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Abstract
LNCRNAS REGULATIONS IN HUMAN OOCYTES OBTAINED FROM
PATIENTS WITH POLYCYSTIC OVARIES
Warda Rai
MSc, Department of Medical Biology and Genetics
June, 2022, 54 pages

Background: Polycystic ovary syndrome (PCOS) is a common endocrine disorder
which affects females of reproductive age. It is a condition that often results in the
production of cysts in the ovaries leading to problems in ovulation and infertility.
PCOS also causes excess facial hair, diabetes, obesity, hyperandrogenism, acne and
insulin resistance. Hence it is a syndrome that has multiple conditions which cause
several adversities in a patient's life. PCOS affects about 4% to 20% of females at
reproductive age and is the leading infertility cause. According to previous studies,
there has been upregulation in lncRNA gene expression in PCOS patients in different
types of samples. In this study, experiments were conducted to find out the selected
lncRNA regulation patterns in human meiosis II stage oocytes, which were obtained
from patients suffering from polycystic ovaries (PCO) and women without PCO
(control group).
Materials and methods: Human oocytes were obtained from in vitro fertilization
(IVF) patients at the Near East University Hospital by an expert embryologist. Two
groups were formed. The first group involved oocytes from patients with PCO, and
the second group consisted of oocytes from patients with no PCO (control group). In
total, 13 samples were collected, seven from PCO patients and six from the control
group, respectively. RNAs from these samples were extracted, and then cDNAs were
manufactured using these extracted RNAs. The expression data of lncRNAs were
obtained by using real-time polymerase chain reaction (PCR). The results were
analyzed by statistical methods using GraphPad prism software.
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Result: The experiment was conducted on a total of 13 samples, out of which seven
were attained from PCO patients, and the remaining six were acquired from nonPCO patients. The values attained after statistical methods suggested that expression
patterns of MALAT1, AOC4P, and NEAT1 in two groups were not statistically
significant. This implies that these selected lncRNAs (MALAT1, AOC4P, and
NEAT1) may not have a role in the development of polycystic ovaries in human
oocytes.
Conclusions and recommendations: MALAT1, AOC4P, and NEAT1 were not
statistically significant in human oocytes of PCO patients. However, the sample size
in this study is very small, so further studies should be designed with a larger sample
size to attain even more accurate findings. Further studies will be conducted
investigating other non-coding RNAs and lncRNAs which could potentially be
affecting PCOS patients adversely.
Keywords: PCOS, lncRNAs, gene regulation
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Chapter I
Introduction
1.1. Polycystic ovary syndrome
Polycystic ovary syndrome (PCOS) is a condition in which there is an abnormal amount
of androgen production in the ovaries. Due to this excessive level of androgen present in
the ovaries, various sack-like structures called cysts (fluid-filled sacs) are formed hence
the name polycystic ovary syndrome. PCOS is a common endocrine abnormality. It
impacts 4% to 20% of reproductive-age women around the world (Deswal et al., 2020).
PCOS is a significant cause of female infertility. It is a hormonal imbalance condition
where excessive androgen in ovaries results in interfering with follicle development and
release of the egg during ovulation which causes cyst formation around the ovaries. This
causes problems in menstruation, giving rise to conditions like amenorrhea (missing one
or more menstrual periods) or oligomenorrhea (fewer than six to eight periods per year).
Acne, obesity, insulin resistance, hyperandrogenism, and polycystic ovaries are also some
of the outcomes of PCOS. There is an increased incidence of diabetes type II in PCOS
patients. In PCOS, there are either insufficient or non-functioning of insulin receptors
which causes higher insulin and glucose levels in the blood. This, in turn, causes
conditions like obesity, hyperglycemia, and hyperinsulinemia. Studies suggest that obese
women have more risk of developing high levels of androgen, leading to
hyperandrogenism, which further enhances the symptoms of PCOS (Pasquali, 2006).
PCOS is also associated with metabolic disorders like hepatic steatosis, glucose
intolerance, dyslipidemia, and hypertension (Liu et al., 2017).
The severity of PCOS symptoms show variation. Some women have a mild form of the
condition, and they may not even realize that they have PCOS, while other women have
severe symptoms affecting their quality of life and fertility. After menopause, the ovaries
stop functioning, and androgen level drops. Thus, the symptoms tend to improve.

2

However still, PCOS postmenstrual females, when compared with other postmenstrual
women, have higher insulin resistance and androgen level (Hsu, 2013).
In PCOS patients, there is a hormonal imbalance. In females, normally, a small amount of
male sex hormone, i.e., androgen, is produced by the adrenal glands and the ovaries,
which helps in the correct function of the reproductive system. However, unfortunately,
in PCOS women, the ovaries and adrenal glands or both produce an excess amount of
androgen. An excessive amount of androgen leads to the hair on the body and face, hair
loss, obesity, acne, and other symptoms. It also affects the development of ovarian
follicles which produce estrogen and progesterone and release the mature oocyte during
ovulation. This, in turn, causes the multiple immature follicles to develop, which are also
known as cysts. Having an ovarian cyst is one of the many symptoms of PCOS, and this
syndrome may happen to women with or without polycystic ovaries. PCOS women also
experience insulin resistance in which the body is unable to use insulin effectively
because the insulin receptors are either insufficient or are not functioning. If the body
cells become resistant to the action of insulin, the sugar level may increase, which in turn
promotes the production of more insulin. Insulin normally regulates blood sugar levels, so
in PCOS women, there is no regulation of blood sugar as well, which leads to the high
glucose level in the blood and high insulin levels. Excess insulin may increase the
production of androgen, causing difficulty in ovulation. A type of low-grade
inflammation has also been observed in PCOS patients. This low-grade inflammation
stimulates polycystic ovaries to produce androgen leading to heart and blood vessel
problems (González, 2012). The causes of PCOS are not entirely understood, but it is
believed that genetic and environmental factors may contribute significantly.
The genetic influence on the development of PCOS is high. It has been observed that
PCOS cases appear to cluster in families. Evidence supports that hyperandrogenemia
(presence of an excess amount of androgen) and hyperinsulinemia (presence of excess
amounts of insulin) in siblings show hereditability (Franks & McCarthy, 2004; Legro et
al., 1998). However, it is not yet confirmed what the exact mode of inheritance of this
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syndrome is. It is possible that PCOS is inherited as an autosomal dominant pattern, but
there is more chance of it being oligogenic (involving a few genes) or polygenic,
involving two or more genes (Franks et al., 1997a; Franks & McCarthy, 2004).
Nevertheless, it is also possible that a major change in a single gene could influence the
physical traits of a family. The candidate genes for PCOS which have been under the
radar and could influence the polycystic ovary syndrome are those genes that are involved
in androgen biosynthetic pathways and the genes which affect the action or secretion of
insulin.
It has been noticed that the prevalence of PCOS has been rising in relatively constant
gene pool populations. This shows that there is a very important role of environmental
factors on PCOS. The more obese an individual is, there are more risks of susceptibility
to this syndrome. In developed countries, there is an easy access to food, and modern life
helps conserve the daily energy, which creates a positive energy balance. Moreover,
studies showed that PCOS patients had a high concentration of glycol-toxins and
advanced glycation end products (AGEs). AGEs also show a positive correlation between
hyperandrogenemia and insulin resistance (Diamanti-Kandarakis et al., 2005). Another
example of an environmental effect on PCOS is the use of medication, such as valproic
acid. Valproic acid is a fatty acid-containing short-chain and is employed in the treatment
of patients suffering from epilepsy, bipolar disorder, migraines, and generalized mood
behaviors. This medicine causes stigma of PCOS in women using it. These women
developed symptoms of polycystic ovaries, obesity, hyperandrogenism, and anovulation
(Franks et al., 1997b). When the use of medication is stopped, the symptoms get reversed
(Franks et al., 2001). Recent studies suggest that only obesity caused by the use of
valproic acid is enough to develop the phenotype of PCOS (Gambineri et al., 2002).
There is no genetic testing in the diagnosis of PCOS that could confirm 100% whether a
person definitely has PCOS or not. However, medical doctors usually start the
investigation by discussing the medical history of patients and asking the patients about
changes in their menstrual cycle and weight. Pelvic examination is performed by
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gynecologists in which reproductive organs are inspected manually and visually for
masses, abnormal growth, or other abnormalities. Physical exams detect extra hair growth
and acne. PCOS patients also have to go through various blood tests. Blood tests are
important because they help to analyze the hormone levels and negate other causes
(menstrual abnormalities), which could mimic symptoms like PCOS. An ultrasound test
is also performed, which analyzes the ovaries and thickness of the uterus lining. If a
patient has two of the following three symptoms, then that patient is diagnosed with
PCOS according to the Rotterdam criteria. Irregular ovulation leading to irregular or
infrequent periods, a blood test showing excess levels of androgen (a male hormone), or
the signs indicating excess male hormones, ultrasound reports can be used to confirm the
presence of polycystic ovaries (Azziz, 2006).
There is no definite treatment for PCOS which could completely eradicate it. For some
patients, infertility is the main concern, and for others, it is excess hair in different parts
of the body (hirsutism). Some patients might be concerned most about the acne on their
face, while others might want to reduce their obesity. The treatments include lifestyle
changes and medication. Doctors might recommend a low-calorie diet for weight loss and
moderate exercise. Losing weight can increase the effect of medications that a PCOS
patient might be taking for infertility (Farshchi et al., 2009). In order to regulate the
menstrual cycle in PCOS patients, birth control pills (containing estrogen and
progesterone) are recommended because they decrease androgen production and regulate
estrogen. This can correct excess hair growth, acne, and abnormal bleeding. For patients
suffering from infertility, medication like clomiphene, letrozole, metformin, and
gonadotropins are recommended (Diamanti-Kandarakis et al., 2010). For reduction of
excess hair growth, birth control pills, spironolactone (for patients who are not planning
for pregnancy), eflornithine, and electrolysis are often recommended (Kini &
Ramalingam, 2018).
It is evident from the above discussion that PCOS is responsible for lots of adverse health
conditions, but still, there is no specific cause known behind this syndrome. Furthermore,
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there is no cure for this condition; thus, genetic background of PCOS represents a very
important field of research to determine causes and possible remedies for this
phenomenon. In order to find out what goes wrong in the normal process of fertilization
in PCOS, we have to first understand how ovulation and the normal fertilization process
occur.
1.2. Formation of Oocytes and Ovulation Process
The females have a finite number of follicles that she is born with. As she grows older,
this number keeps on decreasing with the increasing age. Each follicle contains one
immature egg, and each ovary has thousands of follicles. There are different stages
through which an oocyte passes in order to be converted into a mature ovum. The
primordial germ cell is the very first stage which has an embryonic cell that will
ultimately transform either into sperm or oocyte cells. During embryo development, these
cells translocate themselves to gonads, which ultimately form the testis in males or the
ovaries in females. When a primordial germ cell reaches the gonadal ridge, the cells in the
vicinity influence the cell to differentiate into oogonium. Oogonia consist of two sets of
chromosomes and hence are diploid cells. This means that a human's oogonium will have
23 pairs or 46 chromosomes in total. A process called mitotic cell division occurs in the
oogonium during the first five months of prenatal development, due to which oogonium
increases in size. In order to be converted into a mature ovum, every oocyte has to pass
through two phases of meiotic cell divisions. At this point, the number of oocytes will not
increase; rather, they will develop in terms of growth and maturity. This means that
towards the end of prenatal development, individual maturation of oocytes starts to occur,
and they become primary oocytes. The first phase of meiotic cell division occurs at this
stage which results in oocyte growth. But the process of maturation does not occur right
away. These oocytes are arrested at meiosis prophase I, and meiotic division reinitiates
when luteinizing hormone induces resumption of meiosis at puberty. The next stage of
oocyte maturation starts when puberty hits. All the oocytes do not enter meiosis together.
Depending upon the reproductive age of women, the number of oocytes going together
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into this stage may vary. Every month, a new batch of primary oocytes begins to mature.
As soon as the reproductive hormones affect the primary oocyte, it completes its first
stage of meiotic cell division, and the process is called oocyte maturation. When the first
stage of meiotic cell division ends, one cell divides into two different cells; a smaller
polar body (which eventually deteriorate) and a larger secondary oocyte. This secondary
oocyte goes into the maturation stage. Following this process, the secondary oocyte enters
the second phase of meiotic cell division. At this stage, the secondary oocyte further split
into two different cells; a smaller polar body and a larger mature cell. The large mature
cell formed is called an oocyte. Similar to the polar body I, the small polar body (polar
body II) also disintegrates. At this point, as the oocyte is converted into the oocyte stage
of development, ovulation occurs. When ovulation takes place, the follicle releases an
oocyte. There are finger-like projections that help in the movement of the oocyte into the
fallopian tube as human egg cells cannot move by themselves. When the fallopian tube
gets the oocytes, cilia (hair-like small projections) help in the further movement of the
oocyte. Fertilization takes place in the fallopian tube. At fertilization, the oocyte becomes
ovum by completing meiosis II (Hamilton et al., 1944).
Ovum and sperm cells contain 23 chromosomes each, and they combine during
fertilization to form a new cell with 46 chromosomes. The fertilized egg is known as a
zygote. The zygote undergoes cleavage divisions, and upon implantation, embryonic
development continues.
1.3. Events that occur during oocyte formation in PCOS patients
Normally the anterior pituitary gland located in the brain secretes hormones like folliclestimulating hormones (FSH) or luteinizing hormones (LH) into the bloodstream, which
direct the ovarian function. When these hormones are secreted, the immature eggs are
stimulated in the maturation process, and the size of follicles begins to increase. When the
eggs become mature, the follicle release estrogen, which is the major female sex
hormone. At a certain level of estrogen in the bloodstream, the pituitary gland secretes a
flood of luteinizing hormones in the ovaries, which in turn causes the mature follicle to
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open and release the egg through a process known as ovulation, and this egg passes down
the fallopian tube, where it is fertilized. The immature eggs and follicles that remain
disintegrate. If the egg is left unfertilized, the egg and uterine lining are lost during the
next menstrual period (Hassan et al., 2014).
In PCOS patients, the pituitary gland may secrete excessive levels of luteinizing
hormones into the blood, which disrupts the normal course of the menstrual cycle.
Consequently, the follicles may not undergo maturation, and ovulation does not happen
that leads to infertility. Some immature follicles may not disintegrate and will persist as
fluid-filled sacs known as cysts. High levels of insulin (produced by the pancreas) might
be increased in the bloodstream. When too much insulin is paired with excessive levels of
luteinizing hormone, the ovaries produce an overabundance of testosterone. Excessive
testosterone levels impede ovulation, which can lead to infertility. Many of the physical
features associated with PCOS are also caused by high levels of testosterone, such as acne
and excessive hair growth. Owing to excess insulin and insulin resistance, PCOS
increases the risk of type 2 diabetes, heart disease, hypertension, cholesterol
abnormalities, and endometrial cancer (Zhao et al., 2016).
1.4. Long Non-coding RNAs
Non-coding RNAs (ncRNA) do not code proteins and they can be categorized into
different types depending on the length. Short ncRNAs have less than two hundred
nucleotides, and long non-coding RNAs (lncRNAs) are usually longer and have more
than two hundred nucleotides (Djebali et al., 2012a).
According to HUMAN GENCODE, there are about 16,000 lncRNA genes within the
genome, but according to some other estimates, this number exceeds a hundred thousand
human lncRNAs (Fang et al., 2018; Uszczynska-Ratajczak et al., 2018). This human
genome contains lncRNAs and the transcription is mediated by RNA Polymerase II (Pol
II) as well as other RNA polymerases and lncRNAs from other intergenic regions
(lincRNAs). There is a 7-methyl guanosine (m7G) cap at 5'end of lncRNAs, and a
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polyadenylated tail at 3'end, respectively. The resulting lncRNAs are also spliced just like
mRNAs. It is important to observe that enhancer regions are transcribed into enhancer
RNAs (eRNAs), and promoter regions are transcribed into upstream promoter transcripts
(Wu et al., 2017).
1.5. Gene regulation by lncRNAs
LncRNAs regulate gene expression at multiple levels. They have the ability to modulate
the structure of chromatin and its function. They also have an impact on stability, RNA
splicing and translation. LncRNAs are also involved in processes such as the
development and control of organelles and nuclear condensates (Statello et al., 2020).
1.5.1. Chromatin Regulation
The modulation of chromatin structure and gene expression by complex lncRNA has
been unveiled by the recognition of RNA-chromatin interaction across the genome (Bell
et al., 2018; Bonetti et al., 2020; Chu et al., 2011; Li et al., 2017). Although the regulatory
mechanisms mediated by lncRNA have to be studied separately, RNA has the intrinsic
regulatory capability. RNA is negatively charged, and the histone tails are positively
charged. Hence, RNA and histone tail can neutralize the opposite charges, which can decompact chromatin (Dueva et al., 2019). Therefore, the level of gene expression can be
altered through this regulation. Mechanistically, chromatin alterations are the result of
cis-acting and trans-acting nuclear lncRNAs, but sometimes they occur as a result of their
protein affinity that can link both DNA and RNA, and in other instances, it is due to DNA
binding in a sequence-specific fashion (Statello et al., 2020).
1.6 The statement of the problem
PCOS is a syndrome that not only affects women leading to infertility but also causes
problems like acne, facial hair growth, irregular no periods and diabetes. There is no
definite cure for PCOS discovered yet. This study can give information about the lncRNA
regulation in oocytes of PCO patients, which might lead us to the path of finding the
cause and cure behind this syndrome.
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1.7 Significance of the study
There is no study conducted to date which tests the lncRNA regulations in oocytes
directly. LncRNAs were proposed to have a n important role in PCOS development,
which is one of the major reasons behind infertility. Hence it is important to conduct this
research in order to figure out the underlying principles of PCOS and the role of lncRNAs
like MALAT1, AOC4P, and NEAT1 in the oocyte formation process.
1.8 Study Hypothesis and Goal
The aim of the research was to investigate whether lncRNAs have a differential
expression pattern in oocytes from patients with polycystic ovaries and the patients
undergoing IVF treatment with no polycystic ovaries. Thus, the purpose was to analyze
the regulation pattern of lncRNAs in human meiosis II stage oocytes from patients with
PCO.
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CHAPTER II
Literature Review and Related Research
2.1. Long Non-coding RNAs in PCOS
PCOS can be affected by various factors such as genetics, environment, and epigenetics,
but the etiology of PCOS is still not clear. Cell proliferation, apoptosis, differentiation,
and tumorigenesis involve long non-coding RNAs to play a vital part by associations with
the modification of chromatin, RNA binding proteins, and endogenous competitive RNA
(ceRNA) (Flynn & Chang, 2014; Quinn & Chang, 2015). LncRNAs are important in the
development of follicles, according to previous studies. An experimental animal study
had failed a successful pregnancy when lncRNA NEAT1 was knocked out (KO). It was
because of dysfunction of the corpus luteum and lower progesterone levels in the serum
(Nakagawa et al., 2014a).
Previously published studies investigated lncRNA expression in leukocytes of obtained
from PCOS patients (Liu et al., 2015; Qin et al., 2019). Liu et al. (2015) showed that the
expression of CTBP1-AS was significantly higher in PCOS patients compared to the
control group (Liu et al., 2015). Another research by Qin et al. showed that lncRNA H19
expression levels in leukocytes of PCOS patients were significantly higher compared to
the non-PCOS control group (Qin et al., 2019). This suggests that the higher the amount
of lncRNA H19 expression, the greater the risk of PCOS (Qin et al., 2019). Hence it was
indicated that increased levels of lncRNA H19 may work as a useful biomarker for PCOS
patients. However, the shortcomings of these studies must also be considered, which are
the fact that the sample size is relatively small and the sample type is leukocytes obtained
from peripheral blood. Since PCOS is an endocrine disease, it cannot be alleviated by
only peripheral blood leukocyte samples.
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Previous studies examined the expression levels of lncRNAs in the cumulus/granulosa
cells (GC) obtained from females with PCOS. The gene expression profiles of lncRNA in
GC/cumulus cells showed that the majority of the lncRNAs (620 out of 623) were
upregulated in the samples obtained from PCOS patients (Huang et al., 2015, Huang et al,
2018; Jiao et al., 2018; Liu et al., 2017). Similarly, Liu et al. (2017) showed that a high
number of lncRNAs were upregulated in samples obtained from PCOS patients, i.e., 692
samples were upregulated and 170 down-regulated, respectively (Liu et al., 2017). Thus,
it can be assumed that the expression of lncRNAs is usually upregulated in samples
obtained from PCOS patients. However, the findings of many studies also have some
discrepancies. MALAT1, AOC4P, and NEAT1 have been associated with PCOS
previously (Chen et al., 2018; Lin et al., 2020; Zhen et al., 2021).
2.1.1. MALAT1
Metastasis Associated Lung Adenocarcinoma Transcript 1 (MALAT1) gene, which is also
called Nuclear Enriched Abundant Transcript 2 (NEAT2), is situated on the 11q13.1
chromosome in humans and 19qA in mice, respectively. Its transcription is performed by
polymerase II. MALAT1 was first identified in patients with non-small cell lung cancer by
microarray screening of tumor samples. It was found that MALAT1 was upregulated in
tumor samples obtained from cancer patients as well as patients who were diagnosed to
have metastasis (Ji et al., 2003). This gene transcript has more than 8000 nucleotides (Ji
et al., 2003) and falls into the category of long non-coding RNAs. It is, in fact, one of the
most studied long non-coding RNA. MALAT1 was shown to be highly abundant and
broadly maintained among 33 mammalian species (Eißmann et al., 2012; Ji et al., 2003).
Furthermore, the interaction between MALAT1 and serine-and arginine-rich (SR) proteins
that participated in splicing regulation was shown previously (Yoshimoto et al., 2016).
The average median expression value of this gene across all tissues is 150 TPM
(transcripts per million) and ovaries were shown to have the highest level of MALAT1
expression level with 287 TPM (Aguet et al., 2017). The original classification of
MALAT1 was an intron-less transcript, and it was believed that it has a poly-A tail.
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However, it was then identified that MALAT1 has a number of alternatively spliced
isoforms and transcription start locations in transcripts. These isoforms and transcripts
show differences in the expression patterns in samples with cancer (Djebali et al., 2012b;
Meseure et al., 2016). MALAT1 was shown to have a direct or indirect role in
transcription and/or regulation of splicing of alternative pre-mRNA (Arun et al., 2018).
Different studies showed that MALAT1 had altered pre-mRNA splicing when it was
knocked out of the cells (Arun et al., 2016; Malakar et al., 2017; Tripathi et al., 2010). A
number of studies also showed a direct effect of MALAT1 in patients with diabetes and
the signaling of insulin (Chen et al., 2018).
In vitro and in vivo knockdown of MALAT1 decreased the proliferation, invasion, and
metastasis of human osteosarcoma cells (Dong et al., 2015). Simultaneously, the
expressions of proliferating cell nuclear antigen (PCNA), matrix metallopeptidase 9
(MMP-9), phosphorylated PI3Kp85, and Akt were considerably suppressed in MALAT1deficient cells (Dong et al., 2015). These findings suggested that MALAT1 may inhibit
tumor development and metastasis by inhibiting the PI3K/AKT signaling pathway (Dong
et al., 2015). The findings of another study indicated that MALAT1 can affect
extracellular matrix catabolism, inflammation, and especially apoptosis in chondrocytes
exposed with lipopolysaccharides, which ultimately regulates the evolution of
osteoarthritis by targeting PI3K/Akt/mTOR which is a pathway involved in cell cycle
regulation (Li et al., 2020).
2.1.2. AOC4P
Amine Oxidase Copper containing 4, a pseudogene (AOC4P), is located on chromosome
17q21.31 in Homo Sapiens. It is classified as an lncRNA. Studies have shown that
AOC4P is involved in colorectal cancer (CRC) and gastric cancer (Lu et al., 2016; Zhang
et al., 2019). The levels of AOC4P were shown to be decreased in cell lines and tissues in
epithelial ovarian cancer (Lin et al., 2020). In poorly metastatic epithelial ovarian cancer
cell lines, the AOC4P expression knockdown helped in the migration or invasion of cells.
In highly metastatic epithelial ovarian cancer cell lines, AOC4P overexpression causes a
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reduction in the capability of these cells to metastasize in vitro. AOC4P also showed an
anti-metastatic role in vivo, which was confirmed by tumor dissection and imaging (Lin et
al., 2020). However, there is not enough research conducted yet which elaborates on the
effect of AOC4P in the gene regulation of PCOS. AOC4P plays a role in GC progression
by targeting signaling pathways such as PI3K/AKT (Liu et al., 2021).
2.1.3. NEAT1
Nuclear Enriched Abundant Transcript 1 (NEAT1) is a long non-coding RNA that
consists of about 3.2kb nucleotides. It is situated on chromosome 11q13.1 in Homo
Sapiens. The transcript of NEAT1 is found to be mostly in the nucleus, whereas some of it
is also present in the cytoplasm (van Heesch et al., 2014). Previously published studies
showed that this gene is expressed excessively in a lot of solid tumor samples, such as
samples obtained from non-small cell lung cancer (Pan et al., 2015) and ovarian cancer
(Sun et al., 2016). However, it was also reported that with diverse sorts of cancer, the
impact of NEAT1 can also vary as this gene showed reduced expression in promyelocytic
leukemia (Zeng et al., 2014). In endometrial cancer, NEAT1 expression levels showed a
positive correlation with the stage of cancer and metastasis (Li et al., 2016). This gene
was shown to be involved in transcription regulation and RNA processing (Chen &
Carmichael, 2009; Nakagawa et al., 2014a). Furthermore, NEAT1 knockout (KO) mice,
despite normal ovulation, were unable to have a successful pregnancy. These mice were
shown to have corpus luteum malfunction and low progesterone levels (Nakagawa et al.,
2014a). Some studies also concluded that interference with NEAT1 in rats with PCOS
resulted in increased levels of miR-381 and reduced IGF1 levels, which in turn improved
levels of sex hormones and also caused a reduction in pathological damage of ovarian
tissues in rats with PCOS (Zhen et al., 2021). Extremely high levels of NEAT1 expression
may stimulate cell proliferation and block cell death, hence promoting tumor growth in
vivo. This mechanism may involve SOX13 regulation and PI3K/AKT pathway activation
(Xu et al., 2018).
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Chapter III
Materials and Methods
Ethical approval was obtained from Near East University (YDU/2020/76-1011), and
informed consent was obtained from all the patients.
3.1. RNA isolation
Human oocytes were obtained from IVF patients at the Near East University Hospital by
an expert embryologist. Two groups were formed. The first group involved oocytes from
patients with polycystic ovaries (PCO), and the second group consisted of oocytes from
patients with no PCO (control group). In total, 13 samples were collected, seven from
PCO patients and six from the control group, respectively.
RNA was isolated from single human oocytes using a specific DNA/RNA isolation kit
(Norgen RNA purification kit, Canada). Extraction was performed in accordance with the
manufacturer's protocol with no alterations. The quality and quantity of the isolated RNA
were analyzed using Nanodrop following the manufacturer's protocol.
3.2. cDNA synthesis
cDNA was synthesized using a commercially available kit (Transcript First Strand cDNA
Synthesis kit, Canada) using the extracted RNA samples. The manufacturer's protocol
was followed for cDNA synthesis with no alterations.
3.3. PCR analysis for gene expression study
Real-time PCR was performed using the cDNA samples to investigate the expression
levels of MALAT1, NEAT1 and AOC4P, respectively. Optimization for PCR conditions
was performed. Different final concentrations of primers ranging from 0.5µM to 2.5µM
were tested out. Annealing temperatures ranging from 56°C to 62°C were also tested for
different annealing times ranging from 10 to 30 seconds. SYBR green mix (LightCycler®
480 SYBR Green I Master kit, Roche, Germany) was used to detect the expression levels
of each lncRNA.
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PCR was performed following the manufacturer's protocol with slight changes. A
reaction mixture of 5 µl of SYBR green master mix, 2µM final concentrations of forward
and reversed primers for MALAT1 and NEAT1 and 1µM final concentration of forward
and reverse primers for AOC4P and 1µl of cDNA was prepared for each reaction. One
reaction for negative control was also prepared with 5µl SYBR green master mix and
forward and reverse primers, respectively. All of the reaction mixtures were centrifuged
for 5 seconds at 6000rpm and then were placed into real-time PCR equipment at the
following settings (Table 1).
Table 1.
Table Showing PCR Settings for LncRNAs (MALAT1, NEAT1, and AOC4P)
PCR Steps

Temperature/Time

Cycles

Initial Denaturation

95°C for 10min

1

Denaturation

95°C for 10sec

40

Annealing

56°C (MALAT1 and NEAT1) /
62°C (AOC4P) for 20sec

Elongation

72°C for 30sec

The reaction mixtures were prepared in a similar manner for the housekeeping gene. A
negative control reaction was prepared in the absence of any cDNA. The reaction
mixtures consisted of 5µl of SYBR green master mix, 0.5µM of forward and reverse
primers and 1µl of cDNA sample. The real time PCR conditions were same as the
MALAT1 and NEAT1 (Table 1).
3.4. Statistical analysis
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ΔΔCt method was used to normalize gene expression using ACTB as a housekeeping
gene. Logarithmic values of ΔΔCt values were then evaluated with unpaired student’s Ttests and one-way ANOVA on GraphPad prism software.
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Chapter IV

Findings and Discussion

In this study, a total of 13 oocytes were used. The details of each sample are shown in
table 2. RNA extraction was successfully performed for each sample and the
concentration and the purity are shown in table 2.

Table 2.

Table Showing the Patient Details Including Polycystic Ovary Status, Age And BMI.
Patient's

Female’s

Concentration

260/280

No.

Groups

Age

BMI

(ng/µl)

1

Study group

22

27

10.0

1.52

2

Study group

29

22

11.0

1.48

3

Study group

26

19

12.7

1.46

4

Study group

23

21

11.0

1.50

5

Study group

21

19

9.7

1.51

6

Study group

27

16

9.9

1.52

7

Study group

28

34

12.5

1.53

8

Control group

23

22

10.9

1.56

9

Control group

21

19

10.3

1.53

10

Control group

21

19

10.0

1.52

11

Control group

25

18

10.9

1.56

12

Control group

29

18

11.5

1.51

13

Control group

27

23

10.0

1.52

The real time PCR analysis was performed to investigate the level of gene expression.
The ∆∆Ct values were calculated using the Ct values obtained from the real time PCR
analyses. Normalization was performed against the housekeeping gene. Statistical
analysis was performed to examine the statistical significance. Following are the results
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of the unpaired student’s T-test, which were attained using GraphPad prism software.
Figures 1 a, b and c provide the comparison between lncRNA expression values in
oocytes of PCO patients and the control group, respectively. The statistical analysis
results suggest that these lncRNAs are expressed at similar levels in the oocytes obtained
from patients with PCO and the control group (p>0.005, table 3).

Figure 1.
Graph Showing Expression Values of AOC4P, NEAT1 and MALAT1 in Oocytes of PCO
and the Control Patients.
NEAT1
1.0

0.5

0.5

0.0
-0.5
-1.0
-1.5

a)

MALAT1
0.0

logdeltadeltaCT

1.0

logdeltadeltaCT

logdeltadeltaCT

AOC4P

0.0
-0.5
-1.0
-1.5

Control PCO

b)

-0.5

-1.0

-1.5

Control PCO

c)

Control PCOS

Table 3.
P and T Values of lncRNAs (MALAT1, AOC4P And NEAT1) from Unpaired T-test.

LncRNA

P values

T values

MALAT1

0.5026

0.7067

AOC4P

0.3563

0.9629

NEAT1

0.2438

1.232
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Chapter V
Discussion

Polycystic ovary syndrome is a hormonal imbalance condition in which there is abnormal
production of male sex hormone, i.e., androgen. Due to this abnormality, some women
face symptoms like acne, facial hair growth, hyperglycemia, obesity, diabetes type 2,
polycystic ovaries, irregularity in menstruation, and infertility. Having PCOS does not
mean a person experiences all the symptoms at once. It rather is a condition that may
show even combinations of these symptoms. For instance, having polycystic ovaries does
not confirm that a woman has PCOS. Women can have PCOS with or without having
polycystic ovaries (Carmina & Lobo, 1999).
PCOS is such a complex disease that the main cause behind this syndrome is still
unknown. It is believed that there might be some environmental or/and genetic factors
behind this condition, but they are yet to be discovered. Previous studies have also been
conducted in which lncRNAs' effect on different tissues or sites of the body in PCOS
patients have been examined. For example, in one of the previous studies, it was found
that knocking out NEAT1 gene in mice affects the formation of the corpus luteum
(Nakagawa et al., 2014b). It was found that NEAT1 knockout (KO) mice failed to carry
out successful pregnancy. However, the analysis on the number of ovulated oocytes in
wild-type (WT) mice and NEAT1 KO mice showed that both groups had almost equal
numbers of ovulated oocytes which implied normal ovulation process. When these eggs
were inserted into other pseudo-pregnant mothers by in vitro fertilization, these eggs
showed a normal number of embryos with normal morphology, indicating that there was
nothing wrong with oocytes produced in NEAT1 KO mice (Nakagawa et al., 2014b).
In 2015, Hung et al. carried out an experiment in which they isolated cumulus cells from
PCOS patients in order to figure out the patterns of expression of lncRNAs (Huang et al.,
2015). They concluded that cumulus cells obtained from PCOS women showed abnormal
expression of lncRNAs as compared to normal women indicating that this differential
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expression might be a cause behind PCOS and this may affect the oocyte development.
According to the results of this study, there was no significant difference in the
expression of lncRNAs in oocytes of PCO patients compared to the control samples.
However, it is important to keep in mind that this study involved the investigation of only
three lncRNAs, i.e., MALAT1, AOC4P, and NEAT1. It is a possibility that other lncRNAs
have a role to play in oocytes of PCO/PCOS patients though this area is yet to be
explored. Another important point here that may have caused insignificant results is the
low sample size, i.e., 13 samples. There is a chance that if the sample size is increased in
the experiment, more robust results would be obtained.
In another experiment carried out on Chinese women, it was established that the
expression level of CTBP1-AS (a long non-coding RNA) in peripheral blood leukocytes
of PCOS patients was higher than in normal women. Hence, this study suggested that
there might be some etiological effect of CTBP1-AS upregulation in PCOS patients (Liu
et al., 2015). A similar study was conducted again on Chinese women by Qin et al. (2019)
in which they tested the lncRNA H19 expression levels in peripheral blood leukocytes of
PCOS patients and normal women (control group). They found out that there was
upregulation of H19 lncRNA in peripheral blood leukocytes of PCOS patients, and hence
this study became the first one to establish any relationship between H19 lncRNA and
PCOS (Qin et al., 2019).
In other words, a number of experiments have been conducted in the past investigating
the role of lncRNAs in PCOS, but no study has yet experimented on the regulation of
lncRNAs directly in oocytes of PCO/PCOS patients. This study is the first, and more
research studies should look into the expression and regulation of genes in oocytes. The
results of this study showed that the expression of lncRNAs investigated were similar in
oocytes of PCO patients and normal patients, respectively.
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CHAPTER VI
Conclusion and Recommendations

6.1 Conclusion
In conclusion, there is no significant difference between the expression of MALAT1,
AOC4P, and NEAT1 in oocytes of PCO patients and the control group, respectively.
Previous studies conducted focus on lncRNAs expression in ovaries, peripheral blood
leukocytes and cumulus cells. However, this study is the first one to focus on the
expression of lncRNAs in oocytes specifically. There is a research gap when it comes to
the studies conducted directly on oocytes to find out lncRNA regulations, so further
studies should focus on filling this research gap to attain more definite results.

6.2 Recommendations
In future experiments, researchers should also focus on other etiological or genetic factors
which could be of importance. Maybe it is the neighboring environment that causes an
abnormal environment for oocytes to fertilize or develop into an embryo. Moreover,
future studies should also focus on investigating the expression difference of other
lncRNAs than MALAT1, AOC4P, and NEAT1 as well, in oocytes of PCO/PCOS patients.
Increasing the sample size of oocytes can also add up to the reliability and accuracy of
future experiments. In addition to lncRNAs, other non-coding RNAs, such as small noncoding RNAs (sRNAs), should also be investigated for playing a role in polycystic ovary
syndrome.
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