.7 109+22 0.706
mg/dl
TG 108.7+£30.5 113.7424.1 131.2+66.6  0.327  102.2+23. 108.7+26.7 129.6+67  0.486 121.7+31.4 101.8+20 131+48  0.122
mg/dl

HDL-C  44.5+7.9° 34.1+8.2*  455+9.7° 0.002* 57.3x2.3 38.2+10.2  35.9#8.1 0.820 41+9.6° 31.5+6.9°% 38.2£9  0.024*
mg/dl

Key: All values were given by Mean+ SD (standard deviation), age in year. P value < 0.05 is statistically significant indicated by *. Superscript
letters (a, b and c) indicate significant differences compered to healthy controls versus breast cancer patients without medication, healthy
controls versus breast cancer patients with medication ,breast cancer patients without medication and with medication respectively
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One-way ANOVA with Gabriel post hoc test which showed that there was significantly
higher mean serum TC and HDL-C level in healthy control groups than that of breast
cancer patients without medication at 18-24.5 BMI categories (p= 0.040) and (p= 0.024).
The mean differences between the two groups were 20.4 and 7.1 respectively. Although,
there was significantly higher mean serum LDL-C level showed in breast cancer patients
with medication than breast cancer patients without medication at (p= 0.004) the mean
difference was 22.4. In addition to this, statistically significant difference was found to
be lower mean serum progesterone and HDL-C level in breast cancer patients without
medication than healthy control groups at 24.6-30 BMI categories (p=0.011and 0.027).
The actual mean difference in score was 1.5 and 15.2 correspondingly (table 4).

Table 4: Comparison of serum estradiol, progesterone and lipid profile levels with BMI in
healthy controls, breast cancer patients without and with medication.

Underweight (< 18) Normal (18-24.5)
Variables HcN Wom Wm P- Hc Wom Wm

=7 N=3 N=3 value N=29 N=26 N=23
Estradiol pg/ml  71+99 10.7+6.6 8.5+37 0.380  71+66.8 03.8485.2 | 102.7+140.7
PgR ng/mi 0.4+0.6 0.2+0.1 1.1+£1.7 0.450 2£3.8 0.4+0.5 1.3+1.6
TC mg/dl 156.3+24.8 157.6+18.9 166.7+15.1 0.790 165.54+23.6° 145.1+32.4* 165.4+34
LDL-C mg/dl 100.1+36.3 102.8£9.6  89£10.6 0.816 103.7+22.6 95.7+£15.9° 118.2+30.5°
TG mg/dl 112.4+30  105.2+2.3  141.2+63.4 0.452 113.7£32.7 106.4+27.5 119.9+47.8
HDL-C mg/dl 39.8+54  35.1+11.3  38.845 0.627 42.6+18.6* 35.6+9.6°  41.5+10.9

Over weight (24.6 -30) Obese (>30)

N=4 N=8 N=8 N=0 N=3 N=6
Estradiol pg/ml  64.6+89.8  87.7+65.5 54.5#64.2 0.635 O 121.8+137  24+41.9
PgR ng/mi 1.8+1.7% 0.29+0.2°  0.63+0.28  0.014* 0 0.83+1 0.38+0.26
TC mg/dl 148.3+12.1 144.1+456 167.1+21.7 0.366 O 144.5+49.7  193.8+45
LDL-C mg/dl 81.73£115 102.7£19.5 124.8+40 0.069 0 124.8+19.8 106.6+22.1
TG mg/dl 109.8+15.9 111.7#16.4 159.1+65.3 0.083 0 118.7+20.7 126.8+78.4
HDL-C mg/dl 47+12.3% 31.8+4.9°  40.8+9.5 0.024* 0 36.8+11.8  32.8+4.4

Key: PG=progesterone, TC = Total Cholesterol, HDL-C = High-Density Lipoprotein-Cholesterol, LDL-C = Low Density
LipoproteinCholesterol, TG = triglyceride. The values were given by Mean + SD (standard deviation), BMI = body
mass index by Kg/m2. Hc=Healthy controls. Wm=with medication. Wom=without medication. P value < 0.05is
statistically significant indicate by*. Superscript letters (a, b and c) indicate significant differences compared to
healthy controls versus breast cancer patients withou medication, healthy controls versus breast cancer patients with

medication, breast cancer patients without medication and with medication respectively
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value
0.489
0.083
0.022*
0.005*
0.428
0.020*

0.134
0.296
0.181
0.267
0.869

0.471



The independent samples t-test was performed in the comparison of the two groups of
breast cancer patients with healthy controls and themselves based on menopausal status
(table 5). In premenopausal status, statistically significant lower mean serum
progesterone level found in breast cancer patients without medication compared to
healthy control groupsat (P=0.015) and also there was significant differences observed
between the two breast cancer patient groups (p=0.001). But breast cancer patients
without medication have lower mean serum progesterone level than that of breast cancer
patients with medication. Although, in breast cancer patients with medication was
observed statistically insignificant higher mean serum estridiol level when compared to
breast cancer patients without medication and healthy control groups. In case of lipid
profile levels, significantly lower mean serum HDL-C level was observed in breast
cancer patients without medication when related to healthy controls (P=0.014).
Inaddition, significantly higher mean serum LDL-C level exhibited in breast cancer
patients with medication compared with healthy control groups (P<0.005). There was
significant difference and higher mean serum LDL-C and mean serum HDL-C levels was
shown in breast cancer patients with medication when compared to breast cancer patients

without medication (p=0.003) and (p=0.038) respectively.

Regarding Postmenopausal status, there was no significant difference observed in higher
serum estradiol level of breast cancer patients with medication when compared to without
medication and healthy control groups. However, there was significant difference
observed in mean serum progesterone level among breast cancer patients without
medication and with medication (P=0.007). Higher mean serum TC, TG and HDL-C
level were observed and a significant difference was noticed for above parameters among
breast cancer patients with medication than without medication at (P=0.010; 0.019 and
P=0.044) correspondingly. Although, there was significant difference observed in lower
mean serum HDL-C level of breast cancer patients without medication when compared to
healthy control groups at (P=0.002). Therefore, mean serum steroid hormones and lipid
profile levels in the three examined groups of premenopausal status were greater than that
of postmenopausal status, exceptional to serum TG level in healthy controls and breast
cancer patients with medication, and mean serum LDL-C level of breast cancer patients
without medication (table 5).
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Table 5: Comparison of serum estradiol, progesterone and lipid profile levels with
menopausal status in healthy controls, breast cancer patients without and with

medication.

Variables Hc
N= 23

Estradiol pg/ml 110+72.8
PgR ng/ml 2.7+4.1°
TC mg/dl 163.9+19.8
LDL-C mg/di 100.1+24.6
TG mg/dI 109.3+29.2
HDL-C mg/dI 43.9+7.7°

Estradiol pg/ml

PgR ng/ml
TC mg/dl

LDL-C mg/dl
TG mg/dl

HDL-C mg/dl

Premenopausal

Wom N=24

134.1+78.6
0.57+0.61%
146.3+38.6
97.9+18.5°

113+24.1

37.2+£9.8*

Post-menopausal

N=17
15.9+15.6

0.27+0.21
159.8+27.8

101.9+26.1

118.3+32.2

40.8+9.3°

N=16
20.1+17.1

0.2+0.09°
145+29.1°

102.6+16.8

101.9+26.1°

31.4+6.1%*

P-value

0.293
0.015*
0.056
0.727
0.632

0.014*

0.473

0.218
0.145

0.925

0.086

0.002*

Wm N=17

149.9+146.8
1.9+1.7°
167.3+35.7
121.1429.2°
121.9+61.6

43.749.1°

N=23
18.2+20.2

0.4+0.3°
172.1£32°

115.5+32.5

136.7+54.6°

37+9.5°

P-value
Hc vsWm
0.271

0.420
0.707
0.018
0.392

0.944

0.699

0.099
0.212

0.321

0.226

0.210

P-value
Wo vsWm
0.657

0.001*
0.085
0.003*
0.532

0.038*

0.769

0.007*
0.010*

0.322

0.019

0.044*

MS= menopausal status. HC vsWm= healthy controls versus without medication Wo vsWm = without
medication versus with medication. P value < 0.05 is statistically significant indicated by *.
Superscript letters (a, b and ¢) indicate significant differences compared to healthy controls versus
breast cancer patients without medication, healthy controls versus breast cancer patients with
medication, breast cancer patients without medication and with medication respectively.

Independent samples t-test showed stastically significant difference in the higer average

serum progesterone and HDL-C levels of healthy controls correlated with breast cancer

patients without medication at follicular phase (P=0.022) and (P=0.001). And lower level

of progesterone was observed high significant among breast cancer patients without

medication than patients with medication (P<0.001). Slightly significant differences were

observed in lower mean serum TC level of breast cancer patients with medication with

when compared to healthy control groups at (P=0.043) in follicular phase. Like as



follicular phase, significantly higher mean serum progesterone level was observed in
healthy controls than breast cancer patients without medication at (P=0.009). Although,
there were significant difference observed lower mean serum progesterone and LDL-C
levels in breast cancer patients without medication when compared to patients with
medication (P=0.009) and (P=0.025) at luteal phase. However, no stastically significant
differences were detected in mean serum estradiol levels among the three different
examined groups at the luteal phases

Table 6: Comparison of serum estradiol, progesterone and lipid profile levels with
menstrual phases of healthy controls, breast cancer patients without and with
medication.

Follicular phase

Variables HC,N=19 Wom, N=13 P-value Wm, N=5 P-value P-value
HCvsWm = WovsWm
Estradiol pg/ml 111.7473.3 114.2+49.6 0.918 124.6£108.6  0.754 0.778
PgR ng/ml 1.68+ 2° 0.3+0.17* 0.022" 0.96+0.25°¢ 0.443 <0.001
TC mg/dl 164.1% 20.9 143+41.2 0.065 141.4421.4°  0.043* 0.938
LDL-C mg/dl 100.6+ 26.7 102.1+11.5 0.856 120.6+£30.9 0.163 0.073
TG mg/dl 109.1+29.1 114+425.5 0.634 138+99 0.256 0.406
HDL-C mg/dI 43.6x 7.6% 33.6+7.1° 0.001 40.2+7.4 0.392 0.096
Luteal phase
N=4 N=11 N=10

Estradiol pg/ml 105+80.8 157.6+£100.7 0.367 190.9+162.4  0.341 0.575
PgR ng/ml 7.747.8° 0.87+00.8% 0.009" 2.6+1.8° 0.065 0.009*
TC mg/dl 163.1£16.1 150.2+36.8 0.521 175.8+38.5 0.539 0.136
LDL-C mg/dl 97.8+12.3 93+24.1° 0.713 122.5+31.1°  0.160 0.025*
TG mg/dl 109.7+34.3 111.9+23.5 0.888 117.1+44.4 0.772 0.739
HDL-C mg/dI 451+ 10.3 41.4+11.2 0.578 45.9+10.3 0.888 0.349

Superscript letters (a, b and c) indicate significant differences compered to healthy controls versus breast
cancer patients without medication, health control versus breast cancer patients with medication ,breast
cancer patients without medication and with medication respectively.

As independent sample t-test results showed, there were significant difference showed

that among breast cancer patients without medication and with medication in serum TC,

LDL-C and HDL-C level at stages | and Il (p=0.027; 0.037; 0.030) respectively. Though,

all biochemical parameters were higher in breast cancer patients without and with

medication at stage | and Il when compared to stage Il and IVV. However, the mean
serum LDL-C and TG levels of breast cancer patients without medication were lower at

stage | and Il when compared to breast cancer patients of stage I11-1V (table 7).
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Table 7: Comparison of serum estradiol, progesterone and lipid profile levels with stages
of breast cancer in patients without and with medication.

Stage I and Il Stage Ill and V

variables Wom N=14 Wm N=19 P-Value WomN=11 WmN=19 P-Value
Estradiol 87.7+91.5 95.2+ 134.9 0.859 89+87.3 46.1+84.1 0.195
pg/ml

PgR 0.4+ 0.6 1.2+1.7 0.095 0.5+0.5 0.8+0.9 0.316
ng/ml

TC 141.7434.4*  170.1+34.4% 0.027* 158+37.3 169.3+34.4 0.407
mg/dl

LDL-C  99.6+21.2% 122.6+34.8% 0.037* 103.9+15.6  107.3+26.4 0.702
mg/dl

TG 111.3+21.3  141.5459.2 0.079 102.4+16.3  119.5+56.3 0.337
mg/dl
HDL-C 327+ 7.4 39.6+9.3% 0.030* 345+11.4  38.5%9.5 0.311
mg/dl

Key: PgR=progesterone, TC = Total Cholesterol, HDL-C = High-Density Lipoprotein-Cholesterol, LDL-C =
Low Density Lipoprotein-Cholesterol, TG = triglyceride. The values were given by Meanx (SD)
standard deviation. Wm=with medication. Wom=without medication. P value < 0.05 is statistically
significant indicated by *.

Independent sample t-test was carried out for mean serum estradiol, progesterone and
lipid profile levels of breast cancer patients with medication based on types of hormonal
therapy and categories of medication i.e.breast cancer patients under surgery, radiation,

chemotherapy and with additional hormonal therapy and only hormonal therapy.

There were statistically significant differences in mean serum progesterone and HDL-C
levels among breast cancer patients when treated with surgery, radiation, chemotherapy
and addition with hormonal therapy and treated with only hormonal therapy at (p=0.020)
and (p=0.027). Breast cancer patients were treated with surgery, radiation, chemotherapy
and addition with hormonal therapy were found lower mean serum estradiol,
progesterone, and HDL-C levels than that of breast cancer patients treated with only
hormonal therapy. In the case of types of hormonal therapy there was highly significant
differences exhibited among breast cancer patients treated with armidex and tamoxifen in
mean serum estradiol and progesterone level (p= < 0.001). Statistically significant

differences observed in mean serum HDL-C level among those groups (p=0.032). The
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mean serum of these three significant parameters levels of breast cancer patients treated
with tamoxifen were higher than that of armidex (table 8).

Table 8: Comparison of serum estradiol, progesterone and lipid profile levels with
medication of breast cancer and type of hormonal therapy in breast cancer patients with
medication.

Variables Wm N=40 p-value Variables  Wm N=40

Medication Wm! N=33 Wm?N=7 Types of  Tamoxifen Armidex

of BRCA HT N=17 N=23

Estadiol 60.4+107.7 139.2+139 0.103 Estradiol 149.9+146. 18+20.2

pg/ml 3 pg/ml 8

PgRng/ml 0.8+ 0.8 2.1+2.5 0.020* PG ng/ml 1.9+1.7 0.4+0.3

TC mg/dI 167.9+29.8 180.7+48  0.389 TC mg/dI 167.3+35.7 172.9+31.

9

LDL-C 114.2+28.7 1222.2+43 0.547 LDL-C 121.1+429.1 111.5+32.

mg/dl mg/dI 5

TG mg/dl 132.4+58.8 121.2453. 0.645 TGmg/dl  121.9+61.6 136.7+54.
4 6

HDL-C 38.3+9.7 47.2+7 0.027* HDL-C 43.7+9.1 37+9.5

mg/dl mg/dl

BRCA= breast cancer, Su, R, Ch& HT= surgery, Radiation, chemotherapy and hormonal therapy. HT=
hormonal therapy only. Subscript numbers (land 2) indicate breast cancer patients with medication treated
with surgery, radiation, chemotherapy and with additional hormonal therapy and breast cancer patients with
medication treated with only hormonal therapy respectively. Wm=with medication. P value < 0.05 is
statistically significant indicated by *.

4.3. Serum Estradiol, Progesterone and Lipid Profile Levels among Healthy
Controls, Breast Cancer Patients Without and With Medication

One-way ANOVA with Tukey post hoc test results indicated that there were statically
significant difference in breast cancer patients without medication and breast cancer
patients with medication as compared with healthy controls in serum levels of
progesterone and all lipid profile levels ( p<0.05). Although, multiple logestic regression
analysis was done to shows the assocition of these biochemical parameters levels among
those groups.  However, there were no significant differences between three groups in
mean serum estradiol levels (p= 0.654). There were significant difference in higher mean
serum (24.3) TC, (15.8) LDL-C, (22.1) TG and (5.0) HDL-C levels of breast cancer
patients with medication than that of without medication at (p= 0.002; p= 0.016; p=
0.039; p= 0.042). There were significant differences among breast cancer patients without
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<0.001

<0.001
0.656

0.342
0.428

0.032*



medication and have lower mean serum (1.26) progesterone, (16.4) TC and (7.71) HDL-
C level when compared with healthy controls (p= 0.022) (0.049) and (p=0.001)
respectively. Breast cancer patients with medication were found to have higher mean
serum (14.7) LDL-C level than healthy controls (p= 0.027) (table 9). Therefore, except
for mean serum estradiol level OR=1.015 (95%CI: 1.006-1.024, P= 0.001) the remaining
biochemical parameters mean serum level were found to be lower in breast cancer
patients without medication when compared to the other two examined groups. Such as
progesterone OR=0.109 (95% CI: 0.025 - 0.467, P=0.003), TC OR=0.979 (95% ClI:
0.962-0.997, P=0.019), LDL-C OR= 0.978 (95% CI: 0.957- 0.999, P=0.043) OR = 0.096
(95%CI: 0.022 - 0.412). Even, insignificantly lower levels of progesterone OR=0.879
(95% CI: 0.690 -1.121) and HDL-C OR= 0.950 (95% CI: 0.901-1.002) (table10) were
observed in breast cancer patients with medication when compared to healthy control
groups. However, higher mean serum estradiol, TC, TG and LDL-C levels were indicated
in breast cancer patients with medication when compared to healthy control groups in
(tables 9).

Table 9: Mean comparison of serum estradiol, progesterone and lipid profile levels

among healthy controls, breast cancer patients without and with medication

Variable Hc N=40 Wom N=40 Meant Wm N=40 Meant p-value
Mean+ SD SD SD
Estradiol Pg/ml  70.4+72.6 88.5+£83.4 74.2+115.8 0.654
PgRng/ml 1.68+3.3% 0.4+0.5% 1.03+1.3 0.029*
TC mg/dl 162.2+£23.3% 145.8+34.7% 170+33.2° 0.002*
LDL-C mg/dl 100.9+25° 99.8+17.8° 115.6+31.1% 0.009*
TG mg/dl 113.1+£30.5 108.3+ 23.9° 130.4£57.4° 0.037*
HDL-C mg/dl 42.6+8.5% 34.3+£8.9% 39.8+9.8° <0.001*

Key: SD (standard deviation).HC=Healthy controls. Wm=with medication. Wom=without medication. P
value < 0.05 is statistically significant indicated by *. Superscript letters (a, b and c¢) indicate
significant differences compared to healthy controls versus breast cancer patient without medication,
healthy controls versus breast cancer patients with medication ,breast cancer patients without

medication and with medication respectively.
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Table 10: The correlation strength of estradiol, progestrol, and lipid profile levels of
healthy controls; breast cancer patients without medication and with
medication by adjustment with some breast cancer risk factors

variable OR(95%Cl) pvalue OR(95%CI) p-value
variables

HC (1.00)* Wm (1.00)*

Wom  Estradiol Pg/ml  1.015 (1.006 -1.024) 0.001  HC 0.996 (.990 - 1.003)  0.240
PgR ng/ml 0.096 (.022-.412)  0.002 1.137 (.892-1.449) 0.299
TC mg/ml 0.987 (.970-1.005) | 0.163 0.992 (.975 -1.008) 0.312
LDL-C mg/ml  1.001 (.978-1.024)  0.930 0.977 (958 -.996)  0.019
TG mg/ml 1.001 (.985-1.016)  0.937 0.987 (974 -.999)  0.040
HDL-C mg/ml  0.918 (.862-.978)  0.008 1.053 (.998 - 1.110)  0.061

Wm Estradiol Pg/ml  1.004 (.997-1.010) 0.240  Wom 1.011 (1.003 - 1.019)  0.009
PgRng/ml 0.879 (.690-1.121)  0.299 0.109 (0.025 - 0.467)  0.003
TC mg/ml 1.009 (.992 -1.025)  0.312 0.979 (0.962-0.997)  0.019
LDL-C mg/ml  1.024 (1.004 -1.044) 0.019 0.978 (0.957- 0.999)  0.043
TG mg/ml 1.014(1.001-1.027)  0.040 0.987 (0.973 - 1.002)  0.092
HDL-C mg/ml  0.950(.901-1.002)  0.061 0.966 (0.908-1.028)  0.280

Key: PgR=progesterone, TC = Total Cholesterol, HDL-C = High-Density Lipoprotein-Cholesterol, LDL-C
= Low Density Lipoprotein-Cholesterol, TG = triglyceride.OR= odd ratio, 95% CI=95% confidence
interval. HC=Healthy controls. Wm=with medication. Wom=without medication. P value < 0.05 is
statistically significant. (1.00)* indicated that reference category

4.4. Abnormality in Concentration of Serum Estradiol, Progesterone, TC, LDL-C

and HDL-C Levels in Healthy Controls, Breast Cancer Patients Without and With

Medication when compared to Cut off Points.
In premenopausal status mean serum progesterone level was observed higher abnormality
(62.5%) below reference range in breast cancer patients without medication than breast
cancer patients with medication (32.5%) and healthy controls (12.5%). Most of these
abnormality was found in premenopausal status when compared with the cut-off points.
Higher abnormality or below(< 40mg/dl) of mean serum HDL-C level was observed in
(72.5%) breast cancer patients without medication when compared to (55%) breast cancer
patients with medication and (25%) healthy controls (table 11).
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Table 11: Cut off points and abnormal levels of serum estradiol, progesterone and lipid
profile in healthy controls, breast cancer patients without and with medication.

Variables

Estradiol pg/ml Based on

menopausal status
1.premenopause

1.1.Follicular Phase n,%

1.2.luteal phase n,%

2.postmenopuse n,%

Total

PgR ng/ml  Based
menopausal status

1.premenopause

1.1Follicular Phase n,%

1.2.luteal phase n,%

2.postmenopause n,%

Total

TC mg/dl, n,%
LDL-C mg/dl, n,%
TG mg/dl n,%
HDL-C mg/dl

Cut off points

>232.5
<12.35
>397
<22.28
>136

>1.4
<0.2
>2.7
<0.8
>0.8
<0.1

>200
>129
>200
<40

Hc N=40

1(2.5)

1(2.5)

2(5)

3(7.5)

5(12.5)
2(5)
2(5)
1(2.5)
10(25)

Wom
N=40

4(10)
1(2.5)
3(7.5)

7(17.5)

4(10)

14(35)

7(17.5)
25(62.5)
2(5)
7(17.5)
3(7.5)
29(72.5)

Wm
N=40

1(2.5)
1(2.5)
3(7.5)

5(12.5)

2(5)
1(2.5)
7(17.5)
3(7.5)

13(32.5)
7(17.5)
14(35)
5(12.5)
22(55)

Key: PgR=progesterone, TC = Total Cholesterol, HDL-C = High-Density Lipoprotein-Cholesterol,
LDL-C = Low Density Lipoprotein-Cholesterol, TG = triglyceride. N=numbers of participants.
n, number of abnormal patients.(%) in percentage. HC=Healthy controls. Wm=with medication.
Wom=without medication. Higher abnormality of each biochemical parameters indicated by

bold.
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4.5. The Correlation between Serum Estradiol, Progesterone and Lipid
Profile Levels of Healthy Controls, Breast Cancer Patients Without and
With Medication based on Breast Cancer Risk Factors.

Pearson correlation analysis were conducted for the correlation between serum
estradiol, progesterone and lipid profile levels of the three groups by comparing
each other, based on breast cancer risk factors and general clinical characteristics
illustrated in tables (12, 13, and 15). Current monthly menstrual status has slightly
strong positive correlation with serum estradiol for healthy controls p<0.001
r=0.649, for breast cancer patients without medication p<0.001, r=0.678, and for
breast cancer patients with medication p=0.006 r=0.427, It has weak positive
correlation with mean serum progesterone level for three groups. Menopausal
status has positive correlation with serum estradiol for healthy controls p<0.001
r=0.649, for breast cancer patients without medication p<0.001, r=0.678, and for
breast cancer patients with medication p<0.001 r=0.569. It has weak positive
correlation with mean serum progesterone level for healthy controls p=0.020
r=0.369, for breast cancer patients without medication p=0.023 r=0.360, for breast
cancer patients without medication and for breast cancer patients with medication
slightly strong p<0.001 r=0.554. However, significantly negative correlation was
observed between age and serum estradiol and progesterone levels in three three

groups.

A statistically significant negative correlation was observed between menstrual
phase and serum estradiol in healthy controls, breast cancer patients without
medication and with medication (p< 0.001, r= -0.650), (p=0.001, r=-0.511) and
(p=0.001, r=-0.571) respectively (table 13). But, types of hormonal therapy has
slightly strong negative correlation with serum estradiol (p<0.001, r=-0.569) and
progesterone P <0.001, r=-0.554), HDL-C level, weakly negative associated
(p=0.032 r=-0.340) in breast cancer patients with medication. Medication of
breast cancer also showed negatively correlated with those patients mean serum
progesterone (P=0.020, r -0.368), mean serum HDL-C levels (P=0.027, r-0.350)
(table 14).
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Table 12: Correlation between serum estradiol, progesterone and lipid profile levels of
healthy controls and breast cancer risk factors

Variables Estradiol
r

Age -0.610°
Current 0.649°
menstrual

status

Munstral -0.650°
phase

Monopausal 0.649°
status

P
<0.001

<0.001

<0.001

<0.001

PgR

r
-0.383%

0.369°

-0.178

0.369°

0.015

0.020

0.272

0.020

TC

r
-0.056

0.089

-0.107

0.089

0.733

0.586

0.510

0.586

LDL-C

r
0.043

-0.036

-0.011

-0.036

P
0.792

0.826

0.947

0.826

TG

r P
0.190 0.240

-0.150 0.357

0.160 0.325

-0.150 0.357

Key: r= Pearson correlation coefficient, p= p value for Pearson correlation, PG=progesterone TC =Total
Cholesterol, TgR= Triglyceride, LDL-C= Low Density Lipoprotein-Cholesterol, HDL-C= High Density
Lipoprotein-Cholesterol. BMI=body mass index. Superscript letters a, indicated weak and b, indicate strong
and moderate statistically significant.

Table 13: Correlation between serum estradiol, progesterone and lipid profile levels of
breast cancer patients without medication and breast cancer risk factors.

variable Estradiol
r
Age -0.624°
Current 0.678P
menstrual
status

Menstrual -0.511°
phase

Monopausal 0.678°
status

Stage 0.006

Key: r= Pearson correlation coefficient,

P

<0.001

<0.001

0.001

<0.001

0.971

PgR

-0.431°

0.360?

-0.127

0.360?

-0.011

0.005

0.023

0.435

0.023

0.944

TC

0.071

0.018

0.020

0.018

-0.019
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0.663

0.911

0.900

0.911

0.909

LDL-C

0.014

-0.132

-0.027

-0.132

-0.067

p= p value for

0.933

0.416

0.868

0.416

0.680

TG

r P
-0.199  0.217
0.246  0.125
-0.235  0.145
0.246  0.125
-0.027  0.870

Pearson correlation,
PgR=progesterone, TC =Total Cholesterol, TG= Triglyceride, LDL-C= Low Density
Lipoprotein-Cholesterol, HDL-C= High Density Lipoprotein-Cholesterol.BMI=body
mass index.Superscript letters a, indicated weak and b, indicate strong and moderate
statistically significant.

HDL-C

-0.205

0.177

-0.135

0.177

HDL-

-0.114

0.323%

0.131

0.323%

0.212

0.205

0.275

0.407

0.275

0.486

0.042

0.421

0.042

0.190



Table 14: Correlation between serum estradiol, progesterone and lipid profile levels of

breast cancer patients with medication and breast cancer risk factors.

Variables  Estradiol

Age -
0.514°
Current 0.427°
menstrual
status
Menstrual
phase 0.571°
Monopausal 0.569°
status
Medication -0.262
of BRCA

Stage -0.164
Types of -
HT 0.569°

Duration of -0.214
TH

P
0.001

0.006

0.001

<0.001

0.103

0.313

<0.001

0.185

PgR

r p

- 0.006
0.424

0.415" 0.008

- 0.007
0.419°
0.554° <0.001

- 0.020
0.368%
-0.202 0.211

- <0.001
0.554°
0.012 0.942

TC

r Y
0.088 0.589

- 0.944
0.011

0.246 0.126

- 0.656
0.073
- 0.389
0.140
0.122 0.454

- 0.656
0.073
0.162 0.319

LDL-C

0.298
0.129

0.136
0.154

0.098

0.034

0.154

0.182

)
0.062

0.427

0.402

0.342

0.547

0.833

0.342

0.262

TG

r P
-0.003 0.983

-0.145 0.372

0.035 0.832

-0.129 0.428

0.075 0.645

-0.100 0.539

0.129 0.428

-0.006 0.972

HDL-C

R
-0.294

0.293

-0.239

0.340°

0.350%
0.120

0.340%
-0.180

Key: r= Pearson correlation coefficient, p= p value for Pearson correlation, PgR=progesterone, TC
=Total Cholesterol, TG= Triglyceride, LDL-C= Low Density Lipoprotein-Cholesterol,
HDL-C= High Density Lipoprotein-Cholesterol. BMI=body mass index. BRCA= breast
cancer,HT= hormonal therapy. Superscript letters a, indicated week and b, indicate strong
and moderate statistically significant
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P
0.123

0.067

0.137

0.032

0.027

0.461

0.032

0.267



5. Discussion

Steroid hormones, estrogen and progesterone are playing a major role in the etiology of
breast cancer (Buijs et al., 2008). Excess free serum estrogen levels are responsible for
high rate of immature cell replication and increase of fat metabolism in the body
(Feigelson and Henderson, 1996). Although, plasma lipid profile levels may predict the
risk of breast cancer, altered of its plasma levels in breast cancer patients are retreated by
effective treatment of the tumor (Shah et al., 2008). Hormonal therapy is slow or stops
the growth of hormonal sensitive tumors by blocking the ability to produce hormones or
by interfering with effects of hormones in breast cancer cells (NCI, 2017). Tamoxifen
reduces the incidence of breast cancer by 50—75% in high-risk women (Hammond et al.,
2010). Armidex inhibits aromatization by 96.7%, and suppresses plasma estradiol
concentrations by 84-94% (Coscia et al., 2017) and had a beneficial effect on lipid
profiles of postmenopausal women (Sawada et al., 2005). So, the assessments of serum
estradiol, progesterone and lipid profile levels are predictors of effective treatment up to
the level of these biochemical parameters become near to normal range in breast cancer
patients. Although, it is used to control the disease, prevent adverse effect of the

treatment and provided useful prevention when applied to healthy women.

The present study assesses the serum level of estradiol, progesterone and lipid profile
(TC, LDL-C, TG and HDL-C) of the three different groups: healthy controls, breast
cancer patients with medication and patients without medication. The data collected
from120 study participants which included; 40 healthy controls, 40 breast cancer patients
with medication and 40 without medication. According to, this study progesterone and
lipid profile levels were demonstrated that lower mean serum concentration in breast
cancer patients without medication than patients with medication and healthy control
groups. However, mean serum estradiol level was higher in breast cancer patients without
medication than that of the two groups. Higher mean serum estradiol, TC, TG and LDL-
C levels were observed in breast cancer patients with medication when compared to
healty control groups. However, lower levels of progesterone and HDL-C were observed

in breast cancer patients with medication when compared to healthy control groups.
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The present study shows that statistically insignificantly higher mean serum estradiol
levels in breast cancer patients without medication than that of patients with medication
and healthy controls. Although, postmenopausal breast cancer patients without
medication have shown statistically insignificantly enhancement of the level of estradiol
than other two groups and premenopausal breast cancer patients without medication hold
insignificant higer mean serum estradiol level than that of healthy controls. The reason
for the elevation may be due to increased endogenous production of aromatase /over
expression of aromatase activity (Santen et al., 1999) in extra ovarian body sites and
within the tumor tissue, this may be directly related to increased synthesis of estrogen
(Bulun et al., 2012 ; Cleary and Grossmann, 2009). This process can also increase the life
time exposure on the tissues (Taylor and Bell-Taylor, 2009). Because of direct
androgenic effects on breast tissue, which elevated serum androgen level may lead
indirectly to increase estrogenic exposure of breast tissue. That is, all steroidogenic
enzymes necessary for the formation of estrogens from androgenic precursor molecules
are present in normal mammary tissues and breast tumor specimens (Kaaks, et al., 2005).
The other case of elevation may be the low concentration of SHBG occurs in breast
cancer patients and also deficiency of vitamins like B, E; minerals like magnesium and
substance like indole 3-carbinol may affect estrogen metabolism and increase free

estrogen levels in the bloodstream (Taylor and Bell-Taylor 2009).

Several studies supported the elevation of esteridiols in breast cancer tissues. Like komen
(2017), Farhat et al., (2013), Trehan et al., (2012), Blair (2010), and Key (1999). Komen
(2017) stated that, pooled analysis of data from studies found higher blood estrogen
levels increased breast cancer risk in premenopausal and postmenopausal women. Key
(1999) explored evidence in analysis of different researches as breast cancer risk is
increased by relatively high estradiol concentrations in premenopausal and
postmenopausal women.Trehan et al., (2012) expressed that estrogen level was very
significantly higher in patients before treatment as compared to age matched healthy
controls. Farhat et al., (2013) demonstrated that higher levels of total estradiol,
bioavailable estradiol were observed significantly associated with increased breast cancer

risk. Missmer et al., (2004) observed that a statistically significant direct association
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between breast cancer risk and the level of estrogens. Blair (2010) also suggested that
postmenopausal women with elevated plasma or serum estrogens are at increased risk for

breast cancer.

Contrary to the current results, Hussain et al., (2013) stated that breast cancer patients
also have a lower level of estrogen when compared to controls.This could probably be
due to the failure of proper matching between the cases and the controls with respect to
their different phases of menstrual cycle during the measurements of blood hormone and
the sample size was relatively small. On the other hand, Awio et al., (2012) suggested
that in Sub-Saharan Africa among Uganda women there were no significant association
between level of estradiol and breast cancer. Although, Abdelhadi (2006) stated that in
Sudanese females no significance difference was detected in the serum levels of estrogen
between the control subjects and the breast cancer patients. YU et al., (2003) assessed
that in Chinese women with breast cancer no significant association was found for
estradiol in either premenopausal or postmenopausal women. This may be due to
circulating levels of estrogen in premenopausal women not only differ significantly from
person to person but also vary substantially through the menstrual cycle. Ssmall sample
size and less-stringent matching conditions on menstruation days may hamper the ability
to detect any significant differences in estrogen levels between the study groups. Kaaks et
al., (2013) investigated that did not show a significant association of estradiol and

progesterone levels with breast cancer overall risk.

However, the present study results indicated that after receiving hormonal therapy
insignificantly reduced mean serum estradiol level in breast cancer patients with
medication than breast cancer patient without medication, as well as, in postmenopausal
status of those patients also had lower mean serum estradiol level than breast cancer
patients without medication. This may be estrogenic effect of armidex on the serum level
of estradiol, which is blocked the rate-limiting step in the synthesis of estrogens (Sawada
et al., 2005). This result is in line with Coscia et al., (2017), komen, (2017), Banerjee et
al., (2005), Sawada et al, (2005) Geisler et al., (2001).
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Komen, (2017) said that aromatase inhibitors lower the level of estrogen in the body and
decrease the risk of breast cancer. Banerjee et al., (2005) stated that treatment with
anastrozole significantly decreased estradiol serum levels by 87.5%. Sawada et al, (2005)
indicated that estradiol levels decreased significantly after anastrozole treatmen in
Japanese breast cancer postmenopausal women. Geisler et al., (2001) showed that
anastrozole given as neoadjuvant therapy causes a profound suppression of tumor levels
of estradiol. Coscia et al., (2017) stated that in glandular breast tissue, aromatase
inhibitors have dual role to block both initiation and promotion of breast cancer by

lowering estradiol concentrations.

However, in this study the premenopausal status of breast cancer patients with medication
mean serum estradiol levels were insignificantly higher than breast cancer patients
without medication. This may be estrogenic effect of tamoxifen, whereas tamoxifen
induced ovarian hyperstimulation in premenopausal patients and increase circulating
estrogens (Madeddu et al., 2014). The observation was supported by Yamazaki et al.,
(2015), Jordan et al., (1991), Sherman et al., (1979), and Lum (1997). Yamazaki et al.,
(2015) suggested that in Japanese women, tamoxifen could stimulate the ovarian function
and employ high values of serum estradiol level during post-operative tamoxifen therapy.
Lum (1997) stated that, long-term tamoxifen can be associated with increased serum
levels of estradiol, which may be explain tamoxifen's estrogenic effects. Jordan et al.,
(1991) showed that breast cancer patients stage | or Il during with tamoxifen for 4-72
months, the levels of estradiol was elevated one fold to three fold. Sherman et al., (1979)
also indicated that serum estradiol concentrations were 3 to 10-fold greater during
tamoxifen administration. Contrary to this, Lgnning (1995) suggested that tamoxifen
reduced plasma estradiol; which probably secondary to a fall in plasma testosterone due
to a reduced ovarian excretion of this androgen this related with plasma luteinizing and
follicle stimulating hormones are decreased. Although, this idea supported by Lofgren et
al., (2006) after 3 months of tamoxifen treatment (56%) increase in circulating SHBG
levels, thus free estradiol levels decreased. Alternatively, Banerjee et al.,(2005) reported
that no correlation between serum estradiol in treatment with tamoxifen was observed.

The present study demonstrated that significantly lower serum progesterone levels in

breast cancer patients without medication when compared to healthy control group. This
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condition was observed in premenopausal status and also in luteal phase. This may be
due to the ovarian hyperandrogenism hypothesis/ luteal inadequacy hypothesis, which is
ovarian androgen excess, chronic anovulation, and an associated reduction of luteal phase
progesterone production (Kaaks et al., 2005). Other reason may be the presented of low
concentration of TG, LDL-C and HDL-C in the breast cancer patients without
medication. Because, HDL and LDL-C may be serve as the source of cholesterol in
steroidogenesis (Miller and McLean1987). Especially, for its common precursor steroid
pregnenolone, which is formed by the enzymatic cleavage of a 6-carbon side-chain of the
27- carbon cholesterol molecule, a reaction catalyzed by the cytochrome P450 sidechain
cleavage enzyme (Ruiz-Cortés, 2012). Although, the elevation level of estradiol can
block ovulation, this may Stress affects an ability to ovulate. If not ovulate, not produce
progesterone. Its cause, stress increases the release of cortisol. Cortisol decreases SHBG,
and this leads to increase of free estrogen level and decreased production of progesterone.
Cortisol increased the production of cortisol binding globulin, that deactived free

progesterone in plasma by its binding activity (Taylor and Bell-Taylor, 2009).

In agreement with this result, previous studies conducted by different investigators like
Houghton et al., (2016), Hussain et al., (2013), Kaaks et al., (2005), Saez et al., (1978).
Hussain et al., (2013) have shown that breast cancer patients with a lower level of
progesterone as compared to controls. Kaaks et al., (2005) and his colleagues conducted a
case — control study within the European Prospective Investigation in cancer and nutrition
to examine a relationships among premenopausal serum concentrations of sex steroids
and subsequent breast cancer risk, demonstrated that elevation of serum progesterone
concentrations was associated with a statistically significant reduction in breast cancer
risk. Saez et al., (1978) proposed that a low progesterone /estrogen ratio and anovulatory
cycles are more frequent in breast cancer patients than in a normal population and
suggested that a relatively low progesterone secretion might favor the development of
cancer. Houghton et al., (2016) also expressed that a decline of progesterone can
increase breast cancer risk. However, observation made by Brisken et al., (2015), Joshi
et al., (2015) and Ho et al., (2009) supported that, the idea of progesterone induced breast

cancer risk. Brisken et al., (2015) suggested that, breast cancer risk increases through
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progesterone-induced events during luteal phase. Joshi et al., (2015) showed that, breast
cancer risk is constantly elevated with estrogen plus progestrone therapy, while risk is
persistently decreased with estrogen alone therapy. Thus, progesterone insertion during a
median hormone therapy intervention period of 5-6 years not only increases the breast
cancer risk during intervention, but also continued elevated risk for several years even
after stopping this regimen. In addition, Ho et al., (2009) also reported that in
postmenopausal women serum progesterone levels were significantly associated
positively with the odds of having breast cancer. On the other hand, Missmer et al.,
(2004) did not find any significant association between the risk and the progesterone
levels. Kaaks et al., (2013) did not show a significant association of progesterone with
breast cancer risk overall. Farhat et al., (2013) showed that in pretreatment, a
progesterone concentration was not statistically significant associated with breast cancer
risk. YU et al., (2003) stated that in Chinese premenopausal women by comparing their
progesterone levels, no significant differences were found between cancer patients and
healthy controls. Ho et al., (2009) also found that there is no correlative significance
among the premenopausal cancer cases and serum progesterone levels.

In the present study, the mean progesterone levels of breast cancer patients with
mediction were found to be enhanced significantly than that of patients without
medication.This also occured in both premenopausal and postmenopausal status. This can
be explained by ovarian stimulation during tamoxifen treatment. Jordan et al., (1991) and
Sheraman (1979) support this view. Sherman (1979) showed that breast cancer patients
who were under tamoxifen treatment had elevated serum estrediol and progesterone
concentrations at luteal-phase. Similarly, Jordan et al., (1991) could also demonstrate that
in cancer patients who were treated with Tamoxifen had 1-3 fold increased levels of

estradiol and progesterone.

In the present study, mean serum TC level of breast cancer patients without medication
was significantly lower, when compared to patients with medication and healty control
groups. This, phenomenon also was observed in both premenopausal and postmenopausal
status. This may be explained by the fact that there was a higher amount of estradiol and

lower amount of progesterone hormones in the serum of these patients. The increased
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estradiol concentrations promoted the activity of HTGL enzymes and consequently
decrease in the synthesis of TC. The lowered concentrations of progesterone have an
influence on the action of estradiol on lipid profiles of these patients (Callejon et al.,
2009). Cholesterol synthes in liver can be affected by tumor metabolites. Perhaps,
enhancement of utilization of cholesterol by neoplastic cells for new membrane
biogenesis during cell proliferation were decreasing cholesterol synthesis, and increasing
catabolism of cholesterol (Mishra, 2015). This supported by Kshirsagar et al., (2016) and
Llaverias et al., (2011), explain that low cholesterol increase the cancer risk association
suggesting that lower cholesterol was not the cause but the result of cancer.

The idea that decreasing levels of TC in breast cancer patients without medication when
compared to healty control groups is in line with Li et al (2018), Kshirsagar et al., (2016),
Mishra (2015) Asegaonkar et al., (2012), Kim et al., (2009), Shah et al.,(2008). Kim et
al., (2009), suggested that in Korea insignificantly lower levels of TC was observed in
larger and histologicaly advanced tumors. (Kshirsagar et al., 2016 ; Mishra 2015;
Asegaonkar et al., 2012; Shah et al., 2008) also stated that, significantly lower levels of
TC was observed in breast cancer patients when compared to control groups in Indian
women. And Li et al., (2018) suggested that the serum levels of TC significantly lower in

breast cancer patients than normal control groups in southwest of China.

In contrast to this, (Guan et al., 2019; Pandeya et al., 2018; Raza et al., 2018; Rohariya
et al., 2017; Nayak et al., 2016; Ghahremanfard et al., 2015; Taha et al., 2014; Hussain et
al., 2013 and Abdelsalam et al., 2012) indicated that an increase of TC levels was
observed in breast cancer patients when compared to healthy controls. However,
interestingly, there are also reports that TC levels were not significantly different from
that of healty control groups (Zhao et. al., 2016; Martin, 2015; Abas et al., 2014;
Laisupasin et al., 2013; Llanos et al., 2012).

The current study results have shown that, mean serum TC levels were significantly
higher in breast cancer patients with medication than that of patients without medication.
Even if, in premenopausal and postmenopausal women of breast cancer patients with
medication also found that higher TC level than patients without medication. This may be

explained by the effects of armidex decreased estrogen concentration resulting from
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blocking the enzyme aromatase, which activate HTGL and down regulated LDL-C
receptor particles clearance i,e increased the substrates (HDL-C & LDL-C ) in the
synthesis of TC, (Lu et al., 2011 & Sawadas et al., 2005). Similar explanation were
given by Lu et al., (2011), who observed that after treatment with anastrazole for one
year significantly increased TC levels in Chinese postmenopausal women with breast
cancer. Banerjee et al., (2005) also showed that anastrozole was associated with a non-
significant increase in TC. Sawada et al., (2005) suggested a different view that

anastrozole did not induce any changes at all in TC levels btween groups.

However, in the present study the enhancement of TC levels were differently observed in
premenopausal women breast cancer patients treated with tamoxifen. This could probably
because, effects of tamoxifen vary from patients to patients, and this variability is
specifically seen in the reaction of lipid levels in the serum. The reasons of variability are
not completely understood, but may be, in part, due to inherited genetic differences in the
cellular receptors (Ntukidem et al., 2008). However, Most of the previous studies have
shown that the reduction of serum TC levels after tamoxifen treatment in postmenopausal
women. For instance, Markopoulos et al., (2010) suggested that, tamoxifen decrease TC
levels in postmenopausal women. Others study also were shown the reduction of TC
level after tamoxifen, like Sawada et al., (2005) and Joensuu et al., (2000). But, in the
present study premenopausal women was treated with tamoxifen, which may be act
differently from others studies were observed. In Ntukidem et al., (2008) explained that
the differences in the experiences of premenopausal and postmenopausal women with
regard to baseline cholesterol. In other view, Hayes et al., (2010) reported that in the
second reanalysis of the previous research in the associations between ESR1 Xbal

genotypes and tamoxifen-induced changes in serum TC levels were no longer observed.

In the present study, significantly higher mean serum TG level was observed in breast
cancer patients with medication than that of paients without medication. This may be due
to estrogenic effect of tamoxifen on lipid metabolism. Because tamoxifen like estrogen,
inhibit the key enzymes of TG metabolism and reduced the activity of LPL and HTGL
(Czyzykowski et al., 2014). Although, it is stimulates the synthesis and secretion of TG
from VLDL in the liver, VLDL is the main circulating carrier of TG (Milionis et
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al.,2001; Elisaf et al., 2000 ; Hozumi et al., 1998). This result are in line with the
findings of Czyzykowski et al., (2014) Fillipatos et al., (2009), Sawada et al., (2005),
Sotririou et al., (2003). Filippatos et al., (2009) suggested that tamoxifen induces an
increase in TG concentration. Czyzykowski et al., (2014.) investigated that in a case of a
55-year-old woman, Tamoxifen, increases the plasma level of TG. Sawada et al., (2005)
showed that In Japanese postmenopausal women tamoxifen increased TG levels and also
decreased HTGL activity. Sotririou et al., (2003) expressed that the serum TG level was
significantly increased after 15 months of treatment and occasionally inducing severe
hypertriglyceridemia. By opposing the present result, Ali et al., (2019) reported that
postmenopausal patients who received tamoxifen treatment showed significantly decrease
in TG from baseline. On the other hand, Lin et al., (2014) reported that in Taiwanese
breast cancer patients after tamoxifen treatment there was no statistically significant

change observed in the mean serum TG level.

The present study data support an inverse association between mean serum HDL-C level
and breast cancer risk. That is significantly lower serum HDL-C level exhibited in breast
cancer patients without medication than breast cancer patients with medication and
healthy control groups.The indication may be due to lowering of serum TC level in these
patients, because HDL—C may reverse transport of cholesterol (Abas et al., 2014). As the
TC levels increase by potentially stimulating HDL levels subsequently decreases breast
cancer risk (Kshirsagar et al., 2016; Llanos et al., 2012). Another reason, perhaps due to
lowering of progesterone in relation to excess androgenicity effect on breast cancer
patients without medication; HDL-C levels were also significantly associated with levels
of free biologically active estradiol. The consequences of excess estradiol level without
controlling of progesterone make more inactive LPL activity and reduced the production
of HDLC. In addition, the elevation of serum TG level was observed in premenopausal
women of breast cancer patients without medication may be another reason fort he
lowering of HDL-C level. This may be due to reduction of LPL activity; it regulates the
clearance of TG from blood. But, particles of HDL-C are considered to be derived from
lipolysis of TG (Shah et al.., 2008). Furthermore, the decreased level of HDL-C and the
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increased level of TG might result in the neoplastic transformation of the cells within

breast cancer patients (Pandeya et al., 2018).

The present results are supported by previously reported research by other workers; Li et
al.,(2018), Pandeya et al.,(2018), Razaet al., (2018) Kshirsagar et al., (2016), Zhao et al.,
(2016), Abas et al., (2014), Llanos et al.,(2013), Hussain et al., (2013), Shah et al.,
(2008). Zhao et al., (2016) suggested that an inverse association between levels of HDL-
C and breast cancer was noticed among postmenopausal women. Llanos et al., (2013)
reported that among African-American women high levels of HDL-C was inversely
associated with breast cancer in these groups. Kshirsagar et al., (2016) revealed that low
HDL-C levels may be associated with an increased risk of breast cancer. Hussain et al.,
(2013) said that low level of serum and HDL-C are associated with breast cancer.
Pandeya et al., (2018) suggested that the decreased level of HDL -C were observed in
breast cancer patients. Abas et al., (2014) said that the level of HDL-C was significantly
decreased in cancer patients compared to the control group. Raza et al., (2018) reported
HDL-C was found significantly low as compared to control subjects (p<0.05). Li et al.,
(2018) demonstrated that total serum levels of HDL-C was significantly lower in breast
cancer patients than normal controls in southwest of China. Shah et al., (2008) also
revealed that plasma HDL was significantly lower in breast cancer patients as compared
with controls.

Contrary to the above observations, Martin et al., (2015) discussed that in a large cohort
of women with extensive mammographic density, observed higher levels of serum HDL -
C was associated with a higher risk of developing ER+ breast cancer when comparing
lipid values across the interquartile range. Peela et al., (2012) carried on the study on
breast cancer patients in Libyan women, indicated that significantly elevated serum HDL-
C in those patient when compared to controls. On the other hand, the results of some
researchs, like as Guan et al.,(2019) , Rohariya et al, (2017), Laisupasin et al.,(2013)
Abdelsalam, et al., (2012) and Owiredu et al.,(2009) indicated that there are no
significant differences between HDL-C levels between breast cancer patients and control

groups.
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However, in the present work mean serum HDL-C level of breast cancer patients with
medication were significantly found to be higher than that of without medication. This
may be due to activity of LPL increased after anastrozole treatment. Because, as results
of the present study indicated that after receiving hormonal therapy insignificantly mean
serum estradiol level was reduced in breast cancer patients with medication. The effect of
anastrozole on estrogen levels may increase LPL activity; this implies that increase in
larger HDL particles was observed in breast cancer patients treated with anastrozole
(Sawada et al., 2005). This idea was also stated by Banerjee et al., (2005) and Lu et al.,
(2011) who observed a significant increase in HDL-C after treatment with anastrozole.

In the present study, the data indicated that the enhancement of mean serum HDL-C
level after administration of tamoxifen in the premenopausal breast cancer patients. The
reasons are not clear for this phenomenon, while according to the current observation it
may be associated with the enhancement of TC, LDL-C and progesterone levels after
tamoxifen treatment. Because, tamoxifen can be raised serum progesterone level through
ovarian stimulation. This may have impact in lipid metabolisms. The result obtained by
Banerjee et al., (2005) was in agreement with the present studies. Banerjee et al., (2005)
demonstrated that after 12 weeks, tamoxifen was associated with a significant increase in
HDL-C (26.5%). on the other hand, Lin et al., (2014) suggested that there were not
statistically significant changes observed in the mean serum HDL-C levels and in

Taiwanese breast cancer patients after tamoxifen treatment.

However, in the current study mean serum LDL-C levels were significantly higher in
breast cancer patients with medication than breast cancer patients without medication.
This condition also observed insignificantly in postmenopausal status. This may be due
the effects of armidex with on the synthesis of estradiol. As different researchers reported
that estrogen has reduced serum LDL-C levels by increasing LDL particle clearance
through LDL receptor up regulation (Lu et al., 2011 and Sawada et al., 2005). This ideas
Supported by (Lu et al., 2011) suggested that, armidex significantly increases the levels

of LDL-C in postmenopausal breast cancer patients.

In addition, in the current study mean serum LDL-C levels were significantly higher in

premenopausal breast cancer patients with medication than breast cancer patients without
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medication. Yet the reason was unclear as to increment of mean serum TC and HDL-C
levels were observed after tamoxifen treatment. In contrast to this findings, Ali et al.,
(2019) and Sawada et al., (2005) reported that tamoxifen treatment showed a significant
decreased in LDL-C later from baseline in postmenopausal patients. This may be due to
its partial estrogenic activity, since estrogen is known to reduce serum LDL-C levels by
increasing LDL particle clearance through LDL receptor upregulation. Lin et al., (2014)
in Taiwanese breast cancer patients showed that lowered levels of the serum
concentration of LDL-C after 4 month tamoxifen treatment in both subgroups that is in
subgroup 1 and subgroup 2.

In the current work, assessment of abnormality of mean serum estradiol, progesterone
and lipid profile levels of breast cancer patients without medication and with medication
by comparing healthy controls and reference range /cut off points at different
menopausal status was done. Because of the two steroids hormones and also lipid
profiles have different levels during premenopausal and postmenopausal status. In both
women endogenou hormones production and exposure to estrogen are varies greatly
during a woman‘s lifespan (Travis and Key, 2003). Although, the studies indicated that
measuring of serum estrogen levels are challenging in premenopausal women. Because,
the levels are vary throughout the menstrual cycle (Komen, 2017; Becker et al., 2007).
In the assessment, the present study data have shown abnormalities of all biochemical
parameter percentages were different. But, in breast cancer patients without medication
group level of each biochemical parameter abnormalities were greater than that of breast
cancer patients with medication and healthy control groups when compared to reference
range /cut off points exceptional to mean serum TC and LDL-C levels. Especially, lower
level of progesterone 62.5% and HDL-C (72.5%) exhibited high abnormalities from the
remains biochemical parameters. Yet, all of 62.5% progesterone abnormality was
observed in premenopausal status below normal reference range. This may be because of
estrogen dominance, excess or normal amount estradiol and insufficient amount of
progesterone are responsible for breast cancer (Taylor and Bell-Taylor, 2009). And also
the ovarian hyperandrogenism hypothesis, which is ovarian androgen excess, chronic
anovulation, and associated reduction of luteal phase progesterone production the reason

of reduction (Kaaks et al., 2005). Because of direct androgenic effects on breast tissue,
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which is elevated serum androgen and indirectly increased estrogenic exposures of
breast tissue because all steroidogenic enzymes necessary for the formation of estrogens
from androgenic precursor molecules are present in normal mammary tissues and breast
tumor specimens (Kaaks, et al., 2005). Although, may be due to the present of higher
amount of estradiol observed in the breast cancer patients without medication, which
leads to lower serum TC, LDL-C and HDL-C levels that required for production of
progesterone through inactivated LPL and upregulate LDL-C receptor clearance (Miller
and McLean,1987). In the last, the elevation level of estrogen can block ovulation. This
may be stress affects an ability to ovulate. Increases cortisol. Cortisol decreases SHBG,
and increased CBG, that deactivate PgR (Taylor and Bell-Taylor, 2009).

On the other hand, this finding suggests that higher abnormality was observed in the
level of HDL-C in breast cancer patients without medication than the other two groups.
This may be in case of reduction of TC level due to increment of neoplastic
transformation of the cells within breast cancer and low initiating of TC transportation in
serum (Pandeya et al., 2018 and Abas et al., 2014). Although, may be due to the
lipolytic enzyme, LPL and HLP; inactived in case of sex hormone (estradiol) in these
patients (Furberg et al., 2005). This supported by Flote et al., (2015) showed that
estrogen and progesterone associated with only in women with low HDL-C levels may
reflect complex biologic processes. Moreover, this abnormality also may be closely
linked, in absence of sufficient quantities of progesterone and the body begins to make
androgens to regulate the effect of estrogen (Callejon et al., 2009). Lowering of
progesterone in relation to excess androgenicity effect on breast cancer patients (make

free active estradiol & inactive LPL activity (Saha et al.., 2008).

The present study assesses that mean serum levels of estradiol, progesterone and lipid
profile of the three different groups in relation with some breast cancer factors. Most of
participants were found in younger age and the mean age of healthy controls and breast
cancer patients was 39.6 + 14.6 and 43.1+17.8 respectively. Age is not a risk factor in
breast cancer. This study is in line with Hadgu et al., (2018), who studied Ethiopian

women breast cancer patients, and found that the mean age at diagnosis was 43years
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which is relatively considered as a young age. On other hand, Coscia et al. (2017)
concluded from his study with older women (mean age 64.94 years); that age could be
considered as a risk factor for the induction of breast cancer.

However, significantly lower mean serum TC, LDL-C and HDL-C levels in age
matching categories of 20-35years and Progesterone, TC and HDL-C levels in age
matching categories above 45 years were observed in breast cancer patients without
medication when compared to breast cancer patients with medication. Although, in the
age categories above 45 years, mean serum HDLC level of breast cancer patients without
medication was found to be significantly lower related to healthy controls. Negative
correlation was observed between age and estridol, and also progesterone levels in three
examined groups. Similary, Owiredu et al., (2009) have shown significantly negative
correlation between age and mean serum estradiol level, whereas positive correlation

among age and TG, LDL-C levels in breast cancer patients.

According to the current study, breast cancer patients of the study participants were lived
urban areas. However, it should be noted that most of the Ethiopian population live in
rutal areas, and only 19.5% live in urban areas (Weiner et al, 2018). This indicates that
the rural and the far regions patients can‘t get the chances for diagnosis. Thus, it can‘t be
suggested that this cancer appear more in urban area. It was found that in another study
(Weiner et al., 2018) 60.7% of the breast cancer patients were from Addis Ababa
whereas, 39.3% lived in rural areas. And weak negative correlation was found among
serum estradiol level of breast cancer patients without medication and positive correlation

in serum TC of healthy control groups and residence.

The majiority of the participants of the study were found in normal body weight (that is
18-24.5 BMI categories).This agreed with, Weiner et al., (2018) who found that most of
breast cancer patients were normal or overweight BMI categories. Even though, no
significant differences and there is no any correlation was observed between BMI and the
two steroid hormones as well as lipid profiles levels. By supporting to this result,
Rohariya et al., (2017) also showed that BMI has no relation with breast carcinoma. But,
Owiredu et al., (2009) showed that BMI has significant positively correlation with TC
and LDL-C. However, in the present study significantly mean serum TC and HDL-C
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under 18-24.5 BMI categories, and mean serum progesterone and HDL-C in overweight
BMI categories of breast cancer patients without medication were shown lower levels
than that of healthy controls. In 18-24.5 BMI categories, mean serum LDL-C level

significantly lower in breast cancer patients without medication than with medication.

In comparsion of the two menopausal status of mean serum of the two steroid hormones
and lipid profile levels of the three examined groups of premenopausal status have greater
than that of postmenopausal status, except, that mean serum TG level of healthy controls
and breast cancer patients with medication and mean serum LDL-C level of breast cancer
patients without medication were lower. Menopausal status has positive correlation with
serum estradiol level and progesterone in three examined groups and for serum HDL-C
levels in breast cancer patients without medication and patients with medication.
Rohariya et al.,, (2017) disagreed with this study results, and demonstrated that
significantly high serum TC levels were observed in postmenopausal study group as
compared with premenopausal study group.

According to this finding, significantly lower mean serum progesterone levels were
observed in breast cancer patients without medication than that of healthy control groups
in the two phases of mensturation. Lower mean serum HDL-C statically significant
showed in these patients than healthy control at follicular phase. Although, breast cancer
patients with medication statistically significant lower mean serumTC level were found
when compared to healthy control at follicular phase and also higher mean serum of
LDL-C observed when compared to breast cancer patients without medication at luteal
phase. The variations of the mean serum levels of these sex steroid hormones and lipid
profile in healthy controls and the two breast cancer patients supported by Mumford et
al., (2011). During monthly menstrual cycle women's TC levels was rise as estrogen
levels increase, drop shortly before ovulation, then decrease more rapidly after ovulation
occurs, specifically as the level of estrogen rises, HDL-C also rises, peaking at the time of
ovulation. In contrast, TC and LDL-C levels as well as another form of blood fat known
as TG declined as estrogen levels rose. The decline was not immediate, beginning a
couple of days after the estrogen peak at ovulation TC, LDL-C and TG levels reached

their lowest just before menstruation began (NIH, 2005).
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In the present study there was significantly lower mean serum TC, LDL-C and HDL-C
levels shown in breast cancer patients without medication than that of with medication at
stages | and 11. This may be enhancement of utilization of cholesterol by neoplastic cells
for new membrane biogenesis, which is the pathogenesis decreased synthesis or increased
catabolism of TC (Raste & Naik, 2000). Yin, (2016) and Abdelsalam et al., (2012)
disagreed with this results. Abdelsalam et al., (2012) stated that the values of TC and
LDL-C were significantly increased in all the four stages of breast cancer comparing to

the control groups. But the value of HDL-C was not affected.

From the assessment of this study significantly lower mean serum progesterone and
HDL-C levels were observed in breast cancer patients medicated by surgery, radiation,
chemo and with additional hormonal therapy related to medicate with hormonal therapy
only. Although, progesterone and HDL-C levels were shows significantly weak negative
correlation with medication of breast cancer. However, higher mean serum TG levels
were noticed in these patients than that of breast cancer patients medicated only with
hormonal therapy. This may be indicate that different therapies have different effect on
the levels of serum sex hormone For example, when chemotherapy applied, after three
weeks completion to premenopausal women with hormone-responsive breast cancer
induced ovarian suppression and stable decline of serum estradiol levels was observed in
all patients (Yoshimura and Furuya, 2014). The removal of adipose tissue also have effect
on the synthesis of estradiol during surgery. other may be, due to tamoxifen's ability to
reduce LDL-C through LDL-C receptor clearance and LpL activity (Cheung et al., 2019).

In the present study, mean serum estradiol, progesterone and HDL-C levels were found
higher in breast cancer patients treated with tamoxifen than that of armidex. Although, a
type of hormonal therapy has negative correlation with serum estradiol, progesterone and
HDL-C levels in breast cancer patients with medication. This may be ovarian stimulation
and increased estradiollevel in the patients during tamoxifen treatment (Jordan et al.,
1991 and Sheraman 1979), excess estradiol with effect in synthesis of progesterone,
(Miller and McLean, 1987). Banerjee et al., (2005) also agreed with tamoxifen caused a

significant increase in serum HDL-C level.
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6. Conclusions

In the face of, the generalization of results using a small sample size from one hospital,
the findings of the current study assessed that significantly lower mean serum
progesterone, TC and HDL-C level were found in breast cancer patients without
medication than healthy control groups. Whereas, insignificantly lower mean serum
LDL-C, TG and higher estradiol level also found in breast cancer patients without
medication than healthy control groups. Significantly, higher mean serum levels of TC,
LDL-C, TG and HDL-C were found in breast cancer patients with medication compared
to patients without medication and insignificantly increment of mean serum progesterone
and reduction of estradiol levels were observed in breast cancer patients with medication
when compared to without medication. Although, significantly lower level of
progesterone and HDL-C and insignificantly higher estradiol of breast cancer patients
without medication were found than breast cancer patients with medication and healthy
controls in different breast cancer risk factors such as age, menstruation phase (at

follicular and luteal phase), menopausal status (pre and postmenopausal status).

The present study finging suggest that armidex and tamoxifen inhibit the levels of
estradiol, progesterone and lipid profile through its unclear action in steroidogenesis and
lipid metabolism. The study did not identify any antioxidant role/ or dyslipidemic role in
the case of both therapies by enhancing progesterone levels, which affect estradiol action
in breast cancer patients. It could be inferred that estradiol action might be due to reduced
oxidative stress by enhancing HDL-C levels in breast cancer patients. However, the study
also proposes that further enhancements of TG and estradiol level due to tamoxifen's

estrogenic effect and rising of LDL-C in the case of armidex.
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7. Strength and Limitations

7.1. Strength of the Study

7.

R

% Assessing of the two steroid hormones and lipid profile levels before and after

hormonal therapy by using several related breast cancer risk factors and clinical
characteristics.

%+ Healthy control groups were used as additional reference range in comparison to
assess the level of these parameters before and after treatment.

% The study tries to explore the relationships of the two steroid hormones and lipid
profile levels before and after hormonal therapies of breast cancer patients in the
context of Ethiopia.

2. Limitations of the Study

This study was limited by cross-sectional design. However, cohort design especially
prospective study would have provided more precise information about the
problem.

Collections of non-fasting samples were not available according to the time of food
consumption.

The sample size of three examined groups in assessment of biochemical parameters
was not dependent on large sample size, matched number of participants in
menopausal status and menstrual phase.

Many other steroids hormones, lipid profiles, enzymes and other therapies were not

assessed.

Collection of samples included all types of breast cancer patients and with mixed
hormonal therapies /Armidex and Tamoxifen /.

The present study could not assess the consequences of the change in levels of the
study parameters after hormonal therapy like hyper/hypo lipidimea, estrogenic
effect and other secondary complications.

Lack of sufficient documents hampered our study, relating to steroid hormone

levels in breast cancer patients of Ethiopia.
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8. Recommendations

The following recommendations are forwarded for further investigation and assessment

of steroids hormones and lipid profile levels in breast cancer patients, and who are taking

hormonal therapies/Tamoxifen or Armidex.

7
L X4

e

AS

Further studies should be conducted with larger sample size and equal/ matched
number of participants, based on: age, menopausal status, menstrual cycles by
using cohort prospective study design to investigate the effect of hormonal
therapies with steroid hormones and lipid profile levels in breast cancer patients.
Further investigations are required in LPL and HLPL, SHBG, cortisol binding
globulin, androgen,cortisol, luteinizing and follicle stimulating hormones to show
the relationship between serum steroid hormones and lipid profile concentrations
with in breast cancer patients and correlated with hormonal therapy

Further investigations are required based on types, Stages and hormonal therapies
separately/ Armidex or Tamoxifen/ in relation to steroid hormone synthesis, lipid
profiles and hormonal therapies as independent factors.

Steroid hormones and lipid profile levels must be measured during diagnosis,
before and after hormonal therapies, which might be helpful for progression,
preventing relapse, and other secondary complications of breast cancer.

Further investigations are required for identification of the consequences which
cause changes after hormonal therapy in the levels of steroid hormones and lipid
profile levels.

In depth studies should be required in further specific factors like stress,
environmental factors, life style and so on associated with the levels of these
biochemical parameters.

For further investigation and medication it is necessary to have country wide
reference ranges /cut off point rather than the machine based.

During measurement of the levels of these biochemicals should be based on types,
stages of cancer and menstrual cycle provided the correct information about

breast cancer and related diseases are available.
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10. Annexes

Annex 1: Information Sheet for Participants (English VVersion)

Sponsoring organization: Department of medical Biochemistry, School of graduate
studies,

College of Health Sciences, Addis Ababa University

Principal Investigator: Etagegn Tadesse (BSc in chemistry)

Advisors: Dr Menakath Menon (PhD), Dr Daniel Seyifu (PhD), Dr Wondemagegnhu
Tigneh (MD) and Mr Mohammed Mehdi (MSc)

Introduction: Dear the participant: if you are voluntarily will be choosen as a study
participant. Then you are wright before getting your consent, you need to know all
necessary information related to the study which will be detailed and respond freely what
the investigator interviews you

Objective of the research project: This study is assess the relationship between serum
estradiol, progesterone and lipid profiles level in breast cancer patients before and after
hormonal therapy by comparing health control group at TikurAnbessa Specialized
Hospital, Addis Ababa, Ethiopia.

Procedure

If you agree to take part in the study, the investigator or a health worker will give you verbal
and/or written information about the study and you will be given the consent form to sign, the
physician or health professional will ask you some questions about your general health and
perform a complete medical examination and assess whether you qualify to participate in the
study. If you are fit for the study about 5 ml of blood samples will also be collected for only
the laboratory examination of estradiol, progesterone, TC, , LDL-C, TG, HDL-C and face to
face interview for additional questions.

Discomforts, risks and benefits from participation

The degree of discomfort you may encounter in giving the sample is no more than when one
does in her routine examination. But, there could be cases in which minor pain and change in
color of your skin following the blood drawing occur transiently. The blood will be
withdrawn by licensed health care professionals (nurses) in the hospital and appropriate care
will also be taken.

You will not be provided with any direct incentives for your participation in the research.
But the cost for general medical examination will be covered by the project. In addition,
based on the results obtained from the research you will be cared accordingly or the
results may serve you as a baseline data. In addition, the result of the study will be
beneficial for the better prevention and care of breast cancer patients than before. Hence,
you are indirectly benefiting other patients and the society in this aspect.

Confidentiality

All pieces of information about the patients will be kept confidential. Log books used in
the laboratory will have no names but codes. The information sheet that links the coded
number to patient name will be locked inside a box and it will not be revealed to anyone
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except your physician and the principal investigator. You have full right to withdraw
from participating in this study at any time before and after consent even without
explaining the reason. Your decision will not affect your right to get health service you
are supposed to get otherwise.

Contact information: If you have any questions contact: ETAGEGN TADESSE: 0911
812365

Annex 2: Informed Consent of Participants (English version)

Department of Biochemistry, School of graduate studies, College of Health Sciences, Addis
Ababa

University, Consent form for the participation of the study participants in the research project
Name of the study participant ...........................
Code number.........................

I have clearly been informed about the research project that it aims to Assessment of the
relationship between serum estradiol, progesterone and lipid profiles level in breast
cancer patients before and after hormonal therapy by comparing health control group.

The objectives of the research project have clearly been explained to me and | have been told
that the results obtained from me will help me as well as the community for better
management of the disease. | had been also informed about the confidentiality of this
research project. Moreover, | have also been well informed of my right to keep hold of
information, decline to cooperate and make myself withdraw from the study. Therefore, with
full understanding of the importance of the study, | agreed voluntarily to provide the
requested samples and my benefit will be only from the free laboratory investigation result/s.

| hereby give my consent for providing the
requested information and blood sample as the doctors find best for me.
Signature: Date

Annex 3: Information sheet for participants (Amharic version)

NhaLh AN0 2LNCALE MG Ag7Th bALE CAhh?°S aholaté  HI°hCT
NEACTATLLT CoPLAVES oo 199avG avl8 avhisn, Po

TGET O7INC £LLIM. +£9° AZ0ANN RLACAE MG 287 hAE Ym-::

av/l Bao\\sv), PP

NAL0 AN RLNCAE MG ALTh DAE Cahng°s aPh2l0té T9°hC T 1A
U-0HSE 8.4 914 Povavlef TG+ AU ALASATS T INHPA::

AL MY TS Ao hoon®1971+2 (b o $Ta PoLTT0.7
NN TG LG 70X LAPIALTFT 1 m.79° 1AN2 Med:
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Assessment of the relationship between serum estradiol, progesterone and lipid profiles
level in breast cancer patients before and after hormonal therapy by comparing health
control group at at Tikur Anbesa Specialized Hospital.

PTG Cad A7 AATI0-9° Pt WINC LAVT@ FholPF (L7 TFo- @-0T
A7 ANTCET TCEEANTCT AS PPAT oom? ATSU9° AAT  €07704
Vo977 nTLONS T PLIPSN aofUL T OC AT 17T AS HROT
ATTIZAAC ALON aom'7S Vs eodnck 100 TSE @o-mt AT NA-9°
AMAD TTUNLNN P7LmPI°S AN PmG A0 A78.SC PPLELCT 1o
AST° ACHL2 MHY TGT AeoAT+e mPolS 9°F P10+ FooCnPN::CACHS
MY TG T AL PULELCTHT TATE avf Nov-h (N14.PL7T1TH AL PTaohi-t
10.::0TGE hhaté AGoo-G ST U2 57LAATC PUA L9° NPNTHA MG
NAGo-£PF  eTAmMm A7 PLI° Goo-S@7 N7LOAMNTI® A% U-ANLH
A9 °Covs- hLOMNT PHAP Vod°G  hhovoo T PAM-9° AI°SATT 0SC
FN®7 CmG AN POLeTT LPSANHY TS T @0T AdA+e ©g9°
NAavd+q @A A AZIRLT P2l.o0 OLWP79° A7 OHY  PAOT A
PILAMP T DI° AN AL RIS PA@IC: NTSE Aot
PoLNTNao. nPh POICICTT PR AL NAUS ©f9° NN 4CTT “IhdorT
LMNPNL JA:

TAKX CAUIAD T4 hA 9°04: 0911812365

arTi L0

Annex 4: Informed consent of participants (Amharic version)

PHAFLPT 09I 9L, PR
PILOATC +TC
P tASdm. (9
AL 097 hAL PHINAD. 200N? LAt OHY TS A7eate A7 emt
20C LAVT@ F19lPF NPT @-0T PADT ANTFCELT TCENFCT AS
PP aom7 A78.U-9° ANT PAIN¢% Vo977 h9lm0S T PLI°SA avf Ut
IC PAT@7 7T AS FROT ATIAAC AN oom'3S UL aoAnk
POLAD TG T ANYTG TPI° IAPATA:

NAHY ALY TG+ ool8G PO9°°r P07 P°AM@. NamPAL PTGEF NS
PPI° (ool TS NFAI° LPLAYE 10 Naom@d AL PI°OAMO. Ph't aolB
AL 212005 NPOATC  ATLILEHI®  AHIICTA:NFRIILS TGE @aT
AN O ndANTT oo E ChmNe A7LPYS N5 @.9° L A TS+E Né-O @A
a®. Nt I°C ook PG DTSk Noo@ME 909 ALYE TG
ATLIRLCONT N0 HIAZATA:ONAPI  UBF@7 0010 NTmd
NL.PLATE NI°CI°4 AL AaoA+& LPLATET ATFAv-:
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N-+enT1469° P°0mm. PL9° Gav-G A estradiol, progesterone, TC, TG, HDL-C A%
LDL-C 9°Caod-2F NF ATL90.0.N H11C% 0TI FAV-T15 0.79° CAINT7
"IC PoomPP ALN AOATEE 0707 £k aoAh ATTFAU0NTETT49°
PUNI° PANLHSL I°Cavd- O.MPT MO AUNTE AZLTLOATNT AS @ k7
NoP hdAhe 17T ATLRIPTAN TIICEANAMPAL A WAL Naot2Tav $o
Chmettr v 070005 0RLDD oo AFTTHLAAY:0ARY OHY TS
AT L PLE aolP'y7 04CT1% KL DIMAV-::

AL ¢+
T 2000 LUT U NCTISHN N9°C9°¢- AL NN oplB AG PLI° Gov-§
Aaotml OTIICF AV

471 +7

+AF4s

Annex 5: - Questionnaire

Card NO oo

Part I: Questionnaire for Female Breast Cancer Patients
1. Age.

2. Residence A. Urban B. Rural
3. Region:
4. Anthropometric measurement:
A. Weight: (in kg)
B. Height: (inm
C. BMI (kg/m2)

5. Educational status A. Primary level B. Secondary level C. Diplomaand above D.
Iliterate

6. Menopausal status: A. premenopausal B. postmenopausal
7. Do you drink alcohol? A. Yes B. No

If yes, how much in volume do you drink per day?

8. Cigarette smoking: A. Yes B. No C. quitted smoking,

If yes, how much in per day? specify , if quitted when?

9. How old you were when you first menstruating?

10. Are you menstruating? A. Yes B. No
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11.

12.
13.
14.

15.

16.

17.

18.

19.
If yes, specify how many time per day

20.

21.

If yes,

If yes, currently are you on? A. the first 7days B. The second 7day C. At
ovulation/exact 14 day D. post ovulation/14-21days
Do you have children? A. YesB. No

If yes how old you were when you bear your first child?

When were you examinedbreast cancerfor first time?A. <3 month B. 3month -
5yrsC.>5yrs

Which type of breast cancer do you have? A. ER+ B.PR+C. Others D. not
classified

Specify Clinical stage:

Did you take any Radiation therapy, Surgery orChemotherapy with related to
ovarybreast cancer, colorectal cancer and other organ disease? A. Yes B. No

If yes, specify
On which type of hormonal therapy you are? A. Tamoxifen B. Aromatase
inhibitor C.Other

When did you start treating with tamoxifen or aromatase inhibitor? A. < 3 month
B. 3 month-5yrs. C. > 5yrs. Specify the exact day / /
Do you have any illness in past? A. yes B. No

If yes, specify types of illness and medication
If the BIM >25, do you take any medication to reducing obesity problem?
A. Yes B. No

Do you do physical exercise? A. yes B. No

.Did you get the chance to determine your serum estrogen and progesterone level
with related to disease diagnosis? A. Yes B. No
If yes, specify the disease and hormone

Do you take any hormonal replacement therapy/contraceptive at this time? A.
Yes B. No
specify type of contraceptive
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Part I1: Questionnaire for Control Group

1. Age.

2. Residence A. Urban B. Rural

3. Region:

4. Anthropometric measurement:

A. Weight: (in kg)

B. Height: (in m)

C. BMI(kg/m2)

5. Educational status A. Primary level B. Secondary level D. Diploma and above E.
Iliterate

6. Menopausal status: A. Premenopausal B. Postmenopausal

7. Current alcoholuse:  A.Yes  B.No

If yes, how much volume in glass per day? Specify

8. Cigarette smoking: A.Yes B.No

If yes, how much in per day specify

9. Are you menstruating? A. Yes B. No

If yes, currently are you on? A. The first 7days B. The second 7day C. At

Ovwulation /exact 14 day D. Post ovulation/14-21days

10. Do you have the chance to examine breast cancer? A. yes B .No

If yes, specify the time
11. Did you take any Radiation therapy, Surgery or Chemotherapy with related
to ovary, breast cancer, colorectal cancer and other organ disease? A. Yes B. No

If yes, specify
12. Do you have any illness in past? A. yes B. No

If yes, specify types of illness and medication
13. If the BIM > 25, do you take any medication to reducing obesity problem?

A. Yes B. No

14. Do you do physical activity? A. yes B. No

If yes, specify how many time per day?
15. Did you get the chance to determine your serum estrogen and progesterone
level with related to disease diagnosis? A. Yes B. No

If yes, specify the disease and hormone,

16. Do you take any hormonal replacement therapy/contraceptive at this time? A.
Yes B. No If yes, specify type of contraceptive
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Annex6: Questionnaire in Amharic

+7

nCLeLTC

e 1: AGPHT me OHET ¢+HDE aomed

1. AL

2. PONL ULF  U. ao@N& P9 THTA N. oo@AL PHov’T
3. alh aAv7 £4L0 POC AN £ U. h? A. hAGI°

A2 ha- NHFF @ PoC ana 0-LF @0t 192
U. NaoCaol@. A. POC ANO hoo M N173A AOD AVHFo- 7 o-0T

. hooM (1A 145@- +7 AL oo, hooM (V1A D14-215@ +7 @-O0T

4. m-P 7 hrbaolavd. 9°% PV IR PTIA?

V. h3 oC Nét+ A h3 oC ath 5 Yoot L0 @-0T . h5 Gao (1AL
5. 9°7 927 ml WINC MNJ 10 PANDLA?

V. aFCET LOTHC Z7HEN A TCENFCT SOTHC 116N dh. A
9241

av. hivHAeo®

6. v N1 ANTFL anldC V9°S LTS VAI°G AS hLI°TeT ONEPA?
V. h® . AAOONLN-9°

7. CTE® ACIPSAN T¢-T. oo &' 10 PoLONS T2

U. 3L9°0é7 . ACTTEHATLNAC

8. PACI°SA T¢T hh9°S nttA hfooét 9°7 A 1H SIPIPIA?
V. h3 oC Né+ A. h3 @C ahhh 5 9oot 10 @-0T  h. h5 9aot DAL
TanAT @7 G P77 MACAE APMC 294

9. hiLv N&T9° 1 U7 9°39° G2 N SR hEam-P9°?

V. h® . hED-PI°

AP A 9°7 9et Nl iooE AG 9°7 9L oo tmMPar P
NIAO-A7

10. v Né&F A5 ®9° N3 HNde ANFCE? A TCENHCT aomyy
+avC9°L @-LM- N7

U. h¥? A. Ad@-PI°

AL N HFAnAT o7 L (L1IABAT

11. NAUT 0 2775 079° PONLE avdMMée av &5 ONLD- PO-PN?

U. h¥? A. A\@-PI°
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+7
WCLRTC
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