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Abstract 

Investigation of expression levels of genes involved in apoptosis in human 

oocyte samples obtained from patients with polycystic ovaries 

Yonis Dahir  

Department of Medical Genetics 

M.Sc. Program in Medical Biology and Genetics 

July 2023, 41 pages 

Background: The body often goes through a process known as apoptosis, 

also known as programmed cell death, in order to support the growth and 

upkeep of healthy tissues. Cells go through structural changes and eventually 

leave the body during apoptosis. The removal of any damaged or aberrant 

cells that can one day develop into cancer as well as the maintenance of the 

body's normal cell balance require this operation. Women of reproductive age 

are commonly affected by polycystic ovary syndrome (PCOS), a hormonal 

condition. Numerous tiny ovarian cysts, unbalanced hormone levels, and 

irregular or nonexistent menstrual periods are the condition hallmarks.  

Methods: A total of 13 oocyte samples, seven from the control (non-

polycystic ovary, non-PCO) and six from control oocytes were collected. The 

samples were examined by real-time PCR following nucleic acid extraction 

and cDNA synthesis.  

Result:  The real-time PCR settings used to measure the level of gene 

expression. The amplification conditions for neither of the genes were 

optimized and primer dimers were obtained following real time PCR analysis. 

Conclusions:  Further studies including collection of more samples and 

optimization processes are necessary to establish the BAX, and MAD2L1gene 

expression levels. Understanding the connection between variations in their 

expression levels may have an impact on the underlying mechanisms of 

PCOS. 

Keywords: BAX, MAD2L1, gene expression, polycystic ovaries, human 

oocytes
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CHAPTER I 

Introduction 

Polycystic ovary syndrome (PCOS) is the most frequent endocrine 

condition that affects female reproductive systems all around the world 

(Dumesic and Lobo 2013). The prevalence ranges from 6% to 17%, depending 

on the diagnostic guidelines employed. According to widely accepted specialty 

society recommendations, polycystic ovaries, clinical or biological 

hyperandrogenism, and persistent anovulation are the three conditions that 

must be present in order to determine the presence of PCOS. Other conditions 

with similar clinical indications must be ruled out because PCOS is diagnosed 

by exclusion. Among these are thyroid illness, hyperprolactinemia, and non-

classical congenital adrenal hyperplasia. Some people might require a more 

thorough workup if their clinical characteristics point to additional factors 

(Ding et al., 2018). 

 1.1 Background on apoptosis in polycystic ovarian syndrome 

The body often goes through a process known as apoptosis, also known 

as "programmed cell death", in order to support the growth and upkeep of 

healthy tissues. Cells go through structural changes and eventually leave the 

body during apoptosis. The removal of any damaged or aberrant cells that can 

one day develop into cancer, as well as the maintenance of the body's normal 

cell balance, require this operation. Women of reproductive age are commonly 

affected by PCOS, a hormonal condition. Numerous tiny ovarian cysts, 

unbalanced hormone levels, and irregular or nonexistent menstrual periods are 

the condition's hallmarks. Insulin resistance is a risk for PCOS patients who 

have type 2 diabetes and high blood sugar levels. Some studies suggest that 

ovarian cysts and other symptoms of PCOS may arise because of altered 

apoptosis in women with the disease. Anti-apoptotic proteins have been found 

to be more prevalent in PCOS patients, which may prevent planned cell death. 

Numerous studies have also discovered that women with PCOS have decreased 

levels of pro-apoptotic proteins, which encourage apoptosis (Ding et al., 2018). 

1.2 Etiology 



2 
 

 
 

PCOS can be brought on by a number of factors. It has been shown that 

the etiology of the disease is influenced by numerous genes. These genes take 

part in a variety of androgenic and steroidogenic processes at various levels. 

Based on twin studies, PCOS heritability has been estimated to be 70%. The 

environment has a big impact on both how these genes are expressed and how 

the sickness shows up (Ying Li et al., 2019). 

According to two well-known theories, PCOS symptoms would appear 

in those who have a genetic vulnerability and are subjected to particular 

environmental situations. Insulin resistance and obesity are two of the 

environmental factors that are most frequently present. One explanation is that 

prenatal androgen exposure occurred (Ying Li et al., 2019). 

1.3 Pathophysiology of polycystic ovary syndrome 

Androgen excess, overweight, and insulin resistance are the three main 

symptoms of polycystic ovarian syndrome, an endocrine disorder with a 

variety of underlying causes. While boosting the maturity of lesser follicles, 

excessive intraovarian androgen prevents the selection of a dominant follicle. 

The ovaries appear "polycystic" because of the surplus little follicles that are 

not able to continue to grow. PCOS was formerly thought to be a syndrome 

linked to a problem with the production of hypothalamic-pituitary 

gonadotropins, but it is now known to be largely an ovarian steroidogenesis 

illness (Tsilchorozidou, et al 2004). 

1.4 Diagnostic criteria 

The first comprehensive description of PCOS showed varied clinical 

symptoms, unidentified etiology, complex pathophysiology, and suboptimal 

diagnosis led to a considerable deal of scientific discussion. The American 

National Institutes of Health Criteria were established in 1990 in an effort to 

offer a comprehensive and precise diagnosis for PCOS. The Rotterdam criteria 

were created in 2003 as a new benchmark for PCOS diagnosis by a lab in 

Rotterdam. This requirement must be satisfied by unusual ovulation, androgen 

levels, and/or polycystic ovarian shape (more than 11 follicles for each ovary 

measuring between 2 and 8.98 mm) (Pundir et al., 2020). 
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In 2006, diagnostic recommendations were changed by the Society for 

Androgen Excess (AES) and Polycystic Ovaries. Both oligo- or polycystic 

ovaries and hyperandrogenism are necessary for the AES. The standardization 

of diagnosis is not without its challenges. Ovulation that is irregular and 

frequent is the first indicator of early menarche. The second factor is that 

transvaginal ultrasonography is rarely performed on young people, which 

prevents any invasive testing for PCOS and makes it difficult to see the ovaries. 

The AES raised the bar for diagnostic accuracy. Both oligo- or polycystic 

ovaries and hyperandrogenism are necessary for the diagnosis by AES. The 

process of standardizing diagnostics has some challenges. First, frequent, 

erratic ovulation is a feature of early menarche. Therefore, anovulatory cycles 

cannot be utilized to establish the syndrome's existence. Second, the limited 

view of the ovaries due to the scant application of transvaginal ultrasonography 

in young people prevents any intrusive diagnosis of polycystic ovarian 

morphology  (Legro et al., 2014). 

1.5 Androgen excess 

LH as well as adrenocorticotropic hormone (ACTH) typically control 

the ovary and adrenal glands to generate sex hormones. Androgen excess, or 

the body's high amounts of sex hormones, is a disorder that impacts people 

with PCOS. Women who have polycystic ovarian syndrome, a prevalent 

endocrine condition that has an impact on menstruation, fertility, and general 

health, may experience this (Azziz et al., 2009). 

As mentioned previously, multiple ovarian cysts are one of the main 

indicators of PCOS, and they can cause an imbalance in hormone production, 

including an excess of androgens. Women with PCOS who have high androgen 

levels may experience irregular or nonexistent periods, acne, excessive facial 

and body hair development, and thinning of the scalp hair  (Azziz et al., 2009). 

1.6 Hyperinsulinemia and obesity 

Both obesity and hyperinsulinemia (high amounts of insulin in the 

blood) have been linked to PCOS. Numerous hormonal imbalances, such as a 
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propensity for ovarian cysts, irregular menstrual cycles, and high levels of 

androgens (male hormones), characterize the illness (Ying Li et al., 2019). 

The existing findings suggest that overweight and hyperinsulinemia 

may prevent PCOS by disrupting the body's normal hormonal balance. 

Particularly higher levels of androgens have been associated with obesity and 

hyperinsulinemia, which can cause PCOS symptoms like irregular periods, 

acne, hair growth, and difficulty becoming pregnant. Hyperinsulinemia, 

obesity, and insulin resistance are all conditions where the body's cells do not 

react to insulin as they should. More issues could arise as a result of insulin 

resistance (Ying Li et al., 2019). 

1.7 Fundamentals of folliculogenesis and polycystic ovary syndrome 

The development of mature oocytes from immature germ cells into 

ovarian follicles is known as folliculogenesis. Primordial germ cells change 

into oocytes as a baby grows, where they remain until they are later required 

to develop into preovulatory follicles. The cumulus cells, one of the two 

varieties of granulose cells that surround the oocytes at this stage, are located 

on the inside layer of the follicle and are situated closer to the eggs (Ying Li et 

al., 2019). 

For the purpose of preparing for ovulation, the "cumulus expansion" 

process occurs within the cumulus cells. This process results in the production 

of hyaluronic acid, which is subsequently deposited into the extracellular space 

together with other proteins. The oocyte will nevertheless continue to go 

through meiosis and finally become a cumulus-oocyte complex (COC). Due to 

the fact that this complex stalls at the metaphase of the second meiotic division, 

the egg in this complex is prepared for ovulation and eventual fertilization 

(meiosis II stage oocyte, MII stage). The interaction of the oocytes with the 

surrounding granulosa cells as well as the favorable follicular 

microenvironment play a crucial role in ovulation and follicular 

development  (Ying et al., 2019). 

The ovarian follicle's early, middle, late, and primordial antral 

developmental stages, the corpus luteum ruptures when an egg eventually 

ejects after ovulation. Beginning with the initiation of the hyperandrogenic 
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condition in PCOS, defective folliculogenesis started. The pituitary and 

hypothalamus will create higher levels of gonadotropin-releasing hormone 

(GnRH) and gonadotropin hormone more quickly when there is more 

testosterone present. Additionally, LH and FSH will promote the ovarian theca 

cells' generation of androgens and the ovarian granulosa cells' conversion of 

androgens to estrogens. Since the hypothalamic-pituitary-ovarian axis is 

inconsistent, women with PCOS will have a higher ratio (Qiao and Feng 2011). 

Cell survival and cell death are both regulated by Bcl2 family proteins. 

The cumulus cells of mature, fertilized oocytes exhibit increased expression. 

These genes' altered expression in oocytes and cumulus cells has an impact on 

oocyte development in PCOS. The ability of oocytes to complete nuclear 

maturation and ovulate was shown to be enhanced by Bcl2 expression. One 

such gene targeted by miR-155 is Bcl2. A higher expression of miR-155 led to 

a downregulation of Bcl2 (Ghaffari et al., 2020). 

MicroRNA miR-155 promotes cleavage, nuclear and cytoplasmic maturation, 

and cumulus expansion. Granulosa cells in PCOS overexpress miR-155, which 

is favorable for embryonic development but bad for nuclear and cytoplasmic 

maturation (Ghaffari et al., 2020). 

1.8 Fertilization and gametogenesis in polycystic ovary syndrome 

The process by which an organism produces gametes, or reproductive 

cells (eggs in females and sperm in men), is known as gametogenesis. 

Gametogenesis occurs in the gonads and is managed by an intricate web of 

hormones and signaling pathways (ovaries in females and tests in males) 

(Hatok and Racay 2016). 

An egg is generated and released by the ovary during the process of 

ovulation, and then the egg is fertilized by a sperm. Gametogenesis and 

fertilization typically take place in females in this manner. Luteinizing 

hormone (LH) and follicle-stimulating hormone (FSH), which enhance the 

development and maturation of eggs in the ovaries, are hormones that control 

this process (Hatok and Racay 2016). 
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PCOS, a common endocrine disorder, can prevent healthy 

gametogenesis and pregnancy in females of reproductive age. Numerous 

ovarian cysts, high levels of androgens (male hormones), irregular menstrual 

cycles, and other hormonal irregularities are the hallmarks of PCOS. These 

hormonal abnormalities could stop eggs from maturing and releasing correctly 

from the ovaries, which could lead to delayed or missing ovulation, in addition 

to other issues with fertility (Hatok and Racay, 2016). 

PCOS is not only characterized by impairing proper gametogenesis and 

conception, insulin sensitivity, but also by its influence on next generation and 

release of hormones including FSH and LH (Dumesic et al., 2015). 

1.9 Pregnancy and PCOS 

Obese women may have a change in uterine receptivity due to their 

heightened risk of infertility and lower fecundity. Obesity is typically 

associated with poor obstetric outcomes throughout the whole pregnancy, 

regardless of whether it arises before conception or as a result of an 

uncontrollable weight gain during pregnancy. Because obese women have 

lower levels of leptin receptor mRNA in the syncytiotrophoblast without 

higher levels of leptin protein, leptin sensitivity, which is linked to obesity, 

may occur in these individuals. In spite of the fact that pregnant obese women 

have higher blood leptin levels than pregnant non-obese women, there is 

evidence that leptin per unit mass of adipose declines over the duration of 

pregnancy (Legro et al., 2014). 

1.10 The role of apoptosis during preimplantation development 

The ability of a preimplantation embryo to adapt to its environment and 

protect itself from cellular injury caused by either inherent or external sources 

determines how successfully that embryo develops. Somatic cells interrupt the 

cell cycle and activate repair mechanisms in response to DNA or organelle 

damage. The ability of a preimplantation embryo to adapt to its environment 

and protect itself from cellular injury caused by either inherent or external 

sources determines how successfully the embryo will develop. Somatic cells 
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interrupt the cell cycle and activate repair mechanisms in response to DNA or 

organelle damage  (Friedberg, 2014). 

If the damage is repaired, the cell cycle resumes; if not, programmed 

cell death, also known as apoptosis, occurs. The process of apoptosis causes 

the DNA, cytoplasm, and nuclear structures to fragment. The cell apoptosizes, 

splinters into membrane-bound fragments, and is either dispersed or 

phagocytized by neighboring cells (Wyllie et al., 1980). 

The ability of a preimplantation embryo to adapt to its environment and 

protect itself from cellular injury caused by either internal or external 

influences determines how successfully the embryo will develop. Somatic cells 

stop their cell cycle when their DNA or organelles are damaged, and they start 

the repair procedures (Friedberg, 2003). The cell cycle resumes if the damage 

is repaired; if not, programmed cell death, often known as apoptosis, takes 

place (Friedberg, 2014).  

1.11 Apoptosis Pathways 

Two established apoptosis routes are intrinsic and extrinsic apoptotic 

pathways, often known as mitochondrial apoptosis and receptor-mediated 

apoptosis, respectively. Both of these occurrences trigger the caspase and 

DNase enzymes, which then start to work, destroying DNA and cytoplasmic 

material and causing the classic morphological apoptosis signals of membrane 

blebbing and apoptotic bodies. The essential difference between the two 

methods is the presence of a signal that is receptor-mediated as opposed to one 

that is internally produced by the mitochondria (Voss and Strasser, 2020). 

Apoptosis is necessary for maintaining tissue homeostasis. It promotes the 

growth of the embryo, cell regeneration, and the immune system (Voss and 

Strasser, 2020). 

1.11.1 The Extrinsic Pathway 

Using specific membrane-bound death receptors from the tumor 

necrosis factor family, the extrinsic pathway, the cytoplasm of these receptors 

contains a homologous domain called the death domain (DD), which has 
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roughly 80 amino acids (Nagata, 1999). A few extracellular signaling 

molecules that can bind are Fas ligand (FASLG) (Nagata, 1997) and TNFSF10 

(formerly TRAIL) (Metcalfe et al., 2004). 

The activation of these receptors, Fas-associated protein with death 

domain, a 20-adaptor molecule, is requested by the receptor and activated 

(FADD). Following that, Procaspase-8 interacts using FADD. Two death 

instructions (DED) are located on the N-terminal region of procaspase-8 and 

make up the death-inducing signaling complex (DISC). The weak proteinase 

activity of procaspase-8 is activated when a DISC develops, assisting in its self-

cleavage and production of active caspase-8 (Metcalfe et al., 2004). 

1.11.2 The Intrinsic Pathway 

The intrinsic route, which is apoptosis's stress-induced mechanism, is 

not driven by the extrinsic system, which is dependent on membrane-bound 

receptors; rather, it is activated by a stress-induced signal, such as the heat 

shock-induced activity of sphingomyelin phosphodiesterase (SMPD), which 

causes sphingomyelin to hydrolyze into ceramide. Ceramide then stimulates 

either mitogen-activated protein kinase 8 (MAPK8; formerly JNK) or mitogen-

activated protein kinase 9, which in turn stimulates the BH3-only 21 BCL2 

family members. Apoptosis cannot be stopped by BH3-only proteins because 

they bind to the anti-apoptotic B-cell CLL/lymphoma 2 (BCL2) and BCL2-

like 1 (BCL2L1, formerly BCL-xL) proteins. BCL2-associated X protein 

(BAX) and BCL2-antagonist/killer 1 (BAK) are consequently released, which 

causes apoptosis (Wyllie et al., 1981). 

Some members of the BH3-only family may focus on the mitochondrial 

outer membrane and create multimers in addition to inhibiting BCL2 and 

BCL2L1 by binding to BAX and BAK1 and altering their conformation. The 

holes created by BAX and BAK1 in the mitochondrial outer membrane cause 

the mitochondria to depolarize. Cytochrome C is consequently delivered to the 

cytoplasm. Cytochrome C binds to a protein called apoptosis-inducing factor 

1 (APAF1), which causes a conformational change that allows the formation 

of the 7-membered apoptosome. The apoptosome draws in a large number of 

procaspase-9 zymogen units. When procaspase-9 levels are sufficient, 
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procaspase-9 undergoes a conformational change that reveals the enzyme's 

active site. Caspase-9 activates and cleaves group II, or executioner caspases 

(-3, -6, and -7). The caspase cascade is terminated by DFFA cleavage, which 

results in its separation from DFFB and the activation of DNase. Then, DFFB 

splits DNA into fragments with internucleosomal apoptotic signatures (Wyllie 

et al., 1981). 

1.12 The statement of the problem 

PCOS is a very common reproductive health issue that affects one in 

ten females. Unusual periods are among the most common symptoms of PCOS. 

PCOS is one of the main reasons for infertility since it can disrupt ovulation, 

an important step in becoming pregnant. Underlying genetic mechanism of 

PCOS is not very well known.  

1.13 Importance of the research 

The aim of the present study was to investigate if PCOS affects the level of 

BAX, and MAD2L1 gene expression levels in human oocytes obtained from 

patients with polycystic ovaries. 

1.14 Limitation of the study  

The number of patients and oocyte samples are limited, which can 

affect the statistical power and generalizability of the study results. 
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CHAPTER II 

                                                           Literature Review 

 

2.1 BCL2 gene 

The BCL2 gene, the prominent member of the BCL2 protein family, is 

essential for regulating apoptosis (Kvansakul et al., 2014). Due to their roles in 

mitochondrial apoptosis and the existence of shared BH (BCL2 homology) 

domains, the 25-member BCL2 protein family is divided into three subfamilies 

(Hatok and Racay, 2016). 

BCL-B proteins that inhibit apoptosis contain a certain number of BH 

domains. Each anti-apoptotic BCL2 protein is helical in shape and rests on a 

single hydrophobic helix in the center. The BH1-3 domains are positioned to 

display a hydrophobic groove in order to function in a pro-survival manner and 

bind to partners that cause apoptosis (Hatok and Racay 2016). Pro-apoptotic 

proteins from the BCL2 family's second subclass, BOK, BAX, and BAK, 

contain BH 1-3 domains (Hatok and Racay 2016). There is a third diverging 

class, called BH3. The majority of linkages are mediated by the principal 

structural component of the BCL2 family. Because they are made up of 

numerous amphipathic alpha helices, they can adhere to mitochondrial 

membranes and pro-apoptotic subunit domains (Hatok and Racay, 2016). Each 

method requires a distinct caspase, and they are all dependent on the BCL2 

protein family, which makes it easier to distinguish between them. The BCL2 

family of proteins tightly controls this intrinsic system, often referred to as the 

mitochondrial pathway or the BCL2-regulated, which is activated by a range 

of developmental cues or cytotoxic insults like DNA damage, viral infection, 

and growth hormone shortage. Phosphokinases and phosphatases are both 

necessary for the dynamic process of phosphorylating BCL2  (Westphal, 

Kluck, and Dewson, 2014). 
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2.2 BAK/BAX 

Apoptosis is regulated by the BCL-2 family proteins, which include 

BAK. The outer membrane of the mitochondria, the organelle in charge of 

generating the cell's energy, contains a latent monomer called BAK. The self-

association of the activated BAK protein allows for the release of important 

signaling molecules that open pores in the mitochondrial outer membrane to 

start the apoptotic process. Because BAK activation is one of the important 

variables influencing apoptosis, understanding the intricate mechanisms 

underlying BAK regulation and channel creation continues to be a high 

research focus in cell death. Full-length BAK cannot currently be expressed as 

a recombinant protein; hence, it has not been feasible to thoroughly analyze 

full-length BAK's activation process biochemically or structurally (Westphal 

et al., 2011). 

These BCL-2-associated proteins, or BAX and BAK, are younger 

BCL-2 family members with similar roles. The BCL-2 homology domain 3 

(BH3), an essential helix motif seen in each protein, is required for the deadly 

action based on oligomerization. Anti-apoptotic BCL-2 family proteins have a 

groove on their surface that conceals the exposed BAK and BAX BH3 

domains. It is widely known that cancer cells will modify and increase this 

normal regulatory system to favor pathologic cell survival due to how well this 

type of BAK and BAX suppression inhibits apoptosis. To start the cancer death 

process in people, significant attempts are being made to pharmacologically 

disrupt these restricting BAK and BAX links (Pea-Blanco et al., 2018). 

In NMR experiments, the solution structure of BAX was successfully 

ascertained using full-length recombinant BAX. BAK is a membrane protein 

that is challenging to produce and isolate in monomeric form, creating a 

significant knowledge gap. As far as we are aware, efficient production or 

purification of filled monomeric BAK has yet to be achieved (O’neill et al., 

2016). 

Mitochondrial BAX and BAK have been revealed to include a region 

that can activate monoclonal antibodies. The 1-2 loop is inaccessible to BH3-

only proteins, but other BAX/BAK activators may increase MOMP by 
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activating this particular activation site. Inserting the BAX helix into the 

membrane, which ensures that the BAX/BAK BH3 domain is accessible and 

available to form self-assemblies with other BAX/BAK molecules, is one of 

the steps in the molecular mechanism that characterizes BAX/BAK activation. 

Most cells include the protein BCL2, which interacts with proteins to either 

promote or prevent apoptosis and determine whether a cell will survive or not 

(O’neill et al., 2016). 

Understanding the structure, metabolic function, activation patterns, 

and mechanisms of pro-apoptotic BAX has advanced significantly in recent 

years, partly as a result of the effective isolation of BAX in its purest 

monomeric form. Using full-length recombinant BAX in NMR studies, the 

solution structure of BAX2 was effectively determined. A significant 

information gap exists because BAK, a membrane protein, is challenging to 

generate and purify in monomeric form. As far as we know, filled monomeric 

BAK has not yet been efficiently produced or purified (O’neill et al., 2016). 

2.3 MADL2  

The MADL2 gene (mitotic arrest defective 2) generates the MADL2 

protein, which functions in the cell cycle, the procedure by which cells divide 

and multiply, which is what causes cells to divide and multiply. The spindle 

checkpoint, which is regulated by MADL2, is a process that ensures that the 

genetic material of the cell is accurately copied and divided during cell 

division. (O’neill et al., 2016). 

Data point to a potential link between the MADL2 gene and polycystic 

ovarian syndrome (O’neill et al., 2016). Women with PCOS showed larger 

quantities of MADL2 gene levels in their ovaries than women without PCOS. 

The study suggests that greater MADL2 mRNA levels may influence the 

emergence of PCOS (O’neill et al., 2016). This work suggests that the 

malignant progression of human cancer may include the overexpression of 

MADL2, which results in a damaged mitotic spindle checkpoint. Numerous 

clinicopathological traits, including metastasis, prognosis, and histology grade, 

have been linked in studies to the overexpression of MADL2 (differentiation). 

The result of almost all of these investigations is that MADL2 overexpression 
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is a risk factor for a worse outcome. Therefore, MADL2 overexpression 

promotes both carcinogenesis and the development of cancer (O’neill et al., 

2016). 

It has been established that h MAD2L1, also known as human Mad2p, 

is required for checkpoint security. MADL2 has a wide nuclear distribution and 

is only present in kinetochores without a mitotic spindle connection. These 

results suggest that the detection and perception of the checkpoint signal are 

significantly influenced by the kinetochore structure (O’neill et al., 2016). 
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Chapter lll 

Methodology 

The Near East University Scientific Research Ethics Committee 

(YDU/2021/96-1432) gave its clearance following an ethical review. All of the 

participants gave informed consent. 

The goal of the experiments was to find out the level of BAK, BAX, and 

MAD2L1genes in human oocytes.  

3.1 Sample Size 

A total of 13 oocyte samples, 1–7 from the control (non-PCOS) and 8–

13 oocytes from PCOS group were included in the study. 

3.2 Nucleic acid extraction, cDNA synthesis and real-time PCR 

In Nicosia, North Cyprus, at the Near East University DESAM 

Research Institute, this experiment was carried out. Nucleic acid extraction was 

done using the Hibrigen total nucleic acid isolation kit, by the manufacturer's 

instructions (Hibrigen, Turkey, cat. no. MG-TNA-01-10). 

The samples were first treated with cell lysis buffer before the RNA 

was extracted. After that, the RNA was preserved from deteriorating by first 

being incubated on ice and then being added to chloroform. The DNA and 

chloroform were separated using ethanol after the samples were vortexed and 

centrifuged twice. The solution was then centrifuged and rinsed. Following the 

manufacturer's instructions, using the Nano-drop Spectrophotometer, the 

extracted RNA's purity and concentration were determined (Thermo-

Scientific, Pittsburgh, USA). Hibrigen's cDNA synthesis kit (Hibrigen, 

Turkey, cat. no. MD-CDNA-01-100) was used.  

For the real-time PCR, the LightCycler® 480 SYBR Green I Master kit 

(Roche, Germany, ref no. 04707516001) was used in accordance with the 

manufacturer's instructions without any changes. According to the 

optimization process described in Table 1. PCR conditions are shown in Table 

2.  Table 3 shows the final concentrations of the reagents. Melting curve 
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analysis was used during the PCR to distinguish between the primer-dimer and 

the product.  

3.3 Statistical analysis 

The statistical analysis was completed using the program GraphPad 

Prism v8.  

Table 1  

Sequences of primers 

BAK  

Forward primer TACATGTCTACCAGCACGGC 

Reverse primer CCTTGTTGCAGCATGAAGACC 

BAX 

Forward primer GTGGTTGGGTGAGACTCCTC 

Reverse primer GCAGGGTAGATGAATCGGGG 

MAD2L1 

Forward primer TTTGGCATGGTGCTCCACTA 

Reverse primer CGGTTCTCAAGCTCAAGCAAA 
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Table 2 

Conditions for Real-Time PCR   

 

 

 

Steps 

PCR procedures Temperature 0C/ 

Time 

Cycles 

Initial 

Denaturation 

95 0C/ 10 minutes 

 

1 

Denaturation 95 0C/ 10 seconds  

                

 

 

 

 

40-45 

Annealing   62-64 0C/ 10-20 

seconds 

Extension  72 0C/ 30 seconds 
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Table 3 

Final concentrations of the reagents in PCR  

Sample BAX  MAD2L1 

Primer Forward  0.5 µM 0.3 µM 

Reverse primer  0.5 µM 0.3 µM 

 1 µl cDNA 

1µl cDNA 

+10% glycerol 

+ 1.25 µl 

MgCl2 

 63 °C  20 seconds  62 °C   20 sec  
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CHAPTER lV 

Results 

The experiment's findings are presented in this chapter. The following 

numerical and graphical data are provided in this chapter as a consequence of 

further examination of the real-time PCR analysis results using the student's T-

test statistical method. 

Table 4 shows the details of the oocytes used in this project. RNA was 

successfully extracted from each sample and cDNA was synthesized. The 

concentration of cDNA samples is shown in table 5.   

Table 4 

Details about the oocyte donors  

Patient number  PCO 

1 Yes  

2 Yes 

3 Yes 

4 Yes 

5 Yes 

6 Yes 

7 Yes 

8 No 

9 No 

10 No 

11 No 

12 No 

13 No 
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            Table 5  

            Measurements of the cDNA samples' concentration and absorbance. 

Sample 

ID 

Conc. 
(ng/µl) 

260/280 

1 982.9 1.74 

2 1080.6 1.74 

3 1038.5 1.75 

4 1055.4 1.73 

5 1045.0 1.73 

6 1030.6 1.74 

7 1063.6 1.74 

8 1072.0 1.74 

9 1042.5 1.74 

10 1036.4 1.74 

11 1046.2 1.74 

12 1039.4 1.74 
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Real-time PCR was performed to analyze the expression levels of 

MADL2 and BAX genes in oocyte samples. To investigate the level of gene 

expression, real time PCR conditions were tested using different primer 

concentrations ranging from 2.5 µM to 0.1 µM with different annealing 

temperatures and annealing time in the presence of glycerol and magnesium 

chloride. For each PCR amplification, a negative control in the absence of any 

DNA was included to evaluate contamination and formation of primer dimer. 

Melting curve analysis was performed at the end of each real time PCR to 

identify the primer dimer and the actual product. The PCR conditions were not 

being able to be optimized. The final PCR conditions are shown in table 5. A 

total of two samples showed an amplification for the BAX2 and six samples 

showed an amplification for MADL2 genes, respectively. Two samples from 

the PCO group showed an amplification with a CT value of 28.1 and 29.4 for 

BAX2 and three samples from the control group with a CT value of 30, 29.8 

and 29.9 and three samples from the PCO group with CT values of 29.8, 29.9 

and 29.4 for MADL2 genes, respectively. Figure 1 shows the melting curve 

analysis result following BAX gene amplification. Figure 2 shows the melting 

curve analysis of primer dimers following MADL2 amplification. Figure 3 

shows the BAX gene amplification plot analysis following real-time PCR. 
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Table 5 

Real time PCR conditions  

Reagents Volume/ concentration 

SYBR- Green 5 µl 

Forward primer 0.3 µM 

Reverse primer 0.3 µM 

MgCl2 1.25 µl 

Glycerol 2 µl 

Water - 

cDNA 1 µl 
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Figure 1 

Melting curve analysis of an optimization attempt for the BAX gene from real-time 
PCR.  

Negative control sample shows a peak coinciding with the samples and as a result, 
real-time PCR melting curve analysis showed primer dimer.  

 

 

 

Figure 2 

Melting curve analysis of a PCR optimization try for the MADL2 target gene. 

 

Target gene  
 

Target gene  
 

Negative   
 

Negative   
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Figure 3 

BAX gene amplification plot analysis following real-time PCR.  
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CHAPTER V 

Discussion  

By examining the gene expression levels of BAX, and MAD2L1, this 

study attempted to ascertain the link between the apoptosis-related genes and 

PCOS in the oocytes. Important mechanisms governing genomic stability 

during early human development, mechanisms like cell arrest, cell cycle 

checkpoints, and apoptosis may be ineffective (Mantikou et al., 2012). 

Programmed cell death, also known as apoptosis, is essential for the human 

body to operate normally. The development and regulation of the immune 

system, cell turnover, embryonic development, and gametogenesis are all 

included in this (Yan Li et al., 2022). 

Genetic studies have focused on the association between the BAX genes 

with polycystic ovary syndrome (PCOS). Apoptosis is aided by the pro-

apoptotic gene BAK as well. Researchers have looked at how the BAK gene 

may impact PCOS-related apoptotic processes in the ovaries and how it may 

contribute to the onset of the condition (Yan Li et al., 2022). Studies suggest 

that variations in the BAX gene may increase the likelihood of developing 

PCOS. This is thought to occur as modifications to the BAX gene may affect 

ovarian function and cause cyst development (Yan Li et al., 2022). It is crucial 

to remember that not all studies have discovered a statistically significant 

connection between the BAX gene and PCOS and that additional investigation 

is still needed in this field. To fully comprehend how the BAX gene influences 

the development of PCOS, more studies are required (Ying Li et al., 2019). 

Apoptosis may result from internal or extrinsic processes. Extrinsic 

pathways are engaged when a cell detects DNA damage and receives a signal 

from one of its genes or proteins to start apoptosis, as opposed to intrinsic 

pathways, which are activated when a cell detects DNA damage and receives 

a signal from other cells in the body. When a cell is useful or presents a problem 

that the organism cannot address, the extrinsic cascade is set off (Wang et al., 

2021). 

The BCL2 gene and its critical role as an apoptosis regulator make up 

the BCL2 protein family's most important members. Found that proteins from 
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the BCL2 family are important in regulating intrinsic apoptotic pathways. They 

also participate in intracellular processes related to cell survival (Yan Li et al., 

2022). Some non-canonical behaviors of BCL2 family members differ greatly 

based on the cell type or cell structure in endogenous or exogenous conditions. 

(Hatok & Racay, 2016). The BCL2 family of proteins is shown to be essential 

for regulating oocyte and early embryonic survival. Certain family members 

present themselves differently throughout oocyte differentiation and the first 

few weeks of embryonic development. One of the main rivals of these 

members is the pro-apoptotic factor BAX. Because BAX is constitutively 

generated, oocytes and early embryos might always be in danger of dying, thus 

it's probable that their capacity to control proapoptotic activity is crucial to 

guaranteeing their (Yan Li et al., 2022).  

Studies have shown that mutations in the BAK gene may increase a 

person's risk of developing PCOS. It is anticipated that this will occur since 

cyst formation, a characteristic of PCOS, may be brought on by mutations in 

the BAK gene (Ying Li et al., 2019). It is important to keep in mind that not all 

studies have discovered a conclusive link between the BAK gene and PCOS, 

and that this field of study is currently ongoing. To fully comprehend how the 

BAK gene contributes to the emergence of polycystic ovarian syndrome, more 

investigation is required (Ying Li et al. 2019).  

On the regulation of cell division and apoptosis, the MAD2L1 gene 

plays a significant role. Variations in MAD2L1 expression and the emergence 

of ovarian cysts in the context of PCOS have been studied as potential 

associations (Ying Li et al., 2019). Studies have suggested that changed 

MAD2L1 expression may have a role in the pathophysiology of PCOS and the 

development of ovarian cysts, even though additional research is necessary to 

completely understand the relationship between apoptosis, altered MAD2L1 

expression, and PCOS (Boumela et al., 2011).  

This investigation looked at the connection between oocyte apoptosis 

and MAD2L1 expression using oocyte samples from women with PCOS. 

Unfortunately, the PCR conditions were not able to be optimized for these 

genes and primer dimers were obtained. Thus, further samples must be 
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collected for optimizing the PCR conditions. When analyzing the findings of 

studies investigating the association between MAD2L1 expression and PCOS, 

it is crucial to take into account the potential impact of sample populations. It 

is necessary to conduct additional research on the association between both 

BAX and MAD2L1 expression and PCOS utilizing bigger and more varied 

sample sets. 
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CHAPTER VI 

     Conclusion 

 

Further studies are necessary to establish how the BAX, and MAD2L1 

genes manifest themselves in relation to polycystic ovarian syndrome. The 

onset of PCOS has been linked to these genes. They are known to contribute 

to apoptosis as well. Although several studies have shown a connection, more 

research is needed to completely grasp the connections and underlying 

mechanisms. As potential new targets for PCOS treatment and prevention, 

these genes show promise. Understanding the connection between variations 

in their expression and a higher likelihood of getting PCOS will require more 

study.    
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