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Abstract

Background: Breast cancer is considered a global problem of health that
affects the breast. Tamoxifen which is non-steroidal selective estrogen
receptor modulator. It is considered standard adjuvant therapy and widely
used endocrine therapy for a patient with steroid hormone receptor-positive
breast cancer. CYP2C19 plays an essential role in forming a proportion of
tamoxifen metabolites including converting 4-OH-tamoxifen to endoxifen.
Pharmacogenomics studies the impact of the individual's genome on
response to medication and describes how genes influence the metabolism of

drugs.

Aims of the study: The aim of present study is to identify the single
nucleotide polymorphism of (G >A, rs4986893) and (C >T, rs11188072) ina
sample of lragi breast cancer women and to investigate the effect of

CYP2C19 genetic polymorphisms on tamoxifen therapy response.

Patients and methods: This is across-sectional observational study
carried out at Imam AL-Hussein Medical City/Oncology center in kerbala and
laboratories of College of Pharmacy / University of Kerbela . The study was
conducted on total 100 females Iragi women aged 45-65 years with
(Esterogen and /or Progesteron- receptor positive breast cancer, taken
tamoxifen tablet 20 mg daily dose at least 3 months were included without

any diseases.

Results: The obtained results from this study have detected multiple

genotypes of CYP2C19*3(G > A, rs4986893) alleles that include wild type
(GG), homozygous mutant type (AA) and heterozygous mutant type (GA)

XIX



genotype, while for CYP2C19*17 (C > T, rs11188072) wild type (CC),
mutant type (TT) and heterozygous mutant type (CT) also detected in Iraqgi

breast cancer patients participated in this study. The serum levels of estradiol
(E2), tumor marker (CA15.3), vitamin D3, calcium and lipid profile showed
non-significant association (p>0.05) with the studied SNPs of CYP2C19.

Conclusion: The current study concluded that genetic variation in phase |

metabolizing enzyme CYP2C19 not contribute to variability in response to

tamoxifen therapy in a sample of breast cancer Iragi women.
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Chapter One Introduction

1. Introduction

1.1 Breast cancer

Breast cancer is atumor disease; its pathogenesis mainly related to
estrogen.It is the most common neoplastic disease in women worldwide and

Is the main cause of cancer death in women (1).

Breast cancer most commonly develops in cells lining the milk ducts and

the lobules that supply the ducts with milk(2).
1.1.1 Epidemiology

Numerous studies have found that Iragi women are more likely than their
Western counterparts to develop breast cancer at a younger age, in advanced
stages and with aggressive behavior. The latest annual report of the Iraqi
Cancer Registry (ICR) for the year 2019 indicated that breast cancer has
increased in the last two decades and has become the first among the top ten
malignancies affecting society (19.7%) , followed by bronchi and lungs, while
cancer-related deaths are due to bronchi and lungs (16%), breast (11.3%), and
leukemia (8.6%) (3).

Breast cancer is a serious disease that spreads and causes significant
physical illness. Data collected in worldwide estimated that breast cancer had
a higher incidence of 287,850 new cases (representing 31% of all cancers)
compared to lung cancer's 118,830 cases (13%), despite the fact that lung
cancer's mortality rate is 21% (of all cancer deaths) , breast cancer deaths
which is 15% (4) .Breast cancer incidence trends vary by country, due to

ethnicity, cultural and geographical difference (5).

Breast cancer rates are high in developing Middle Eastern countries such
as Egypt, Lebanon, Syria, Jordan, Iran, Iraq and Saudi Arabia. Although the
incidence of breast cancer in the Middle East is lower than in Western

countries, ranging from 22 to 71/100,000 women. Women aged 40-49 years
1
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accounted for nearly a third of all breast cancer diagnoses in the Eastern
Mediterranean Region (EMR).The incidence of breast cancer is highest in
Asia Premenopausal women in their 40s, while in Western countries it peaks
among postmenopausal women in their 60s (6).Whereas, western countries
have higher incidence rates of breast cancer with stable and declining

mortality rates (7).
1.1.2 Pathogenesis

Normal breast development is controlled by specific genes and signaling
pathways that control cell division, death, differentiation, and motility.Genetic
dysregulation of multiple signaling pathways leads to the formation of
primary tumors and metastases. The metastatic cascade is a multi-step process
that includes invasion of local tumor cells, entry into blood vessels, exit of
malignant cells from circulation, and finally colonization in distant organs (8).
Loss of control of apoptosis causes cancer cells to survive longer, gives more
time for mutation accumulation, stimulates angiogenesis, increases tumor

invasion, and dampens cell proliferation and differentiation (9).

There are two types of breast tumors: benign and malignant. The most
common type of benign form (fibroadenoma) is caused by abnormal growth
of cells in the ducts of the breast, causing a bump that is unusual and does not
appear to spread to other parts of the body, which is usually removed by
surgery. Whereas in malignancies (Invasive ductal carcinoma, and Invasive
lobular carcinoma) when left untreated, cancer cells can metastasize beyond

the breast to the lymph nodes, bone, brain, lung, and liver (10).

The development of breast cancer is caused by mutations in BRCAL or
BRCAZ2, which are tumor suppressor genes. Cells that lack BRCA1 function
are unable to arrest in the G2 phase of the cell cycle after DNA damage.
BRCAZ2 deficiency is responsible for the error of chromosome segregation

;thus after several divisions, chromosomal abnormalities develop (11).

2
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Estrogen is essential for the normal growth and growth of breast tissue. It
Is also considered a significant risk factor for breast cancer when exposed to a
high level of estrogen(12).Estrogen is a phenolic steroid hormone produced
by ovaries and secreted into the blood and also produced peripherally in cells
expressing the aromatase enzyme, has lipophilic nature that allows it to pass
through cell membranes; estradiol (E2), oestrone(E1) and oestriol(E3) are the

primary physiological estrogen form(13).

Estrogen signals through its two receptors (ERa and ERp), but only ERa is
essential for the development of the breast and activates proliferative
signalling in common and breast cancer. In contrast ERP generally
antagonizes ERa in the breast(14).Two mechanisms involved in the

carcinogenesis of estrogen:

A- Receptor dependent: estrogen receptor (ER) mediated stimulation of breast
cell proliferation through stimulating transcription of genes involved in the
proliferation of cells with a concomitant enhanced rate of mutations(during
mitosis for each cell cycle, a new DNA synthesized and there is the point of
mutation if not repaired as the process can lead to the development of breast
cancer)(15)

B- Receptor independent: because estrogen contains aromatic A-ring, it
undergoes oxidative metabolism by CYP1B1 which is present in breast tissue
resulting in the formation of unstable genotoxic metabolite 3,4-quinones that
form adducts with amino acid bases of DNA (adenine and guanine) can result

in a point of mutation(16).

Overexpression of the human epidermal growth factor receptor-2 (HER2)
predisposes to poor differentiation, high-grade tumors, increased rates of cell
proliferation and lymph node involvement, and relative resistance to certain

types of chemotherapy and endocrine therapy. This led to a poor prognosis
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due to increased invasion and metastasis as well as increased vascular activity
7).

1.1.3 Clinical presentation

The main presentation of breast cancer is typically a lump that is different
from the rest of the breast tissue, while other presentations include: one breast
becomes bigger or smaller and changes in the position or shape of the
nipples, skin dimpling, nipple discharge, pain in part of the breast or swelling
beneath the axilla(18).

Breast cancer can present as a metastatic disease. Common sites of
metastasis include bone, liver, lung and brain. Symptoms depend on the site
of metastasis and may include weight loss, fever, bone pain, jaundice or

neurological symptoms(19).
1.1.4 Risk factors

Risk factors are things that will increase the probability of developing BC

condition in women (20) , which include:
1.1.4.1 Gender

Unlike men, who present insignificant estrogen levels, women have breast
cells which are very sensitive to hormones (estrogen and progesterone in

particular) and any change in their balance (21).

Changes within the physiological levels of endogenous sex hormones
result in a higher risk of breast cancer in the case of premenopausal and
postmenopausal women (22) (23). Less than 1% of all breast cancers occur in
men ; breast cancer in men is a rare disease that at the time of diagnosis tends

to be a more advanced condition than in women (24).
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1.1.4.2 Age

Besides sex, ageing is one of the important risk factors for breast cancer
as the incidence of the disease largely increases with age. About 80% of
patients with breast cancer are individuals aged >50 years, while at the same

time, more than 40% are more than 65 years old female (25)(26).
1.1.4.3 Family history

About 13-19% of patients diagnosed with breast cancer are those of a
first-degree relative affected by the same condition. The risk of breast cancer
significantly increases with the number of first-degree relatives affected. The
risk is higher when the affected relatives are at younger age dignosis
(27)(28).The incidence rate of breast cancer is significantly higher in all
patients with a family history despite their age(29).Many genetic mutations
were reported to be highly associated with increased risk of breast cancer.
There are two significant genes characterized by BRCAL1 (located on
chromosome 17) and BRCAZ2 (located on chromosome 13) they are primarily

linked to elevated risk of breast carcinogenesis (30).
1.1.4.4 Breastfeeding

Breastfeeding mother for two years will reduce breast cancer risk , so
breastfeeding has a protective effect. A possible explanation for this effect is
that prolonged breastfeeding will cause ovulatory suppression reduce the
exposure of breast cells to the reproductive hormone by reducing women total

number of lifetime menstrual cycles (31).
1.1.4.5 Lifestyle factors

Modifiable risk factors including the excessive use of alcohol, obesity and
physical inactivity account for 21% of all breast cancer deaths worldwide
(32).
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1.1.4.5.1 Obesity

Obesity might be a reason for greater mortality rates and a higher
probability of breast cancer(33).Poorer clinical outcomes are primarily
obtained in females with BMI 25 kg (34).

Postmenopausal women tend to be poorer clinical outcomes due to
excessive fat volume(35).This association is mostly intensified in obese
postmenopausal females who tend to develop estrogen-receptor-positive

breast cancer (36).
1.1.4.5.2 Physical activity

Regular physical activity is a protective factor from breast
carcinogenesis(37).Because physical activity will reduce body fat, decrease
the peripheral conversion of androgens to estrogens through the enzyme
aromatase and increase sex hormone-binding globulin so that reduce the total

amount of free circulating estrogen(38).
1.1.4.5.3 Smoking

Cigarette smoking and exposure to smoke can increase the hazard for BC
and worsen survival outcomes; a longer smoking history is an additional risk

factor found in females with a family history of breast cancer(39)(40).
1.1.4.5.4 Alcohol consumption

Excessive alcohol consumption was linked to the risk of breast cancer. The
explanation for this association ; increased levels of circulating estrogens
induced by alcohol intake through suppression of hepatic estrogen
metabolism and by enhancing the conversion of androgens to estrogen . Thus,
hormonal imbalance affects the risk of carcinogenesis within the
female(41).Alcohol intake results in excessive fat gain with higher BMI

levels that will increase the condition of risk(42).
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1.1.5. Types of breast cancer

Depending on histological appearance, breast cancer is initially divided
according to its originated lesion from either the ductal epithelium or lobular
epithelium(43).

1.1.5.1 .Non-invasive breast cancer

It is a type of cancer that has not extended away from the lobular ducts

where it is situated(44). Atypical cells have not extended to tissues outer

the lobules or ducts; they can progress and grow into invasive breast cancer.
Non-invasive breast cancer, includes: Ductal carcinoma in situ is the most

general non-invasive breast cancer limited to the breast duct(45).

Lobular carcinoma in situ is identified as non-invasive breast cancer that

has developed into breast lobules(46).
1.1.5.2 . Invasive breast cancer

It exists when abnormal cells within the lobules or milk ducts split out
into proximity to breast tissue(47). Cancer cells can pass through the breast to

different body parts through an immune system or systemic circulation(48).
1.1.5.2.1. Invasive lobular carcinoma

Infiltrating lobular carcinoma is also recognized as invasive lobular
carcinoma. It originated in the breast's milk glands (lobules) but frequently

extended to other body areas(49).

1.1.5.2.2. Invasive ductal carcinoma

Infiltrating ductal carcinoma is also recognized as invasive ductal
carcinoma. It originated in the breast milk ducts and extended to the duct
wall, invading the breast fatty tissues and probably other body parts. It is
considerd as a most prevalent type of invasive breast cancer account for about
up to 75% (50).
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1.1.5.3. Inflammatory breast cancer

Inflammatory breast cancer is the form of swollen breasts (red and
warm) with dimples and broad ridges because cancer cells block lymph
vessels or channels in the skin over the breast. Inflammatory breast cancer is

uncommon and extremely fast-growing(51).
1.1.6. Prognostic factors

Prognostic factors can be defined as those that measure at the time of
diagnsois, which are related to disease-free or overall survival and can

frequently be used to expect the nature of the tumor (52).
1.1.6.1. Hormonal receptors

Estrogen is one of the successful tumor markers and important diagnostic
biomarkers of female breast cancer, as approximately 70—75% of invasive
breast carcinomas that are characterized by significantly enhanced ER
expression(53)(54).ER is a member of the family of nuclear steroid
receptors(55). ER expression is also a predictive factor—patients with high

ER expression usually present significantly better clinical outcomes(56).

A relationship was observed between ER expression and the family history
of breast cancer, which facilitates the utility of ER expression as a diagnostic

biomarker of breast cancer, especially in cases of familial risk(57)(58).

The progesterone receptor is a member of the family of nuclear hormone
receptors that bind distinct to progesterone(59). ER and PR are abundantly
expressed in breast cancer cells and both are considered diagnostic and

prognostic biomarkers of breast cancer (especially ER-positive ones)(60).
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1.1.6.2. Human Epidermal Growth Factor Receptor 2 (HER?2)

It is a member of tyrosine kinase receptor type and is involved in several
regulatory pathways in breast proliferation, survival, cell motility and
invasion. It is an essential prognostic factor for outcomes in both node-
negative and node-positive and a predictive factor in proper choice

management with breast cancer patients(61).

HER2 amplification leads to further over-activation of the pro-oncogenic
signalling pathways leading to uncontrolled growth of cancer cells, which
corresponds with poorer clinical outcomes in the case of HER2-positive

cancers(62).

1.1.6.3. Tumor nodes and metastasis classification of breast

cancer

Tumor node metastasis classification describes the size of the tumor (T):
TO (no evidence of tumor), T1 (the invasive part of the tumor has size < 20
mm), T2 (the invasive part of the tumor is 20-50 mm), T3 (the invasive part
>50mm) and T4 (the tumor has grown into the chest wall and skin with signs
of inflammation). Lymph node status (N): NO (no cancer cells are found in the
lymph nodes); N1(cancer has spread to three nodes); N2 (cancer has spread to
four to nine nodes); and N3 (cancer has spread to >10 nods) and distant
metastasis presence (M): MO (cancer has not metastasized); and M1 (there is

an evidence of metastasis to another part of the body)(63)(64).
1.1.6.4. Stages of breast cancer

Breast cancer staging is essential in local and systemic treatment
determination and provides prognostic information (65). There are four stages
of breast cancer depending on the TNM system that includes: stage 0, which

indicates apre-cancerous, either ductal carcinoma in situ or lobular carcinoma
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in situ. Stages 1-3 are within the breast or original lymph node and stage 4 is

considered metastatic cancer with a poor prognosis (66).
1.1.6.5. Histological grade

The histological grade is a measure of the differentiation of breast cancer.
Grading can describe the breast cancer cell as a low grade which means well
differentiated; intermediate grade which means moderately differentiated and

high grade which means poorly differentiated(67).
1.1.6.6 Tumor marker

A tumor marker is a biomarker found in blood, urine or body tissues that
can be elevated by the presence of one or more types of cancer. It is produced
either by the tumor itself or the host in response to a tumor(68). The tumor
marker recommended for use in practice includes CA 15.3, CA27.29, and

Carcinoembryonic antigen (CEA)(69)
1.1.6.6.1 Cancer antigen 15.3

Cancer antigen (CA) 15.3 is a carbohydrate-containing protein antigen
called mucin (MUC). CA 15.3 belongs to the MUCL1 family. The MUCL1 gene
Is found in several tissues and is overexpressed in BC allowing the use of
gene product CA 15.3 as tumor marker for breast cancer. CA 15.3
concentrations in the blood can be used for screening breast cancer and other

malignancies including pancreatic, lung, ovarian, colon and liver (70)(71).
1.1.6.6.2 Cancer antigen 27.29

Cancer antigen 27.29 is a carbohydrate-containing protein antigen that
serves as a tumor marker for breast cancer. CA27.29 can also be found in
patients with other malignancies or benign breast, liver and kidney disorders
and in patients with ovarian cysts. It is also called breast carcinoma-associated
antigen(72).
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1.1.6.6.3 Carcinoembryonic antigen

Carcinoembryonic antigen (CEA), which belongs to a family of related
cell surface glycoproteins is the most widely used tumor marker for
colorectal, gastrointestinal, lung and breast cancer. Continuous rising level of
CEA in breast cancer may be explained either that cancer is not responding to

treatment or recurrence after treatment(73).
1.1.7 Detection and Diagnosis

1.1.7.1 Mammography

Mammography is considered the standard gold test for the early detection
of breast cancer in women; it helps to find lumps in dense tissue and gives
two-dimensional images that can be easily stored and transmitted to
radiologist for opinion(74). Many factors affect mammographic accuracies
such as breast tissue density. A woman with higher breast density is related

to decreased mammography sensitivity(75).
1.1.7.2 Magnetic resonance imaging

MRI has been considered an appropriate screening method for breast
cancer detection for many years. It is a technology based on magnetic fields.
The sensitivity of MRI is more than mammographic while the specificity of
mammographic is higher(76).
1.1.7.3 Ultrasound

Ultrasound permits physicians to display breast tumors not measured by
long-established mammography(77).Ultrasound breast imaging shows the
size and position of tumor whether filled with fluid or solid and needs to be

biopsied to rule out cancer. This examination is characterized by quickly

becoming a routine procedure for diagnosing lumps in young women(78).
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1.1.8 Management

Breast cancer management aims to preserve the quality of life with
prolonged life expectancy. Patients with early breast cancer choose therapy
dependent on tumor size, the feasibility of surgery and clinical phenotype
(79).

1.1.8.1 Surgery

Surgery is the most local management strategy for a female whose breast
cancer has not extended to different areas of the body and is the choice for the
complex stage of the condition. There are two major types of surgical

procedures breast-conserving surgery (BCS) and mastectomy(80).

BCS also called (partial/segmental mastectomy or Lumpectomy) is wide
local excision, removal of the cancerous tissue with simultaneous preservation
of intact breast tissue. The mastectomy involves the removal of part of the
breast and the axillary lymph node without the removal of muscle so, this

procedure is more famous(81).
1.1.8.2 Radiation therapy

Radiation therapy is an adjuvant treatment for most BC after
lumpectomy or mastectomy to reduce the chance of recurrence. Radiation
therapy involves using high-energy X-rays or gamma rays that target a tumor
or tumor site. It effectively kills cancer cells that may remain after surgery or

recur when the tumor is removed(82).
1.1.8.3 Chemotherapy

Chemotherapy is a systemic treatment of BC and chooses the most
appropriate one according to the characteristics of the breast tumor can be
provided intravenously or orally like(paclitaxel,cyclophosphamide and 5-

fluorouracil) (83). Chemotherapy is considered effective, it has several side
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effects like: hair loss, nausea/vomiting, diarrhea, mouth sores, fatigue |,

increased susceptibility to infections and bone marrow suppression(84).
1.1.8.4 Biological Therapy

Biological therapy (targeted therapy) can be provided at early stage of
breast cancer therapy—before surgery as neoadjuvant therapy or adjuvant
therapy. Biological therapy is quite common in HER2-positive breast cancer

patients major drugs including ( trastuzumab and pertuzumab)(85).
1.1.8.5 Hormonal (Endocrine) Therapy

Endocrinal therapy aims to lower estrogen levels or prevent breast cancer
cells from being stimulated by estrogen. Estrogen and progesterone are
essential in regulating breast tissue growth and differentiation both steroid
hormones are mainly generated in the ovaries and exert their cellular
consequences by binding to and activating specific nuclear receptors (ERs and
PRs)(86). About 60% of premenopausal women and 75% of postmenopausal
females are estimated to have breast cancer hormone (estrogen and/or

progesterone) receptor-positive tumors(87).
1.1.8.5.1 Selective estrogen receptor degraders

Fulvestrant is a SERDs agent, a highly insoluble compound with poor oral
bioavailability and a short intravenous half-life therefore must be given

intramuscularly(88).
1.1.8.5.2 Aromatase inhibitors

Aromatase inhibitors (Als) are antiestrogenic compounds that aim to
lower estrogen levels which includes (letrozole, anastrazole and exemestane).
In postmenopausal women, estrogen is no longer released by the ovary. It is
mainly synthesized from non-glandular sources by an enzyme called
aromatase that can be found in many tissues such as fat, liver, muscle and in

breast cancer cells(89). So,aromatase inhibiter will reduce both endogenous
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estrogen levels and breast cancer incidence also reduce the endometrial cancer
risk(90).

1.1.8.5.3 Gonadotropin-releasing hormone agonist

Suppression of estrogen in premenopausal females is achieved by
radiation to the ovaries or surgical oophorectomy and by using GnRHa such
as goserelin (Zoladex) that is used monthly as a depot injection which acts by
decreasing the gonadotropins and sex hormones production by the gonads. So

they lower endogenous estrogen production(91)(92).
1.1.8.5.4 Selective estrogen receptor modulators

Selective estrogen receptor modulators (SERMs) are a diverse group of
non-steroidal compounds that function as ligands for ER. SERMs can

selectively act as agonists or antagonists depend on target tissue (93).

The chemical structure of SERMs can be the basis for their classification:
triphenylethylene (tamoxifen), benzothiophenes (raloxifene), phenylindoles

(bazedoxifene,pipindoxifene)and tetranydronaphthalenes (lasetofoxifene)(94).
1.2. Tamoxifen

Tamoxifen sold under the brand name (Nolvadex) is a non-steroidal
selective estrogen receptor modulator. TAM is considered standard adjuvant
therapy and the most widely used endocrine therapy for a patient with steroid
hormone receptor-positive breast cancer(95). Morever 5 years of adjuvant
endocrine treatment has been more effective than 1-2 years of treatment . The
recurrence rate of patients receiving tamoxifen (TAM) increases from 15% at
5 years to 33% at 15 years and cancer mortality increases from 8.3% at 5
years to 26% at 15 years (96).

It was discovered in 1967 and approved by the Food and Drug
Administration in 1977 for treating patients with advanced breast cancer and

later for adjuvant treatment of primary breast cancer(97).
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1.2.1 Mechanism of action of tamoxifen

Estradiol binds to the ER in a target cell, which initiates a chain of events.
The estrogen-ER complex homologs and binds to separate DNA sequences in
regulatory regions of estrogen-sensitive genes known as estrogen response
elements (ERE). The two transcriptional activating functions of the estrogen-
ER complex, AF1 and AF2 interact with other proteins (transcriptional
activators) to stimulate RNA polymerase Il (RNA Polymerase) activity

thereby regulating gene activity(98).

Tamoxifen inhibits estrogen binding to the ER in a competitive manner.
Tamoxifen-ER complex also homodimerizes and binds to an estrogen-
responsive element in estrogen-sensitive genes. Moreover, only AFI remains
active where the inactivation of AF2 reduces the transcriptional activity of the
estrogen-responsive gene and activator binding. As a result, tamoxifen

inhibits the G1 phase of the cell cycle and limits cell growth(99).

1.2.2 Pharmacokinetics of tamoxifen

The usual dose of tamoxifen is (20 mg) daily. Tamoxifen is easily
absorbed following oral administration,with peak plasma concentration 4-7
hours and steady state level attained in 3-4 weeks of treatment. After a single
oral dosage of 20 mg tamoxifen,concentration in breast tissue and lymph

nodes were high exceed serum ratio(100).

Tamoxifen undergoes extensive hepatic metabolism with about 65% of the
dose excreted from the body by the fecal route and mainly excreted as polar
conjugates with the unconjugated metabolites and the unchanged drug

accounting for less than 30% of total fecal excretion(101).
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1.2.3 Pharmacodynamics of tamoxifen

The antitumor effects of tamoxifen are thought to be due to its
antiestrogenic affecting that is mediated by competitive inhibition of estrogen
binding to estrogen receptors(102). Tamoxifen is a prodrug with relatively
little affinity for its target protein, estrogen receptor (ER). It is mainly
metabolized in the liver by the cytochrome P450 isoforms into active
metabolites and other metabolites which have 30-100 times more affinity than
tamoxifen with ER(103)(104).

These active metabolites compete with estrogen for binding to the ER in
breast tissue. These active metabolites act as an ER antagonist leading to the

inhibition of transcription of estrogen-responsive genes(105).

1.2.4 Medical uses
1.2.4.1 Breast cancer
Tamoxifen is mainly used to treat early and advanced estrogen receptor-

positive breast cancer in pre-and postmenopausal females(106).
1.2.4.2 Infertility

Tamoxifen treats infertility in women with ovulatory disorders(107). It
also improves fertility in males by disinhibiting the hypothalamic-pituitary-
adrenal axis and there by increasing the secretion of luteinizing hormone and

follicle-stimulating hormone and testicular testosterone production(108).
1.2.4.3 Gynecomastia

Tamoxifen is used to treat gynecomastia, it is taken as a preventative
measure in small doses or used at the onset of any symptoms such as nipple
soreness or sensitivity(109) . Tamoxifen has become the most frequently used

endocrine in breast cancer of men(110).
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1.2.5 Drug interaction

Many patients are on medications that may interfere with the
effectiveness of tamoxifen such as Antidepressants (paroxetine and
duloxetine) and certain antimicrobials such as (terbinafine and quinidine) that
reduce the effectiveness of tamoxifen Dby inhibiting the conversion of
tamoxifen to its active metabolites by inhibition of the cytochrome P450 2D6
(111)(112)(113).0Other antimicrobials such as; moxifloxacin and ciprofloxacin

may impact cardiac function(114).

1.2.6 Adverse effect

The adverse effect of tamoxifen includes menopausal symptoms (hot
flashes, atrophic  vaginitis, irregular menses), ocular toxicity,
thrombocytopenia or leukopenia and gynecologic complications (endometrial

cancer, endometrial hyperplasia and polyps )(115).
1.2.7 Metabolism of tamoxifen

Tamoxifen is a prodrug extensively metabolized by phase 1 and 2
metabolic pathways in the liver that requires metabolic activation(116). The
primary route of tamoxifen metabolic activation occurs through the
demethylation of tamoxifen to N-desmethyl-tamoxifen (NDtam), which is
catalyzed mainly by (CYP3A4, CYP3A5) with minor contributed (CYP2D6,
CYP1A2, CYP2C9, and CYP2C19) followed by 4-hydroxylation of ND tam
to the active metabolite 4-hydroxy-N-desmethyl-tamoxifen (endoxifen) which
Is generated manily by the action of CYP2D6. Second active metabolite, 4-
hydroxy-tamoxifen(4OH tam) is formed by 4- hydroxylation of tamoxifen .
Endoxifen and 40H tam have ~100 higher affinity to the estrogen receptor
than the parent drug tamoxifen(117).

Previous pharmacological studies indicate that these two active

metabolites may be responsible for tamoxifen's anti-estrogenic effect and

17



Chapter One Introduction

efficacy(102)(118). A significant source of endoxifen variability is attributed
to the activity of CYP2D6, the rate-limiting enzyme in the conversion of
NDtam to endoxifen(119).

He, M_/-Q
Het
HQ
DNA adducts ——
0\ )
<
a-hydroxytamoxifen
sulfate metabolite E
T SULT2A1 T
n,c HQ n,c\? Q
n,o-»_/_ e NI_/—O :(\»_/_
H 0,
H
tamoxifen-N*-glucuronide a-hydroxytamoxifen tamoxifen-N-oxide N,N-didesmethyl-
tamoxifen
FMO3
CYP3A4 FMOLTZ oy ons, 1A1, 3A4
UGT1A4 CYP2B6 and other CYPs CYP3A4/5
CYP2D6 Hb
CYP3A4/5 i
CYP1A1 ne
CYP1A2
phase Il CYPZBS —_— phase Il
metabolites metabolites
CYP2D6 CYP2C19
(2y4-hydroytamoxitenCYP2C19  Tamoxifen  CYP2D6  n desmetnyitamoiten (2)-4"hydroxy-N-
CYP2C9o desmethylitamoxifen
tog CYP3A4/5
u,c-n_/_ ’\
CYP2D6 i3
CYP3A4
CYP2C9 CYP2D6 i
CYP2B6 N
a-| roxy-nN-
(Z)-4- hydroxytamoxlfen UGT1 Cyp2C19 desmetyhyltaéoxifen
N*-glucuronide
HG ”_/—o S ”_/‘°
e “":\N_/'O
UGT2B7 e CYP3A4
UGT1A8 CYP2C19 UGT1A10
+— —lp
UGT1A4 CYP2D6 UGT1A8
H UGT2B15 l
H
(Z)-4-hydroxytamoxifen- (Z)-4-hydroxytamoxifen desn;:t:yldt:\zxﬁgn (Z).end°x|fen.
O-glucuronide / (trans-4-hydroxytamoxifen) [(Z}e: doxifen] SULT1A1 O-glucuronide
WG Q SULT1E1 L o)
He SULT1A1 He'
SULT2A1 CYP1B1
CYP2B6
CYP2C19
'o-g—o nonenzymatic °'H'°
0
(Z)-4-hydroxytamoxifen- (Z)-endoxifen
sulfate W sulfate
H
N-glucuronide ~ €——____ UGT1A10
UGT2B15 O-glucuronide
O-glucuronide -« R — S
sulfate «— 5 :,d ; sulfate
-hydroxy-N-
E)-4-hydroxytamoxifen desmethyltamoxifen
(CIS 4-hydroxytamoxifen) ((E)-endoxifen]

Figure(1.1):Metabolic pat

hways of tamoxifen metabolite(120).

18



Chapter One Introduction

1.2.8 The pharmacogenomics of tamoxifen

Pharmacogenomics studies the impact of the individual's genome on
response to medication and describes how genes influence the metabolism of
drugs(121)(122). Pharmacogenomics uses genetics to optimize drug therapies,
maximize drug efficacy and minimize adverse drug reactions(123).
Pharmacogenomics is a DNA-based test that detects genetic variations

associated with the risk of adverse response or drug response(124).

After standard dosing, there is significant interindividual variability in the
steady-state levels of the two strongest tamoxifen metabolites, 4-hydroxy-
tamoxifen and endoxifen. The majority of these differences can be attributed
to CYP2D6 genetic polymorphisms. There are currently more than 100
variants of CYP2D6 alleles with different metabolic activities(125). The
predicted phenotype allows metabolites to be classified into four groups:
weak, intermediate, extensive and supra metabolite. Patients carrying
CYP2D6 alleles with elevated enzymatic activity had elevated serum levels of
40HTAM and endoxifen. Low endoxifen and N-desmethyl-tamoxifen
concentrations will be expected to be associated with CYP3A4*22,
CYP3A5*3, and CYP3A5*6 polymorphisms indicating reduced or no
metabolic activity(125).

Tamoxifen metabolism is altered by CYP2C19*2 and CYP2C19*17
variant alleles that do not have or increase metabolic activity(126). The
enzymes responsible for the elimination and inactivation of tamoxifen and its
metabolites by conjugating with sulfate or glucuronide may be subject to
significant genetic variation. Patients with breast cancer treated with adjuvant
tamoxifen who had SULTIA1*2/*2 and either UGT2B15*1/*2 or
UGT2B15*2/*2 had a significantly lower 5-year survival rate(127).

Previous studies found that a gene polymorphism of OATP1B1 (the efflux

transporter) resulted in decreased uptake of tamoxifen and endoxifen into
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cells, which may represent a potential therapeutic strategy for the treatment of

breast cancer(128).

Many effectiveness breast cancer treatments including tamoxifen, are
also affected by genetic variants of ABCBL1 (the efflux vector) which will be
critical in the future for development of personalized anti-cancer
therapies(129).

1.3. Genetic polymorphism of CYP2C19

SNPs are mutations that usually occur at 1% or higher frequency. SNPs
can occur every 100-300 base pairs and account for about 90% of all
differences in human DNA. These genotypes affect an individual's ability to

metabolize certain drugs(130).

CYP2C19 gene (cytochrome P450, family 2, subfamily C, polypeptide
19).CYP2C19 enzyme is encoded by the CYP2C19 gene, located on
chromosome 10924 along with the other CYP2C genes in the order of
CYP2C18-CYP2C19-CYP2C9-CYP2C8 from centromere to telomere(131).

CYP2C19 gene is highly polymorphic,CYP2C19 enzyme is a protein of
490 amino acids that binds to substrates that are generally neutral or weakly
essential molecules. The drugs metabolized by the CYP2C19 enzyme are
classified as CYP2C19 substrates; it is an essential member of the CYP450
superfamily, which plays a substantial role in the metabolism of
approximately 10% of commonly prescribed drugs such as proton pump
inhibitors, antipsychotics, antidepressants, and clopidogrel. CYP2C19 plays
an essential role in tamoxifen metabolites including converting 4-OH-TAM
to endoxifen(132).

CYP2C19*3(G>A, rs4986893) gene has a mutation 636G>A in exon 4,
creating a premature stop codon and producing a truncated inactive enzyme,
the *3 allele occurs in 5-10% of Asians (133)(134).
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CYP2C19*17(C > T, rs11188072) gene has two linked mutations, -806C
>T and -3402C >T, with high linkage in the 5'-regulatory region leading to
increasing expression and activity of the enzyme. The *17 alleles are found in
about 4% of Asians and 18-24% of Caucasians and Asians(135)(136).
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1.4 Aims of the study:
e To detect genetic polymorphism in phase | metabolizing enzyme
CYP2C19 of (G > A, rs4986893) and(C > T, rs11188072) in lraqi

breast cancer women taking tamoxifen therapy.

e To identify genetic distribution of CYP2C19 (rs4986893and

rs11188072) genotype between Iraqi breast cancer women .

e To determine the effect of genretic polymorphism of metabolizing
enzyme (CYP2C19) on tamoxifen response in breast cancer women by
measuring serum level of estradiol (E2) and tumor marker (cancer
antigen CA15.3), in addition to lipid profile, vitamin D3 and calcium

levels.
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2. Patients ,Materials and methods
2.1 Patients

This study was across-sectional observational study carried out at Imam
AL-Hussein Medical City/Oncology center in kerbala and laboratories of
College of Pharmacy / University of Kerbela during the period from
September 2021 till February 2022. The protocol of the study was approved
by the Scientific and Ethical Committee of Pharmacy College / Kerbala
University and informed signed consent form was given by each subject after
explaining the nature and purpose of study. The study was conducted on total
100 females Iragi women aged 45-65 years with (ER and /or PR) positive
breast cancer who were taken tamoxifen tablet (20 mg per day) orally at least
3 months were included without any diseases. All precautions have been

taken in clinical settings to prevent infection of COVID-19.
2.1.1 Inclusion criteria

Female patients with breast cancer were receiving 20 mg /day
tamoxifen orally for at least 3 months after using tamoxifen therapy with no

other diseases.
2.1.2 Exclusion criteria

1. Patients  were excluded if they had started tamoxifen therapy
simultaneously with either adjuvant chemotherapy or adjuvant radiation

therapy (or both).

2. Women who were taking inducer drugs (phenytoin ,rifampin and
prednisolone) or inhibitors drugs (cimetidine,ciprofloxacin and erythromycin)

that affect the activity of CYP2C19 enzyme were excluded.

3. Patients with previous history of hepatic disorder or liver surgery, deep

vein thrombosis , pregnant and breast feeding woman were excluded.
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2.2. Materials

2.2.1. Instruments

The instruments that used in this study with their manufacture and

origin are listed in table (2-1).

Table (2-1): Instruments used in this study with their manufacture and

origin.
Instruments Manufacture / Origin
Autoclave LabTek/ Korea

Digital camera

Canon / England

Electrophoresis apparatus

Consort / Belgium

High speed centrifuge

Mikro 200R Hettich / Germany

Hood

LabTech / Korea

Hot plate stirrer

LabTech DAIHAN / Korea

Micropipettes

Eppendorf / Germany

Refrigerator/ freezer (-20 C)

Concord / Lebanon

Sensitive balance

AND/ Taiwan

Thermos cycler (PCR apparatus )

Cleaver / USA

UV trans illuminator

UV-VIS /JAPAN

Vortex mixer

Human Twist / Germany

Water bath

LabTech / Korea
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2.2.2. Chemicals and Kits

Specific chemicals and kits that used in this study are listed in table (2-2).

Table (2-2): Kits and chemicals used in this study with their manufacture

origin.

Kits and Chemicals

Manufacture / Origin

Absolute ethanol

SDI/Iraqi

Agarose BDH / England
CA15.3 Kit Biomerieux / France
Calcium kit Mindray/China

DNA ladder(100 bp)

Bioneer / Korea

DNA extraction kit

Favorgen Bio Tech /China

Estradiol Kit

Mindary / China

Ethidium bromide Sigma/USA

Lipid profile kit Mindray/China
Nuclease free water Promega / USA
PCR master mix Promega / USA

Primers

Macrogen / Korea

Tamoxifen tablet 20mg

AstraZeneca/UK

TBE (Trise Borate EDTA) buffer solution

Bioneer / Korea

Vitamin D kit

Snibe /Germany
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2.3. Methods

2.3.1.Clinical data collection

During the time of blood sample collection ; the data were obtained from
the medical records of consenting patients and from the patients themselves
and these include: age, weight, height, education , workplace, marital status,
breast feeding, family history of breast cancer and number, date of breast
cancer diagnosis, site (left ,right, bilateral), type of breast cancer, stage and
grading, immunhistochemically  status  (ER,PR,HER2),  surgery,
chemotherapy, radiation, presence of osteoporosis, liver disease or any other

diseases ,time on tamoxifen therapy and duration and other drugs used.
2.3.2. Sample collection and analysis

After an overnight fast, blood samples were taken from females who had
signed informed consent. About 6 ml of venous blood were withdrawn from
all females contributed in this study. Two ml of blood was placed in EDTA-
tube for molecular analysis and three ml was placed in gel tube. Serum was
obtained after centrifugation of blood at 3000 rpm for 10 minutes to separate
serum.The serum was used for measuring estradiol, tumor marker (CA15.3),

lipid profile, calcium and vitamin D3 levels.
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2.3.3. Genetic analysis

2.3.3.1. DNA extraction

Genomic DNA was extracted from blood sample as stated by the protocol

Favorgen for blood genomic DNA extraction kit. The following method was

used for DNA isolation from blood:

1.
2.

10.

11.

back again to the collection tube.

About 200 pul of blood was transferred to a 1.5ml microcentrifuge tube .
We added 30ul of proteinase K to the sample and briefly mix then
incubated for 15 minutes at 60°C.
About 200ul of FABG buffer was add to the sample and mix by vortex
and incubated in a 70°C water bath for 15 minutes to lyse the sample.
We added 200 pl of 100% ethanol to the sample and vortexed for 10
seconds.
FABG column was placed to the collection tube.
The sample mixture was transferred carefully to FABG column and
centrifuged it at speed 14,000 rpm for 1 min.
The mixture in the collection tube was discarded and the FABG column
was placed to a new collection tube.
About 400 pl of W1 buffer was added to the FABG column and then
centrifuged at speed 14,000 rpm for 1 min.
The flow through was discarded and then the FABG column was placed
back again to the collection tube.
About 600 ul of wash buffer was added to the FABG column and then
centrifuged it at speed 14,000 rpm for 1 min.

The flow through was discarded and then the FABG column was placed

12.The dry FABG column was placed to a new eppindrof tube.
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13.Preheated Elution buffer(100 ul) was added to the membrane center of
FABG column and then centrifuged it at speed 14,000 rpm for 1 min to elute
the DNA.
14.The DNA was collected and long term stored at -20 °C (deep freezing).

2.3.3.2. Polymerase chain reaction

Polymerase chain reaction is the process that involves DNA regions
replication through using an enzyme DNA polymerase which permits
amplification of desired DNA fragments from one molecules to several
million copie . Many requirements need to proceed PCR reaction such as two
primers which are complementary to the target DNA one primer bind to each
side of DNA and between them the desired DNA sequences will be amplified.
There are three main steps for any PCR that are cycled about 25-45 times,

which include:

A. Denaturation: this step occurs at 94-95°C and requires decoding of

double strand DNA into single strands.

B. Annealing: this step occurs at 55-65°C, the reaction begins by stiffen the
pair of short oligonucleotide sequences to the ends of the strands of DNA

template.

C. Extension: this step occur at 72-74°C, it needs extension of the primers to
form new strand complementary to the template table and this happens in the

presence of DNA Taq polymerase.

In addition to DNA templet and primers there are other components which
are essential for techniques include DNA polymerase (Tag polymerase),

deoxy nucleotide tri-phosphates and buffer solution((137).

There are several polymerase chain reactions (PCR) techniques differ in
the principle. This study use Amplification refractory mutation system

(ARMS-PCR) technique use: refers to mutation detection method based on
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specific PCR primers and also called amplification of specific alleles, in
which specific set of primer; two forward primers (forward wild and forward
mutant type) and two reveres primers which are complementary to the DNA

template which include the region to be amplified(138).
2.3.3.3 Primers design

Polymerase chain reaction was performed using a specific primer pairs
designed for CYP2C19*3(G>A) (rs4986893) alleles and CYP2C19*17 (C>
T)(rs11188072)alleles using primer blast software and depending on NCBI
database. The primer sequences are shown in tables (2.3) and (2.4)
respectively.

Table (2.3): Primers sequences of CYP2C19*3(G>A)(rs4986893) genetic
polymorphism.

Primer sequence (5°-3°) Primers Product size
CTCCATTATTTTCCAGAAACGTTTCAT O-F 258 bp
TGCCATCTTTTCCAGATATTCACCC O-R 258 bp
AGGATTGTAAGCACCCCCGGA I-F allele A 180 bp
AAAAAACTTGGCCTTACCTGGCTCC I-R allele G 124 bp

Table(2.4): Primers sequences of CYP2C19*17(C>T)(rs11188072 )genetic

polymorphism.

Primer sequence (5°-3°) Primers Product size
GGCACAATCCATGAAATAAAGAAT O-F 408 bp
AATAGTTCTCCTTGCTGCATATCC O-R 408 bp
AACGGGTCTGAACAGACCCT I-Fallele T 200 bp
TTTGGTATCTGTATGTCTTCTTGGTG I-R allele C 256 bp
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Lyophilized primers were dissolved with a specific volume of nuclease
free water to obtain primary concentration of (100 Pmol/uL) (as stock
solution). Table (2.5) and (2.6) represent the volume of nuclease free water to

each primer to obtain 100 Pmol/pL.

Table (2.5):The volume of nuclease free water added to each primer of
CYP2C19*3(G> A,rs4986893) to obtain 100 Pmol/pL.

Primers of CYP2C19*3(rs4986893) Volume of nuclease water added (uL)
O-F 250
O-R 250
I-F allele A 250
I-R allele G 250

Table (2.6): The volume of nuclease free water added to each ‘primer of
CYP2C19*17 (C>T) (rs11188072) to obtain 100 Pmol/pL.

Primers of CYP2C19*17 (rs11188072) Volume of nuclease water added(pL)
O-F 250
O-R 250
I-Fallele T 250
I-R allele C 250

For working solution, 10uL of stock solution was diluted with 90 ul of
nuclease free water to get (10 pmol/ uL) as final concentration (working

solution) the primer kept in -20 °C until farther use.
2.3.3.4. Polymerase chain reaction optimization conditions

Optimization of polymerase chain reaction was attained after several

trails.
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2.3.3.4.10ptimization of CYP2C19*3(G>A,rs4986893) genetic

polymorphism conditions.

CYP2C19*3(G>A rs4986893) optimization of PCR conditions was prepared
by using:

s Different volumes of primers (1uL, 0.5 puL)

s Different annealing temperatures (63.3°C,65.8°C)
s Different volumes of DNA sample (3 uL,5 pL)
The best results of this SNP were obtained in the following conditions:
A. 1 ul of outer forward primer

B 1 ul of outer reverse primer

C. 1 ulof inner reverse primer

D 1 ul of inner forward primer

E. 3 ul DNA sample

F. 12 pl Master mix

G. 6 pl nuclease free water

2.3.3.4.2 Optimization of CYP2C19*17 (C> T) (rs11188072) genetic

polymorphism conditions.

CYP2C19*17 (C> T) (rs11188072) optimization of PCR conditions was
prepared by using:

< Different volumes of primers (1 pL.1.2 pL)

s Different volumes of DNA sample (3 uL, 5 pL)

% Different annealing temperatures (55.7°C, 60°C)

The best result of this SNP was obtained in the following conditions:

A. 1.2 ul of outer reverse primer
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B. 1.2 ul of outer forward primer
C. 1.2 ul of inner forward primer
D. 1.2 ul of inner reverse primer

E. 3 ul DNA sample

F. 12 pl Master mix

G. 5.2 ul nuclease free water

A total volume of reaction was (25 uL) which centrifuged at 2000 rpm for 10
seconds in a micro centrifuge for mixing the sample tubes and then placed in

thermocycler.
2.3.3.5. Running and working solution of PCR
2.3.3.5.1. ARMS-PCR running and working solution

For CYP2C19*3(G > A) (rs4986893) ARMS-PCR working solution was

prepared as the following :

 Tul of 10 poml/uL from each outer forward and outer revers primer, 1uL of
10 pmol/ pL from each inner forward and inner reverse primer, and 3uL of

extracted DNA in PCR premix tube
* The volume was completed to 25 uLL with nuclease free water.

* The thermal program For CYP2C19*3(G > A) (rs4986893) demonstrated in
table (2.7).
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Table (2.7): PCR thermocycler program for for CYP2C19*3(G > A)
(rs4986893) polymorphism.

Steps Temperature (°C) Minute:second Cycles
Initial denaturation 95° 05:00 1
Denaturation 95° 00:30
Annealing 65° 00:35 35
Extension 72° 00:55
Final extension 72° 05:00 1

For of CYP2C19*17 (C>T) (rs11188072) ARMS-PCR working solution

was prepared as the following :

. 1.2 pl of 10 poml/uL from each outer forward and outer revers primer,
1.2puL of 10 pmol/ pL. from each inner forward and inner reverse primer, and

3uL of extracted DNA in PCR premix tube
. The volume was completed to 25 uL. with nuclease free water.

. The thermal program for CYP2C19*17 (C > T) (rs11188072)
demonstrated in table (2.8)

Table (2.8): PCR thermocycler program for CYP2C19*17 (C > T)
(rs11188072) genetic polymorphism.

Temperature )
Steps . Minute: second Cycle
(°C)

Initial denaturation 95° 05:00 1

Denaturation 95 00:30

Annealing 57° 00:35
Extension 72° 00:55 35
Final extention 72° 05:00 1
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2.3.3.6. Agarose Gel Electrophoresis

1. Agarose gel 1.5% was prepared by dissolving 0.5 gm of agarose powder
was put in beaker, and then 5SmL of 10 X TBE buffer (tris- borate-EDTA) and

45 mL of distilled water was added.

2. The mixture was warmed on hot plate, and left for few seconds when the

mixture began to boil.
3. The solution was left to cool and 3uL of ethidium bromide was added.

4. The comb was fixed on one end of the tray to make holes where the

samples were loading.

5. After the agarose solution had poured to tray, it has been left to congeal at
25T.

6. The comb was removed lightly away from the tray.

7. The try was stabled into the device chamber, and the chamber was filled
with 1X TBE buffer.

8. One of the wells of agarose gel was loaded with 5 ul of DNA ladder
9. While the others were loaded with 5 pl of each PCR products.

10. The voltage of the electrophoresis apparatus was adjusted at 45 volts to
ensure an electrical field adjusted with (5) v/cm for 10 cm distance between

cathode and anode.

11. At the end of the run, ultraviolet treans-illuminator was used for detection
of the bands.

12. The gel was photographed using digital camera (139)(140).
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2.4 Biochemical Assay

2.4.1 Estimation of serum Estradiol

The quantitative determination of concentration of estradiol level in
human serum by chemiluminescent immune assay (CLIA), which is a
competitive binding immunoenzymatic assay. Chemiluminescent (CL) series
E2 assay is a competitive binding immunoenzymatic assay to determine the
level of estradiol. In the first step, sample paramagnetic micoparticle coated
with goat anti-rabbit 1gG, sample treatment solution, and polyclonal anti-
estradiol antibody (rabbit) were added into a reactive vessel. After incubation,
estradiol in the sample bound to anti-estradiol antibody. In the second step,
estradiol alkaline phosphatase conjugate was added to the reaction vessel.
Estradiol in the sample competes with estradiol alkaline phosphatase
conjugate for binding sites on the antiestradiol antibody. The resulting
antigen: antibody complexes were bound to goat-rabbit 1IgG on the micro
plate, which was magnetically captured while other unbound substances were
removed by washing. In the third step, the substrate solution was added to
their action vessel. It was catalyzed by estradiol-alkaline phosphatase
conjugate in the immune complex retained on the micro particle. The
resulting chemiluminescent reaction was measured as relative light units
(RLUs) by a photo multiplier built into the system. The amount of estradiol
present in the sample was inversely proportional during the reaction, the
estradiol concentration could be determined via a calibration curve (141). The
expected values of estradiol level are Postmenopausal female < 25-84 pg/ml,
Follicular phase 20-138 pg/ml, ovulation phase 100-400pg/ml, luteal phase

31-317 pg/ml.
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2.4.2. Estimation of serum tumor marker CA 15-3

The quantitative measurement of CA 15.3 levels in human serum using the
Enzyme Linked Fluorescent Assay (ELFA). The assay principle was
combined a 2-step enzyme immunoassay sandwich method with a final
fluorescent detection (ELAF). The solid phase receptacle (SPR) was served as
the solid phase as well as the pipetting device for the assay.All of the assay
steps were performed automatically by the instrument. The reaction medium
was cycled in and out of the SPR several times.The sample was cycled in and
out of the SPR several times.This operation enables the 155D8 fixed onto
interior wall of the SPR to capture the reactive antigenic determinants present
in the sample. Unbound component was eliminated during the washing
steps.Then alkaline phosphatase-labeled DF3 antibody was incubated in the
SPR where it was bonded with the DF3antibody reactive antigenic
determinants.Unbound conjugate was eliminated during the washing
steps.During the final detection step, the substrate (4-Methyl umbelliferly
phosphate) was cycled in and out of the SPR. The conjugate enzyme was
catalyzed the hydrolysis of this substrate into a fluorescent product (4-Methyi-
umbelliferone) the fluorescence of which is measured at 450nm. The intensity
of fluorescence is proportional to the concentration of CA 15.3 present in the
sample.At the end of assay, the results are automatically calculated by the
instrument in relation to calibration curve stored in memory and then printed
out (142)(143).

2.4.3.Estimation of serum lipid profile
A. Estimation of serum total cholesterol

The enzymatic colorimetric method was used for the determination of
total cholesterol (TC) in serum on BS240Pro in vitro. By the effect of the

cholesterol esterase enzyme (CE), cholesterol esters are cleaved to free
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cholesterol and fatty acids. Then by cholesterol oxidase enzyme (CHOD)
which oxidizes cholesterol to cholest -4-en-3-one and hydrogen peroxide. The
hydrogen peroxide affects oxidative coupling of phenol and 4-aminoantipyrin
(4-AAP) to form red quinone —imine dye by the effect of peroxidase enzyme
(POD).

CE
Cholesterol esters+ H20 — cholesterol + RCOOH

CHOD
cholesterol + 02 — cholest —4 —en — 3 —one + H, 0,

POD
2H,0, + 4 — AAP + phenol — quinone — imine dye + 4H,0

The cholesterol concentration is directly proportional to the color intensity of
the dye formed and measured by the increase in absorbance at 512 nm(144).

B. Estimation of serum triglyceride

In vitro quantitative enzymatic colorimetric method was used for

determination of triglyceride in serum on cobas integra systems(144).

triglyceridec

triglyceridec + 3 Hjo ——  glycerol + 3 RCOOH

Glycero Kinase

glycerol + ATP glycerol — 3 Phosphate + ADP

glycerol — 3 — Phosphate + O,

glycerol —3 Phosphate Oxidase

dihydroxyacetone phosphate
+ ADP

*peroxidase
H,0, +4 — aminophenazone + 4 — chlorophenol — 4

— (p — benzoquinone — monoimino) — phenazone + 2H,0

+ HCL
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C.Estimation of serum high-density lipoprotein

In vitro quantitative enzymatic colorimetric method was used for the
determination of HDL in serum on cobas integra systems. In the presence of
magnesium ions and dextran sulfate, water-soluble complexes with LDL,
VLDL, and chylomicrons are formed which are resistant to PEG-modified
enzymes. The cholesterol concentration of HDL-cholesterol was determined
enzymatically by cholesterol esterase and cholesterol oxidase coupled with
PEG to the amino groups (approximately 40 %). Cholesterol esters are broken
down quantitatively into free cholesterol and fatty acid by cholesterol
esterase. In the presence of oxygen, cholesterol is oxidized by cholesterol

oxidase to A4-cholestenone and hydrogen peroxide(145).

PEG—Cholesterol esterase

HDL — cholesterol + H,o0
HDL — cholesterol + RCOOH

PEG holesteroloxidase

HDL cholesterol + 02 > Ad-cholestenone + H202

peroxidase

2H202 + 4_aminoantipyrine + HSDAa) + H + H20 —Purple
blue  pigment (a) Sodium  N-  (2-hydroxy-3-sulfopropyl)-3,5-
dimethoxyaniline)+5H20

The color intensity of the blue quinoneimine dye formed is directly

proportional to the HDL-cholesterol concentration. It was determined by

measuring the increase in absorbance at 583 nm.
D.Estimation of serum low-density lipoprotein (LDL)

Cholesterol esters and free cholesterol in low-density lipoprotein (LDL)
are determined using a cholesterol enzymatic method that involves the use of
cholesterol esterase and cholesterol oxidase in the presence of surfactants that

selectively solubilize the only LDL. Surfactants and a sugar compound inhibit
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the enzyme reactions to lipoproteins other than LDL.Cholesterol levels in

HDL, VLDL, and chylomicron is not recognized.

detergent ; .
LDL potesterotester + H20 ———Cholesterol + free fatty acid (selective

micellary solubilization)

Cholesterol esters are broken down quantitatively into free cholesterol and

fatty acids by cholesterol esterase.

cholesterol oxidase

LDL potesteror + 02 A4-cholestenone + H202

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

A4-cholestenone and hydrogen peroxide.

2H202 + 4 4minoantipyrine + EMSEa) + H20 + H

peroxidase
—— > red purple pigment(a)

N-ethyl-N-(3-methylphenyl)-N-succinylethylenediamin

The hydrogen peroxide produced reacts with 4 aminoantipyrine and EME to
form a red-purple dye in the presence of peroxidase. This dye'scolor intensity
Is proportional to cholesterol concentration and is measuredusing a
photometer(146).
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2.4.4.Estimation of serum vitamin D3

Competitive chemiluminescence immunoassay: use a purified 25-OH
vitamin D antigen to label ABEI and use 25-OH vitamin D monoclonal
antibody to label FITC. Sample Calibrator or Control with Displacing
reagent, FITC Label and magnetic microbeads coated with anti-FITC are
mixed thoroughly and incubated at 37°C, forming antibody-antigen
complexes; after sediment in a magnetic field, decant the supernatant, then
cycle washing for 1 time. Then add ABEI Label, incubation and washing for
the 2nd time, sample antigen and ABEI labeled antigen compete to combine
with FITC labeled monoclonal antibody, forming antibody-antigen
complexes. Subsequently, the starter reagents are added and a flash
chemiluminescent reaction is initiated. The light signal is measured by a
photomultiplier as RLU within 3 seconds and is proportional to the

concentration of 25-OH vitamin D present in controls or samples(147).
2.4.5 Estimation of serum calcium

Calcium + Arsenazo 111 == ablue colored complex

By using B - hydroxyquinoline - 5 - sulfonic acid to eliminate the
interference of magnesium, calcium ions combine with Arsenazo Il to
produce a blue colored complex at a neutral solution. The absorbency increase
Is directly proportional to the concentration of calcium(148).
2.4.6 Determination of body mass index

Body Mass Index (BMI) is a value obtained from the weight and height of
an individual. The BMI was described as the body weight divided by the
square of the body height and is globally expressed in units of kg/mz2,
resulting from the mass in kilograms and height in meters(149).
BMI=Weight (Kg) / {Height (m)} 2
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Normal weight falls between BMI values of 18.5-24.9, overweight between
25-30 and obese above 30.
2.5. Statistical analysis

The data of participants in this study were converted into a computerized
database, and analysed by using the statistical package for social sciences
(SPSS) version 28, IBM, US. Scale variables presented in mean, standard
deviation (SD), while descriptive statistics for (categorical) variables
represented as frequency (number of participants) and proportion
(percentage). Student's test for two independent samples was used to compare
means between groups. One way ANOVA was used to compare more than
two means. Chi square was used to measure the association between
categorical variables. Fisher’s exact test was used as an alternative when the

chi square was not appropriate.

41



Chapter Three

Results



Chapter Three Results

3.1. Demographic characteristic of patients

A total of 100 women participated in this study, were divided into
subgroups based on Age, BMI and duration of disease and tamoxifen
treatment. The clinical demographic characteristics and laboratory parameters

of patients group were summarized in table (3.1) , (3.2) and (3.3) .

The descriptive table was also shown an adjustment of other
characteristics and risk factors which were collected , these factors included:
BMI, marital status, family history, lymph node involvement, number of
patients who have previous surgery or chemotherapy, duration of disease and

dignosis, location of cancer and results of histochemical tests.

(3.1) :Descriptive of demographic characteristics of variables studied

patients
Variables Values (mean + SD)
Age (Years) 51.08 + 4.85
BMI (Kg/m?) 28.30 £ 5.57
Duration of tamoxifen (Years) 3.41+2.36
Duation of disease (Years) 4.18+25
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Table (3.2):Descriptive demographic characteristics of studied patients.

Variables Frequency (%)
44 - 49 Years 45%
Age group 50 - 55 Years 38%
56 - 65 Years 17%
Obese 61%
BMI group
Non Obese 39%
Married 93%
Marital status
Single 7%
Yes 44%
Family history
NO 56%
Left breast 56%
Breast cancer site
Right breast 44%
Lymph node Yes 64%
involvement NO 36%
Yes 94%
Surgery
NO 6%
Yes 91%
Chemotherapy
NO 9%
Yes 79%
Radiotherpy
No 21%
_ 33
Negative test
) _ Human epidermal growth factor %
Histochemical test
receptor2 (HER-2) 67
Positive test
%
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Positive (ER)/ (PR) 98%
Positive (ER) / Negative for (PR) 2%
Hot flashes 13%
Joint pain 76%
Side effect
Both(hot flashes & joint pain) 9%
Endometrial hyperplasia 2%
Yes 7%
Recurrence
No 93%

Table (3.3): Description of laboratory biomarkers of the study patients
(n=100)

Biomarkers Mean+SD Reference range
S. Estradiol 33.14:11.25 10-66 pg/ml
S.CA15-3 17.9946.29 Up to 35 ng/ml
S. Vitamin D 11.81:5.69 30-100 ng/ml
S. Calcium 8.87 +2.58 8.1-10.4 mg/dI
S.Cholesterol 176.8 +31.6 50-200 mg/dL
S.TG 166.53 £ 61.99 35-150 mg/dL
S.HDL 46.03 £ 11.35 35-65 mg/dL
S.LDL 94.98 + 28.82 0-140 mg/dL
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3.2. Genetic analysis
3.2.1. Results of genotyping of CYP2C19*17 (rs 11188072)

The results of genotype rs 11188072 was clear band with a molecular size
200 and 256 bps (Figure 3-1) .The size of amplicon was determined by
comparing with DNA ladder 100 - 1500 bp.

2T i 62 e @) Nl ) X B S &

266bp
200bp

M- SHSEE RS e e ol a8

Figure (3.1):PCR (C >T,rs 11188072) showing:line M represented the
DNA ladder (100 - 1500 bp),Where lines 2,4,6,7,8 represented of CC
(Wild) genotype, line 5 represented of TT (homozygous mutant) and lines
1,3 represented of CT (heterozygous mutant) .
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Genotyping of CYP2C19*17 (C > T rs 11188072) alleles were classified
into:

1. The major (Wild) genotype groups ( CC) which had frequency71 and
percentage 71% ,was the the most common genotype among the studied BC
patients

2. The homozygous genotype groups (TT) which had frequency 12 and
percentage 12% ,was the the least common genotype among the studied BC
patients

3. The heterozygous (CT) had frequency 17 and percentage 17%.

Table (3.4): Description genotype of CYP2C19*17(C> T,rs 11188072)

genotypes in breast cancer patients.

Genotype Group Frequency Percentage
CC (wild) 71 71%

rs 11188072 TT (homo) 12 12%
CT (hetero) 17 17%

Data Presented by numbers and percentage

The result of comparison between observed and anticipated value for
CYP2C19*17 (C > T, rs 11188072) tested population were shown in figure
(3.2) and table (3.5). The distribution and percentage of individuals having rs
11188072 differ from those expected under Hardy—Weinberg equilibrium
{number of observed vs expected were: CC (71, 63.2); TT (12, 4.2); CT (17,
32.6) (goodness-of-fit 2 for rs 11188072; 22.891, P < 0.001} and therefore it

was statistically significant.
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Table (3.5): Hardy-Weinberg equilibrium for rs 11188072 genotype in

BC samples.
Allel .
e1es Hardy—Weinberg

Genotypes o

T c | equilibrium X test
Genotype N= 100 Frequency %
CC (Wild Type) 71 71 22.891

0.795 | 0.205
CT(heterozygoustype) 17 17 P <0.001 [S]
TT(homozygous type) 12 12

%0 B Observed M Expected

70

71
63.2
60
50
40 326
30
17
20 1
0 | |

CC (Wild) CT (Hetero) TT(Hemo)

Figure (3.2): Genotype frequencies % of CYP2C19*17 (C> T, rs
11188072)among individuals’ sample

3.2.2 Results of genotyping of CYP2C19*3 (G > A, rs4986893)

The results of genotype rs4986893 showed a clear band with
molecular size 124 and 180 bps (Figure 3.3) .The size of amplicon was
determined by comparing with DNA ladder 100 - 1500 bp.
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Figure(3.3): PCR of (G>A, rs4986893) showing:line M represented

the DNA ladder (100 - 1500 bp),Where lines 3,7 represented of GG
(Wild) genotype, line 1,2,5,6 represented of AA (homozygous mutant)
and lines 4,8 represented of GA (heterozygous mutant)

Genotyping of CYP2C19*3(G> A, rs4986893) alleles were classified into

1. The major genotype group (GG) which had frequency 20 and percentage

20% ,was the less comman among the studied BC patients

2. The homozygous genotype group (AA) which had most common frequency

of 55 and percentage 55% ,.
3. The heterozygous (GA) had frequency 25 and percentage 25% .

Table (3.6) and figure (3.3) summarizes the distribution of genotyping groups

of rs 4986893 in patients with breast cancer.
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Table (3.6): Description genotype of CYP2C19*3(G > A,

genotype in breast cancer patients.

rs4986893)

Genotype Group Frequency Percentage

rs4986893 GG (wild) 20 20%
GA (hetero) 25 25%
AA (homo) 55 55%

Data Presented by numbers and percentage

The result of comparison between observed and anticipated values for
CYP2C19*3 (G>A, rs4986893) the tested population were shown in figure

(3.4), and table (3.7). The distribution and percentage of individuals having rs

4986893 differ from those expected under Hardy—Weinberg equilibrium
{number of observed vs expected were: GG (20, 10.6); AA (55, 45.6); GA
(25, 43.9) (goodness-of-fit ¥2 for rs 93 18.507, P < 0.001} and therefore it

was statistically significant.

Table (3.7): Hardy—-Weinberg equilibrium for rs 4986893 genotype in BC

patients
Alleles Hardy-
Weinberg
Genotypes o
G A equilibrium
X2 test
Genotype N= 100 Frequeny %
GG(Wild Type) 20 20 18,507
0.325 0.675
GA\(heterozygous type ) 25 25 P <0.001[S]
AA(homozygous type) 55 55
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Figure (3.4): Genotype frequencies % of CYP2C19*3 (G >A, rs4986893)

among individuals’ sample

3.3 Relationship between demographic characteristics and
CYP2C19 genotype
3.3.1.Relationship between demographic characteristics and (C

> T, rs 11188072) genotypes

The difference between CYP2C19*17 (C>T, rs 11188072) genotypes with
demographic characteristics (mean) was demonstrated in (table 3.8), one-way
ANOVA test was performed to compare the clinical demographic
characteristics included (Age, BMI, duration of treatment and diagnosis). No
statistically significant difference was found among the mean values (p >
0.05).
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A chi-square test was conducted between other categorial variables
(marital status, family history, breast cancer Side, lymph node involvement,
number of patients who were having (surgery, chemotherapy or radiotherapy),
types of histochemical tests, types of side effect and complications) and the
genotypes of the rs 11188072, there was no statistically significant difference
between them (p > 0.05).

Table (3.8): difference of demographic characteristic in CYP2C19*17 (C
> T, rs 11188072)

Demogrhic Genotype (N=100)
Groups CC% CT% TT% P-Value
parameters (N=71) (N=17) (N=12)
Age 44 - 49 Years 32 7 6 0.88
50 - 55 Years 27 6 5
56 - 65 Years 12 4 1
BMI Obese 46 11 4 0.11
Non Obese 25 6 8
Treatment Less than 5 Years 55 14 12 0.18
duration More than 5 Years 16 3 0
Diagnosis Less than 5 Years 49 11 10 0.52
duration More than 5 Years 22 6 2
Marital status Married 67 16 10 0.05
Single 4 1 2
Family Yes 31 7 6 0.73
history NO 40 10 6
Breast cancer Left breast 37 14 5 0.42
side Right breast 34 3 7
Lymph nod Positive 47 8 9 0.15
Involvement
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Negative 24 9 3
Surgery Positive 66 16 12 0.97
Negative 5 1 0
Chemotherap Positive 64 15 12 0.55
y Negative 7 2 0
Radiotherapy Positive 54 14 11 0.28
Negative 17 3 1
HER?2 Positive 24 7 2 0.27
Negative 47 10 10
ER\PR Positive both side 69 17 12 0.41
Negative ethier 2 0 0
Side effect of Hot flashes 9 2 2 0.21
tamoxifen Joint pain 54 13 9
Both (Hot flashes 7 2 0
&Joint pain)
Endometrial 1 0 1
hyperplasi
Recurrence Yes 65 17 11 0.7
No 6 0 1

3.3.2. Relationship between demographic characteristics and
CYP2C19*3 (G>A,rs 4986893).

To show the difference between demographic characteristics
(mean) and rs 4986893 (table 3.9), by performing a one-way ANOVA test to
compare the mean age , BMI, duration of treatment and diagnosis no
statistically significant difference was found among mean of demographic
characteristics (p > 0.05).

A chi-square test was conducted family History, breast cancer side,

lymph node involvement ,surgery, chemotherpy, radiotherapy, HER2, ER PR
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,side effect and recurrence between rs 4986893 genotype , there was no
statistically significant difference between them (p > 0.05).
Table(3.9):Difference of demographic characteristic in CYP2C19*3
(G>A ,rs 4986893).

Genotype (N=100)
P
Demographic parameters GG% | GA% | AA% I
value
(N=20)| (N=25)| (N=55)
44 - 49 Years 12 11 22
Age group 50 - 55 Years 6 9 23 0.62
56 - 65 Years 2 5 10
Obese 11 14 36
BMI group 0.59
No Obese 9 11 19
Treatment Less than 5 Years 17 20 44 0.87
duration More than 5 Years 3 5 11 '
Diagnosis Less than 5 Years 14 18 38 0.95
duration More than 5 Years 6 7 17 '
Marital status Married 18 23 52
. 0.89
Single 2 2 3
Family history Yes 12 12 20
0.23
NO 8 13 35
Breast cancer Left breast 11 15 30 077
side Right breast 9 10 25 '
Lymph node Positive 17 14 33 0.49
involvement Negative 3 11 22 '
Surgery Positive 20 23 51
0.07
Negative 0 2 4
Positive 17 23 51
Chemotherapy i 0.08
Negative 3 2 4
Radiothepy Positive 17 19 43 0.92
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Negative 3 6 12
Positive 6 9 18

HER2 i 0.85
Negative 14 16 37
Positive both side 20 24 54

ER\PR : i 0.23
Negative ethier 0 1 1
Hot flashes 1 4 8
_ Joint pain 18 21 37

side effect of :

) Both(Hot flashes & Joint 0.19

tamoxifen ) 1 0 8
pain)

Endometrialhyperplasi 0 0 2
Yes 3 1 3

Recurrence 0.32
No 17 24 52

3.4. Effect of tamoxifen therapy on Laboratory parameter

according to different single nucleotide polymorphism of

CYP2C19 gene in studied breast cancer patients

3.4.1 Effect of tamoxifen on laboratory parameters according to rs
11188072 genotype.

Serum levels of biomarkers estradiol, CA15-3, vitamin D3,calcium

based on the genotypes of rs 11188072 SNP groups was demonstrated in

(table 3.10). Data were analyzed by regardness the wild, heterozygous and

homozygous variant groups. Results were found that there was no significant
difference found between the measured biomarkers and CYP2C19*17 (C> T,
rs 11188072) genotype, (p >0.05).
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Table (3.10): Diference between alleles of CYP2C19*17 (C> T, rs
11188072) with mean levels of biomarkers in breast cancer Patients who

receive tamoxifen

Lab. rs 11188072 (N=100)
Parameters P value
CC (N=71) CT (N=17) TT (N=12)
S.E2 32.82+11.20 35.13+12.24 32.80+10.83 | 0.888[NS]
S. CA15.3 18.18+6.42 16.88+5.53 18.38+6.87 0.749[NS]
S.D3 11.30+5.33 11.99+5.33 14.60+7.73 0.178[NS]
S.Ca 8.65+1.16 8.83+0.85 8.64+1.10 0.470[NS]
Results are presented as mean + SD, p > 0.05considered non significant

The difference between mean serum levels of lipid profile markers:
cholesterol, TG, HDL, LDL and rs 11188072 SNP groups was shown in
(table 3.11), results were found that there was no significant difference was
found, (p > 0.05).

Table (3.11): Difference between alleles of CYP2C19*17(C>T,rs11188072)
genotype with mean levels of lipid profile in breast cancer patients who

receive tamoxifen.

Lipid rs 11188072 (N=100)
) P value

profile CC (N=71) CT (N=17) TT (N=12)

S. Chol 176.18+30.44 167.00+£30.82 179.41+25.01 0.370[NS]
S.TG 163.07+57.79 139.29+52.47 148.90+52.15 0.243[NS]
S.HDL 44.987+11.49 48.41+8.31 46.56+12.66 0.536[NS]
S.LDL 93.73+£29.79 94.84+29.68 97.39+27.31 0.861[NS]

Results are presented as mean + SD, p > 0.05 considered non significant
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3.4.2 Effect of tamoxifen on laboratory parametrers according to rs

4986893 genotype
The difference between mean serum levels of estradiol, CA15-3, vitamin

D3,calcium and genotypes of rs 4986893 SNP groups was also examined as
an clinical outcome in breast cancer patients (table 3.12) , were not showing
any statistical significant difference among different genotypes, (p > 0.05).

Table (3.12): Difference between alleles of CYP2C19*3 (G>A ,rs
4986893) with mean levels of biomarkers in breast cencer patients who

receive tamoxifen

LAB rs 4986893 (N= 100 )
P value
parameters GG (N=20) GA (N=25) AA (N=55)
S.E2 34.18+10.19 33.67+10.97 32.53+11.89 | 0.828[NS]
S.CA15.3 18.38+7.42 17.1345.03 18.2346.44 0.733[NS]
S.D3 11.11+6.19 10.42+5.38 12.7045.60 0.208[NS]
S.Ca 8.68+0.99 8.73+1.18 8.58+1.13 0.833[NS]
Results are presented as mean + SD, p > 0.05 be non significant.

The difference between mean serum levels of lipid profile markers:
cholesterol, TG, HDL, LDL and rs 4986893 SNP groups was shown in (table

3.13), results were found that there was no significant difference was found,

(p > 0.05).
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Table(3.13) : Difference between rs 4986893genotype with mean levels of

lipid profile in breast cancer patients who receive tamoxifen

Lipid rs 4986893 (N=100)
) P value

Profile GG (N=20) GA (N=25) AA (N=55)
S.Chol | 173.350+26.41 | 182.91+26.5 172.32+28.8 0.39[NS]
S. TG 159.13+49.28 | 148.90+63.06 | 154.10+58.13 0.79[NS]
S. HDL 46.32+11.32 46.19+13.87 45.67+10.21 0.96[NS]
S.LDL 99.47+29.41 92.37+27.15 92.16+29.28 0.48[NS]

3.5 Difference between both CYP2C19 gene (rs 11188072& rs
4986893) SNPs are mutant and either rs 11188072 or rs

4986893 SNPs mutant or no mutation:

The difference between both mutant CYP2C19 genotype(rs 11188072 &
rs 4986893) and either rs 11188072 SNP or rs 4986893 SNP was examined.
The study group was divided into two sub groups based on:

Group 1- Patients having mutation in Both SNPs rs 11188072 & rs 4986893,
Group 2- Patients who have mutation in either rs 11188072 / rs 4986893
SNPs or patients who were not showing any gene mutation. These new
groups were studied based on the demographic and clinical characteristics of
the patients.Serum levels of estradiol, CA15.3 and calicum were observed to
be different between two patient groups as shown in (table 3.14), no
significant differences were found since (p> 0.05) but serum vitamin D3
value increase from normal value in both rs 11188072 & rs 4986893 mutant

genotype groups and considered significantly different as p< 0.05 .
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Table (3.14): Difference in mean levels of biomarkers between both rs
11188072&rs 4986893 mutant genotype and either rs 11188072 or rs
4986893 mutant or no mutation

Patient genotype (N=100)

Lab Either rs 11188072 SNP
Both rs 11188072&trs P value
Parameters | or rs 4986893 Mutant or
) 4986893 mutant (N=10)
no mutation (N=90)

S.E2 32.91+11.24 40.80+10.91 0.23[NS]
S. CA15.3 17.87+6.21 21.81+9.24 0.28 [NS]
S. D3 11.63+5.62 17.70+6.15 0.04* [S]
S.Ca 8.63+1.11 8.93+0.99 0.64 [NS]

Results are presented as mean £ SD,p > 0.05 considered non significant

lipid profile parameter decreased markedly when compared the two

groups, patients who were having mutation in Both rs 11188072 & rs

4986893SNP were showing a lower levels of lipid profile, but unfortunately,

theses changes were not indicated any statistically significant (p> 0.05) as

shown in table 3.15.
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Table (3.15): Difference in mean levels of lipid profile between both rs
11188072& rs 4986893 mutant genotype and either rs 11188072 or rs
4986893 mutant or no mutation

Genotype (N=100)
Lipid Either rs 11188072 or
_ Both rs 11188072& rs P value
Profile rs4986893 Mutant or no
) 4986893 mutant(N=10)
mutation (N=90)
0.34
S. Chol 176.04+29.29 160.00+£14.18
[NS]
0.31
S.TG 155.91455.79 123.00+44.64
[NS]
0.72
S.HDL 45.95+11.38 48.33£12.58
[NS]
0.58
S.LDL 95.26+29.14 86.00£16.37
[NS]
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Across tabulation analysis by using a fisher’s exact test was conducted
between demographic data and side effect table 3.16 , indicated that, there

was no statistically significant association between them (p> 0.05).

Table 3.16 : Association side effect with demographic data

Hot ) ) Endometrial
Group Joint Pain | Both _ | PValue
flashes hyperplasi
44 - 49 5 33 7 0
Age group
50 - 55 6 29 1 2 0.252[NS]
(Years)
56 - 65 2 14 1 0
Obese 7 48 5 1
BMI group
No Obese 6 28 4 1 0.887[NS]
Duration of | <5 Years 10 62 7 2
0.876[NS]
treatment >5 Years 3 14 2 0
Duration of | <5 Years 8 53 7 2
diagnosis >5 Years 5 23 2 0 0.668[NS]
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4. Discussion

Many therapies have been studied in the last few years to improve the
prognosis and decrease the mortality of breast cancer females. Tamoxifen is
currently the cornerstone of modern therapy for hormone receptor-positive
breast cancer. Tamoxifen is a selective estrogen receptor modulator that
blocks the transcriptional activity of estrogen receptors by directly binding to
them, producing a nuclear complex that decreases DNA synthesis and inhibits

estrogen effects(150).
4.1 Demographic data

Breast cancer is a complex disease and is associated with many different
causes. Apart from genetic predisposition. Many other factors could impact
the development of breast cancer among women including demographic

characteristics, clinical, reproductive and environmental features (151).

Besides female gender, age considers the most potent risk factor for breast
cancer. In this study mean age is (51.08) with more frequency occurring
between the age group of (44-49) and less frequency occurs when increasing
the age . This study disagree with Thakur et al ,who find the risk of BC

increase with increasing age (152).

Body mass index (BMI) is another essential factor for an increase in
breast cancer. In this study, the Iraqi BC woman's mean BMI is (28.30) and
obese females with BMI greater than 25 are about (61%) . Cecchini et al.
showed that females with greater BMI appear to be related with poor survival
and at a greater risk of cancer recurrence among positive ER- than those with
low BMI(153).
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BMI is associated with more aggressive biological features of tumor
including a higher percentage of lymph node metastasis and greater size.
Obesity might be a reason for high mortality rates and a higher probability of
cancer relapse especially in premenopausal women (154). Increased body fat
will enhance the inflammatory state and affect circulating hormone levels,

facilitating pro-carcinogenic events(155).

Marital status is another risk factor that is descriptive in this study and we
found 93% of breast cancer women married and 7% unmarried. So, some
studies have reported no significant correlation between marriage and breast
cancer risk while other studies have shown that marriage is a protective factor
for disease outcomes, also there are studies showed that married women have

increased breast cancer risk compared with the unmarried (20).

In this study, more than half of the cases were not associated with a family
history of BC; while several studies showed that BC risk increased by 67%
among women with a first—degree relative diagnosed with the same disease

and twofold in females with more than one relative affected (156).
4.2 Genetic analysis

CYP2C19 was predicted to be an essential biomarker for response to
tamoxifen because it has similar in vitro activities to CYP2D6 and also can

catalyze the conversion of tamoxifen to endoxifen (157).

CYP2C19 play an essential role in tamoxifen metabolism; this cross-
section study will focus on CYP2C19*17 (rs11188072) and CYP2C19*3
(rs4986893) in woman with BC and their effect on tamoxifen response. There
are limited numbers of studies have reported about rs11188072 and rs
4986893 genotype.
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Justenhoven etal, showed that genotype frequencies of CYP2C19*17 in
breast cancer women using hormone therapy for 10 years or longe is that CC (
66.8%), CT(28.3%) and TT (4.9%) genotypes ,it agrees with current study by
that wild type of rs11188072 is most frequency than other genotype and

homozygous is less one genotype frequency (158).

The previous study in a sample of Iraqi population done by Sahib etal,
found that the frequency of CYP2C19*17 was (19.4) and the allele frequency
of CYP2C19*17 in lIragi population was similar to that found in African
Americans 21%, Danish 20.1% and Greece 19.6(126) .

Justenhoven etal, CYP2C19*17 predisposing ultrarapid metaboliser
phenotype and protect from breast cancer due to decrease of estrogen levels.
In particular, women who used hormone therapy for more than 10 years had
an even more pronounced reduction of breast cancer recurrence of more than
40% when they carry of the CYP2C19*17 allele(158), beacuse breast cancer
recurrence is low about (7%) among our patients. So current study agrees

with above study.

However there are limited numbers of studies have reported CYP2C19*3
in populations other than the Asians, but Sahib etal found CYP2C19*3
frequency was 0.2% and CYP2C19*3 has been considered as an Asian
mutation allele and after genotyping for CYP2C19*2 it was responsible for
the remaining alleles in Asian poor metaboliser (126), in this study wild type
of rs4986893 less frequency in a sample of BC patients and the homozygous

IS most common.

62



Chapter Four Discussion

4.2.1 Hardy-Weinberg equilibrium for CYP2C19*17 (rs11188072) in

breast cancer females treated with tamoxifen.

The genotype and allele frequencies for rs11188072. For both the recessive
and the dominant models, the allele and genotype frequency distributions
disagreed with Hardy-Weinberg equilibrium (p <0.05). A significant

difference was discovered for these polymorphisms of the study participants.

In this study, wild genotypes of the rs11188072 polymorphism had a
genotype frequency of 71%, the heterozygous mutant had a frequency of 17%
and homozygous mutants had a genotype frequency of about 12%, so that
high percentage of the wild type occurred between samples of Iragi BC
female. No explanation was provided. Additional research is needed to
examine the other genotypes and to compare the plasma medication

concentrations in patients receiving tamoxifen therapy.

4.2.2 Hardy-Weinberg equilibrium for CYP2C19*3 (rs4986893) in breast

cancer females treated with tamoxifen.

The genotype and allele frequencies for rs4986893, for both the recessive
and the dominant models the allele and genotype frequency distributions
disagreed with Hardy-Weinberg equilibrium (p <0.05). A significant

difference was discovered for these polymorphisms of the study participants.

In the study, the wild genotypes (GG) type of the rs4986893
polymorphism had a frequency of 20 %, the heterozygous (GA) type BC had
a frequency of 25 % and the homozygous mutants (AA) type had a genotype
frequency of about 55 % so that homozygous (GA) type had higher genotype

frequency in lragi BC female samples.No explanation was provided.
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Additional research is needed to examine the other genotypes and to
compare the plasma medication concentrations in patients receiving

tamoxifen therapy.

The results of CYP2C19 based on Hardy-Weinberg equilibrium is
disagreement with previous study done by sahib et al, who found that there is
no statistical difference in the actual and expected frequency distribution as
(p>0.05%) of genetic polymorphism of CYP2C19 in sample of Iraqi
population(126). It agrees with Moyer et al ,who found the genotypes
frequencies for Cyp2C19*17 were in Hardy —Weinberg equilibrium(159)

This cross sectional study was the first study in Iragi breast cancer
females who take tamoxifen .There is no associated results between two
SNPs and drug response, this results is agree with cohort study by Moyer et
al, who shows that neither SULT1A1 or CYP2C19 genotype was associated
with clinical outcomes in early breast cancer patients receiving tamoxifen
(159).

A previous study by Damkier et al, who found no evidence cllinicaly role
of CYP2C19 genotype polymorphism and response to tamoxifen in breast
cancer patients and CYP2C19 genotype status should not be included in

clinical decision on tamoxifen treatment(160).

While the meta analysis study by Bai et al, found CYP2C19*17 genotypes
carriers are associated with improved survival outcomes in BC women who

were using tamoxifen (161).
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4.3 Biochemichal analysis associated with genetic effects
4.3.1 Estrodiol level (E2)

Estrogen is the primary woman's sex hormone and is vital in the
development and progression of breast cancer (12). It acts as a factor that
accelerates the growth and /or survival of existing transformed cells
(promoters) or factors that provoke genetic damage that leads to cellular

transformation (initiators) (16).

The variant CYP2C19*17 has been associated with a fast metabolizer
phenotype of CYP2C19 due to an increased expression of CYP2C19 while
CYP2C19*2 and *3 are responsible for the vast majority of poor metabolizer
phenotype(162)(163).

Detectable amount of estrogen level in BC patients but with normal rang
and agrees with Schroth et al, showed that breast cancer woman who used
tamoxifen therapy and carrier CYP2C19*17 (rs11188072), will increase
tamoxifen metabolism and lead to an augmented production of 4-OH-
tamoxifen (active metabolite), which may improve the treatment
outcome(136).

However, long-term exposure to tamoxifen has been shown to induce a
state of adaptive hypersensitivity in breast tumors to E2 and the development
of tamoxifen resistance; low estrogen levels may stimulate tumor growth
(164). Because tamoxifen and estrogens are both partly metabolized by the
enzymes CYP2C19, 2D6, 3A5, and SULT1A1(165). Estrogen levels may be
necessary during long-term tamoxifen therapy so need further investigation

for this enzyme genetic polymorphism.
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4.3.2 Tumor marker (CA15. 3) level

Cancer antigen (CA15.3) is used for monitoring therapy response
along with other clinical features and radiological imaging . CA15.3 level in
healthy individuals was with in the normal range (0-30U/ml). In contrast, its
level was significantly increased in breast cancer patients and gradually

decreased in patients who used hormonal therapy such as tamoxifen(166).

In this study, females with the wild type (CC) and homozygous
mutant (TT) had the highest serum CA15.3 level compared with harboring
heterozygous mutant type (CT) of rs11188072 , which had the lowest serum
CA15.3 level. However, these results were still within the normal range and
non-significant associated with CYP2C19*17 genetic polymorphism. Results
of this SNP with normal limits and the differences between genotype groups

were non-significant.

In this study, the highest level of serum CA15.3 occurred in the
wild type (GG) and homozygous mutant type (AA) compared with the
heterozygous mutant type (GA) of rs4986893 . However, these results remain
with normal values .

This result is non-significant association between genotypes and
tumor marker (CA15.3) in BC Iragi women who received tamoxifen therapy.
However, The level of CA15.3 does not exceed the average value and this is
a good point for tamoxifen therapy response as increasing serum levels of CA
15-3 are found during therapy, disease progression may be expected but
declining in the concentrations of the biological tumor marker indicate a
positive treatment effect and are a minimum stable disease course. This
positive correlation between clinical presentation and tumor marker behavior

Is mentioned by several authors (167)(168).
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4.3.3 Vitamin D3 and calcium level

Vitamin D is a precursor to the hormone calcitriol (1,25-dihydroxy
vitamin D3) which governs multiple functions in many human tissues (169).
Vitamin D may be created endogenously in the skin by sun exposure and to a
lesser extent gained through food and supplementation. Vitamin D is well-
known for its involvement in calcium homeostasis and in influencing bone
mineralization(170)(171).

Previous research has revealed that the link between vitamin D and breast
cancer risk is higher in premenopausal women than in postmenopausal
women. Two cohort studies in postmenopausal women found no connection

between vitamin D level and breast cancer risk (172)(173).

According to lab tests a standard value for vitamin D3 is (30_100) ng/ml;
the level of vitamin D3 had declined from the normal range in both SNPs but
this difference is non-significant associated with (rs 11188072) and (
rs4986893) genotype. This result is inverse to a previous study by Kim et al.,
who showed that patients who received anti-hormonal therapy (tamoxifen)
had significantly increased serum 250HD levels at six months and 12 months
compared with baseline serum 250HD, while decreased with chemotherapy
in BC patients(174).

An explanation for these results is that patients do not take regular
vitamin D supplements because a previous study stated that vitamin D,
combined with tamoxifen reduces cancer cells' proliferation and induces cell
cycle arrest at GO/G1 phase(175).

Serum vitamin D3 level had declined from the basel line in Irag woman
with BC taking tamoxifen therapy and associated considerably with SNPs.

The results are significant statistically so that by these results, suggested that

67



Chapter Four Discussion

vitamin D3 ascend to be important affected factors with breast cancer women

and further investigation need.

Serum calcium levels influence vital physiologic processes such as heart
rate and nerve conduction and therefore are under tight physiologic control.
The skeleton is the reservoir for calcium in the blood. When levels of ionized
calcium in serum drop below their set point, the calcium-sensing receptor on
the parathyroid glands signals parathyroid cells to manufacture and release
parathyroid hormone (PTH) into the circulation. PTH acts to conserve
calcium by driving the conversion of 25-hydroxyvitamin D (25-OHD) to
1,25-dihydroxy vitamin D (1,25(0OH)2D) in the kidney; reducing calcium
excretion in the urine and by liberating calcium from the skeleton into the
circulation. The resulting increase in ionized calcium in blood restores
calcium balance. It may be associated with tumor protective effects by
inhibiting further release of PTH that have anti-apoptotic effects and may

promote invasiveness and stimulate tumor growth(176)(177).

A prospective cohort study showed that serum calcium levels were
inversely associated with breast cancer risk in premenopausal women; it also
indicates that calcium levels are positively associated with breast cancer in

over weight postmenopausal women (178)

In this study, founf calcium level is not difference between wild, homo,
and heterozygous mutant types of both SNP's average range value (8.1-
10.4)mg\dL. The results agreed with the previous study that showed no
significant change in serum calcium between the test and control groups. So it

did not have any unfavorable effect on bone (179).
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4.3.4 Serum lipid profile level

Tamoxifen acts as a selective estrogen receptor modulator by binding to
the estrogen receptors on the mammary epithelium and blocking the

proliferative action of estrogen on the mammary epithelium(180).

In this study serum TG was raised from baseline in wild genotype (TT)
but remained non-significant associated with (rs11188072) as (p >0.05).
There is an increase in the value of serum TG from baseline in wild genotype
(GG) but remains non-significant associated with (rs4986893 ) as (p >0.05).

In addition, tamoxifen has also been observed to affect the patients'
biochemical profiles, including fasting lipid profile and plasma lipoprotein
concentrations(181)(182). Tamoxifen therapy has favorable effects on serum
lipid profile in both premenopausal and postmenopausal patients of breast
cancer(183).

A previous study reported that tamoxifen increased TG and VLDL levels
after initiating the drug (184). However, Hozumi Y.et al,found that changes
of lipid profiles in Japanese postmenopausal women treated with tamoxifen
were relatively favorable, while exemestane and anastrozole had no clinically
significant effect on the serum lipids and tamoxifen may be a treatment choice

for patients at high risk of cardiovascular events such as hyperlipidemia (185).
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4.4 Association of side effects

The most common side effects of hormonal therapy (tamoxifen) are hot
flush, joint pain, and endometrial hyperplasia; in this present study, joint pain
(76%) , hot flush (13%) and endometrial hyperplasia (2%) of BC patient.

joint pain is the highest frequency of side effects occurring concerning the
duration of treatment but it is non-significant statistically; these results were
explained by several studies that specifically for treatment-related
musculoskeletal adverse effects. The incidence of joint-related adverse effects
were reported to be between 30% and 66% (186).

Moderate to high-grade joint-related symptoms are also associated with
poor adherence to therapy or treatment discontinuation, besides interfering
with the daily activities of the survivors(187). Low 25(OH)D concentrations
are strongly linked with increased bone fracture rates and lower physical

performance, especially in postmenopausal women(188).

Joint pain is among the most common side effects seen in patients
receiving tamoxifen or aromatase inhibitors (Als) for prolonged periods as
adjuvant hormonal treatment and harm their quality of daily life due to the

acute reduction of sex hormones caused by hormonal treatment (189).

Most patients refused to participate in this study (either afraid of the blood
being drawn or insufficient blood quantity). The small sample size was due to
cases being restricted to Karbala and most patients' relatives receiving
tamoxifen monthly as the patient was not come by himself . Results to be

more satisfactory, so we need to overcome these limitation in the future.
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4.5 Conclusion

Results obtained from this cross section study the following may be

concluded:

1. CYP2C19*17 and CYP2C19*3 of Iraqi breast cancer patients were
detected with variable frequencies of different genotype .

2. In lIraqi breast cancer samples treated with tamoxifen detected that
rs11188072 wild type (CC) have highest frequency and homozygous mutant
type (TT) have lowest frequency.

3. In Iraq breast cancer samples detected that rs4986893 homozygous mutant
(AA) type had highest frequency and the wild type (GG) had lowest
frequency by ARMS- PCR .

4. It was noted that the genetic variants of CYP2C19 gene were not
significantly correlated with biochemical investigation (serum levels of
estradiol ,cancer antigen CA15.3, vitamin D,calcium and lipid profile)

suggested that had no effect on tamoxifen therapy response.
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4.6 Recommendations and further work

1. Multicenter need for large scale and use of case-control study instead of
cross-sectional observational study to compare between control and patient

taking tamoxifen therapy.

2. Study genetic variant in other enzymes such as CYP2C6 that play main
role in metabolism of tamoxifen could contribute to individual variability in

tamoxifen response and may need further investigation

3. The plasma level of tamoxifen metabolites (endoxifene) must be measured

for more accurate results of genetic polymorphism.

4.1n clinical setting,we recommend that genetic tests should be developed to

predict tamoxifen treatment with more safety and efficacy.
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