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Abstract

Endometriosis is a chronic, inflammatory, hormone dependent gynecological disease
characterized by the growth and proliferation of endometrium outside of the uterus in different
parts of the body. Endometriosis mainly affects the women of reproductive age, and its
prevalence is approximately 10% worldwide and 6% in Pakistan. Complex etiology, painful
clinical manifestations, invasive and limited diagnostic, and treatment options makes
endometriosis a disease of great concern. Endometriosis has a strong genetic basis and studies
have elucidated the association of SNPs of different genes with its progression, which can then
be used as diagnostic and prognostic markers. The current study aims to investigate the
association of rs1042838 (a missense SNP of PGR), rs1800871 (a UTR-5 SNP of 1L10) and
rs10859871 (located 17kb upstream of VEZT) with the risk of endometriosis using ARMS PCR.
Moreover, in-silico analysis was performed to identify pathogenic missense SNPs of PGR and 3’
and 5> UTR SNPs of IL10 gene. The results of our study revealed no significant difference
between the genotype and allele frequency of patients and healthy controls. So, it can be
concluded that the risk alleles of all three SNPs were not associated with susceptibility to
endometriosis in our sample pool, but replication of this study with larger sample size is required
for further validation of results. In-silico studies predicted that six missense SNPs of PGR and
three regulatory SNPs of IL10 have disease causing potential which can be tested in-vitro for

their role in endometriosis and other diseases.

XV



Chapter 1 Introduction

Chapter 1

1. Introduction

1.1. Endometriosis

Endometriosis is a chronic, inflammatory, hormone dependent gynecological disease that
affects the women of reproductive age and is characterized by the growth and proliferation of
endometrial tissue present in the inner lining of uterus outside of the uterus and its cavity. In
most cases the growth of the endometrial tissues spreads to pelvic cavity, fallopian tubes,
ovaries, appendix, colon (Franca et al., 2022), cervix, rectum, small intestine, vagina, abdominal
walls, bladder, and effects their normal functioning (Mohammed Rasheed & Hamid, 2020)
resulting in infertility. In rare cases it can even spread to eyes, lungs and brain as well resembling
the metastatic characteristics of tumors but details are still needed to be clarified (Lu & Gao,
2021).

Colon Small intestine
T~ 2

Rl o) o :
Fallopian tube oS, - Fallopian tube

Figure 1.1. Growth of endometrial lesions in various parts of human body (Sonacare, 2018).
Women with endometriosis are further prone to diabetes, pelvic and liver diseases,
cardiovascular diseases and many autoimmune disorders (Joseph & Mahale, 2019). Severe
depression and anxiety has also been observed in women with endometriosis due to painful

symptoms, invasive surgeries and more risk of infertility (L.-C. Chen et al., 2016).
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1.2. Epidemiology

Endometriosis is a serious social, financial, and medical problem that affects a vast
majority of women in between age of menarche to menopause and this disease is at its peak
between ages of 25 years to 45 years. In rare cases, some women might have endometriosis even
after menopause (Smolarz et al., 2021).

1.2.1. Worldwide Prevalence

Approximately 190 million women are affected with endometriosis worldwide which
makes a percentage of about 10% (Mohammed Rasheed & Hamid, 2020). Prevalence of
endometriosis varies between 2 to 11% in women without any symptoms and 5 to 21% among
women with pain in pelvic cavity (Shafrir et al., 2018). Among women between age of 15 years
to 49 years, an incidence of 0.1% is reported annually for endometriosis (Vercellini et al., 2014).
Endometriosis leads to infertility in about 50% of the women diagnosed with it (Krali¢kova et
al., 2020). Women with endometriosis are reported to be two-fold more at risk of infertility than
women without it (Prescott et al., 2016). It is reported that among women, who undergo
laparoscopy and laparotomy for diagnosis or treatment of various gynecological disorders, 0.1%
to 53% are diagnosed with endometriosis. Furthermore, Asian women are at higher risk of
endometriosis than others (Smolarz et al., 2021).

1.2.2. Prevalence in Pakistan

In Pakistan, an incidence of 6% of endometriosis is reported (Khan & Illahi, 2000).
Another study reports that out of 160 patients that underwent laparoscopy for various
gynecological disorders, endometriosis was diagnosed in 44 that makes a percentage of 27.5%
(Tahira et al., 2019).

Despite of being a chronic disease and leading cause of infertility among women, exact
prevalence of endometriosis is not clearly known because of late diagnosis and lack of proper
management and treatment of disease. More studies are required for better understanding of
epidemiology of endometriosis and its various aspects.

1.3. Risk Factors

There are several risk factors, genetic as well as epigenetic, exposure to which can
increase the risk for endometriosis. Exposure to diethylstilbestrol, early onset of menarche, lower
body weight, irregular menstrual cycle, decreased ratio of waist to hip, lower number of births by
a woman are all thought to influence the development of endometriosis (Zondervan et al., 2020).
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Smoking, alcohol, sedentary lifestyle, diet like red meat, fish etc., rich in fats, hormones, and
dioxins can make women prone to endometriosis. Age also plays a crucial role and women
between 25 to 29 years of age are at higher risk (Smolarz et al., 2021). Recently, a study has
revealed that obese women have higher chance of getting endometriosis as compared to those
with low body mass index (BMI) (Tang et al., 2020).

1.4. Etiopathogenesis

Several theories have been proposed regarding etiopathogenesis of endometriosis, but the
exact mechanisms remain unknown. Some of the major mechanisms and factors that lead to the

development of endometriosis are shown in figure 4.2.

Retrograde
Menstruation

Endometrial Immune
Cell System
Transport Disorder

Etiopathogenesis
of Endometriosis
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Factors
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Dysregulation
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Figure 1.2. Processes involved in Etiopathogenesis of Endometriosis.
1.4.1. Retrograde Menstruation
The oldest known theory about the progression of endometrial lesions is retrograde
menstruation first suggested by Sampson in 1927 (Ja, 1927). According to it, the menstrual blood
and debris containing the endometrial tissue and cells flow back passing through fallopian tubes

and deposit into peritoneal cavity resulting in the growth of endometrial lesions in peritoneum,
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ovaries and pelvic organs (Tanbo & Fedorcsak, 2017). A study reported that first retrograde
menstruation is observed at birth due to lack of necessary hormones in baby girls. This blood
might not release due to tightness of cervix and thickness of cervix mucus, therefore the
endometrial cells in the blood enter abdominal cavity and stay there until puberty due to lack of
reproductive hormones. Once a girl enter adolescence, the endometrial implants grow and spread
rapidly due to presence of hormones (Brosens & Benagiano, 2013). It should be noted that this
phenomena of retrograde menstruation occurs in about 76 to 90% of women (Franga et al., 2022)
but only 10% of them suffer from endometriosis (Bulun et al., 2019).
1.4.2. Endometrial Cell Transport

Another theory suggests that the endometrial cells might enter blood stream via
capillaries in uterus and into lymphatic system through lymph nodes residing in uterus. Once
they enter circulatory and lymphatic system, they travel to distant sites like brain, lungs,
abdominal cavity and result in formation of endometrial lesions under influence of various
reproductive hormones (Jerman & Hey-Cunningham, 2015) (Franca et al., 2022).
1.4.3. Immune System Disorder

Failure of immune cells to function normally can also lead to continuation and
progression of endometriosis. In women with endometriosis, macrophages with reduced
phagocytic activity are observed thus diminishing the natural killing activity. Macrophages
instead release an increased number of inflammatory mediators i.e., cytokines, prostaglandin and
chemokines which will induce inflammation. Lack of anti-inflammatory mediators is also
observed which leads to further development of endometrial lesions. Disbalance in function of
type 1 and type 2 helper T cells also promotes growth of endometrial tissue in areas other than
inside uterus (Smolarz et al., 2021). Impairment in neutrophils’ function result in the over
production of VEGF which in turns promote growth of new blood vessels, thus promoting
survival of endometrial lesions (Mohammed Rasheed & Hamid, 2020).
1.4.4. Hormonal Dysregulation

Steroid hormones play an important role in the pathogenesis of endometriosis.
Endometrial lesions have an over production of aromatase, an estrogen synthesizing enzyme, that
produces estradiol from cholesterol, along with its production from ovary, which promotes
growth of these ectopic lesions. Higher levels of estrogen receptor 3 are observed in case of

endometriosis which is expected to be due to the methylation of the promoter of the gene
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encoding for it. This elevated level reduces the level of estrogen receptor a and causes
progesterone resistance in endometrial lesions thus promoting their growth and causing
inflammation (Vercellini et al., 2014).

Progesterone resistance is mainly caused by defects in progesterone receptor activation or
due to problems in transcription of progesterone receptor gene (Bulun et al., 2019). Progesterone
has anti-inflammatory potential and disruption of progesterone signaling can lead to failure of
the hormone to balance the effect of estrogen hormone causing more cell proliferation. This leads
to increased growth of endometrial lesions and inflammation which causes extreme pelvic pain
(Marquardt et al., 2019).

1.4.5. Heritable Genetic Factors

Since many years, a lot of research is carried out to find out the heritable genetic factors
associated with endometriosis. Although the genetics of endometriosis is complex, it is believed
to be caused by many different factors. Studies report that many genetic and epigenetic factors
together are involved in occurrence and progression of endometriosis. It has been estimated
through twin studies that endometriosis has a heritability factor of about 47 to 51%, among
which 26% comes from genetic variations (Saha et al., 2015). Women whose mothers had
endometriosis have more than two times more chance of developing the disease as compared to
women without affected mothers. Furthermore, women having affected first degree relatives are
also at higher risk to form endometrial lesions (Dalsgaard et al., 2013).

Genes playing a vital role in synthesis and metabolism of steroid hormones,
inflammation, normal functioning of receptors of various hormones, growth factors, regulation of
cell cycle and apoptosis are manifested to be associated with endometriosis (Hansen & Eyster,
2010). Many genome wide association studies (GWAS) have been carried out, reporting about 19
single nucleotide polymorphisms (SNPs) to be associated with endometriosis. Most of the
identified SNPs are associated with severe form of endometriosis rather than the mild cases and
associated risk is of 1.75% (Sapkota et al., 2017). This risk percentage is very small as compared
to other diseases and thus it fails to highlight high risk patients.

Most of the genetic factors identified are in intergenic regions, manifested to serve
regulatory functions, details of which are not known yet. The focus is now to identify genetic

factors that are related to etiopathogenesis of endometriosis (Zondervan et al., 2016).
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1.4.6. Epigenetic Factors

Along with genetic factors many epigenetic factors are also responsible for the
development of endometriosis. Hypermethylation of promoter of HOXA10 and progesterone
receptor B (PR-B) genes effects transcription of the respective genes leading to reduced
expression and causing progesterone resistance and cell invasion which promotes growth of
endometrial lesions. Contrary to this, hypomethylation of promoters of estrogen receptor  (ER-
) and aromatase gene and transcription factor Steroidogenic Factor-1 (SR-1) leads to increased
production of estrogen causing endometriosis (S.-W. Guo, 2009).
1.5. Clinical Manifestations

Pelvic pain and infertility are regarded as the major symptoms of endometriosis (Lu &
Gao, 2021). Others include on and off uterine bleeding, dysmenorrhea (severe period cramps),
dyspareunia (painful sexual intercourse), hematochezia (blood from anus with stool), dyschesia
(difficulty in passing stool) (Franca et al., 2022). Other than these major symptoms some rare
symptoms like nausea, bloating, various types of allergies, headaches, fatigue, anxiety,
depression are also observed in women with endometriosis. Menorrhagia i.e. menstrual bleeding
lasting for a period of time more than normal may also be observed in case of endometriosis in
some women (Smolarz et al., 2021).

Hematochezia,
15%

Dysmenorrhea,

Infertility, 50% 90%

Dyschesia, 66%

Pelvic Pain,
77%

Dyspareunia,
76%
Figure 1.3. Common symptoms along with their percentage observed in patients with

endometriosis (Franga et al., 2022).
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Despite these obvious symptoms a lot of heterogeneity is observed in patients with
endometriosis. Some women might be at severe stage of endometriosis but asymptomatic and
some might show all the symptoms but disease progression is not that much severe (Zondervan
et al., 2020).

1.6. Classification

There are various classification systems for endometriosis that are either based on
anatomical features of endometrial lesions or on their location. Three main classification systems
for endometriosis are commonly used until the development of a proper classification system
that touches all the important aspects and helps the clinicians in better treatment of the disease.
These are rASRM (revised American Society for Reproductive Medicine) classification, EFI
(Endometriosis Fertility Index) and Enzian classification.

Table 1.1. Classification system for endometriosis along with their underlying drawbacks (Lee et
al., 2020).

Classification Stages/Score | Description Drawbacks
System
revised American | Stage | Minimal (small number of | Fails to highlight the
Society for | (1-5 points) | implants in  peritoneum and | presence of implants in
Reproductive ovaries) vagina, bladder, and
Medicine Stage Il Mild (deep implants and chocolaty | intestine.  Does  not
(rASRM) (6-15 points) | cyst in ovaries) consider intensity of
Stage 11l Moderate (more deeper implants, | pain and infertility.
(16-40 cysts in ovaries and filmy
points) adhesions in fallopian tubes)
Stage IV Severe (Many implants, huge
(>40 points) | cysts in ovaries and dense
adhesions)
Enzian A Implants in vagina and | Publicly less accepted
rectovaginal area due to complexity
B Implants in sacrouterine ligament
and pelvic wall
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C Implants in colon and rectum
Endometriosis 0-10 points | Predicts the probability of women | More complex than
Fertility  Index with endometriosis to get pregnant | other two and does not
(EFI) without IVF with 0 having the | consider pain and other
least chance to 10 having the most | symptoms of
chance of pregnancy endometriosis.

Other than above mentioned three classification systems, endometriosis can also be
categorized based on anatomical location as follows:
i.  Peritoneal endometriosis in which tissue implants are formed in peritoneum (lining of
abdomen).
ii.  Ovarian endometriomas in which a chocolate like cyst is formed in one or both ovaries.
iii.  Deep Infiltrating Endometriosis is more severe and tissue implants outgrow into pelvic
organs, appendix, bowels, intestines and bladder (Franca et al., 2022).
iv.  Extra abdominal endometriosis is characterized by formation of lesions in regions
other than abdominal cavity like thoracic region, lungs, diaphragm and brain (Horne &
Missmer, 2022).
1.7. Diagnosis

Diagnosis of endometriosis is a complex task and remains unclear. Most of the diagnostic
methods are invasive and detect endometriosis quite late after a course of painful symptoms. The
first step in diagnosis is oral examination of pelvic and abdominal cavity by an expert but
confirmation of the disease is only possible by subsequent diagnostic tests which are as follow:
1.7.1. Imaging

Transvaginal Ultrasound (TV-USG) and Magnetic Resonance Imaging (MRI) are used
for the detection of endometrial lesions in ovaries, urinary tract, rectosigmoid region with a
sensitivity of about 93% and specificity of 95%. However, these methods are not suitable for
diagnosis of peritoneal lesions because they are deep enough to exceed the detection limit of
these methods (Taylor et al., 2021).
1.7.2. Laparoscopy

Laparoscopy is the small-scale surgical examination of the pelvic and abdominal cavity
and is one of the most effective diagnostic methods for endometrial lesions. It highlights the

progression, appearance and size of lesions and also helps in treatment of disease (Rolla, 2019).
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1.7.2. Diagnostic Biomarkers

A lot of research is carried out on various biomarkers in blood, urine, and endometrial
tissues for early diagnosis of endometriosis but none of them has proved to be a successful one.
CA-125 is a popular biomarker but its level elevates in many other diseases as well along with
endometriosis which reduces its specificity for use in diagnosis of single disease ((Broi et al.,
2019).

1.8. Treatment

Before choosing a treatment plan for endometriosis, symptoms, age, level of progression
of disease, possible side effects all should be taken into consideration. Moreover, it should be
noted that there is no possible cure for endometriosis and the chances of recurrence of disease are
very high. Therefore, proper diet and lifestyle also play an important role along with medications
and hormonal therapies to suppress symptoms and restore normal hormone balance, and
surgeries to remove lesions.

1.8.1. Hormonal Therapies and Medications

Progestins and combined oral contraceptives are the first-choice medicine used in
treatment of endometriosis as they are less expensive and effective against reducing pain, but
they have certain side effects as well and are not effective in some patients. Gonadotropin
Releasing Hormone (GnRH) agonists and antagonists are the second-choice medication, but their
oral administration is not possible. A recent GnRH antagonist called Elagolix is introduced in
market that can be taken through oral routes and reduces estrogen levels but has adverse effects
on bone health. Other than these many other medicines like danazol, gestrinone, and progestogen
have also been proven to be effective against endometriosis.

Aromatase inhibitors are the new advancement in medications for endometriosis that
directly inhibit the production of estrogen hormone. For pain reduction, nonsteroidal anti-
inflammatory drugs are used in combination with the above-mentioned medicines (Ferrero et al.,
2018). Recently, some natural products like Curcumin and Puerarin have been proven to be
effective against endometriosis (Franca et al., 2022).

1.8.2. Surgical Procedures

When pain medications are not effective in women with endometriosis, surgery is the last
resort. Surgery is done for the complete removal of endometrial lesions located in different
regions inside the body. Laparoscopy, laparotomy, and hysterectomy are all used for the surgical
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removal of endometrial implants. However, they are not fully curative and there is a high
probability of comeback of pain symptoms (Tanbo & Fedorcsak, 2017). It is reported that there
is a chance of 15 to 20% that a second surgery might be needed within 2 years of first one and
this chance is increased to 50% after 5 to 7 years (Vercellini et al., 2009). An invention is
laparoscopy assisted by robots which has proven to be more accurate as compared to the one
done by humans, especially in case of deep lesions, obesity. This method is safe, effective but
expensive (Restaino et al., 2020).
1.8.3. Non-medical treatments for management of symptoms
Many different treatments, not having medical routes, are also tried for management of
symptoms in case of endometriosis. These include homeopathic medicines, traditional Chinese
herbal medicines, antioxidants for removal of oxidative stress, reflexology, acupuncture, and
therapies for stress removal. Physiotherapy post-surgery also proves beneficial for pain relief and
normal functioning of pelvic organs (Wodjcik et al., 2022). All these non-medical treatments help
in management of symptoms but cannot cure the endometrial lesions.
1.9. Objectives of Study
The main objectives of the study are as follow:
I.  To check the pathogenicity of the SNPs of selected genes through in-silico analysis.
ii.  To investigate the association of selected SNPs with endometriosis through in-vitro
analysis.
1.10. Impact of Study
Endometriosis is a chronic disease with late diagnosis and invasive treatment options.
Moreover, the rate of recurrence of disease is very high. The current study will open new doors
for thorough understanding of genetics associated with endometriosis, by identifying pathogenic
SNPs that may cause the disease. This can lead to the development of potential genetic markers.
Genetic markers identified can act as therapeutic targets which can play an important role in

diagnostics and treatment of disease.
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2. Literature Review

Endometriosis is a chronic disease common in women of reproductive age and leads to
severe pelvic pain and in worse conditions to infertility in about 50% of the women suffering
from the disease (Kralickova et al., 2020). It is a complex disease having many causation factors
including hormonal, genetic, epigenetic, and immunological but still the exact etiology remains
unclear. Moreover, it is a disease with severe painful symptoms and invasive as well as limited
diagnostic and treatment options (Soliman et al., 2017).

2.1. Genetic basis of Endometriosis

Extensive research on endometriosis has revealed that it has a strong genetic basis and
different family aggregation and twin studies have highlighted the role of many genes in
progression of this disease. It is reported that 6.9% of the mothers and sisters of the women with
endometriosis are also affected with the disease (Pagliardini et al., 2015). This proves a strong
genetic association of disease but due to late diagnosis and management issues as well as
complex mechanisms, heritability of endometriosis is not clear yet. Moreover, studies reveal that
endometriosis is inherited in polygenic pattern highlighting involvement of many genes along
with various environmental factors as well (Hansen & Eyster, 2010).

Single nucleotide polymorphisms in genes play a major role in the development of
endometriosis like many other diseases. These are the most common type of variations in
humans and can change the gene product if present in coding region or regulatory region of gene.
Thus, SNPs easily highlight the candidate genes responsible for progression of disease through
association analysis (Angioni et al., 2020).

Candidate gene analysis and Genome Wide Association Studies (GWAS) carried out in
different regions of the world report association of GREB1,VEZT, WNT4, (Nyholt et al., 2012),
ESR2, PGR, IL10 (Liagat et al., 2013), CDKN2B-AS1, ID4(Rahmioglu et al., 2014) 1L1
(Sapkota, Low, et al., 2015), FSHB (Matalliotakis et al., 2017), TGF-1 (Yu et al., 2017), FN1,
SYNL1, CCDCL170 (Sapkota et al., 2017), ESR1 (Osinski, Wirstlein, et al., 2018), FSHR (André
et al., 2018) (Liagat et al., 2021), AGTR1, CCL2, MMP 1, 7 and 9, IGF 1 and 2, CYP17ALl and
CDA40 (Vargas et al., 2020) in progression of endometriosis. Other than this many other genes
have also been reported but results are vague. Out of all these, a missense SNP rs1042838 of
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PGR, rs1800871 in 5° UTR of IL10 and rs10859871 located near VEZT in an enhancer region
have been tested in this study to check their association with endometriosis.
2.2. Progesterone Receptor (PGR) Gene

Progesterone Receptor (PGR) gene is an important gene expressed in Homo sapiens and
is located on chromosome 11g22.1. PGR has 8 exons and 7 introns, and it encodes for a 933
amino acid residues long protein called progesterone receptor (PGR). Progesterone receptor is
also known as PR or nuclear receptor subfamily 3 group C member 3 (NR3C3). Progesterone
receptors have a vital role in human body as they are involved in the activation and nuclear
translocation of progesterone which has foremost role in development and growth of tissues of
reproductive system (Ghali et al., 2020).

Like all other proteins, PR consists of a carboxyl-terminal (C-terminal) that is specific for
ligand binding, a DNA binding domain, a hinge region, and an amino-terminal (N-terminal) that
serves regulatory function. Moreover, two activation domains or functions are also present i.e.,
AF-1 in N-terminal of the protein and AF-2 in C-terminal. They function to provide interaction
sites to coregulatory proteins. (Z. Li et al., 2022). PR is expressed in different parts of body
including uterus, ovaries, urinary tract, testis, pancreas, bone, brain and mammary gland
(Kowalik et al., 2013).

2.2.1. PGR Isoforms and Function

The progesterone receptor protein mainly exists in different isoforms and various splice
variants among which two isoforms named PR-A and PR-B are reported to have major role. The
two isoforms are similar in structure (Sherbet, 2018) but differ by an additional 164 amino acid
residue in N-terminal of PR-B that is not present in PR-A. The two isoforms have different
functions in human body and are transcribed by two different promotor regions (Z. Li et al.,
2022). Both isoforms serve as transcriptional factors that are activated by binding of ligand
(Mote et al., 2000). PR-A having a molecular mass of 94 kDa serves in repressing transcription
whereas PR-B with molecular mass of 114 kDa serves in activating transcription of progesterone
depending genes (Mani & Oyola, 2012).

In a cell, when both isoforms PR-A and PR-B are activated, PR-A inhibits the activity of
PR-B due to presence of inhibition domain (ID) and thus results in reduction in effect of
progesterone. ID is also present in PR-B but is vanquished by an additional activation function
AF-3 in PR-B. A third isoform PR-C with molecular mass of 60 kDa is also reported after its
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identification in placenta of humans. The function of this isoform is still vague, but studies
suggest that it helps in transcriptional activity of PR-A and PR-B by forming heterodimers with
them.

In addition to these three isoforms there exist a few more isoforms and splice variants,
resulting due to alternative splicing, but they don’t have a functional role due to absence of
various important domains in their structure. Their role is yet to be explained but studies suggest
that they might result in various complications by competing with PR-A and PR-B in their
binding with ligands and regulators (Kowalik et al., 2013).

. 933 aa
- — COOH
PR-B NH: NTD DBD H LBD 114 kDa
AF-3 ID AF-1 AF-2
PR-A NI — —coon /69aa
NTD DBD H LBD 94 kDa
D AF-1 AF-2
339 aa
- ,— — COOH
PR-C NH: Leb 60 kDa
AF-2

Figure 2.1. Schematic representation of isoform A, B and C of Progesterone Receptor (PR).
NTD: N-Terminal Domain, DBD: DNA Binding Domain, H: Hinge, AF: Activation Function, ID:
Inhibitory Domain

2.2.2. Role of PGR in Endometriosis

Exploration of the genetic profile of women with endometriosis has revealed that genes
responsible for progesterone regulation are down regulated in case of the disease. Low levels of
PR-A and extremely low levels of PR-B are observed in patients. In some cases, PR-B is not
even detectable, the reason may be due to the hypermethylation of the promoter that initiates
transcription of PR-B (Reis et al., 2020). The main reason for hypermethylation is reported to be
epigenetic changes including increased release of cytokines and presence of abnormal micro-
RNAs. Other than this, binding of ESR2 gene to promoter of PGR gene also results in reduced
transcription of PGR gene, affecting the levels of PR-A and PR-B (Yilmaz & Bulun, 2019). A
study reported the hypermethylation (about 50%) at PR-B receptor, by carrying out melting
assay of high resolution using biopsy samples of patients with endometriosis, as compared to

control where methylation was only 20% (Rocha-Junior et al., 2019).
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PGR gene polymorphisms are also reported to play an important role in the progression
of endometriosis. PGR has a high polymorphism rate and about 800 different SNPs of PGR gene
have been reported (Ghali et al., 2020). In some cases, these SNPs result in no obvious effect but
contrary to this few can lead to severe changes and are involved in the development of disease.
Two SNPs rs1042838 and rs10895068 are divulged to be involved in growth of endometrial
lesions. Thus, these SNPs can be used as diagnostic and therapeutic markers for endometriosis
(Liagat et al., 2013).

A study involving in-silico analysis reported connection between PGR and ESR1 genes
and endometriosis, highlighting them as major susceptibility loci for risk of endometriosis.
According to it down regulation of both the genes was observed in endometrial tissues in
comparison of healthy tissues (Vargas et al., 2020). Another study in Iran performed genotyping
using whole blood samples and tissue samples from patients with endometriosis and reported
that presence of SNP rs10895068 can lead to elevated levels of PR-B isoform, influencing
progesterone function and thus reducing symptoms of endometriosis. The study is quite
influential but further studies are required for authentication (Mousazadeh et al., 2019).

2.2.3. Role of PGR SNP rs1042838 in Endometriosis

PGR SNP rs1042838 is a missense SNP (C>A) present in exon 4 of the gene that results
in a single amino acid change from valine to leucine (V660L). This SNP is more common in
European and South Asian nations in comparison of other nations (J. Li et al., 2018). It alters the
flexibility of hinge region of the PR protein thus affecting its ability to form dimers and to
interact with co regulators (Vang et al., 2023).

Association of this SNP has been reported with endometriosis, but results are contentious.
A meta-analysis suggests the association of this SNP with endometriosis in European populations
but the results in other populations are somehow vague. The reason may be due to the
involvement of other gene polymorphisms as well as environmental factors (Pabalan et al.,
2014). A case control study of Pakistani population reported that the mutant allele of SNP
rs1042838 was expressed more in women with endometriosis as compared to the control thus
highlighting its role in development of endometriosis. Furthermore, association of this SNP to
endometriosis was even stronger when it existed in the form of haplotype along with another
SNP rs10895068 present in 5° UTR region of PGR gene (Liagat et al., 2013).
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2.2.4. Role of PGR in other Diseases

PGR gene polymorphisms may also be one of the causes of progression of many cancers
like ovarian, gastric, endometrial and breast cancer. Higher level of PGR gene expression is
observed in gastric cancer patients leading to poor prognosis of the disease (M. Li & Zhou,
2021). Elevated levels of transcription of progesterone receptor are observed in ovarian and
cervical cancer cells due to SNP rs1042838. A systematic review reported association of three
intronic variants of PGR gene that are rs10895054, rs1824128, rs590688, one 5 UTR variant
rs10895068 and two missense variants rs1042838 and rs3740753 with breast cancer (Vang et al.,
2023). PGR SNP variants rs10895068, rs590688 and rs1042838 are associated with risk of breast
cancer in Tunisian women (Ghali et al., 2020).

A meta-analysis confirmed the association of rs1042838 along with Alu insertion,
collectively known as PROGINS, with cancers of female reproductive tract (C. Zhou et al.,
2022). PGR variants are also involved in premature births and SNPs responsible for this are
rs1042838 and rs1042839 in mothers and rs1942836 in newborn (Kadivnik et al., 2022).

2.3. Interleukin 10 (IL10) Gene

In Homo sapiens Interleukin 10 (IL10), comprising of 7 exons, is located on chromosome
1g32.1. IL10 is also known as Cytokine Synthesis Inhibitory Factor (CSIF). It has a 178 amino
acids long sequence and encodes for interleukin 10 protein, a major cytokine in human body, that
regulates anti-inflammatory responses (Sharifinejad et al., 2022).

IL10 protein has a molecular weight of 20.5 kDa (UniProt, n.d.-a) and is majorly
expressed in leukocytes, immune cells like macrophages, lymphocytes, monocytes and dendritic
cells. In some cases, other immune cells also produce IL10 and in case of infections or tumors it
is expressed in epithelial cells as well as keratinocytes (Piazzon et al., 2016).

2.3.1. 1L10 Function

IL10 is a major anti-inflammatory regulator that reduces the damage due to inflammation
by targeting antigen presenting cells and reducing production of IL1, TNF-a and IFN-y which
are all proinflammatory cytokines (Engelhardt & Grimbacher, 2014). IL10 acts as an inhibitor of
NFkB pathway, regulator of production of antibodies and enhancer for growth and survival of B
cells (Sharifinejad et al., 2022), CD8+ T cells and NK cells (Piazzon et al., 2016).

IL10 also plays an important role in activation of JAK/STAT signaling pathway.
Activation of tetramer IL10R (Interleukin 10 Receptors) A and B by binding of IL10, as
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homodimer with them, subsequently results in phosphorylation of signal transducer and activator
of transcription 3 (STAT3). This step is mediated by Janus kinase 1 (JAK 1) and tyrosine kinase
2 (TYK2) and the phosphorylated STAT3 is then translocated into the nucleus. The activation
and translocation of STAT3 is involved in regulating expression of various anti-inflammatory
genes like SOCS3 and downstream cytokines (Guillot-Sestier et al., 2015).
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Figure 2.2. Regulation of JAK/STAT signaling pathway by IL10 (Schulke, 2018).

STAT3 signaling cascade hinders T cell activation by suppressing the expression MHC-11
and other molecules involved in activation of T cells. Activation of macrophages is also
regulated by STAT 3 signaling cascade activated by I1L10 (lyer & Cheng, 2012).

2.3.2. Role of IL10 in Endometriosis

Higher amount of IL10 protein was reported to be found in peritoneal fluid in women
with endometriosis thus proving that growth of endometrial lesions is associated with
disturbance in the release of IL10 and other proteins in peritoneal fluid (Tabibzadeh et al., 2003).
Increased mMRNA expression of IL10 have been reported by many studies in endometriotic
lesions in different parts of human body as compared to the normal endometrium of patient as
well as healthy women (Gueuvoghlanian-Silva et al., 2018) (W.-J. Zhou et al., 2019). Moreover,
elevated levels of IL10 are also observed in serum of women with endometriosis (Suen et al.,
2014) (Malutan et al., 2015).

A study suggested that IL10 promotes growth of the endometrial lesions by promoting

angiogenesis and suppressing immune response against them (Suen et al., 2019). According to
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another study increased level of IL10 along with pro inflammatory cytokine IFN-y collectively
promote growth of endometrial lesions suggesting that balanced anti and pro inflammatory
conditions are necessary for the progression of endometriosis (Qiu et al., 2020).

Due to the important role of IL10 in progression of endometriosis studies suggest
association of various 1L10 gene polymorphisms with risk of endometriosis. A meta-analysis
explored role of three SNPs i.e., rs1800896, rs1800871 and rs1800872 in endometriosis and
confirmed association of rs1800896 with risk of endometriosis (Zhong et al., 2023). Different
studies report that in case of endometriosis, the elevated IL10 levels maybe 50 to 70% due to
gene polymorphisms in IL10 gene and report association of —592C/A and —819T/C
polymorphisms in promoter region of 1L10 with endometriosis (J. Xie et al., 2009) (Malutan et
al., 2017).

2.3.3. Role of I1L10 SNP rs1800871 in Endometriosis

SNP rs1800871 (G>A) is present in 5° UTR promoter region of IL10 gene in
chromosome 1 of Homo sapiens. The minor allele of this SNP in homozygous form AA is
reported to be associated with increased risk of endometriosis (Juo et al., 2009). A study carried
out in Lahore, Pakistan also reported rs1800871 as a risk factor for endometriosis and reported
association of mutant alleles of rs1800871, rs1800872 and rs1800896 present in haplotype form
in promoter region of IL10 gene with the development of endometrial lesions (Liagat et al.,
2013).

2.3.4. Role of IL10 in other Diseases

Imbalance in the normal expression of 1110 is responsible for progression of various
diseases. SNPs in IL10 gene and its promoter region are reported to be associated with risk of
various viral infections like pneumonia induced sepsis (Mao et al., 2017), hepatitis B (Ramezani
et al., 2012), hepatitis C (Ramos et al., 2012), influenza virus (Alagarasu et al., 2021), corona
virus (Yessenbayeva et al., 2023), HIV infection and AIDS (Oleksyk et al., 2009). In addition to
this polymorphisms in promoter region of IL10 gene are responsible for various autoimmune
diseases including inflammatory bowel disease (Engelhardt & Grimbacher, 2014), rheumatoid
arthritis (Padyukov et al., 2004), Behget’s disease (Shahriyari et al., 2019), Parkinson’s disease
(Ulhag & Garcia, 2020) and Sjogren’s syndrome (Colafrancesco et al., 2019).

IL10 is considered as a crucial cytokine involved in pathogenesis of Alzheimer disease

and polymorphisms in IL10 gene are associated with risk of Alzheimer (Magalhdes et al., 2017).
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Moreover, higher levels of IL10 are involved in causation of Systemic Lupus Erythematosus
(SLE) and deficiency of IL10 is observed in patients with asthma (lyer & Cheng, 2012).
Different studies also highlight the association of IL10 gene polymorphisms with risk of
Kawasaki disease (Ferdosian et al., 2021), hepatocellular carcinoma (J. Wang et al., 2019) and

cervical cancer (Datta et al., 2020).
2.4. Vezatin (VEZT) Gene

Vezatin (VEZT) gene is located on chromosome 12g22 in Homo sapiens and has 10
exons. VEZT is recognized as an important gene having a tumor suppressing role and it encodes
for a 779 amino acid residues long protein called vezatin also known as adherens junctions
transmembrane protein (Y.-S. Li et al., 2015). Vezatin protein has a molecular mass of about 88
kDa and because of alternative splicing comprises of four different isoforms (UniProt).

Moreover, there are two main domains of VEZT protein, the extracellular one being short
and intracellular one being long which is included in complex of adheren junctions because of its
anchoring to myosin Vlla (Holdsworth-Carson et al., 2016). It is highly expressed in epithelial
cells (Y.-S. Li et al., 2015), endometrium and myometrium of uterus (Angioni et al., 2020), brain
(Miao et al., 2013), dendrites, and muscles of human body (Spinner et al., 2020).

2.4.1. VEZT Function

Vezatin protein plays a pivotal role in the synthesis and maintenance of adherent
junctions by service of its long and short domain as bridge between myosin Vlla and complex of
catenin, cadherin, and actin. Thus, it is involved in maintenance of polarity and elevation of
adherence among epithelial cells (Y.-S. Li et al., 2015). Moreover, vezatin is also crucial for
nourishment and sustenance of neuromuscular synapse junction (Koppel et al., 2019), post
synaptic components and dendrites (Danglot et al., 2012).

Normal implantation of embryo requires adhesion of epithelial cells which is regulated by
vezatin protein. A study in mouse reported that lack of vezatin gene expression was deleterious
for the embryo implantation and growth. Absence of vezatin protein led to reduced amount of E-
cadherin protein as it is essential for regulation of this protein. Due to poor adherence, presence
of abnormal embryo or no presence at all was seen in mice after blastocyte stage. This proved
that absence of vezatin in mice, due to knock out of VEZT gene, clearly led to the deterioration

of cells because of poor adhesion between cells (Hyenne et al., 2007).
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Vezatin is also involved in maintaining the cell adhesion of hair cells in the inner ear. A
study revealed that presence of malfunctioned vezatin in hair cells of inner ear can lead to
hearing loss if exposed to loud sound (Bahloul et al., 2009).

2.4.2. Role of VEZT in Endometriosis

As VEZT plays a major role in cell adhesion and embryo implantation and is efficiently
expressed in myometrium and endometrium of uterus, it can have a major role in progression of
endometriosis as well. Studies suggest increased expression of VEZT in women with
endometriosis (Meola et al., 2010). Another study suggests an increased expression of VEZT in
epithelial cells during luteal phase of menstrual cycle. There is also an increase in expression of
RNA in cadherin-catenin complex during this phase as compared to other phases of menstrual
cycles. As progesterone is the major hormone released during luteal phase, there might be a
chance that progesterone is responsible for up regulation of VEZT gene in this phase leading to
increased cell adhesions. But studies reveal no such connection of VEZT gene and its regulatory
region with progesterone and its receptor. However, VEZT gene has a binding site for
transcription factor NF-kB which is responsible for inflammation and thus varied levels of NF-
kB are involved in development of endometrial lesions in regions other than uterus. Studies
predict that fluctuations in NF-kB might be involved in up regulating VEZT expression along
with abnormal levels of progesterone and thus VEZT can somehow also lead to progression of
endometriosis (Angioni et al., 2020).

Many studies all around the world have reported the association of VEZT gene with
endometriosis. VEGAS (Versatile Gene-based Association Study), a program for testing GWAS
studies based on linkage equilibrium and size of gene, predicted WNT4, VEZT and GREB1
located on chromosome 1, 12 and 2 respectively as the top three genes to be associated with
endometriosis. SNP rs10859871 near VEZT gene is majorly responsible for increased risk of
endometriosis (Nyholt et al., 2012). More precisely a region on chromosome 12 near VEZT gene
is reported to be a cause of development of endometriosis according to studies conducted in
different populations. SNP rs4762347 in 3’ UTR of VEZT gene is reported to result in abnormal
expression of VEZT in patients with endometriosis as compared to controls (Luong et al., 2015).
2.4.3. Role of SNP rs10859871 near VEZT gene in Endometriosis

SNP rs10859871 (A>C) is located approximately 17kb upstream of VEZT gene in an

enhancer region on chromosome 12 of Homo sapiens. Due to its presence in enhancer region it
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affects transcription of VEZT. Association of this SNP with endometriosis has been reported by
many studies. Results from eight GWAS studies prove strong association of this SNP with all
stages of endometriosis (Rahmioglu et al., 2014) (Cardoso et al., 2020). Different studies
confirmed the association of mutant CC genotype of rs10859871 with endometriosis in women
from different regions of world including Italy (Pagliardini et al., 2015), Australia and New
Zealand (Holdsworth-Carson et al., 2016), Russia (Pshenichnyuk et al., 2017)

A meta-analysis of Belgian population foretold the association of this SNP with only
stage Il and IV of endometriosis (Sapkota, Fassbender, et al., 2015). A study conducted in
Greece divulged that AC genotype of SNP rs10859871 is associated with risk of endometriosis
rather than CC genotype (Matalliotakis et al., 2017). Contrary to this, studies conducted on
Mediterranean (Angioni et al., 2020) and Polish Caucasian (Osinski, Mostowska, et al., 2018)
populations showed no association of this SNP with endometriosis.

2.4.4. Role of VEZT in other Diseases

A study in China reported role of VEZT gene in gastric cancer. Reduced levels of
expression of VEZT gene were observed in gastric tissues of patients and in some there was no
expression at all. Hypermethylation of promoter of VEZT gene was identified as the culprit for
this reduced expression by performing Methylation Specific PCR (MSP) and Bisulfite Sequence
PCR (BSP) in cell lines of gastric cancer. It was also observed that by using the inhibitor for
DNA methylation on cell lines, expression level of VEZT gene was significantly increased thus
highlighting a treatment option for gastric cancer (X. Guo et al., 2011). Another study by same
lab reported that methylation of promoter of VEZT gene is induced by Helicobacter pylori
infection (Miao et al., 2013).

Many studies also reported that restoration of normal expression of VEZT gene can have
tumor suppressing role in gastric cancer (Miao et al., 2013) (D. Xie et al., 2017). Another study
suggested that VEZT can be used as potential biomarker for diagnosis of gastric cancer
(Beheshtizadeh & Moslemi, 2017). Elevated expression of vezatin encoded by VEZT gene was
found in tissues from brain of epilepsy patients thus it was reported that up regulation of vezatin
might be a reason for seizures and thus causes epilepsy. Knock down of vezatin vanquished
seizures in mice with epilepsy thus proving the association of overexpression of vezatin with
seizures (Y. Wang et al., 2021).
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Chapter 3

3. Methodology
3.1. Selection of SNPs

SNPs of three different genes reported to be associated with endometriosis i.e., PGR,
IL10 (Liagat et al., 2013) and VEZT (Holdsworth-Carson et al., 2016) were selected. The details
about the three SNPs selected for this study are as follow:
Table 3.1. Location and type of selected SNPs of PGR, I1L10 and VEZT.

Gene SNP ID Location Variant Type
PGR rs1042838 chr11:101062681 (GRCh38.p14) Missense
IL10 rs1800871 chr1:206773289 (GRCh38.p14) 5 Prime UTR
VEZT rs10859871 chr12:95318100 (GRCh38.p14) Intron

3.2. In-silico Analysis of Missense SNPs of PGR

Since the selected SNP of PGR gene is a missense SNP, in-silico analysis for filtering all
the deleterious missense SNPs of PGR gene was performed.
3.2.1. Retrieval of SNPs

The data of SNPs of PGR gene was obtained from the National Centre for Biotechnology
Information (NCBI) dbSNP https://www.ncbi.nlm.nih.gov/snp/ (accessed on 03-01-2023). The

data set included information like SNP IDs, chromosome location and allele change of the SNPs.

3.2.2. Retrieval of Protein Sequence
The canonical protein sequence of Progesterone Receptor was retrieved in FASTA format
from UniProt https://www.uniprot.org/. The protein sequence comprised of 933 amino acids.

3.2.3. Identification of Deleterious Missense SNPs
The missense SNPs retrieved from the NCBI were submitted to SIFT (Sorting Intolerant

from Tolerant) https://sift.bii.a-star.edu.sg/. SIFT is a sequence homology based tool that predicts

that whether a change in amino acid due to a single nucleotide change effects protein function or
not (Kumar et al., 2009). In Sift, a score of less than 0.05 is considered to be deleterious. The
missense SNPs that were predicted to be deleterious by SIFT were further submitted to four
more online software including PolyPhen-2, PhD-SNP, SNPs&GO and PANTHER. PolyPhen-2
(Polymorphism Phenotyping v2) http://genetics.bwh.harvard.edu/pph2/ predicts that whether an

amino acid substitution functionally or structurally effects human protein or not by comparing
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wild type and mutant alleles (Adzhubei et al., 2010). PhD-SNP (Predictor of human Deleterious
Single Nucleotide Polymorphisms) https://snps.biofold.org/phd-snp/phd-snp.html anticipates the

effect of SNP on protein stability and tells us that whether an SNP can be disease related or not
(Capriotti et al., 2006). SNP&GO https://snps-and-go.biocomp.unibo.it/snps-and-go/

characterizes the submitted amino acid change into neutral or disease causing by exploring
functional annotation of protein (Calabrese et al., 2009). PANTHER (Protein Analysis Through

Evolutionary Relationships) http://www.pantherdb.org/tools/csnpScoreForm.jsp predicts an

amino acid change to be deleterious based upon the conservation time of wild type amino acid
i.e. the longer an amino acid has been conserved over generations, the more deleterious the
change at its position would be (Mi et al., 2021). The missense SNPs that were predicted to be
damaging by at most three of the above-mentioned tools were selected for further analysis.
3.2.4. Assessment of the Structural and Functional effect of Deleterious Missense SNPs

To assess the structural and functional effect of deleterious missense SNPs on protein

MutPred2 web server http://mutpred.mutdb.org/ was used. MutPred2 is an online tool that

appraises the deleterious effect of amino acid change in protein sequence by predicting the
functional and structural changes that an amino acid substitution causes to protein (Pejaver et al.,
2020). Protein sequence in FASTA format along with list of amino acid substitutions were
submitted to the software. A P-value less than 0.05 is contemplated as confident and less than
0.01 as very confident.
3.2.5. Evolutionary Conservation Analysis

To predict the effect of missense SNPs on conserved amino acid in protein sequence

ConSurf https://consurf.tau.ac.il/consurf index.php was used. ConSurf determines the rate of

evolution of amino acids by generation of phylogenetic relationship among homologous
sequences (Yariv et al., 2023). Protein FASTA sequence was submitted to ConSurf and
conservation score of 1 to 9 for all the amino acids in protein sequence was obtained, with score
of 9 being the most conserved and 1 being the least conserved. It also gives information that
whether an amino acid residue is buried or exposed, functional or structural (Ashkenazy et al.,
2016).
3.2.6. Predicting the Effect of Deleterious Missense SNPs on Protein Stability

Protein stability is an important feature in normal protein functioning. To predict the

effect of change in amino acid sequence, due to missense SNP, on protein stability I-Mutant2.0
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https://folding.biofold.org/i-mutant/i-mutant2.0.html was used. I-Mutant 2.0 is an online tool that

efficiently predicts that whether an amino acid change increases or decreases the stability of
protein (Capriotti et al., 2005). Protein sequence in FASTA format was submitted to I-Mutant2.0
along with amino acid substitution information at default setting i.e., temperature 25°C and pH 7
and AAG value as well as reliability index (RI) was obtained. Positive AAG value (AAG value>0)
means protein stability is increased and negative AAG value (AAG value<0) means protein
stability is decreased (Capriotti et al., 2005).
3.2.7. 3D Protein Modelling

The missense SNPs filtered using the above-mentioned tools were further subjected to
protein modelling. 3D structures of wild PGR protein and its mutant were designed using I-
TASSER (lterative Threading ASSEmbly Refinement). I-TASSER https://zhanggroup.org/I-
TASSER!/ is one of the best online tool available for 3D protein modelling that first uses multiple

threading method that recognizes the templates from the Protein Data Bank (PDB) and then
models the 3D protein structure homologous to the amino acid sequence provided in FASTA
format (Yang & Zhang, 2015). I-TASSER predicts five protein models for each amino acid
sequence along with their Confidence Scores (C-Scores). C-Scores give us information about the
overall quality of 3D protein model (Roy et al., 2010). Protein Structure with highest C-Score
was selected for further analysis.
3.2.8. Validation of 3D Protein Structures

3D protein structures with highest C-Score as per I-TASSER were further validated for
good quality using ERRAT. ERRAT https://saves.mbi.ucla.edu/ is a structure validation tool that

validates a protein structure quality based on atomic interactions (Colovos & Yeates, 1993).
ERRAT calculates an overall quality factor which > 50 is considered acceptable (Omar et al.,
2018).
3.2.9. Comparison of the Wild and Mutant 3D Protein Structures

To compare the wild and mutant protein structures they were superimposed using TM-

align. TM-align https://zhanggroup.org/TM-align/ identifies correct alignment between the wild

protein structure and its mutants and produces the Template Modeling score (TM score) and the
Root Mean Square Deviation (RMSD) values that highlights the differences between the two
protein structures. TM score lies between 0 and 1 where 1 means perfectly aligned proteins and

vice versa. Greater RMSD value means more difference between wild and mutant protein
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structures (Zhang & Skolnick, 2005). Protein models designed using I-TASSER were submitted
to TM-align in PDB format and their TM score and RMSD values were obtained.
3.2.10. Visualization of the Wild and Mutant Protein Models

For visualization and further analysis of the structure of wild and mutant amino acid
residues PyMOL version 2.5.5 was used. PyMOL is an outstanding software for visualization of
protein models as well as analyzing various chemical properties of the structures. Moreover,
BIOVIA Discovery Studio Visualizer, another tool for macromolecule visualization, was also
used for analysis of wild and mutant protein structures.
3.2.11. Post Translation Modification (PTM) Analysis

Post Translation Modifications (PTMs) are very crucial for normal functioning and
interactions of protein. The gain and loss of PTM sites, due to amino acid change, because of
presence of deleterious missense SNP were predicted. Five main PTMs i.e., Methylation,
Phosphorylation, Ubiquitination, Glycosylation and SUMOylation were predicted using different
tools. Arginine and lysine are the two main targets of methylation and for prediction of these

sites GPS-MSP 1.0 http://msp.biocuckoo.org/online.php (Deng et al., 2017) was used. In case of

phosphorylation, the target of kinases are serine, threonine and tyrosine which were predicted
using GPS 6.0 http://gps.biocuckoo.cn/online.php (M. Chen et al., 2023). Similarly PTM sites for
ubiquitination and SUMOylation were foretold by GPS-Uber
http://gpsuber.biocuckoo.cn/online.php (C. Wang et al, 2022) and GPS-SUMO 2.0
https://sumo.biocuckoo.cn/online.php (Zhao et al.,, 2014) respectively. For N-linked
glycosylation, NetNGlyc 1.0 https://services.healthtech.dtu.dk/services/NetNGlyc-1.0/ (Gupta &
Brunak, 2002) and for O-linked glycosylation NetOGlyc 4.0
https://services.healthtech.dtu.dk/services/NetOGlyc-4.0/ (Steentoft et al., 2013) were used.

3.2.12. Protein-Protein Interaction Analysis

A protein interacts with many other proteins and this interaction is necessary for
regulation of many important biological processes crucial for life. This interaction, if disrupted,
may lead to the development of various diseases. For prediction of protein-protein interactions of
PGR STRING https://string-db.org/ was used. STRING gives information about the physical as

well as functional connection among various proteins in the form of interaction pathway
(Szklarczyk et al., 2022). Name of the protein and organism name was added to get the

interaction pathway.
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3.3. In-silico Analysis of Regulatory SNPs of IL10 and rs10859871 near VEZT
Since the selected SNP of 1L10 gene is a UTR-5 variant, in-silico analysis for filtering all
the pathogenic UTR-5 and UTR-3 SNPs of 1110 gene was performed. Moreover, the third
intronic SNP rs10859871 located 17kb upstream of VEZT was also tested for its pathogenicity.
3.3.1. Retrieval of SNPs
The data of regulatory SNPs located in 5’ and 3 UTR regions of IL10 gene and

rs10859871 was obtained from Ensembl https://asia.ensembl.org/index.html (accessed on 19-05-

2023). The data set included information like SNP IDs, chromosome location and allele change
of the SNPs.
3.3.2. Identification of Deleterious SNPs

The SNPs retrieved from Ensemble were submitted to RegulomeDB and SNPinfo
(FuncPred) to check whether the SNPs are disease causing or not. RegulomeDB

https://requlomedb.org/requlome-search/ is an online tool that predicts the functional effect of

regulatory SNPs and gives information that whether the SNPs effect the binding of transcription
factor and expression of gene or not. It divides SNPs into six categories ranging from 1 to 6 with
1 having the most functional effect on binding and expression to 6 being the least (Boyle et al.,

2012). SNPinfo (FuncPred) https://snpinfo.niehs.nih.gov/snpinfo/snpfunc.html is another online

web server that helps in filtering the pathogenic SNPs and helps in selection of SNPs for
association analysis with diseases (Xu & Taylor, 2009). rsIDs were submitted in RegulomeDB
and SNPinfo for assessment of deleterious SNPs.
3.4. In-vitro Analysis
3.4.1 Study Subjects and Sample Collection

The underlying case control study was conducted to analyze the role of PGR
(rs1042838), IL10 (rs1800871) and VEZT (rs10859871) gene polymorphisms in patients with
endometriosis in comparison with normal control. Informed written consent was taken from all
the patients and normal controls who participated in this study. A total of 38 human subjects were
included in this study among which 19 were clinically diagnosed endometriosis’ patients and 19
were normal controls. Samples were collected from Holy Family Hospital Rawalpindi, Benazir
Bhutto Hospital Rawalpindi, District Headquarter Hospital Rawalpindi and Research and

Diagnostic laboratory ASAB over a period of 8 months.
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3.4.2. Criteria of Inclusion and Exclusion

The following inclusion and exclusion criteria was observed.

Inclusion Criteria Exclusion Criteria
Menstruating Females Females with menupause
Females clinically Females diagnosed with
diagnosed with Fibroids, Adenomyosis,
endometriosis Gynecologic Cancers

In case of controls healthy
females with no
reproductive disease

Figure 3.1. Inclusion and exclusion criteria.

3.4.3. Collection and Storage of Blood Samples

Blood samples from the subjects were collected in 3ml Ethylenediaminetetraacetic acid
(EDTA) blood collecting tubes by hospital staff. EDTA tubes were properly labelled with name
and age of patients and healthy controls as well as date of collection of blood sample. EDTA
tubes containing blood samples were transported to the laboratory by placing them in icebox and
were placed at 4°C in refrigerator.
3.4.4. Extraction of Genomic DNA by Phenol-Chloroform Method

DNA was extracted from the whole blood samples by using Phenol-Chloroform method
of DNA extraction. It is a two-day protocol which is cost effective as well as a reliable method of
DNA extraction giving satisfactory results. All the glassware and plastic wares used in DNA
extraction were properly washed, cleaned, and autoclaved before use.
3.4.4.1. Preparation of Solutions for DNA Extraction

Composition and function of all the solutions used in Phenol-Chloroform method of DNA
extraction are as follow:

Table 3.2. Solutions required for DNA extraction and their functions.

Component Molarity Quantity Function
Solution A
Sucrose 0.32M 109.55 g Facilitates the release of
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Tris (pH 7.5) 10 mM 12114 g cell components including

Magnesium Chloride 5mM 0.476 ¢ DNA by causing cell lysis

Triton X-100 (1% V/V) - 10 ml and breakage of cell

Autoclaved Distilled Water | - Upto 1000 ml membrane

Solution B

Tris (pH 7.5) 10 mM 12.114 g Results in the DNA

Sodium Chloride 400 mM 23.37¢ precipitation and

Ethylene Diamine Tetra | 2 mM 0.58 g separation of the proteins

Acetic Acid (EDTA)

Autoclaved Distilled Water | - Up to 1000 ml

Solution C

Phenol - 250 pl Helps in the separation of
DNA from protein and
other cell debris by
forming aqueous layer

Solution D

Chloroform - 48 mL Involved in DNA

Iso-amyl Alcohol - 2mL purification by stabilizing
the coagulated proteins
and reducing foaming

20% SDS solution

Sodium Dodecyle Sulphate 20 ¢ Involved in denaturation

(SDS) of proteins and lipids and

Autoclaved Distilled Water Up to 100 ml separates them from DNA

3M Sodium Acetate Solution

Sodium Acetate 3M 12.3¢g Involved in precipitation

Autoclaved Distilled Water | - Up to 50 ml of DNA by neutralizing

the negative charges on

phosphate backbone
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3.44.2.

Reagents for DNA Extraction

Other chemicals needed in Phenol-Chloroform method of DNA Extraction and their

functions are as follow:

Table 3.3. Reagents required for DNA extraction and their function.

Component Function
Proteinase K Involved in digestion of proteins
Isopropanol Involved in precipitation of DNA by removing

the solvation shell that surrounds the DNA

98% Ethanol Involved in precipitation of DNA

PCR Water Used for storage of DNA as it prevents

degradation of DNA

3.44.3.

Day 1:

Vi.
Vii.

viii.

Protocol of DNA Extraction

Blood in EDTA tube was kept at room temperature for some time and mixed well by
inverting the tube several times. 750 pl of blood was then added in a 1.5 ml
microcentrifuge tube and same amount of solution A i.e., 750 pl was added in it.

The microcentrifuge tube was inverted 4-6 times and then kept at room temperature for
10 minutes.

The mixture in microcentrifuge tube was then centrifuged at 13,000 revolutions per
minute (rpm) in a microcentrifuge for 10 minutes.

After centrifugation, the supernatant was carefully discarded, and the nuclear pallet was
resuspended in 400 pl of solution B.

The nuclear pallet was dissolved completely in solution B by continuous tapping or slight
vertexing.

The mixture was again centrifuged at 13,000 revolutions per minute (rpm) for 10
minutes.

After centrifugation the supernatant was again discarded and 400 pul of solution B, 15 pl
of 20% SDS solution and 8 ul of Proteinase K was added in microcentrifuge tube.

The mixture was then incubated at 37°C overnight.
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Day 2
i. A fresh mixture of 250 pl each of solution C and solution D was prepared in a
microcentrifuge tube and then was added to the microcentrifuge tube incubated
overnight.
ii.  The resulting mixture was centrifuged at 13,000 revolutions per minute (rpm) for 10
minutes.
iii.  After centrifugation the aqueous layer formed, that contains the DNA, was transferred
into a new microcentrifuge tube.
iv. 500 pl of solution D was added in the separated aqueous layer and it was then
centrifuged at 13000 revolutions per minute (rpm) for 10 minutes.
v.  The resulting aqueous layer was again transferred to a new microcentrifuge tube and
then 55 ul of 3M sodium acetate solution and 500 pl of isopropanol was added in it.
vi.  DNA was allowed to precipitate by inverting the tube several times and then mixture
was again centrifuged for 10 minutes at 13000 revolutions per minute (rpm).
vii.  After centrifugation the supernatant was discarded and 200 pl of chilled 98% ethanol
was added in the microcentrifuge tube containing DNA pellet.
viii.  Centrifugation was done for 8 minutes at 13000 revolutions per minute (rpm).
ix.  After centrifugation the ethanol was evaporated by air drying and DNA pellet was
submerged in 100 pl of PCR water and stored at -20°C.
3.4.5. Gel Electrophoresis of DNA
To analyze the quality of extracted DNA 2% (w/v) agarose gel electrophoresis was
performed. The details of preparation of buffer solutions and reagents required for gel
electrophoresis are as follow:
3.4.5.1.0.5 M EDTA Solution
0.5 M EDTA solution was prepared by dissolving 186.12 grams of EDTA in distilled
water to a final volume of 1000 ml which was then used in preparation of TAE buffer for gel
electrophoresis. pH of 0.5M EDTA solution should be 8.
3.4.5.2. 50X Tris Acetate Ethylene-diamine-tetra-acetic acid (TAE) Buffer
50X stock solution of Tris Acetate Ethylene-diamine-tetra-acetic acid (TAE) Buffer was

prepared as follow:
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Table 3.4. Components required for preparation of TAE buffer.

Component Quantity
Tris Base 242 g

0.5 M EDTA Solution 100 ml
Glacial Acetic Acid 57.1 mi
Deionized water Up to 1000 ml

pH of 50 X TAE buffer was adjusted between 8.2 to 8.4. After preparation 50X TAE
buffer was autoclaved and stored at room temperature.
3.4.5.3. 1X Tris Acetate Ethylene-diamine-tetra-acetic acid (TAE) Buffer
1X TAE buffer was prepared from 50X TAE buffer by taking 20 ml of 50X TAE buffer
and adding 980 mL of distilled water in it.
3.4.5.4. Protocol
I. 29 of agarose was weighed by using electronic weighing balance and was added into 100
ml of 1X TAE buffer.
ii.  The mixture was dissolved by heating it in microwave oven for approximately 2 minutes.
iii.  After slight cooling, 4 pl of ethidium bromide was added for staining of DNA.
iv.  The gel solution was then poured into gel casting tray and was allowed to solidify at
room temperature. Wells for sample loading were made with the help of comb.
v.  When solidified, gel was placed in electrophoresis tank which was filled with 1X TAE
buffer.
vi. 2 pl of loading dye was used to stain 6 pl of extracted DNA sample each, which was then
loaded into gel wells.

vii. 1 kbp DNA ladder was also loaded in gel well for the purpose of determining the length
of DNA sample.
viii.  Gel electrophoresis was performed at 80 volts for 30 minutes.

ix.  After completion of gel electrophoresis, gel was placed in UV Transilluminator as well as
ChemiDoc and DNA bands were analyzed and compared with DNA ladder.
3.4.6. Quantification of DNA
ThermoScientific Nanodrop 2000 UV-Vis Spectrophotometer and NanoDrop 2000™
software was used to quantify the extracted DNA samples. 1 ul of PCR water was first placed on

pedestal which acts as blank and then 1 pl of DNA sample was loaded to analyze the absorbance
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ratio at 260 nm wavelength which was kept as standard. The purity of DNA was determined
based upon the absorbance ratio of 260/280nm and a ratio of ~1.8 is considered as in case of
DNA.

3.4.7 Primer Designing

Primers were designed manually for each gene polymorphism to carry out allele specific
Amplification Refractory Mutation System PCR (ARMS-PCR). FASTA sequence of each SNP
was retrieved from Ensemble. For each SNP three primers were designed as shown in table 3.5.
Table 3.5. Primers designed for ARMS PCR.

Gene | SNP Variation | Primer Sequence Tm | GC Product
(5°to 3) Content | Size

PGR rs1042838 C/IA Forward primer wild: 52.4 |50 362
CTTTCATTTGGAACGCCCAC
Forward primer mutant: 50.4 | 45
CTTTCATTTGGAACGCCCAA
Reverse primer: 48.3 | 40
GTATAATTACCCACACCTCA

IL10 rs1800871 G/A Forward primer: 48.5 | 38 392
AGACTTCTCCTTGCTAACTTA
Reverse primer wild: 53.6 |45
ACCCTTGTACAGGTGATGTAAC
Reverse primer mutant: 51.7 |41
ACCCTTGTACAGGTGATGTAAT

VEZT | rs10859871 | A/IC Forward primer wild: 50.2 | 35 221
CTATTCAGCTCATTTCTTTGGAA
Forward primer mutant: 519 | 39
CTATTCAGCTCATTTCTTTGGAC
Reverse primer: 53.6 |45
ACAATGGTGTAACTGGTAGGGT

In the case of PGR and VEZT two forward primers and one common reverse primer
whereas in the case of IL10 two reverse primers and a forward common primer were designed.
Two primers differ from each other only by last nucleotide at 3’ end which contains the

polymorphic nucleotide. The wildtype nucleotide was placed at end of one primer and the mutant

Molecular Screening of PGR, 1L10 and VEZT Gene Polymorphisms in Patients with Endometriosis
46




Chapter 3 Methodology

nucleotide was placed at end of second primer. OligoCalc software was used to determine the
GC content, melting temperatures (Tm), hair-pin formation and self-complementarity of primers.
Primer specificity was determined by using Primer-Blast as well as UCSC in-silico PCR
software which gives information about amplicon size as well as shows the target size where
primers bind.

3.4.8. Preparation of Working Dilutions of Primers

Primers were received in a lyophilized state, so first 100 puM stock was prepared for each
primer. The amount of nuclease free water added into the lyophilized primers was determined by
multiplying the nmol of primer by 10. After preparation of stock working dilutions of primers
were made to avoid contamination and reduce freeze/thaw cycles of stock. Working dilutions
were made by adding 10 ul of primer from stock and 90 pl of nuclease free water in a sterile
microcentrifuge tube.

3.4.9. Allele Specific Amplification Refractory Mutation System PCR (ARMS-PCR)

Allele Specific Amplification Refractory Mutation System PCR (ARMS-PCR) was
carried out on extracted DNA samples of subjects to validate the presence of SNP. For each SNP,
two separate PCR reactions were carried out. Common primer was added in both the reactions
whereas one reaction was carried forward using wildtype primer and other by using mutant
primer. If wild type SNP is present in sample only that PCR reaction will amplify DNA that
contains wildtype primer and same will be in case of mutant SNP. In this way the presence of
SNP will be indicated in samples. A reaction mixture of 20 pl was made in each PCR tube.
Reagents of each PCR tube shown in table 3.6.

Table 3.6. Components of PCR reaction mixture.

Component Quantity
PCR Water 12 ul
Forward Primer 1l
Reverse Primer 1l
DNA Template 2 ul

PCR Master Mix (contains DNA Polymerase, | 4 pl
MgCl,, PCR Buffer, dNTPSs)

Total Volume 20 pl

The reaction mixture was prepared in Biosafety cabinet to avoid contamination and on

ice to prevent activation of DNA polymerase enzyme. After preparation, reaction mixture was
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short spun for few seconds for removal of air bubbles and homogenous mixing. The PCR tubes
were then placed in a Thermocycler for amplification. First the primers were optimized using
gradient PCR and then optimized primers were used to amplify sample DNA and detect SNP.
The optimized conditions for PCR reaction for PGR (rs1042838), IL10 (rs1800871) and VEZT

(rs10859871) are as follow:

f———————— 35 cycles —

95°C 95°C
72°C 72°C

12:00 0:30 59°C 7

C 0:30 7:00
Initial Denaturation Final

: - El t
Denaturation 0:45 ongation Elongation
Primer
Annealing

Hold

Figure 3.2. Schematic representation of PCR Profile of PGR (rs1042838).

35 cycles m—
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Figure 3.3. Schematic representation of PCR Profile of IL10 (rs1800871).
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——————— 35 cycles —]
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Primer
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ra]
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Figure 3.4. Schematic representation of PCR Profile of VEZT (rs10859871).

3.4.10. Gel Electrophoresis for Analysis of PCR Products

For analysis of ARMS PCR products 2 % gel electrophoresis was performed again with
the same protocol mentioned before but with a change that 50 bp ladder was used and gel was
run for 45 minutes at 80 volts. After that gel was visualized using UV Transilluminator and
ChemiDoc and PCR products were analyzed and compared with ladder.
3.4.11. Statistical Analysis

Statistical analysis was performed using GraphPad Prism version 10. Genotype and allele
frequencies were calculated and Chi square test x? was applied to test the association of SNPs
with risk of endometriosis. P values; *P: <0.05, **P: <0.01, ***P: <0.001 were considered as

significant.
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Chapter 4

4. Results

4.1. In-silico Analysis of Missense SNPs of PGR

4.1.1. Retrieved SNPs of PGR

A total of 38956 SNPs of PGR gene were retrieved from dbSNP. Out of these 34,994
were intronic SNPs, 790 were missense SNPs, 448 were synonymous SNPs while remaining
were either regulatory SNPs or non-specified. The percentages of different types of SNPs of
PGR are shown in figure 4.1. Missense SNPs were further analyzed to detect deleterious SNPs in
PGR gene that can cause disease.

SNPs of PGR

1%

2%

= Intronic = Missense = Synonymous = Others

Figure 4.1. Percentage of different types of SNPs of PGR.
4.1.2. Deleterious Missense SNPs of PGR
All the 790 missense SNPs retrieved from dbSNP were first submitted to SIFT. 27 SNPs
having SIFT score of less than 0.05 were predicted as deleterious by SIFT as shown in table 4.1.
The selected SNP for current study i.e., rs1042838 was predicted as tolerated by SIFT.
Table 4.1. Results of analysis of missense SNPs of PGR by SIFT.

Sr.No. | SNPID Allele Change | Amino Acid Change | Sift Score | Prediction
1. rs2020874 C>A R625I 0.001 Deleterious
2. rs2020880 G>A S865L 0.026 Deleterious
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3. rs11571143 | C>T A50T 0.014 Deleterious
4. rs11571145 | G>A P186L 0.004 Deleterious
5. rs111810948 | C>G Q682H 0.02 Deleterious
6. rs112862471 | T>C 1681M 0.003 Deleterious
7. rs112862471 | T>C 1783M 0.003 Deleterious
8. rs141417204 | T>C K769E 0.026 Deleterious
9. rs143150313 | C>T M6921 0.042 Deleterious
10. rs144880156 | G>A L582F 0.004 Deleterious
11. rs146822380 | G>C T706R 0.008 Deleterious
12. rs147932536 | G>C D107E 0.047 Deleterious
13. rs149186732 | C>T R740Q 0.004 Deleterious
14. rs191163476 | C>T G125R 0.016 Deleterious
15. rs199796213 | G>T D746E 0 Deleterious
16. rs199841157 | A>G S20P 0 Deleterious
17. rs200145151 | G>T P61H 0.003 Deleterious
18. rs200987911 | G>A R242W 0.008 Deleterious
19. rs201384017 | T>C H599R 0.03 Deleterious
20. rs202123793 | G>A A6V 0.008 Deleterious
21. rs36986385 | G>T S54Y 0.002 Deleterious
22. rs370034247 | C>A D357Y 0.008 Deleterious
23. rs371165895 | C>T R788Q 0.041 Deleterious
24. rs372324844 | G>A R167W 0.002 Deleterious
25. rs373694750 | T>C K731R 0.045 Deleterious
26. rs374220674 | C>A S5541 0.049 Deleterious
27. rs376371918 | A>G 1744T 0.002 Deleterious
28. rs1042838 C>A V660L 0.336 Tolerated

27 SNPs predicted to be deleterious by SIFT and selected SNP for current study
(rs1042838) were then further analyzed by PolyPhen-2, PhD-SNP, SNPs&GO and PANTHER.
Out of 27 SNPs Polyphen-2 predicted 15 SNPs to be probably damaging having score between
0.9 to 1 and 4 to be possibly damaging with score ranging from 0.4 to 0.8 shown in table 4.2.
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PhD-SNP added 7 SNPs in disease causing category and SNPs&GO predicted only 3 SNPs to be
disease causing shown in table 4.3 and 4.4 respectively. PhD-SNP and SNPs&GO give us a
reliability index for each SNP and the greater the reliability index, the more the chances of SNP
to be pathogenic. PANTHER predicted 5 SNPs to be probably damaging (Pdel>0.5) and 22 to be
possibly damaging (Pdel=0.5) shown in table 4.5. Pdel in PANTHER predictions mean
probability of deleterious effect, greater the Pdel value more the chance of SNP to be deleterious.

rs1042838 was predicted to be neutral by PolyPhen-2, PhD-SNP and SNPs&GO and
possibly damaging by PANTHER. As the majority of in-silico tools did not predict it as
pathogenic, it was considered as benign having less disease causing potential and was not carried
forward for further in-silico analysis.

Table 4.2. Results of analysis of missense SNPs of PGR by PolyPhen-2.

Sr. | SNPID Allele Amino Acid | PolyPhen-2 Effect

No. Change Change Score

1. | rs2020874 C>A R625I 1 Probably Damaging
2. | rs2020880 G>A S865L 0.598 Possibly Damaging
3. | rs11571143 C>T AS0T 0.032 Benign

4. | rs11571145 G>A P186L 0.322 Benign

5. | rsl11810948 | C>G Q682H 0.454 Possibly Damaging
6. |rs112862471 T>C 1681M 0.019 Benign

7. | rsl12862471 | T>C 1783M 1 Probably Damaging
8. | rs141417204 | T>C K769E 0.988 Probably Damaging
9. |rs143150313 | C>T M692I 0.002 Benign

10. | rs144880156 | G>A L582F 1 Probably Damaging
11. | rs146822380 | G>C T706R 0.972 Probably Damaging
12. | rs147932536 | G>C D107E 0.999 Probably Damaging
13. | rs149186732 | C>T R740Q 1 Probably Damaging
14. | rs191163476 C>T G125R 0.068 Benign

15. | rs199796213 | G>T D746E 0.997 Probably Damaging
16. | rs199841157 | A>G S20P 0.057 Benign

17. | rs200145151 | G>T P61H 0.993 Probably Damaging
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18. | rs200987911 G>A R242W 0.027 Benign

19. | rs201384017 | T>C H599R 0.987 Probably Damaging
20. | rs202123793 | G>A AGV 0.924 Possibly Damaging
21. | rs36986385 G>T S54Y 0.986 Probably Damaging
22. | rs370034247 | C>A D357Y 0.995 Probably Damaging
23. | rs371165895 | C>T R788Q 0.639 Possibly Damaging
24. | rs372324844 | G>A R167W 1 Probably Damaging
25. | rs373694750 | T>C K731R 0.317 Benign

26. | 1s374220674 | C>A S5541 0.999 Probably Damaging
27. | rs376371918 | A>G 1744T 0.999 Probably Damaging
28. | rs1042838 C>A V660L 0.006 Benign

Table 4.3. Results of analysis of missense SNPs of PGR by PhD-SNP.

Sr. | SNP ID Allele Amino Acid | PhD-SNP Reliability
No. Change Change Effect Index
1. | rs2020874 C>A R625I Neutral 5

2. | rs2020880 G>A S865L Neutral 2

3. | rs11571143 C>T A50T Neutral 7

4. | rs11571145 G>A P186L Neutral 5

5. |rs111810948 C>G Q682H Neutral 2

6. | rs112862471 T>C 1681M Neutral 6

7. | rsl12862471 T>C 1783M Neutral 3

8. | rs141417204 T>C K769E Disease 3

9. |rs143150313 C>T M6921 Disease 1

10. | rs144880156 G>A L582F Neutral 3

11. | rs146822380 G>C T706R Disease 0

12. | rs147932536 G>C D107E Neutral 8

13. | rs149186732 C>T R740Q Disease 0

14. | rs191163476 C>T G125R Neutral 4

15. | rs199796213 G>T D746E Disease 5

16. | rs199841157 A>G S20P Neutral 4
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17. | rs200145151 G>T P61H Neutral 3
18. | rs200987911 G>A R242W Neutral 4
19. | rs201384017 T>C H599R Neutral 7
20. | rs202123793 G>A A6V Neutral 7
21. | rs36986385 G>T S54Y Neutral 4
22. | rs370034247 C>A D357Y Disease 0
23. | rs371165895 C>T R788Q Neutral 6
24. | rs372324844 G>A R167W Neutral 4
25. | rs373694750 T>C K731R Neutral 6
26. | rs374220674 C>A S554] Neutral 1
27. | rs376371918 A>G 1744T Disease 4
28. | rs1042838 C>A V660L Neutral 6
Table 4.4. Results of analysis of missense SNPs of PGR by SNPs&Go.

Sr. | SNPID Allele Amino Acid | SNPs&Go Reliability
No. Change Change Prediction Index
1. | rs2020874 C>A R625I Neutral 1

2. | rs2020880 G>A S865L Neutral 3

3. | rs11571143 C>T A50T Neutral 8

4, rs11571145 G>A P186L Neutral 5

5. |rs111810948 | C>G Q682H Neutral 6

6. |rs112862471 | T>C 1681M Neutral 8

7. | rs112862471 | T>C 1783M Neutral 4

8. | rs141417204 | T>C K769E Neutral 1

9. |rs143150313 | C>T M692I Neutral 8
10. | rs144880156 | G>A L582F Neutral 2
11. | rs146822380 | G>C T706R Neutral 4
12. | rs147932536 | G>C D107E Neutral 8
13. | rs149186732 | C>T R740Q Disease 3
14. | rs191163476 C>T G125R Neutral 6
15. | rs199796213 | G>T D746E Disease 6
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16. | rs199841157 | A>G S20P Neutral 7

17. | rs200145151 | G>T P61H Neutral 6

18. | rs200987911 | G>A R242W Neutral 4

19. | rs201384017 | T>C H599R Neutral 4

20. | rs202123793 | G>A AV Neutral 6

21. | rs36986385 G>T S54Y Neutral 5

22. | rs370034247 | C>A D357Y Neutral 3

23. | rs371165895 | C>T R788Q Neutral 3

24. | rs372324844 | G>A R167W Neutral 2

25. | rs373694750 | T>C K731R Neutral 4

26. | 1s374220674 | C>A S5541 Neutral 8

27. | rs376371918 | A>G 1744T Disease 0

28. | rs1042838 C>A V660L Neutral 9
Table 4.5. Results of analysis of missense SNPs of PGR by PANTHER.

Sr. | SNPID Allele Amino Acid | PANTHER Pdel
No. Change Change Prediction

1. | rs2020874 C>A R625I Possibly Damaging 0.5
2. | rs2020880 G>A S865L Possibly Damaging 0.5
3. | rs11571143 C>T A50T Possibly Damaging 0.5
4. | rs11571145 G>A P186L Possibly Damaging 0.5
5. |rsl11810948 | C>G Q682H Possibly Damaging 0.5
6. |rsl12862471 | T>C 1681M Possibly Damaging 0.5
7. |rsll2862471 | T>C 1783M Possibly Damaging 0.5
8. | rsl41417204 | T>C K769E Probably Damaging 0.57
9. |rsl43150313 | C>T M6921 Possibly Damaging 0.5
10. | rs144880156 | G>A L582F Possibly Damaging 0.5
11. | rs146822380 | G>C T706R Possibly Damaging 0.5
12. | rs147932536 | G>C D107E Possibly Damaging 0.5
13. | rs149186732 | C>T R740Q Possibly Damaging 0.5
14. | rs191163476 | C>T G125R Probably Damaging 0.57
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15. | rs199796213 | G>T D746E Probably Damaging 0.85
16. | rs199841157 | A>G S20P Possibly Damaging 0.5
17. | rs200145151 | G>T P61H Possibly Damaging 0.5
18. | rs200987911 | G>A R242W Possibly Damaging 0.5
19. |rs201384017 | T>C H599R Probably Damaging 0.57
20. | rs202123793 | G>A AV Possibly Damaging 0.5
21. | rs36986385 G>T S54Y Possibly Damaging 0.5
22. | rs370034247 | C>A D357Y Possibly Damaging 0.5
23. | rs371165895 | C>T R788Q Possibly Damaging 0.5
24. | rs372324844 | G>A R167W Possibly Damaging 0.5
25. | rs373694750 | T>C K731R Probably Damaging 0.57
26. | rs374220674 | C>A S5541 Possibly Damaging 0.5
27. | rs376371918 | A>G 1744T Possibly Damaging 0.5
28. | rs1042838 C>A V660L Possibly Damaging 0.5

Deleterious SNPs

snrszGO [

0 5 10 15 20 25 30

Figure 4.2. Deleterious missense SNPs of PGR predicted by SIFT, PolyPhen-2, PhD-SNP,
SNPs&GO and PANTHER.
The missense SNPs predicted to be disease causing by three out of four of the tools i.e.,
PolyPhen-2, PhD-SNP, SNPs&GO and PANTHER were shortlisted for further analysis and were

considered as deleterious missense SNPs of PGR gene as shown in table 4.6.
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Table 4.6. Shortlisted deleterious missense SNPs of PGR gene.

Sr.No. | SNP ID Allele Change | Amino Acid Change Prediction
1. rs141417204 | T>C K769E Deleterious
2. rs146822380 G>C T706R Deleterious
3. rs149186732 C>T R740Q Deleterious
4. rs199796213 G>T D746E Deleterious
5. rs370034247 C>A D357Y Deleterious
6. rs376371918 A>G 1744T Deleterious
4.1.3. Structural and Functional Effect of Deleterious Missense SNPs

Four out of six shortlisted deleterious missense SNPs i.e., K769E, D746E, D357Y AND
1744T were predicted to have structural and functional effect on protein by MutPred2 as they had
MutPred2 score > 0.5 which is considered to be pathogenic. K769E was predicted to alter
ordered interface and result in gain in loop, and loss of stand and allosteric site at W765. D357Y
was predicted to alter disordered interface and result in gain of sulfation at D357. 1744T and
D746E were predicted to alter transmembrane protein.

4.1.4. Evolutionary Conservation Analysis

All the amino acids present in the protein sequence of PGR underwent evolutionary
conservation analysis using ConSurf. The results for the entire protein sequence are shown in
figure 4.3. It provides a conservation score ranging from 1 to 9 for all the amino acid positions, 1
being least conserved and 9 being highly conserved, along with exposed, buried, functional and
structural status of residues. The evolutionary status for the six deleterious missense SNPs is
shown in table 4.7. Four out of six SNPs are present in highly conserved regions. SNPs present
in highly conserved regions can have more deleterious effect as compared to less conserved ones.

Table 4.7. ConSurf prediction for deleterious missense SNPs of PGR.

Sr. | SNPID Allele Amino Acid | Conservation | Prediction

No. Change Change Score

1. | rs141417204 | T>C K769E 9 Functional residue (highly
conserved and exposed)

2. | rsl46822380 | G>C T706R 6 Exposed residue

3. | rs149186732 | C>T R740Q 9 Functional residue (highly
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conserved and exposed)

4. |rs199796213 | G>T D746E 9 Functional residue (highly
conserved and exposed)

5. | rs370034247 | C>A D357Y 5 Exposed residue

6. | rs376371918 | A>G 1744T 9 Structural residue (highly

conserved and buried)
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Figure 4.3. Evolutionary Conservation Analysis of PGR.

4.1.5. Effect of Deleterious Missense SNPs on Protein Stability

I-Mutant 2.0 was used to check the effect of deleterious SNPs on protein stability of
PGR. The results for all the six shortlisted SNPs along with their AAG value are mentioned in
table 4.8.
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Table 4.8. Effect of deleterious missense SNPs on protein stability.

Sr. | SNPID Allele Amino Acid | Stability Reliability | AAG value
No. Change Change Index

1. | rs141417204 | T>C K769E Decrease 1 -0.4

2. | rsl46822380 | G>C T706R Decrease 2 -0.41

3. | rs149186732 | C>T R740Q Decrease 9 -1.65

4. |rs199796213 | G>T D746E Increase 0 -0.6

5. | rs370034247 | C>A D357Y Increase 0 -0.16

6. | rs376371918 | A>G 1744T Decrease 9 -3.55

Positive AAG value (AAG value>0) means protein stability is increased and negative
AAG value (AAG>0) means protein stability is decreased. D746E and D357Y were predicted to
increase the stability of protein whereas all others decreased stability. It should be noted that as
D746E and D357Y increased protein stability they should have positive AAG value but they have
negative AAG value. It is because sometimes prediction regarding stability can be contrary to the
value of AAG and this happens when reliability index is low, and this is true in case of D746E
and D357Y i.e., reliability index=0.
4.1.6. 3D Protein Modelling

3D protein models of wild PGR protein and all its mutant structures of six SNPs
shortlisted to be deleterious were designed using I-TASSER. I-TASSER designed five different
models for wild protein and each of the six mutants. The model having the highest C-score was
selected for further analysis. C-score predicts the overall quality of the protein models, and
higher C-score means better quality. C-score of the selected models of wild and mutant proteins
of PGR are enlisted in table 4.9.
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Figure 4.4. Wild PGR protein structure having 933 amino acid residues.

4.1.7. Validation of 3D Protein Structures

Wild and mutant protein models designed by I-TASSER were validated for good quality
using ERRAT. ERRAT calculates an overall quality factor which > 50 is considered acceptable.
The ERRAT score for all the models is shown in table 4.9. ERRAT score for all the wild and
mutant structures designed was above 70 predicting the good quality of protein models.
Table 4.9. C-score, ERRAT score, TM-score and RMSD values of wild and mutant structures of
PGR.

Sr. No. | Model C-Score | ERRAT Confidence Score | TM-Score | RMSD Value
1. wild -0.21 77.055 - -

2. K769E -0.66 75.346 0.94559 1.30

3. T706R -0.73 75.573 0.94568 1.30

4, R740Q -0.57 77.739 0.99467 0.82

5. D746E -0.25 74.776 0.99675 0.62

6. D357Y -0.16 71.644 0.99733 0.54

7. I744T -0.18 70.857 0.99609 0.68

4.1.8. Visualization and Superimposition of the Wild and Mutant 3D Protein Structures

The six mutant structures were one by one superimposed on wild protein structure using
TM-Align to highlight the differences and deviation of mutant structure from wild. TM-Score
and RMSD values predicted by TM-Align are mentioned in table 4.9. TM-score highlights the
similarities between wild and mutant structure and its value lies between 0 and 1 where 1 means

perfectly aligned proteins and vice versa. All the six mutant structures of PGR had a TM-score
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greater than 0.9 predicting that mutant structures are almost like the wild one. RMSD value
predicts the structural deviation of mutant structure form its wild and greater the RMSD value,
more is the difference between wild and mutant protein structure and greater are the chances of
the SNP to be pathogenic affecting structure and function of the protein. Two mutant structures
K769E and T706R had the highest RMSD value i.e., 1.30 which increases their chances of being
more pathogenic.

Finally, the wild and mutant structures were further superimposed using PyMOL to
highlight the change in amino acids showing the difference between two structures. The
superimposed wild and mutant structures for K769E, T706R, R740Q, D746E, D357Y and 1744T
are shown in figure 4.5, 4.6, 4.7. 4.8, 4.9 and 4.10 respectively.

Wild

- Wild Mutant

Mutant

Figure 4.5. a) Superimposition of PGR wild and mutant K769E. b) Highlighted amino acid

change from Lysine (wild) to Glutamic acid (mutant).

I vic

Mutant

Figure 4.6. a) Superimposition of PGR wild and mutant T706R. b) Highlighted amino acid

change from threonine (wild) to Arginine (mutant).
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Mutant

Mutant

Figure 4.7. a) Superimposition of PGR wild and mutant R740Q. b) Highlighted amino acid
change from Arginine (wild) to Glutamine (mutant).

\ )
-Wild 'f : / wild

Mutant - S N~ — Mutant

Figure 4.8. a) Superimposition of PGR wild and mutant D746E. b) Highlighted amino acid

change from Aspartic acid (wild) to Glutamic acid (mutant).

Wild

Mutant

Mutant

Figure 4.9. a) Superimposition of PGR wild and mutant D357Y. b) Highlighted amino acid
change from Aspartic acid (wild) to Tyrosine (mutant).
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Wild
Mutant

Figure 4.10. a) Superimposition of PGR wild and mutant 1744T. b) Highlighted amino acid
change from Isoleucine (wild) to Threonine (mutant).
4.1.9. Post Translation Modification (PTM) Analysis

Post Translational Modifications (PTMs) are important for protein signaling, folding,
stability, attachment, and regulation. Methylation, phosphorylation, ubiquitination, glycosylation
and SUMOylation sites in wild PGR protein and all six mutants were predicted. Moreover, the
gain and loss in these PTM sites because of amino acid change at exact location or nearby were
also predicted. No methylation, ubiquitination and N-glycosylation sites were present in PGR
wild protein and its mutants as predicted by GPS-MSP 1.0, GPS-Uber and NetNGlyc 1.0
respectively. Six SUMOlyation sites were predicted by GPS-SUMO 2.0 in wild protein and same
were predicted in all the six mutant proteins at same position without any change. For O-linked
glycosylation sites prediction NetOGlyc 4.0 was used, and 82 sites were predicted to be O-
glycosylated in wild PGR protein. Mutants K769E and D746E showed gain in O-glycosylation
site at position 713, T706R showed gain at position 549 and 714 and loss at position 706 and
D357Y exhibited loss of O-glycosylation site at position 456. Gain in O-glycosylation site at
position 549 was shown by mutants 1744T AND R740Q, with R740Q showing gain at position
713 as well.

In the case of phosphorylation 55 potential sites were predicted by GPS 6.0 in wild
protein. Mutant K769E resulted in gain of phosphorylation site at position 768 and 772 and loss
of phosphorylation site at position 796. Moreover, there was loss of phosphorylation at position
328 and gain at position 349 and 350 in mutant D357Y as compared to wild. Mutant R740Q

showed gain of phosphorylation site at position 733 whereas mutant T706R showed loss of
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phosphorylation sites at position 700, 706 and 733. Mutants D746E and 1744T showed no
change in phosphorylation sites as compared to wild.
4.1.10. Protein-Protein Interaction Analysis

The interaction of PGR protein with different other proteins was checked using STRING.
Protein-protein interaction is very crucial for various important biological processes as it
regulates different pathways and this interaction if disrupted can cause various diseases. STRING
predicted interaction of PGR with 10 other proteins as shown in figure 4.11. PGR interacted the
most with SRC having an interaction score of 0.999. It also showed interaction with STAT3,
NCOA1, NCOA3 NCOR2, HSPA4, HSP90AA1, FKBP5, MAPK3 and ERBB4. The predicted
deleterious SNPs can alter the interaction of PGR with all the mentioned proteins and thus can

disturb the normal pathways leading to disease progression.

NCOA1

™
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_ \}‘% HSPQOAAl \ FKBPS
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' ERBB4

Figure 4.11. Protein-protein interaction of PGR predicted by STRING.

4.2. In-silico Analysis of Regulatory SNPs of 1L10 and rs10859871 near VEZT
4.2.1. Deleterious 5° and 3’ UTR SNPs of IL10

All the 3’ and 5 UTR SNPs retrieved from Ensembl were submitted to RegulomeDB for
assessment of their effect on transcription factor binding and expression of gene. Only 2 SNPs
from UTR-5 region and 1 from UTR-3 region were predicted to have functional effect by
RegulomeDB. Afterwards all the SNPs were submitted to SNPinfo (FuncPred) to check their
disease-causing potential. A total of 26 SNPs, 12 in UTR-5 region affecting transcription factor
binding site and 14 in UTR-3 region affecting miRNA binding site, were predicted by SNPinfo

as disease causing SNPs. The SNPs predicted to have functional and disease-causing effect by
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both software as shown in table 4.10 had the greatest potential to be pathogenic SNPs leading to
progression of various diseases including endometriosis.

Table 4.10. Deleterious regulatory SNPs of IL10 predicted by RegulomeDB and SNPinfo
(FuncPred).

Sr. | SNPID Variant | Allele | RegulomeDB | RegulomeDB | SNPinfo Prediction

No. Type Change | Score Prediction

1. rs1800871 | 5’UTR | G>A 1b Likely to affect | Effect on transcription
transcription factor biding site

2. rs1800872 | 5’UTR | G>T 1f factor binding | Effect on transcription
and gene factor biding site

3. rs3024498 | 3’'UTR | T>C 1f expression Effect on miRNA

binding site

4.2.2. Deleterious effect of rs10859871 near VEZT

Deleterious effect of rs10859871 located 17kb upstream of VEZT was predicted using
RegulomeDB and SNPinfo (FuncPred). RegulomeDB gave a score of 1f to rs10859871
predicting it to affect the transcription factor binding and gene expression whereas SNPinfo
predicted no functional effect.
4.3. In-vitro Analysis

A case control study was conducted to check the association of rs1042838 a missense
SNP of PGR, rs1800871 a UTR-5 SNP of 1110 and rs10859871 located approximately 17kb
upstream of VEZT with the risk of endometriosis. A total of 38 whole blood samples (19
diseases samples and 19 healthy controls) were collected from Holy Family Hospital
Rawalpindi, Benazir Bhutto Hospital Rawalpindi, District Headquarter Hospital Rawalpindi and
Research and Diagnostic laboratory ASAB. DNA was extracted from the whole blood samples
using Phenol-Chloroform method of DNA extraction. The quality and quantity of extracted DNA
was determined through 2% agarose gel electrophoresis and ThermoScientific Nanodrop 2000
UV-Vis Spectrophotometer and NanoDrop 2000™ Software respectively. The pure DNA
samples having absorbance ratio ~1.8 were further analyzed by performing allele specific ARMS
PCR to screen the samples for the presence of polymorphism. 2% agarose gel electrophoresis
was performed to analyze the PCR products. Statistical analysis was performed on the data
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obtained from ARMS PCR to check any significant association of the three polymorphisms with
endometriosis.
4.3.1. Association Analysis of PGR rs1042838 Polymorphism

PGR rs1042838 is a missense SNP (C>A), where C is the ancestral allele and A is the risk
allele. It is present in exon 4 of the gene on chromosome 11g22.1 and results in a single amino
acid change from valine to leucine (V660L). For this SNP, 2% agarose gel electrophoresis results
showing PCR products (amplicon size=362 bp) of diseased samples are shown in figure 4.12 and
of healthy controls in figure 4.13. The Chi square x? test values as well as observed genotype and
allele frequencies are mentioned in table 4.10. Moreover, graphs for genotype and allele
frequency of experimental vs control group are shown in figure 4.14 and 4.15 respectively. There
was no significant difference observed between the frequency of ancestral C allele and risk A
allele in experimental vs control group. Ancestral Allele C was more prevalent in both control
and case groups as compared to risk allele A.

The Chi square x? test was performed to check the association of rs1042838 with
endometriosis using GraphPad Prism version 10. The Chi square value obtained i.e., x? = 2.143
with p-value of 0.3425 and degree of freedom 2 indicates that the observed genotypes are in
Hardy-Weinberg equilibrium with expected genotypes and there is no significant association of

the SNP rs1042838 of PGR gene with risk of endometriosis.

Negative Positive
L Control Control D1 DI D2 D2 D3 D3 D4 D4 D5 D5 D6 D6 D7 D7
S0bp € A € A € A € A € A E A € A € A €A

f

Amplicon Size
362 bp

Figure 4.12. 2% agarose gel showing PCR products of diseased samples for PGR rs1042838
polymorphism.
L=Iladder, D= diseased samples (endometriosis). Two bands indicate that the study subject is
heterozygous having both alleles whereas one band indicates study subject is homozygous having
either C or A allele.
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Figure 4.13. 2% agarose gel showing PCR products of healthy controls for PGR rs1042838

polymorphism.

L=Iladder, H= healthy controls. Two bands indicate that the study subject is heterozygous having

both alleles whereas one band indicates study subject is homozygous having either C or A allele.
Table 4.11. Chi square x2 test, genotype, and allele frequencies of PGR rs1042838

polymorphism.

Cases/Controls
PGR

Genotype Frequency

Allele Frequency

CcC CA AA C A

n % N % n % n % n %
Cases n=19
(Endometriosis 15 78.9 3 15.8 1 5.3 33 86.8 5 13.2
Patients)
Controls n=19
(Healthy 13 68.4 6 31.6 0 0 32 84.2 6 15.8
Females)
X2 2.143 0.1063
p-value 0.3425 0.7444
Df 2 1

Note: x>= Chi Square test value, p-value= probability value, Df= Degree of freedom
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Figure 4.14. Genotype distribution of PGR rs1042838 polymorphism.
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Figure 4.15. Allele distribution of PGR rs1042838 polymorphism.

4.3.2. Association Analysis of IL10 UTR-5 rs1800871 Polymorphism

rs1800871 (G>A), where G is ancestral allele and A is the risk allele, is in 5> UTR region
of IL10 gene on chromosome 1g32.1. For this SNP, 2% agarose gel electrophoresis results
showing PCR products (amplicon size=392 bp) of diseased samples are shown in figure 4.16 and
of healthy controls in figure 4.17. The Chi square x? test values, observed genotype and allele
frequencies are mentioned in table 4.11. In addition, graphs for genotype and allele frequency of
experimental vs control group are shown in figures 4.18 and 4.19 respectively. There was no
significant difference observed between the frequency of ancestral G allele and risk A allele in
experimental vs control group. Both alleles in heterozygous form GA were more prevalent in

both disease and control samples as compared to homozygous GG or AA alleles.
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The Chi square x? test was performed to check the association of rs1800871 with
endometriosis using GraphPad Prism version 10. The Chi square value obtained i.e., x?> = 0.2345
with p-value of 0.8894 and degree of freedom 2 indicates that the observed genotypes are in
Hardy-Weinberg equilibrium with expected genotypes and there is no significant association of
the SNP rs1800871 in UTR-5 if IL10 gene with risk of endometriosis.

Negative Positive
L Control Control D1 DI D2 D2 D3 D3 D4 D4 D5 D5 D6 D6 D7 D7
50bp G A GA GA GA GAGAGAGA G A

f

Amplicon Size
392 bp

Figure 4.16. 2% agarose gel showing PCR products of diseased samples for IL10 UTR-5
rs1800871 polymorphism.
L=ladder, D= diseased samples (endometriosis). Two bands indicate that the study subject is
heterozygous having both alleles whereas one band indicates study subject is homozygous having
either G or A allele.
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Figure 4.17. 2% agarose gel showing PCR products of healthy controls for IL10 UTR-5
rs1800871 polymorphism.
L=Iladder, H= healthy controls. Two bands indicate that the study subject is heterozygous having
both alleles whereas one band indicates study subject is homozygous having either G or A allele.
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Table 4.12. Chi square x2 test, genotype, and allele frequencies of IL10 UTR-5 rs1800871

polymorphism.

Cases/Controls Genotype Frequency Allele Frequency
IL10 GG GA AA G A

n % n % n % n % n %
Cases n=19
(Endometriosis 2 10.5 15 79 2 10.5 19 50 19 50
Patients)
Controls n=19
(Healthy 3 15.8 14 | 73.7 2 10.5 20 | 52.6 18 | 474
Females)
X2 0.2345 0.05267
p-value 0.8894 0.8185
Df 2 1

Note: x>= Chi Square test value, p-value= probability value, Df= Degree of freedom
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Figure 4.18. Genotype distribution of IL10 UTR-5 rs1800871 polymorphism.
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Figure 4.19. Allele distribution of IL10 UTR-5 rs1800871 polymorphism.
4.3.3. Association Analysis of rs10859871 Polymorphism near VEZT

rs10859871 (A>C), where A is ancestral allele and C is the risk allele, is located
approximately 17kb upstream of VEZT gene on chromosome 12. For this SNP, 2% agarose gel
results showing PCR products (amplicon size=221 bp) of diseased samples are shown in figure
4.20 and of healthy controls in figure 4.21. The Chi square x? test values as well as observed
genotype and allele frequencies are mentioned in table 4.12. Graphs for genotype and allele
frequency of experimental vs control group are shown in figure 4.22 and 4.23 respectively. There
was no significant difference observed between the frequency of ancestral A allele and risk C
allele in experimental vs control group. CA genotype in heterozygous form was prevalent in both
cases and controls as compared to homozygous CC and AA genotypes. Moreover, CC genotype
was observed slightly more in cases as compared to controls.

The Chi square x? test was performed to check the association of rs10859871 with
endometriosis using GraphPad Prism version 10. The Chi square value obtained i.e., x? = 2.095
with p-value of 0.3508 and d 2 indicates that the Hardy Weinberg equilibrium conditions have
been met and there is no significant association of the SNP rs10859871 near VEZT gene with

susceptibility to endometriosis.
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Figure 4.20. 2% agarose gel showing PCR products of diseased samples for rs10859871
polymorphism near VEZT.

L=Iladder, D= diseased samples (endometriosis). Two bands indicate that the study subject is
heterozygous having both alleles whereas one band indicates study subject is homozygous having
either A or C allele.
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Figure 4.21. 2% agarose gel showing PCR products of healthy controls for rs10859871

polymorphism near VEZT.
L=Iladder, H= healthy controls. Two bands indicate that the study subject is heterozygous having

both alleles whereas one band indicates study subject is homozygous having either A or C allele.
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Table 4.13. Chi square x2 test, genotype, and allele frequencies of rs10859871 polymorphism
near VEZT.

Cases/Controls | Genotype Frequency Allele Frequency
VEZT AA AC CC A C
N % n % n % N % n %
Cases n=19
(Endometriosis 4 211 | 10 | 526 5 263 | 18 | 474 | 20 | 52.6
Patients)
Controls n=19
(Healthy 3 15.8 14 73.7 2 10.5 20 52.6 18 47.4
Females)
X2 2.095 0.2105
p-value 0.3508 0.6464
Df 2 1

Note: x>= Chi Square test value, p-value= probability value, Df= Degree of freedom
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Figure 4.22. Genotype distribution of rs10859871 polymorphism near VEZT.
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Figure 4.23. Allele distribution of rs10859871 polymorphism near VEZT.
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Chapter 5

5. Discussion

Endometriosis is a chronic reproductive disorder characterized by the growth and
proliferation of endometrial tissue in different parts of the body other than uterus. Approximately
10% of the women worldwide (Mohammed Rasheed & Hamid, 2020) and 6% of the women in
Pakistan (Khan & Illahi, 2000) suffer from this disease and it is most prevalent between ages of
25 to 45 years (Smolarz et al., 2021). However, the exact prevalence cannot be estimated due to
the late diagnosis and poor management of the disease. Endometriosis is recognized as a disease
with complex and unclear etiology involving retrograde menstruation, endometrial cell transport
as well as various genetic, epigenetic, hormonal, and immunological factors. The progression of
endometriosis lead to severe symptoms, pelvic pain and infertility being the major ones (Soliman
etal., 2017).

Endometriosis is believed to have a strong genetic basis. Studies reveal polygenic
inheritance pattern of endometriosis (Hansen & Eyster, 2010) and involvement of single
nucleotide polymorphisms in development of disease. Candidate gene analysis and GWAS
studies have reported involvement of various genes in progression of endometriosis and about 19
SNPs are identified to be associated with the disease (Sapkota et al., 2017).

In the current study, out of SNPs of all the genes reported to be associated with
endometriosis, SNPs located in or near three genes i.e., a missense SNP rs1042838 of PGR, a
UTR-5 SNP rs1800871 of IL10 and rs10859871 located 17kb upstream of VEZT were selected
to check their role in endometriosis. All the three SNPs are reported to be associated with
endometriosis according to studies conducted in different parts of the world, but some studies
also nullified their role in endometriosis.

In the case of PGR since the selected SNP was a non-synonymous exonic SNP, an in-
silico analysis was performed to filter all the missense SNPs of PGR for the deleterious and
disease-causing effect. A total of 790 missense SNPs were retrieved from NCBI, and these SNPs
were tested for deleterious effect first by SIFT and then by using four other tools i.e., Polyhen-2,
PhD-SNP, SNPs&GO and PANTHER. The SNP rs1042838 (V660L) selected for association
analysis with endometriosis in current study was predicted to be neutral by all the SNP filtering

software except PANTHER. So overall rs1042838 was considered as benign and was not carried
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forward for further in-silico analysis. However, six different missense SNPs of PGR gene i.e.,
rs141417204 (K769E), rs146822380 (T706R), rs149186732 (R740Q), rs199796213 (D746E),
rs370034247 (D357Y) and rs376371918 (1744T) were predicted to be deleterious and disease
causing by at most three of the above-mentioned software along with SIFT.

The six SNPs predicted to be damaging were further analyzed to see their effect on
structure and function and most of them can alter protein structure or function as predicted by
Mutpred?2. Four out of the six SNPs filtered with exception of T706R and D357Y were in highly
conserved region as predicted by Consurf which increases their chance of being deleterious and
disease causing as amino acids located in highly conserved regions are most crucial for normal
functioning of protein and changes to these amino acids can cause damaging effects. K769E,
R740Q and D746E were predicted to affect the function of protein whereas 1744T can have
structural effects. Moreover, K769E, T706R, R740Q, 1744T were predicted to decrease the
stability of protein by I-Mutant 2.0. The protein structure of wild and all six mutants were
obtained using I-TASSER, were validated as good quality models by ERRAT and all the mutants
were superimposed using TM-Align on wild protein to predict the difference in structure. TM-
score of superimpositions of all the mutants was greater than 0.9 predicting a very slight
difference in structure of wild and mutant protein structures. This highlights that the six
deleterious SNPs do not result in drastic change in structure of protein and are more inclined
towards effecting the function of protein. However, RMSD value of K769E and T706R was
predicted as 1.30 by TM-Align making them the topmost candidates capable of having damaging
effect on protein structure and function.

PTM analysis predicted no potential sites for methylation, ubiquitination, and N-
glycosylation in wild and mutant protein structures. Six SUMOlyation sites were predicted but
no change was observed due to presence of SNPs. 82 O-glycosylation and 55 phosphorylation
sites were predicted in wild protein. Amino acid change due to all the six deleterious SNPs
resulted in gain of O-glycosylation and phosphorylation sites at certain position and loss as well.
This proves that all the six deleterious SNPs are not only damaging to structure and function of
protein but can also alter PTM sites affecting protein signaling, folding, stability, attachment, and
regulation. Thus, the six filtered SNPs may have potential role in progression of various diseases

including endometriosis, but in-vitro testing is required to validate the results.

Molecular Screening of PGR, 1L10 and VEZT Gene Polymorphisms in Patients with Endometriosis
77



Chapter 5 Discussion

In-silico analysis of regulatory SNPs lying in UTR-5 and UTR-3 region of I1L10 and
rs10859871 near VEZT was also performed using two online tools RegulomeDB and SNPinfo
(Funcpred). Out of all the regulatory SNPs of IL10, three were predicted to be deleterious by
both web servers including the one selected for current study i.e., rs1800871 along with
rs1800872 in UTR-5 region and rs3024498 in UTR-3 region. All the three SNPs were predicted
to be capable of altering the gene expression by affecting the transcription factor binding site in
case of rs1800871 and rs1800872 and by affecting the miRNA binding site in case of rs3024498.
Moreover, rs10859871, an intronic SNP located near VEZT, was predicted to affect gene
expression and thus categorized as deleterious by RegulomeDB only.

In in-vitro analysis, a case control study was carried out to check the role of three selected
SNPs i.e., rs1042838, rs1800871 and rs10859871 in endometriosis. Allele specific ARMS PCR
was performed to screen the samples, collected from various hospitals of Islamabad and
Rawalpindi, in comparison with healthy controls for the presence of polymorphism. The results
were then statistically analyzed using GraphPad Prism version 10 for any significant association
with endometriosis. No significant difference was observed in frequency of ancestral and risk
allele in both experimental and control groups for all the three SNPs. Moreover, the Chi square
test confirmed that the observed genotypes were in Hardy Weinberg equilibrium with expected
genotypes and there was no significant association of the three selected SNPs with risk of
endometriosis.

These results were contrary to the findings of studies which reported a significant
association of risk allele A of rs1042838 of PGR and rs1800871 of IL10 (Liagat et al., 2013) as
well as risk allele C of rs10859871 (Holdsworth-Carson et al., 2016) (Pshenichnyuk et al., 2017)
with endometriosis. In-silico tools also predicted rs1800871 and rs10859871 as pathogenic but in
the case of rs1042838, our results were consistent with the in-silico predictions. Moreover, a
study conducted in Australia also reported no association of rs1042838 (Treloar et al., 2005) and
studies conducted on Mediterranean (Angioni et al., 2020) and Polish Caucasian (Osinski,
Mostowska, et al., 2018) populations reported no association of rs10859871 near VEZT with
higher risk of endometriosis. One of the reasons for no significant association might be small
sample size because of late diagnosis, less awareness and poor management of disease. A study

designed to replicate our research over a larger sample size can further validate the results.
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Conclusion

Conclusion

The present study demonstrates no significant association of rs1042838 (a missense SNP
of PGR), rs1800871 (a UTR-5 SNP of 1L10) and rs10859871 (located 17kb upstream of VEZT)
with endometriosis in our studied samples. This result was consistent with our in-silico findings
in case of rs1042838 which was predicted to be benign but was contrary in case of rs1800871
and rs10859871 which were predicted to be deleterious. The present results need to be further
validated by replication of this research in larger sample population. Moreover, the in-silico
analysis predicted additional polymorphisms located in exonic region of PGR and 5’ and 3 UTR
region of 1L10 having disease causing potential as they can affect the normal structure and
function of the respective proteins. These deleterious SNPs can be involved in the risk of
endometriosis and pathogenesis of other diseases as well, but in-vitro validation is required for

confirmation of these results.
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Future Perspectives

Future Perspectives

For better understanding and more significant results the current study could be replicated
with larger sample size and can be further taken forward for expression analysis and gene
sequencing to confirm the role of PGR, IL10 and VEZT gene polymorphisms in endometriosis.
Furthermore, extensive studies highlighting the clear role of PGR, IL10 and VEZT in
progression of endometriosis can be helpful. The potential role of pathogenic SNPs of IL10 and
PGR, filtered via in-silico analysis, in endometriosis and other related diseases can be tested via
in-vitro analysis and if validated can be used for personalized medicines and prognostic and
diagnostic markers for respective diseases. Moreover, they can be used to develop screening tests

for diagnosis and can be drug targets for wvarious therapeutic  strategies.
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