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Abstract

Abstract

Chronic myeloid leukemia (CML) is a type of blood cancer that begins in the hematopoietic stem
cell (HSC) compartment. It is characterized by a specific chromosomal aberration known as the
Philadelphia (Ph) chromosome, which arises from a reciprocal translocation between
chromosomes 9 and 22, leading to the union of the BCR and ABL1 genes. While the fusion gene
is a major contributor to CML, several other genes are also implicated in the disease's progression.
Until recently, little research had been conducted to identify single nucleotide polymorphisms
(SNPs) associated with CML. Therefore, this study aims to investigate the influence of missense
variants on the structure and function of the ADGRE2 gene and to identify missense variants
associated with CML and its clinical and pathological characteristics. Missense variants of
ADGRE2 were retrieved from the ENSEMBL genome browser, and the pathogenicity of
deleterious variants was assessed using six different consensus tools. Additionally, various in silico
tools were employed to explore the relationship between damaging SNPs, function, stability, and
structure. Genotype analysis was performed on collected blood samples, revealing that the most
pathogenic SNP among all missense variants was rs765071211 (D67N). Significant differences
were observed between the wild-type and mutant variant (D67N) structures of ADGREZ2.
Genotype analysis indicated an association between the variant and CML, as genotypes CT and
TT were found to have significant P-values. Genotype heterozygous CT has been identified as a
risk factor for CML, while TT has a protective role in CML patients. This study suggests that the
ADGRE2 SNP rs765071211 could serve as a potential genetic marker for the diagnosis of CML.



Chapter 1 Introduction

Chapter 1: Introduction

Cancer is an illness that is made up of complex changes in genes and the alterations of the cell
bodies and non-cell bodies of the host. From the beginning, it was regarded as one of the deadliest
diseases of the twentieth century. Its spreading is much more than the other diseases, affecting one
in four persons at some time in their lives. Although tumors are curable, their growth to canceric
poses difficulties in treatment. Tumor masses becoming into cancer can be dealt with by surgery,
chemotherapy, hormone therapy, radiation therapy, and targeted cell destruction.On the contrary,
abnormally increasing cells inevitably turn into cancer. Cancer can be any disease, with the growth
of small cells no longer being controlled. The transformation of normal cells into cancerous ones
is usually caused by a defective immune system that cannot destroy the inadequately few cancer
new cells. Many factors can be the cause of the immune system's malfunctioning during cancer,
for instance, old age, long-standing diseases, stress, previous chemotherapy, and the use of drugs

such as antibiotics, painkillers and corticosteroids.

Cancer is most of the times curable if detected at the initial stage. Different kinds of cancer have
been discovered, and for many of them, treatments are available. For adult cancers which can be
treated effectively there are Hodgkin's lymphoma, testicular malignancies, and several kinds of
blood cancers. Most of the early-stage cancers of skin, cervix, colon, prostate, and breast are

usually treatable.

1.1Chronic Myeloid Leukemia

Chronic myeloid leukemia (CML), before that, it was known as chronic granulocytic leukemia,
was first described in 1845 by John Bennett and Rudolf Virchow, who independently published
case reports of patients showing splenomegaly, liver enlargement, and leukocytosis. Nevertheless,
the people knew nothing about the disease at that time. Virchow has named the term "Leukamie,"
which means "white blood,” indicating that the symptoms of the disease were the result of the
irregularities in blood cell production. The discovery that leukemia is a bone marrow cancer was
made by Ernst Neumann. The first clue that drew the connection between chromosomes and cancer
was the discovery in 1960 by Peter Nowell and David Hungerford of the minute chromosome, also
known as the Philadelphia chromosome in patients with chronic myeloid leukemia (CML) using
the advanced chromosome imaging techniques. In 1973, Janet Rowley saw that this chromosome

2
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was the result of a translocation between chromosomes 9 and 22 (t (9;22)), the first evidence of a
chromosomal translocation being responsible for cancer. Hematopoietic stem cells, which are at
the beginning of the blood cell creation hierarchy, are usually the places of this translocation. In
the end, Nora Heisterkamp and Jim Groffen found the ABL1 gene in the area of chromosome 9
which translocates to chromosome 22, which is the corresponding human Abelson murine

leukemia viral oncogene (v-Abl) gene.(Minciacchi et al. 2021).

CML is a leukemia that affects 1-2 persons per 100,000 annually and comprises 15% of adult
leukemia cases. The most significant factor in the pathophysiology of CML is the amalgamation
of the ABL kinase gene with the BCR gene, which is caused by the interchange of the
chromosomes t(9;22), also known as the Philadelphia chromosome. This translocation,
t(9;22)(g34;q11. 2), the combination of sequences from the 22g11 BCR gene and the 9934 ABL1
gene, leads to the formation of the BCR/ABLL1 fusion gene, a characteristic feature of CML (Wu
et al. , 2019). The BCR is a cytoplasmic protein that is expressed everywhere and is involved in
different cell functions. ABL1 is the other ubiquitously expressed gene with broad functions like:
cell cycle progression, cell proliferation regulation, integrin signaling, and DNA repair.

Generally, the body has strict regulation of ABL1 kinase activity. The other hand, the chimeric
BCR/ABLL protein that is present in CML that is constitutively active moves to the cytoplasm.
This mutant protein due to the improper cell adhesion and migration, decreased apoptosis, and
increased cell proliferation, and genetic instability by activating many downstream pathways.
Various studies into these signaling pathways have revealed major discoveries on the molecular
processes of CML. The BCR/ABL1 fusion protein is a kind of protein that activates several
important downstream substrates and pathways, for example, the phosphatidylinositol-3 kinase
(P13K) pathway, the RAS/mitogen-activated protein kinase (MAPK) system, and the Janus kinase
(JAK)/Signal transducer and activator of trans Pathology, cytogenetics and the application of
fluorescence in situ hybridization (FISH) or reverse transcriptase-polymerase chain reaction (RT-
PCR) to detect the BCR-ABLL1 transcript or identify the Philadelphia chromosome are of great

importance in the diagnosis of chronic myeloid leukemia (Minciacchi et al., 2021).

The previous studies on Subjects with chronic myeloid leukemia (CML) have primarily
concentrated on small gene sets, and have used different techniques for that. The result of the meta-

analysis showed that ASXL1 and IKZF1 mutations were found in more than 5% of CML in chronic
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phase (CML-CP) cases. Moreover, genes such as RUNX1, TET2, DNMT3A, TP53, SETD1B,
JAK2, KMT2D, CBL, and EZH2 were found to have recurrent mutations. (Ochi 2023).

BCH ABL

F'hosphatldvllnnsﬁc:-l 3
klnaqp

STAT
JUM kinase

Figure 1: Signal Transduction by the BCR-ABL Protein

1.2 Clinical Features

A form of cancer that originates from the blood-forming cells of the bone marrow, known as
chronic myeloid leukemia (CML), is a kind of cancer that starts from this place. It leads to the
increase in the white blood cell proliferation in the bone marrow and also to the rise in myeloid,
erythroid and platelet cells in the blood. Although CML can trouble any person of any age, it
predominantly affects adults over the age of 53. A patient's irregular blood cell count is usually
used to find chronic myeloid leukemia (CML), even though many individuals do not at first show
the signs Figure 2. However, symptoms can include fatigue, loss of appetite, and weight loss.
Physical examination may reveal an enlarged spleen in about half of patients.

Within a very short time, CML can change from the somewhat stable phase of the chronic form to
the fast progressing blast crisis, if the treatment is not given. The immature cells, like those that
are present in acute leukemia, which are found in the bone marrow and blood during the blast
crisis, are the immature cells that look like those in acute leukemia. Generally, drugs that target

the one genetic error that results in the disease are used to treat CML. (Sawyers 1999).



Chapter 1 Introduction

& T g
) o8® » Voa"i
» ® g V'

cp % e® 2l
P o © 2o oSf

< - @ : g,i;p

o . ,F\‘\‘ S.c ”’4_:,-
. O, -

o g N Y Pu‘:“
< ot SR
o = ot e s
= E

Figure 2: Photomicrographs of a peripheral blood sample and bone marrow samples from a

patient with chronic myeloid leukemia.

1.3 Treatment options

The majority of the Chronic Myeloid Leukemia (CML) patients in the chronic phase require the
cytoreductive therapy in order to prevent the thrombotic problems that are caused by the high
blood neutrophil counts. By fate, some oral chemotherapy drugs are at work on the CML cells.
90% of the patients who are treated with hydroxyurea or busulfan regain their hematological
functions. Researches have shown that hydroxyuruea is better than busulfan in the overall survival
and the length of the chronic phase. The chief advantage of Hydroxyurea is not its direct effect on
the cells of CML, but rather its good toxicity profile. On the other hand, both the response and the
rate of progression to blast crisis remain unaffected by either of the drugs. Thus, these treatments

are seen as the therapy that is not curing but giving comfort.

1.4 Allogeneic bone marrow transplantation

Hematopoietic stem cells are the ones which are harmed by CML. Although high-dose
chemotherapy can, at the same time, kill all the leukemic cells, it also kills the normal bone
marrow. Hence, allogeneic bone marrow or stem cell transplantation followed this treatment is the
only way. Based on the prolonged data of many institutes, patients with CML in the chronic phase

can be cured with high-dose chemotherapy using busulfan and cyclophosphamide, or with
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chemotherapy plus cyclophosphamide and fractionated total-body irradiation followed by

allogeneic bone marrow translation (Sawyers 1999).

1.5 Interferon Alfa

Since allogeneic transplantation is not a viable solution for most CML patients, researchers have
turned to other treatments. Interferon alfa is a treatment that has been thoroughly researched as an
agent of this disease. Research has proven that interferon alfa can be the agent of cytogenetic and
hematologic remissions in chronic myeloid leukemia (CML) patients when they are given
subcutaneously for a long period at a dose of 5 million U/m”2/day of body surface area. The study
of patients that are under this treatment has been compared to those that are receiving other
treatments. The results of several clinical trials have revealed that the former are having higher
survival rates and cytogenetic responses. Though it is effective, the exact manner of interferon
alfa's action in CML is still a mystery. Although it is known to inhibit tumor cells by enhancing
the immune system, including the increase of HLA class | antigens, it is still unknown whether

these actions play a role in its therapeutic benefits (Sawyers 1999).

1.6 Molecular Therapy

The latest breakthroughs in our knowledge of the molecular mechanisms of cancer have changed
the direction of treatment from finding the drugs which boost the protein activity responsible for
signal transmission by the cancer cells to the ones that target the proteins normally what is
happening to the signal transmission by the cancer cells. The principal goal now is to find the drugs
that would exactly target the proteins responsible for the signal transmission by cancer cells, for
the reason that the recent researches have improved the knowledge about the molecular structure
of many types of cancers. The BCR-ABL protein is involved in many ways that can result in
leukemia, therefore, there are many possible targets for the development of pharmacological

therapy.

A substance has proven to be a promising and effective for therapeutic development by
specifically inhibiting BCR-ABL's tyrosine kinase activity in preclinical studies carried out in vitro
and in animal models. Also the RAS pathway, the one that is fundamental for the anti-apoptotic

and transforming properties of the BCR-ABL protein can be a potential target. At present, clinical
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trials are investigating the efficacy of farnesyltransferase inhibitors on patients with different
types of malignancies, among which are those that affect the hematological system. This group
of drugs hinders a lipid change that is crucial for the RAS to work as a signaling molecule.(Sawyers
1999).

1.7 ADGRE?2

Researching the variations that are related to cancer development is the key thing to be done. The
discovery of these disparities is a difficult process that takes time and money, but it is very
important for the right and fast diagnosis of cancer. ADGRE?2 is the gene that is responsible for
the encoding of the epidermal growth factor-like module containing mucin-like hormone
receptor—like 2 (EMR2) protein. EMR?2 is the one that is produced by myeloid cells which are
monocytes, macrophages, dendritic cells and granulocytes and its expression is strictly controlled
during the differentiation of monocytes/macrophage (Bhudia et al. 2020). ADGRE2 enhances its
expression in macrophages and neutrophils in inflamed tissue and hence it can be used as a
biomarker in patients with systemic inflammatory reaction syndrome. ADGREZ2, also named EGF-
like module containing mucin-like hormone receptor-like 2, is the essential factor for the innate

immune system through the control of the movement and activation of neutrophils.

1.8 Function

ADGREZ2 is involved in cell adhesion and migration, which helps in the gathering of immune cells
at inflamed sites. Besides, it also boosts phagocytosis, which is the process of the removal of the
pathogens and cellular debris. Thus, through the recognition of cell surface receptors that initiates
intracellular signaling pathways such as the MAPK pathway, ADGRE2 influences different
cellular functions like differentiation, apoptosis, and proliferation. Also, ADGREZ2 can help in the
cellular rearrangement and the healing process, thus it can be used to decrease the inflammation
and to keep the tissue structure. The variety of activities of ADGRE2 shows that it is a major
element in the immune system, and therefore, it is a reliable factor for inflammation and

autoimmune diseases. (Hamann et al. 2016a).
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1.9 Pathophysiology

Previously missense mutation of ADGRE2 in which cysteine was substituted with tyrosine at
amino acid position 492(C492Y) was identified in vibratory urticaria. An extracellular subunit of
ADGRE?2 receptor non-covalently binds to a transmembrane unit when ADGREZ2receptor
undergoes autocatalytic cleavage. The variant probably destabilizes an auto inhibitory subunit
interaction, sensitizing mast cells to IgE-independent vibration-induced degranulation (Boyden et
al. 2016). In addition, ADGRE2 expression is higher in synovial tissue of rheumatoid

arthirits patients compared to a control group (Nijmeijer et al. 2016a).

Examining the link between single nucleotide polymorphisms (SNPs) in the ADGRE2 gene is the
first step towards understanding this issue. The SNPs effect is determined by their position in the
gene; for instance, the SNPs in the promoter region can affect the gene expression, while the ones
in the exonic region can cause the missense or nonsense variations that can affect the protein

functionality of the gene it encodes.

1.10 Computational and Experimental analysis

Identifying these SNPs computationally is essential before moving on to experimental research to
find the correlation of SNPs with ADGREZ2. This computational method has the advantage of being
labor and time-efficient, while also being cost-effective. Following variant identification, specific
sites within the ADGREZ2 gene are determined through experimental analysis using techniques

such as polymerase chain reaction and DNA extraction.

1.11 Study Objectives
The aim and objectives of the study are:
1. To study the impact of missense variants on the structure and function of ADGRE2.

2. To detect the association of missense variants with Chronic Myeloid Leukemia
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Chapter: 2 Literature Review

2.1 Chronic myeloid leukemia

Chronic myeloid leukemia (CML) is a disorder that impacts various blood cell lineages, including
myeloid, monocytes, erythroid, and megakaryocytic, B-lymphoid, and sometimes T-lymphoid
cells. It is characterized by the clonal overproduction of primitive hematopoietic progenitor cells.
Importantly, CML was the first leukemia to be linked with a specific chromosomal abnormality

known as the Philadelphia (Ph) chromosome.(Fausel 2007).

2.2 Philadelphia Chromosome

The Philadelphia (Ph) chromosome is a chromosomal abnormality resulting from a reciprocal
translocation, specifically designated as t(9;22)(g34;911), which involves the shortening of
chromosome 22. This translocation affects the long arms of chromosomes 9 and 22. One
distinguishing feature of chronic myeloid leukemia (CML) is the presence of the Ph chromosome.
The Philadelphia (Ph) chromosome translocation involves the joining of a segment from the ABL
gene on chromosome 9g34 to the BCR gene on chromosome 22g11. This fusion event results in
the formation of a fusion gene called BCR—ABL, which gives rise to a chimeric BCR-ABL
messenger RNA (MRNA) when transcribed Figure 3. The BCR ABL gene encodes a non-receptor

Tyrosine kinase that promote uncontrolled proliferation of myeloid progenitor cells.

Figure 3: Structure of BCR-ABL Fusion protein
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Figure 3: Structure of BCR-ABL Fusion protein

2.3 Epidemiology

CML is 15-20% of the adult leukemia cases. In 2017, the total number of new cases of CML was
34,179 around the world, and there were 24,054 CML-related deaths. Between 1990 to 2017, the
ASIR and ASDR of the age-standardized death rate and incidence rate showed a consistent
reduction of -2. 58% and -2. 74% per year, respectively.It's worth to note that CML was more
common and deadly in males than females all over the world. Throughout different regions, the
age-standardized rates (ASRs) had a lot of variability with the highest burden observed in Andean
Latin America, Central Sub-Saharan Africa, and Southeast Asia. It is important to note that the
ASRs dropped more significantly in the regions with a higher SDI when compared to the regions

with a lower SDI.

The EUTOS and SIMPLICITY registries indicate that in Western countries, the average time from
which CML is diagnosed is usually between 56 and 57 years old, with 20% of patients being over
70 years old. On the other hand, in underdeveloped countries with younger populations, the median
age at which a cancer is diagnosed is under 50 years. The annual incidence of CML per 100,000
people is not the same for all ages, the range is from 1 to 2 depending on the age distribution of
the population(Hehlmann 2020).

Furthermore, it was observed that in regions with a lower SDI, a larger proportion of CML-related

deaths occurred in younger age groups.
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2.4 Clinical Symptoms

Approximately 50% of the found cases are during the regular medical screenings, and most of
them are usually found during the chronic stage. On the day of the diagnosis, possible symptoms
and clinical indications are fatigue, anemia, bleeding, abdominal pain, splenomegaly, fatigue,
unexplained weight loss, purplish skin discoloration (purpura), white blood cell count increase

(leukocytosis), and platelet count increase (thrombocytosis).

2.5 Diagnosis

Simple validation of the Philadelphia chromosome abnormalities and unexplained elevated white
blood cell (or sometimes elevated platelet) counts are required for the diagnosis of classical CML.
This verification can be obtained by standard cytogenetic analysis or by employing fluorescence
in situ hybridization (FISH) or molecular testing to identify Ph-related molecular BCR-ABL1

abnormalities.(Jabbour and Kantarjian 2020).

2.5.1 FISH (Fluorescence In Situ Hybridization)

Special genetic markers designed for the BCR and ABL1 genes are employed in FISH testing. A
strong correlation is discovered when both bone marrow and blood specimens are analyzed
simultaneously using FISH techniques. The false positive rate of a FISH study may vary, between

1% to 5% based on the markers utilized.

2.5.2 RT PCR (Real time PCR)

The reverse transcriptase-polymerase chain reaction (RT-PCR) amplifies the splice junction region
of the ABL1 and BCR genes, making it highly sensitive for detecting minimal residual disease.
Two PCR testing methods exist: quantitative PCR (QPCR), which measures the amount of BCR-
ABL1 transcripts, and qualitative PCR, which confirms the presence of the BCR-ABLL1 transcript.
While qualitative PCR is useful for identifying CML, quantitative PCR is preferred for monitoring

residual disease.

11
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2.6 Treatment

Before imatinib a Tyrosine Kinase Inhibitor (TKI) was developed the primary treatments, for
Chronic Myeloid Leukemia (CML) included interferon, hydroxyurea or based chemotherapy and
allogeneic stem cell transplantation. Imatinib, which became available in 2001 and gained
approval from the FDA and EMA marked a breakthrough in CML treatment. Since then the focus
has shifted towards optimizing TKI therapy.

Following imatinib newer generations of TKIs like bosutinib, dasatinib, nilotinib, radotinib and
ponatinib have been introduced. These TKls target the ATP binding site of the BCR ABL onco
protein within its kinase domain. However their efficacy varies based on differences in chemical
structures and specific mutations in the kinase domain. Researchers are investigating approaches
as our understanding of CML biology progresses. These approaches include strategies such as
asciminib—an inhibitor that targets the pocket of the BCR ABL protein. Furthermore ongoing
research focuses on combination therapies that merge established TKI medications like
interferon with new drugs targeting various aspects of CML biology such, as gliptins and

thiazolidinedione. (Westerweel et al. 2019).

2.7 ADGRE Gene Family

Adhesion G protein-coupled receptors (GPCRs), commonly referred to as the ADGRE gene
family, are a class of cell surface receptors that are vital to many physiological functions.
Numerous physiological processes, including as cell adhesion, migration, immune response
control, and tissue homeostasis, are mediated by ADGRE receptors. Their interactions with
immune cells and extracellular matrix constituents impact various processes, including
inflammation, tissue healing, and leukocyte trafficking.

The dysregulation of the ADGRE gene family has been connected to a number of diseases,
including cancer, autoimmune disorders, and inflammatory ailments. Different members of the
ADGRE gene family are associated with particular tissues and cell types. The complex roles that
ADGRE genes play in cellular physiology and their potential as therapeutic targets in managing
disease are still being uncovered by research on these genes.

12
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The human ADGRE (Adhesion G protein-coupled Receptor) gene family comprises 33 known

members. The ADGRE2 gene will be our primary concern.

2.8 ADGRE2

ADGRE?2, also known as EGF-like module receptor 2 (EMR2) or EGF-like module-containing
mucin-like hormone receptor-like 2, is a human protein encoded by the ADGRE2 gene. It is a
member of the adhesion G protein-coupled receptor (aGPCR) family, characterized by an extended
extracellular region containing N-terminal protein modules. These modules are linked to the

GPCR-Auto Proteolysis Inducing (GAIN) domain, which spans the transmembrane region.

2.9 Localization of gene

The ADGRE2 gene, also known as EGF-like module-containing, mucin-like, hormone receptor-
like 2 (EMR2), is located on human chromosome 19 at position 19913.31 on the long arm (g arm)
of the chromosome. This gene encodes a G protein-coupled receptor that plays a role in cell
adhesion and migration. ADGRE?2 is expressed in various tissues, including immune cells and the
nervous system, and is classified as a member of the adhesion G protein-coupled receptor (aGPCR)
family. While its precise functions are still under investigation, ADGRE2 is known to impact

immune responses and may be implicated in various disorders.

2.10 Function of ADGREZ2 membrane protein

ADGRE?2 has been the subject of a great deal of research lately, which has shown its importance.
Interestingly, ADGRE2 and CD97 have an astounding 97% amino acid identity in the EGF-like
domains. This protein is mostly found in monocytes/macrophages, dendritic cells, and different
kinds of granulocytes. It is a member of the adhesion GPCR family. Its expression has been found
in breast and colorectal adenocarcinomas, but it is rarely seen in tumor cell lines and tumors.

The function of ADGREZ2 in myeloid cell motility and adhesion during differentiation, maturation,
and activation has been the subject of recent studies. According to these findings, EMR2 can
promote neutrophil adhesion, migration, and the synthesis of anti-microbial mediators when it is
activated, which may lead to a rise in systemic inflammation. Furthermore, several studies have
shown a correlation between the severity of organ failure and an increase in EMR2 expression on

neutrophils in individuals with Systemic Inflammatory Response Syndrome (SIRS).
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2.11 Cellular pathways associated with ADGRE gene family

2.11.1 Signal Transduction

The adhesion GPCRs are the ones which activate the various intracellular signaling pathways
through ligand binding. These pathways frequently include the activation of G proteins and then
the downstream effectors and so the conversion of the external signal to the physiological response
becomes a necessity. They communicate with local ligands which are exemplified by odors,
hormones, neurotransmitters, chemokines, and a diversity of molecules such as photons, amines,

carbohydrates, lipids, peptides and proteins. (Sassone-Corsi 2012).

2.11.1.1 cAMP/PKA Pathway

The second messenger cyclic adenosine 3’,5'-monophosphate (CAMP) has a major part to play in
the cellular responses to different hormones and neurotransmitters. The levels of CAMP inside the
cells are controlled by two enzymes - cyclic nucleotide phosphodiesterase (PDE) and adenylyl
cyclase (AC). Except for the soluble bicarbonate-regulated ACs, the majority of ACs are activated
through the G-protein-coupled receptors (GPCR) such as the beta-adrenoceptor. Activation is the
result of the communication between the a subunit (as) of the Gs protein and the other part of the
system. When the agonist ligand binds to the GPCR (e.g., it is activated by the presence of a
specific molecule), the GPCR becomes functional thus the receptor can send a signal to the cell.
g. It is also worth mentioning the other effects of adrenaline for f-adrenoceptors, the heterotrimeric
afy G-protein complex releases as, which then activates AC. Among the most researched effectors
of CAMP, one is the cCAMP-dependent protein kinase (PKA) which is activated by the CAMP that
is produced following AC activation. PKA is a symmetric complex which comprises of two
catalytic (C) and two regulatory (R) subunits. Through the process where CAMP binds to specific
sites on R subunits, they become separated from the C subunits, resulting in PKA (Sassone-Corsi
2012) activation of PKA phosphorylation of various metabolic enzymes, including glycogen
synthase and phosphorylase kinase. This phosphorylation on the other hand, forestalls glycogen
synthesis and induces glycogen breakdown. Besides, PKA hampers the lipid synthesis by
phosphorylating acetyl CoA carboxylase.(Sassone-Corsi 2012).
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2.11.1.2 Phospholipase C (PLC) Pathway

Besides, GPCRs can also activate phosphoinositide of cyclic 3,5-phospho-o-quinolone (PIP3),
resulting in the formation of diacylglycerol (DAG) and inositol tris phosphate (IP3). IP3 starts the
process of the release of intracellular calcium ions, whereas DAG stimulates protein kinase C

(PKC).

2.11.1.3 PI3K/Akt Pathway

GPCRs can activate phosphoinositide 3-kinase (PI3K), leading to the activation of Akt (protein

kinase B), which regulates cell survival and growth shown in Figure 4.
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Figure 4: Adhesion GPCRs Signaling Pathways

2.11.1.4 Immune Signaling Pathways

The GPCRs, which are also usually found in immune cells, like the ADGREZ2, and they are playing
a part in the immune signaling pathways. These routes may include immune cell activation,

chemotaxis and the interplay with other immune cells or antigens. (Hamann et al. 2016b).
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2.11.1.5 Cytoskeletal Regulation

GPCRs are a protein family which can influence the cell shape, initiate chemotaxis, regulate the

process of cell division, differentiation, and secretion.

The catecholamine and corticosteroid signaling through the G protein-coupled receptors
(GPCRs), assisted by the different G protein families, is the way of changing the actin
cytoskeleton. The GPCR/G12/13 axis seems to be the most powerful signal for the polymerization
of actin, whereas the GPCR/Gs axis works as the main inhibitor of the actin polymerization. This
control of actin is very dynamic and can, therefore, influence a whole set of cellular processes,
such as motility, survival, adhesion, polarity, morphology, and gene expression, which makes cells
to respond very precisely to the different stimuli appear in Figure 5.(Vazquez-Victorio et al.

2016).
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Figure 5: Signaling pathways of GPCRs regulate the dynamics of the actin cytoskeleton,
contributing to a variety of physiological processes.

2.11.1.6 Phagocytosis

The cells on communication and the defense mechanisms are the factors that determine the
efficient immune responses. Arigently, anADGPCR ADGRB.1 and other members of the ADGRE
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class are associated with functions such as phagocytosis, activation, and migration of white blood
cells.(Nijmeijer et al. 2016b).

2.11.1.7 Tissue Development and Homeostasis

Inside the wide GPR-auto proteolysis inducing (GAIN) domain, the GPCR proteolysis site (GPS)
is where the G protein-coupled receptors (aGPCRs) auto proteinulize. The latest developments in
the research of aGPCR have greatly contributed to the extension of the knowledge of their
functions in organogenesis. These receptors are in charge of controlling cell signaling, intercellular
adhesion, cell-matrix interactions, and other important parts of organ development. They are the
key elements for the basic functions of the body like the motility promotion, cell adhesion, cell
polarity regulation and the spindle orientation and thus are the jealously guarded by the cells for
their survival. The evolution of the important body systems including the brain, the
musculoskeletal system, the kidneys, the cardiovascular system, the hormone production and the
process of the precise control of the immunological activities has been connected to the different
aGPCRs. (Sreepada et al. 2022).

2.12 Pathophysiology of ADGREZ2 gene

2.12.1 Missense mutation in ADGRE2 gene

The alteration of the ADGRE2 gene, which is also called EMR2, to cysteine for tyrosine at amino
acid position 492 (p. C492Y) is the reason for the vibratory urticaria. People with this autosomal
dominant disease have localized hives and systemic signs when they touch the skin. The given
phenomenon is together with mast cell degranulation and the histamine in the bloodstream is
elevated. The ADGRE2 receptor itself is then cut by its self, thus forming an extracellular subunit
that binds to a transmembrane subunit. This genetic variant probably is the reason for a break in
the regulatory subunit interaction, thus, the mast cells become more sensitive to the vibration-

induced degranulation even when there is no IgE stimulation.(Boyden et al. 2016).

Mechanical activatation of the mast cells of human which are expressing the p. C492Y-ADGRE?2
mutant and coupled to dermatan sulfate, an ADGREZ2 ligand, led to different reactions and
intracellular signals. The situation of the presence of p. C492Y-ADGRE?2 led to the extension of
the degranulation and the number of responsive mast cells of the increase and the lowering of the
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activation threshold. Vibration activated phospholipase C which in turn led to transient increases
in the cytosolic calcium levels, phosphoinositide3-kinase and extracellular signal-regulated
kinases 1 and 2 were then activated. These responses were regulated by GBy, Gag/11, and Gai/o
proteins through different ways. Vibrating wheel of the cell induced degranulation through
phospholipase C pathways that are associated with calcium, protein kinase C, and
phosphoinositide 3-kinase. On the other hand, extracellular signal-regulated kinases 1/2 pathways
were not involved. Dr. J.H. Harrison proved that the Pt-sensitive signals were necessary for the
degranulation process. Besides, prostaglandin D2, a mediator not before linked with vibratory
urticaria, was secreted and released during the mechanical activation of mast cells. The main
adrenaline ones came from the activation of kinases by extracellular signals, as well as calcium,

protein kinase C, and to a lesser extent, phosphoinositide 3-kinase. (Naranjo et al. 2020).

2.12.2 Role of ADGRE2 on the neutrophil

New data are showing that the participation of ADGREZ2, a protein linked to CD97 and part of the
EGF-TM7 family, in the migration and adhesion processes of myeloid cells during their
differentiation, maturation, and activation is emerging. When the ADGRE2 becomes bound, it has
the ability to improve the adhesion, migration, and the production of the antimicrobial mediators,
thus, on top of that, systemic inflammation will be intensified.

Experiments have shown that in patients with SIRS, the ADGRE?2 on the neutrophils is expressed
and is correlated with the severity of organ failure. Furthermore, cirrhotic patients, especially those
with infectious complications, have the noticeably high levels of ADGRE2 expression on
neutrophils. Neutrophils that are expressing the protein display an activated phenotype but have
impaired functions like an increased resting oxidative burst and reduced phagocytosis ability.

ADGRE?2 is also capable of killing off neutrophils, which is an interesting fact. The evidence
which has been discovered that shows EMR2 expression on neutrophils is linked to sepsis has been
presented showing that ADGRE?2 is a ligand of LPS and it inhibits the survival of neutrophils.
Thus, taking into account these findings, it becomes clear that ADGRE?2 expressing neutrophils
have both the roles in inflammation and may be the reason of the immune dysregulation, a very

important pathological process in sepsis.(Huang et al. 2016).
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2.12.3ADGREZ2 role in inflammatory diseases

Through its interaction with FHR1, a regulatory protein of complement Factor H, ADGREZ2 has
been found to regulate the NLRP3 inflammasome in monocytes. However, the exact functional
consequences of EMR2 activation and the signaling pathways it uses to activate the NLRP3
inflammasome remain unclear. In both primary monocytes and the THP-1 monocytic cell line,
ADGREZ2-mediated signaling provides the second signal for NLRP3 inflammasome activation.
Stimulation of ADGREZ2 by its agonistic 2A1 monoclonal antibody initiates a Gal6-dependent
PLC-B activation pathway. This pathway leads to downstream activities such as Akt, MAPK, NF-
kB, and Ca2+ mobilization, culminating in K+ efflux. Intriguingly, the NLRP3 inflammasome,
which is associated with inflammatory processes, can be activated by simply reducing the
intracellular K* content (I et al. 2020).
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CHAPTER 3: MATERIALS AND METHODS

3.1 Data retrieval and Processing

Data for ADGRE2 gene ENSG00000127507 was retrieved from the databases including Ensembl
(Howe et al. 2021), Catalogue of Somatic Mutations in Cancer (COSMIC) (Tate et al. 2019) and
Genome Aggregation Database (gnomAD) (Karczewski et al. 2020). The protein transcripts,
genomic sequence, SNP data which includes Variant IDs, amino acid coordinates and alterations
in nucleotide base and residues were systematically acquired from each of three databases. The
total number of variants from all the databases were combined and total variants of ADGRE2 gene
were determined. The data for the missense, coding, frameshift, splice variants and untranslated
region (UTR) variants was collected. The missense variants of ADGRE2 were filtered from the
rest of the variants from all three databases and merge these variants. The variants that were
reported by each database as missense counted them once and graph was plotted by calculating the
total number of missense variants for ADGRE2 gene. The number of missense mutations per
amino acid for ADGRE2 was calculated. The information of domains of protein encoded by
ADGRE2 gene was collected by using protein amino acid sequence The amino acid sequence for
the protein encoded by ADGRE2 gene was retrieved from Ensemble database and this sequence
was used for the collection of information of domains of protein from InterPro database (Blum et
al. 2021). The complete protein domains, including number of amino acids within each domain
were calculated. Subsequently, the frequency of missense variants for each amino acid and within
each domain was determined. The number of exons within the gene sequence and amino acids

within each exons were noted from NCBI database. .

3.2 Prediction of Pathogenicity

For the analysis of pathogenic missense variants data six tools were selected namely SIFT (Sim et
al. 2012), Polyphen (Adzhubei et al. 2010) Mutation Assessor (Reva et al. 2011), Meta-Lr, Revel
(loannidis et al. 2016) and Cadd (Rentzsch et al. 2021) These tools evaluate all variants, assigning
each a specific score based on its potential pathogenicity as determined by the algorithm. The
potential pathogenicity of all missense variants score from six tools was calculated and the variants

with the potential pathogenicity score of 80% and above 80% were filtered out. Polyphen provides
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scores ranging from 0 to 1, with classifications of benign (0-0.4), possibly damaging (0.4-0.8), and
probably damaging (0.9-1). Variants with PolyPhen scores > 0.999 were chosen. SIFT scores range
from 0 to 1, where 0 signifies deleterious and 1 signifies tolerated. Variants with scores < 0.05
were selected. REVEL categorizes variants as benign (<0.5) or likely disease-causing (>0.5), with
variants scoring > 0.5 chosen. MetalLR categorizes SNPs as damaging (0.5-0.9) or tolerated (O-
0.4), with variants scoring > 0.5 filtered out. Mutation Assessor assigns SNPs into high (>0.9),
medium (0.5-0.9), low (0.2-0.4), and neutral (0.0-0.1) groups, with variants scoring > 0.7 selected
for processing. CADD utilizes "likely benign™ and "likely deleterious” terms for scores ranging
from 0 to 30 and 31 to 35, respectively. After stringent filtering, only one missense variant was

retained for further analysis.

3.3 Structure Prediction and Validation

The complete structure of protein encoded by ADGRE2 was unavailable in protein data bank, so
protein structure prediction was performed through I-TASSER (Iterative Threading ASSEmbly
Refinement) (Yang et al. 2015) which employs the threading technique to predict the structure on
the basis of peptide sequence, assigning the confidence score ranging from -5 to 2, based on the
significance of template alignment. For the subsequent analysis, the model exhibiting the highest
score was chosen and visualized its structure using the PyMOL (The PyMOL Molecular Graphics
System, Version 3.0 Schrodinger, LLC). The domains of protein structures were validated through
InterPro and highlighted in PyMOL.

3.4 Sub-Cellular localization

The Sub-cellular localization of ADGRE2 protein was predicted by using the tool Deeplocl.0
(Almagro Armenteros et al. 2017)which predicts the location of protein on the basis of amino acid

sequence information by identifying the regions important for particular cellular location.

3.5 Stability analysis

Genetic variation has effect on the stability of protein encoded by gene. To analyze the effect of
SNP on the stability of protein different tools were used like I-Mutant2.0 (Capriotti et al. 2005),
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MUpro (Chen et al. 2024), Dynamut (Rodrigues et al. 2018). I-Mutant2.0 predicts the alteration in
the stability of protein caused by variation in the terms of DDG (Kcal/mol). A DDG value <0
indicates decrease while >0 indicates increase in the stability of protein as result of variation.
MUpro is another software that was used for the stability analysis after the Single Nucleotide
Polymorphism. This tool is also presented a results in the terms of DDG values. Increased stability
of protein is indicated by values >0 and decreased stability of protein is indicated by values <O.
Dynamut evaluates shifts in protein stability, alterations in vibrational entropy (DDS), and changes

in molecular dynamic characteristics attributed to SNPs.

3.6 Structural and Functional analysis

Genetic variations also have effect on structure and function of proteins. Different tools were used
for these analysis. Project HOPE (Venselaar et al. 2010) was used to analyse the functional impact
of the missense variant on the protein. Dynamut (Rodrigues et al. 2018). Was used to anlyze
structural flexibility of the variant on protein and lastly, Mutpred2 (Pejaver et al. 2017)was used

to understand the functional impact of the selected missense variant.

3.7 Effect of polymorphisms on RNA stability

The effect of missense mutation D67N on the stability of ADGRE2 mRNA secondary structure
was evaluated through the RNAFold software (Lorenz et al. 2016)on the basis of thermodynamic
parameters. The effect of change in the stability of mMRNA secondary structure was predicted from
the results of RNAFold software.

3.8 Primer Designing

The Primers for ARMS PCR were designed using the tool Primer 1. Two Primers were variation
specific and third one primer was common shown in Table 1. Primers were designed for
investigating the genotype of ADGRE2 gene in the Control and Patient data. The primers were
validated by using the UCSC in silico PCR (Kent et al. 2002). Primer optimization was done to
establish the condition for the amplification of ADGREZ2 gene.
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Table 1: ADGRE2 Primer sequences for ARMS PCR

ADGRE2 Primers for ARMS PCR

Common Primer CCCCATGGAGACTTGTGCCG

C primer (Wild type) | GCTGCCCTCAAGCCTCTGTCCT

T Primer (variant) GCCCAGGCTGGTCTTGAATTCC

D67N (rs765071211)

3.9 IRB and Sample Collection

The Institutional Research Review Board of the National University of Science and Technology
(NUST) gave permission to the study. Only blood specimens were taken from the Chronic Myeloid
Leukemia (CML) patients, while the patients with the other morbidities were excluded from the
research. Those who did not have any disease like hypertension or diabetes were considered as
healthy controls for genotyping purposes. The purpose of the study was to find the pathogenic
variants in the CML group and the control group. The study included 50 samples of controls and

58 samples of CML patients.

3.10 DNA Extraction

The DNA extraction was done by the way of the phenol-chloroform method for both the diseased
and the control samples. The extraction protocol involved the preparation of four buffer solutions:
Four solutions A, B, C, and D. For solution A, precise amounts of 0 are to be determined. 32 mM
of sucrose, 10mM of Tris-base, 5mM of MgClI2, and 1% V/V of Triton were mixed with distilled

water, and thus, a final volume of 500ml was obtained. Triton has the ability to withstand heat,
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whereas Tricyhos was added after the autoclaving because of its heat-sensitivity. The pH of
solution A was brought up to 7. 5-8, the mixture is then introduced with the concentrated HCL and
NaOH (40%w/v). Thus, this approach makes the cell membrane to break down to get DNA out.
Solution B was a mixture of 10mM Tris-base, 400mM Sodium Chloride, and 2mM Ethylene
Diamine Tetra Acetic Acid (EDTA) with distilled water, and the volume of the mixture was 500ml.
The pH was modified to reach a value of 7. The length of the experiment was from 5 to 8 and the
solution was autoclaved. Solution B is a favorable factor for DNA precipitation and protein
separation. Solution C, which is based on phenol, was wrapped in aluminum foil for the reason of
the protection from the light. Phenol is necessary for the division of the aqueous and organic layers.
Solution D was made by mixing chloroform and isoamyl-alcohol with distilled water, which
resulted in a volume of 500ml. This answer solves the problem of protein coagulation and foaming
hence avoiding the pro time of DNA isolation.

The phenol-chloroform DNA extraction method takes two days. On the first day, 750ul of blood
was mixed with an equal volume of solution A in an Eppendorf tube, then after that, for 10 minutes,
it was incubated at room temperature. Centrifugation at 13000rpm for 1 minute was followed by
the removal of the supernatant, and the pellet was centrifuged again with 750l of solution A to
guarantee the pellet was clean. Next, 400ul of solution B, with the addition of 12ul of 20% SDS
and 5pl of proteinase K were mixed to dissolve the pellet, and then centrifuged at 13000rpm for 1
minute, after which the supernatant was discarded. The samples were incubated at 37 degrees

Celsius for a whole night.

On the next day, 250ul of both solution C and D were added into the samples which were incubated
before. Thereafter, the Eppendorf tubes were spun down at 13000 rpm for 10 minutes to separate
the aqueous and organic layers. The aqueous layer, which was filled with the DNA, was carefully
moved to a separate Eppendorf tube. To cause the DNA to precipitate, 55ul of sodium acetate and
500ul of chilled isopropanol were poured into the tube, and the tube was then inverted to mix the
contents. After centrifugation at 13000 rpm for 10 minutes, the supernatant was drained. Thus, the
resulting pellet was re-suspended in 200ul of chilled ethanol and another centrifugation for 8
minutes at 13000 rpm was performed. The supernatant was thrown away again, and the tubes were
placed upside down to speed up the evaporation of ethanol. After it dried, the DNA was re-
suspended in 200ul of the PCR water.
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3.11 ARMS PCR

The amplification-refractory mutation system (ARMS) is a straightforward method for the
detection of mutations, mainly of single-base alterations or minor deletions. The technology is
based on the PCR primers that are tailor-made for the target sequence thus, it implies that the test
DNA gets amplified only if the allele of interest is present. After an ARMS reaction, the PCR
product, which indicates the presence or absence of the target allele, is the result of the presence
or absence of a PCR product. In the experiment, three Primers were used for ARMS PCR, in which
one was common for both alleles and the other two were the ones specific to each allele. The Solis
Biodyne FIREpol master mix and The Applied Biosystems™ Veriti™ 96-Well Thermal Cycler
were the instruments that were used. For each sample a PCR reaction mixture of 12ul which is
composed of 6pl master mix, 1l common primer, 3ul PCR water, 1ul allele-specific primer and

1ul DNA sample was prepared.

The PCR tubes were centrifuged for a few seconds to get rid of the bubbles and to make sure that
the components of the tube were thoroughly mixed before being transferred to the Thermocycler
for PCR reaction. At first, primer optimization was done by doing multiple reactions at different
temperatures through the Gradient Thermocycler.

The variables that were used for PCR shown in Table 2. After the best temperature has been found,
PCR reactions for all samples were done at that temperature. The PCR reaction had three steps and
30 cycles as a total. The first step involved the heating of DNA up to 95 degrees Celsius for 10
minutes, which was then followed by 30 cycles with each lasting 45 seconds. After the second
step, annealing took place at 60 degrees Celsius for 45 seconds. The last phase comprised of primer
extension at 72 degrees Celsius for 45 seconds after the annealing. An end paper was also extended
for 7 minutes at 72 degrees Celsius. After PCR tubes were finished, they were frozen in the freezer

at 4 degrees Celsius until the gel electrophoresis was done.

Table 2: PCR Conditions

Steps Temperature Time Cycles
Initial 95-C 10 minutes 1
Denaturation

Denaturation 95-C 45 seconds 30 cycles
Annealing 60°C 45 seconds 30 cycles
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Extension 72:C 45 seconds 30 cycles
Final extension 72-C 7 minutes 1 cycle
Storage 4oC 00

3.12 GEL Electrophoresis

The extracted DNA was visualized by the preparation of a 1% wi/v agarose gel. This process was
done by first dissolving 1 gram of agarose in 50ml of 1x TAE buffer. The mixture was warmed up
in a microwave to the point that it became clear, and then 5 pl of ethidium bromide was added for
DNA staining. Following the careful mixing, the liquid was put into a gel caster and left to solidify
at room temperature. The gel was finally set, and then was placed in the buffer tank of
electrophoresis which was filled with 1x TAE buffer. Samples made of the 8ul of DNA mixed
with the 1pl of loading dye were filled into the wells of the gel. Electrophoresis was done for 20
minutes at 80V, and the DNA bands were observed under the UV trans-illuminator.

In the case of PCR visualization, a 2% w/v agarose gel was made using the same procedure as that
given above. Afterwards, 10ul of the PCR product was placed in the gel wells, and electrophoresis
was performed for 40 minutes at 80V. The PCR bands thus obtained were finally seen under UV

trans-illumination.
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CHAPTER 4: RESULTS

4.1 SNP ldentification:

The total 17162 variants were collected from all three databases, of which 1514 were from
gnomAD, 802 from COSMIC and 14846 from Ensemble, as shown in Figure 6(A). The missense
variant data from all three databases, was divided and combined afterwards and the total number
of unique missense variations was 921 in Figure 6(B). For instance, splice site, missense,
frameshift, coding sequence, 5 UTR and 3’ UTR variants were plotted in a graph in Figure 6(C)
coming from the three repositories. The exon data for ADGRE2 gene was obtained from the
ensemble, and the number of amino acids per exon was calculated by using the UniProt Kb. As
for the number of mutations for each exon, it was calculated from the data that was received from
the ensemble in Figure 6(D). Exon number 16 has the most number of amino acids while exon

number 7 has the most number of mutations.
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Figure 6: A: Count of KPCI variants from different databases. B: Count of total coding variants
for ADGREZ2. C: Count of total missense variants. D: Amino Acids and Mutations per Exon for
ADGRE2.

4.2 SNP Data Filtration

The missense data was carefully filtered to find only one SNP for the next examination. At first,
filtration was the function of the pathogenicity percentages of the SNPs. The chances of these
incidents were calculated by the pathogenicity scores from the tools mentioned in the
methodology, such as SIFT, PolyPhen, CADD, REVEL, Mutation Assessor, and MetaLR Figure
7(A). The SNPs with a pathogenicity percentage of 80% or higher were taken forward Figure
7(B). Out of the initial 921 missense mutations, 46 had the pathogenicity percentage that was equal
to or above 80% that is listed in Table 3.

A
Pathogenecity %

[y
)
=]

100 @
80 - @ e © 0 OED ane o o o oo e o @ o 0 L J
%  OW oI D 000 o0 @G e e e o L J L J

40 S o0 G @ @ OUIND D 08P 060 © 00NN I aEEEnaeDe

Pathogencity %

20 - oouEDed UMD TERIENGEEEDG DGR ¢ ® e e © O Ul OEEr o ae
®
o 2 0 _____ Do 00 Gl o
o] 100 200 300 400 500 600 700 800 900

Amino Acids

28



Chapter 4

B

120

100

80 290000900 90900000000 0°VOCVOCIOSIOIOIOIOIOOIOIIPIOOIOIOIOIOIOIOOOOIOPOOSS

60
40

20

10 15

Pathogencity %

20

25

30

35

40

45

Results

50

Figure 7: A: Missense variants predicted to be pathogenic by the in Silico tools. B: Missense
variants with pathogenicity percentage equal to or greater than 80%.

Table 3: Variants with pathogenicity percentage >80: 1= Deleterious, O=Tolerated, Highlighted
cells= SNP of interest.

Variant ID AA coord Conseq. Type sift_class polyphen_cadd_clas:revel _clas;meta_Ir_c Pathogenecity % polyphen_|-¥|:
rs149725020 33 missense variant 1 1 0 1 1 80 1
rs767699480 39 missense variant 1 1 0 1 1 80 1
rs764094291 45 missense variant 1 1 0 1 1 80 1
rs142343910 46 missense variant 1 1 0 1 1 80 1
rs928575810 46 missense variant 1 1 0 1 1 80 1
rs373171000 47 missense variant 1 1 0 1 1 80 1
rs371292166 65 missense variant 1 1 0 1 1 80 1
rs747246737 68 missense variant™ 1 1 0 1 1 80 1
rs893305633 70 missense variant 1 1 0 1 1 80 1
rs1010286043 70 missense variant 1 1 0 1 1 80 1
rs1215417977 71 missense variant 1 1 0 1 1 80 1
rs747287302 79 missense variant 1 1 0 1 1 80 1
rs747287302 79 missense variant 1 1 0 1 1 80 1
rs1235127973 94 missense variant 1 1 0 1 1 80 1
rs1316691934 99 missense variant 1 1 0 1 1 80 1
rs1354971232 141 missense variant 1 1 0 1 1 80 1
rs778643418 147 missense variant 1 1 0 1 1 80 1
rs763935066 180 missense variant 1 1 0 1 1 80 1

This was the next filtration process which was based on the scores given by the tools to decide if
the SNP is deleterious or it is tolerated that is shown in Table 4. Thus, SIFT Variants with a score
of 0 is one of the examples. The player should have 3 or less, for Polyphen variants with a score

of 0. 999 or higher, for REVEL variations with a score of 0. 588 or what you answer gets into the
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category, and for MetaLLR variants with a score of 0. 5 or more, the students who got such grades
were the ones chosen. The thorough filtration of the missense variants by the maxmittd structure
allowed the missense variant with the 1D rs765071211 to be selected for further in Silico analysis.
This mutation is present at the amino acid number 67 in the Egfca_6 domain of ADGRE2 and

therefore, it leads to a change of Aspartic Acid to Asparagine at the 67 position.

Table 4: Filtered SNPs on basis of pathogenicity score

AA

Variant ID vf Alleles Conseq. Type AA coord SIFT PolyPhen CADD REVEL MetalR

rs149725020 2.1E+08 A/G missense variant C/R 33 0 0.988 23 0.668 0.948
rs912959685 2.65E+08 G/T missense variant P/H 34 0.03 0.672 23 0.539 0.781
rs767699480 2.5E+08 C/T missense variant c/Y 39 0.01 0.988 21 0.53 0.933
rs764094291 2.4E+08 C/T missense variant c/y 45 0 0.999 23 0.731 0.951
rs142343910 2.09E+08 C/G/T missense variant R/P 46 0 0.985 21 0.566 0.73
rs928575810 2.68E+08 G/A missense variant R/C 46 0.01 0.994 24 0.548 0.722
rs373171000 2.14E+08 C/T missense variant c/Y 47 0 0.999 23 0.729 0.922
rs371292166 2.14E+08 C/G missense variant C/s 65 0.01 0.997 22 0.612 0.829
rs747246737  2.35E+08 T/A missense variant~sp |/F 68 0 0.987 24 0.722 0.879
rs893305633  2.56E+08 C/A/T missense variant E/D 70 0.02 0.998 18 0.632 0.965
|r51010286043 2.98E+08 C/T missense variant E/K ) 70 0.04 0.984 21 0.736 0.974
rs1215417977 3.35E+08 A/C missense variant Cc/G 71 0 1 23 0.795 0.993
rs747287302 2.35E+08 A/G/T missense variant C/R 79 0 0.999 21 0.705 0.988
rs747287302 2.35E+08 A/G/T missense variant C/s 79 0 1 20 0.719 0.985
rs1235127973 3.39E+08 A/G missense variant C/R 94 0 0.997 23 0.74 0.988
rs1316691934 3.71E+08 C/T missense variant G/R 99 0.01 1 19 0.668 0.949
rs751263352 2.36E+08 C/G missense variant~sp D/H 119 0.02 0.892 21 0.666 0.97
rs368628691 2.13E+08 A/C missense variant c/w 123 0.01 0.892 22 0.65 0.982
rs764854362 2.49E+08 C/T missense variant c/Y 123 0.01 0.65 22 0.767 0.985
rs1354971232 3.9E+08 C/G/T missense variant G/R 141 0.03 0.931 21 0.775 0.985

4.3 Structure Prediction and Validation

I-TASSER used the threading technique to predict the structure of ADGREZ2, and thus, the five
best models were presented based on confidence scores, where the higher scores are the indications
of the best quality. The model with the top score of confidence, which specifically is -1, will be
the winner. 12 was the only student who got the grade of B+ that was chosen to be examined
further. The ADGRE2 culman domain information was validated by InterPro. Every domain of
the model was separately colored by PyMol so that the clear visualization of Figure 8(A) could
be displayed. The parts of the protein depicted in Figure 8(B). The EGF_5 domain is represented
in raspberry color and goes from 28 to 66 amino acids, thus spanning 39 residues. The egfca_6 (1)
domain, which is of marine blue color from residue 67 to 118, is highlighted in this domain and
contains a 52 amino acid residues while egfca_6 (2), which is of sand color, contains a 49 amino

acid residues. The final egfca_6 (3) domain was colored in magentas from 212 to 260 and was
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composed of a 49 amino acids. The EGF_3 domain which is highlighted in cyan color is shown

from amino acid residues 119 to 162. GPS_3 domain is from 478 to 529 amino acid residues shown

in the orange color and 7tmB2 EMR domain is highlighted in the hot pink color from 533 to 795.

Quantity and variety of amino acids in each domain are displayed in Table 6.

Figure 8: ADGRE?2 predicted structure. A: ADGRE2 3D Structure B: ADGRE2 Domains:
egf 5, egfca_6 (1), egfca_6 (2), egfca_6 (3), EGF_3, GPS_3 and 7tmB2 EMR domain.

Table 5: ADGRE2Domains and their corresponding residues

Domain Amino acid coordinates | AA number
1. |egf 5 28-66 39
2. | egfca_6 (1) 67-118 52
3. | egfca_6 (2), 163-211 49
4. | egfca_6 (3) 212-260 49
5. | EGF_3 119-162 44
6. | GPS_3 478-529 52
7. | 7tmB2 EMR 533-795 262
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4.4 Cellular localization

Deeploc 1. 0 examined the subcellular localization of ADGRE2 and gave the potential cellular
locations with the likelihood scores in a table format. Table 6 shows the highest likelihood score
allocated to the cell membrane, which is in line with the literature, as ADGRE?2 is famous for its

significant role in cell-cell interaction. The inner workings of the cell are also shown in Figure 9.

Table 6: ADGRE2 Sub-Cellular Localization

Localization Likelihood
Cell Membrane 0.9995
Endoplasmic Reticulum 0.0002
Lysosome/ Vacuole 0.0002
Golgi Apparatus 0.0001
Mitochondria 0
Peroxisome 0

Nucleus 0
Extracellular 0
Cytoplasam 0

Plastid 0

Type Likelihood
Soluble 0
Membrane 1
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Figure 9: ADGRE2 Sub-Cellular Localization

4.5 Stability analysis

Stability analysis using I-Mutant2.0 indicated a DDG value of -0.44 kcal/mol for the D67N
polymorphism, indicating a decrease in protein stability. Similarly, Mupro analysis showed a DDG
value of -1.1507558 for D67N, signifying reduced protein stability due to the variation. Dynamut
calculated the AAG value to illustrate the impact of the D67N mutation on ADGRE?2 free energy,
resulting in a AAG value of 0.13 kcal/mol. This indicates a stabilizing effect of the amino acid

alteration on the protein structure of ADGRE2.

4.6 Functional analysis

The score that Mutpred?2 gives for pathogenicity of missense mutations is a proof of its usefulness.
Scores above 0. 5 are viewed as pathogenic, with a level of 0 being the threshold. 68 test subjects
were given a 10% false positive rate (FPR), and 0 of them were found to be honest. The percentage
of students who did not pass their PAPB from 80 to a 5% FPR. The D67N gene mutation gives a
Mutpred?2 score of 0. The 095, which is in the pathogenic category, is the one that kills abruptly.

4.7 Effect of polymorphisms on RNA secondary rs765071211 structure

MFE structure is the RNA secondary structure which is associated with the lowest free energy.
The lower the thermodynamic energy, the better the predicted secondary structure stability. The
RNA secondary structures, which contain the position of the SNP rs765071211 in the 120-
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nucleotide sequence, are compared in Figure 10(A) where the wild-type RNA had the minimum
free energy of -37. The aim is to reformulate the given sentence. In this case, the sentence could
be rephrased as: 40 kcal/mol, but the mutant in Figure 10(B) had 36 kcal/mol. The 0 kcal/mol,
being a sign of the decrease in stability.

Figure 10: Effect of ADGREZ2 variant on its RNA secondary structure. A: Comparison of MFE
structure drawing encoding base-pair probabilities between wild type and mutant variant.

4.8 Genotyping

Thus, the statistical analysis of the association between Chronic Myeloid Leukemia and Mutated
ADGRE2 was done by the application of the Fisher exact test. Statistical analysis of the ADGRE2
variant rs765071211 (D67N) in Table 7 revealed the following associations: the homozygous CC
genotype was not found to be significantly linked with CML (p=0.). 3879, odds ratio=1. 484,
relative risk=1. On the contrary, the homozygous TT genotype had a possible protective effect,
which was linked to a lower risk of CML (p<0.0001, odds ratio=0. 1374, relative risk=0. 3272).
Furthermore, the CT heterozygous genotype showed the biggest genetic link with the risk of CML
(p=<0. 000, odds ratio=8. 000, relative risk= 2. 400).

Table 7: Genotype analysis of rs765071211 D67N.

Genotype | Patient Control | Odds | 95% Relative | 95% CI P value
(n=58) | (n=50) | R@to | Cl sk | Relative
n (%) n (%) Odds risk
Ratio
CC 13 15 1.484 | 0.6150 to| 1.224 1.7717 to| 0.3879
(46.43%) | (53.57%) 3.370 1.819
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TT 39 11 (22%) | 0.1374| 0.05789to| 0.3272 | 0.1851 to| <0.0001
(78.00%) 0.3344 0.5469
CT 6 24 8.000 | 2.880 2.400 1.662 to <0.0001
(20.00%) (80.00%) to
2170 3.464

The Table 8 shows that in genotype analysis of individuals aged, the CC homozygous genotype

was not related to CML, while the heterogeneous TT genotype demonstrated a significant

association with a higher risk of CML.

Table 8: Genotype analysis on the basis of age below and Above 40.

Genotype Below 40 Above 40 Odds | 95% CI Relative 95% CI P value
Ratio risk
(n=32) (n=26) | odds ' Relative
Ratio risk
n. (%) n.(%)
CcC 9 (64.29%) 5(35.71%) | 1.219 | 0.3873t0 | 1.078 0.6267 to >0.9999
3.783 1.586
TT 15 20 0.1800 | 0.05559 to| 0.5314 0.3383 to 0.0024
42.86% 7.14% .
(42.86%) (5 0)] 0.5678 0.7884
CT 8 (87.5%) 1 (12.5%) 4412 | 0.6209 1.487 0.8206 to 0.2306
to 2.018
52.42

Statistical analysis of genotypes based on gender in Table 9 proved that the genotype is not related

to any particular gender among the patients.

Table 9: Genotype analysis on the basis of gender.

Genotype | Male Female Odds | 95% CI | Relative | 95% CI | P value
(=35) | (=23) |80 |o4gs | MK | Relative
n. (%) n.(%) Ratio risk

CC 8 5 1.067 | 0.3171to | 1.026 0.5696 to | >0.9999
(61.54%) | (38.46%) 3.515 1.562
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TT 24 15 1.164 | 0.4084 1.063 0.6978 >0.9999
(61.54%) | (38.46%) to to
3.609 1.779
CT 3 3 0.6250( 0.1365 to| 0.8125 0.2994 to| 0.6727
(50.00%) | (50.00%) 2.907 143

Wide spread health studies indicated that blood group O was the most common among the patients

followed by blood group A and B. The statistical analysis of genotypes based on blood group in

Table 10 showed that people with blood group O had the TT genotype and therefore, they were at

a higher risk of developing CML as compared to the other blood groups.

Table 10: Genotype analysis on the basis of Blood Group (O and A+B).

Genotype | O A+B Odds | 95% CI | Relative | 95% CI | P value
(n=29) | (n=29) | R0 | oggs | "SK | Relative
n. (%) n.(%) Ratio risk
CC 1 12 0.05060| 0.004586 | 0.1236 | 0.02183 to| 0.0010
(7.69%) (92.31%) to 0.5502
0.3558
TT 25 14 6.696 | 1.872 3.045 1.400to | 0.0045
0 0
(64.10%) | (35.90%) to 7719
20.68
CT 3 3 1.000 | 0.2176 to| 1.000 0.3645 to| >0.9999
(50.00%) | (50.00%) 4.596 1833

The statistical analysis of the genotypes of the blood group A in Table 11 showed that the people

with this blood group are not associated with any genotype.

Table 11: Genotype analysis on the basis of Blood Group (A and O+B).

Genotype

A O+B Odds
(n=18) | (n=a0) | R&tC
n. (%) n.(%)

95% ClI

Odds
Ratio

Relative
risk

95% ClI

Relative
risk

P value
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CcC 6 7 2.357 |0.68271to | 1.731 0.7674 to | 0.1947
(46.15%) (53.85%) 8.805 3.492

TT 10 29 0.4741] 0.1645 0.6090 | 1.2952 0.2367
(25.64%) (74.36%) to to

1.398 1.310

CT 2 4 1.125 | 0.1978 to| 1.083 0.2995 to| >0.9999

(33.33%) | (66.67%) 5.244 2.692

The statistical research of the genotypes based on the blood group in Table 12 showed that people

with blood group B and genotype CC have a risk of association while the other two genotypes

were not statistically significant.

Table 12: Genotype analysis on the basis of Blood Group (B and O+A).

Genotype | B O+A Odds | 95% CI | Relative | 95% CI | P value
n=18) | m=40) | R oqgs | K| Relative
n. (%) n.(%) Ratio risk

CcC 6 7 5.829 | 1.529to | 3.600 1.325t0 | 0.0189
(46.15%) | (53.85%) 26.33 9.448

TT 4 29 0.2365 | 0.06950 | 0.3290 | 0.1146 0.0741
(25.64%) | (74.36%) to to

1.027 0.9330

CT 1 5 0.7200| 0.05605t0 | 0.7667 | 0.1311 to| >0.9999

(16.67%) | (83.33%) 5.042 3.137
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Results

Figure 11 shows a statistical analysis of Platelet count of CML patient and it was found that

Platelet count was highest in the patient with TT genotype.
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Figure 11: Platelet Count in CML Patient
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Chapter 5: Discussion

Single-nucleotide polymorphisms (SNPs) are the most common type of genetic discrepancies in
the human genome and are primarily responsible for individual differences. These genetic markers
are increasingly important in clinical diagnosis and therapy. SNPs are associated with various
harmful conditions, including cancer, heart disease, hereditary metabolic disorders, and
autoimmune diseases Wu et al. 2023. When an SNP occurs in a gene involved in regulating cell
growth, division, or repair, it can interfere with normal cellular functions and potentially result in

uncontrolled cell growth, which is a hallmark of cancer.

The purpose of this research is to study the effect of missense variants on the structure and function
of ADGREZ2 through flexibility analysis by Dynamut and to detect the missense variants associated
with chronic myeloid leukemia and its pathological and clinical parameters. This association of
the ADGRE2 with CML can be investigated by the genotype analysis in patient and control
samples.

Alternatively referred to as EGF-like module-containing, mucin-like, hormone receptor-like 2
(EMR2), the ADGRE2 gene is located on human chromosome 19 at location 19913.31 on the long
arm (q arm). A G protein-coupled receptor involved in cell adhesion and migration is encoded by
this gene. As a member of the adhesion G protein-coupled receptor (aGPCR) family, it is expressed
in the brain system and immune cells, among other areas. It is believed to play a role in a number
of disorders and is known to participate in immunological responses, while its precise roles are
still being investigated. Its expression has been found in breast and colorectal adenocarcinomas,
but it is rarely seen in tumor cell lines and tumors.

To study the link of ADGRE2 with CML it is important to find the non-synonymous SNPs on
ADGRE?2 that have the link in causing this disease. For the analysis of the effect of missense
variants on ADGRE?2 the three-dimensional structure of the protein is required. The amino acid
sequence of ADGREZ2 in FASTA format helped in getting the 3-D structure of the protein from
alphaFold. The AlphaFold is a bioinformatics tool the helps predict the structure of the protein by
directly predicting the coordinated of the heavy atoms through the given amino acid sequence and
at the end it align the homologous sequence as the input (Jumper et al. 2021). The confirmation of
the structure of ADGREZ2 predicted from alphaFold was done through InterPro that helped in the

getting the accuracy about the domains and sequence of the protein.
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A total of 17,162 variants were gathered from three databases, with 1,514 from gnomAD, 802
from COSMIC, and 14,846 from Ensemble. These variants were evaluated for pathogenicity using
six computational tools: Polyphen2, SIFT, REVEL, MeraLR, Mutation Assessor, and CADD.
Based on their results, one pathogenic missense variant, D67N, was selected. This variant involves
the substitution of aspartic acid with asparagine at position 67 of the ADGREZ2 amino acids and is
identified by the rsID rs765071211 (C/T). Following these strict selection criteria, this SNP was
chosen and further analyzed for its in-silico and genotype link with ADGREZ2.

I-Tasser tool was utilized to predict the 3D structure of EMR2 protein. The tool generated five
different models, each with a confidence score indicating its quality. The model with the highest
confidence score (-1.12) was selected for further analysis. The domains were further identified by
using Interproscan. The selected D67N variant of ADGRE2 was located on the Egfca_6 domain
of ADGRE2. Tools such as I-Mutant and Project Hope were used to study the structural and
functional effects of the D67N missense variant on ADGRE2 which resulted in the change in
stability of the protein. The Dynamut tool was used to do flexibility analysis of the D67N variant.
The results had shown decrease in the molecular flexibility of the mutant structure because of

change in Aspartic acid to Asparagine as compared to the wild type structure of ADGRE2.

In Silico analysis of the D67N (rs765071211) mutation in ADGRE2 was conducted to understand
its role in chronic myeloid leukemia (CML). For genotypic analysis of the rs765071211 missense
variant in ADGRE2 associated with CML, the tri primer ARMS-PCR method was employed.
Primers targeting the variant were designed using the Primer1 tool for PCR amplification.

GraphPad Prism 9 was used to analyze the genotyping data collected statistically. The Chi-square
test was utilized for both the patient and control gatherings. Moreover, risk and odd ratios,
alongside their determined confidence intervals, were determined utilizing the Fisher Exact test.
Measurable importance was thought about when the p-value was beneath 0.05(Khan et al. 2023).

The genotypic analysis revealed that genotypes TT and CT showed significant results with a P-
value >0.05, indicating their potential involvement in CML. However, the CC genotype did not
show any significant association, excluding it as a risk factor for CML. The heterozygous CT
genotype was found to potentially contribute to the development of CML, with some studies

suggesting that the TT genotype may be protective while others indicate a risk for the disease.
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Furthermore, the association of genotypes of rs765071211 with different risk factors such as age
and gender for CML was examined. The heterozygous CT genotype showed significant association
with age and CML, being a risk factor for both age groups (below 40 and above 40), while the TT

genotype was protective against CML progression.

However, the genotypes CC, CT, and TT did not show significant results in association with gender
and CML progression as the p- values were less than 0.05 while some studies show that the
incidence rate of CML increase with age and higher in males as compared to females (Rohrbacher
and Hasford 2009). Validation of these results is crucial as there is currently no literature linking
the rs765071211 variant with CML.

Another association was studied was the blood group and platelet count being the risk factor for
the development of the disease. We analyzed that the pateints with blood group O having TT
genotype are more prone towards CML as compared to counterpart genotypes. The validations of
the results are further needed as till date there is no literature available that links this variant with
CML. Therefore, large sample size studies are required to be conducted in order to study the role
of rs765071211 variant ADGREZ2 and its other variants with CML. Similarly pateints having TT
genotype have higher concentration of platelet count in their blood and they are more susceptible

to disease as compared to other genotypes.

Large scale studies are required to determine the role of this variation and other ADGRE2
variations in CML. The study on the association of rs765071211 (D67N) variant in ADGRE2 with
CML suggests that this variant is a risk factor for the disease. This finding could potentially lead
to the development of t for CML targeting this SNP in ADGRE2. However, further large-scale
studies are required to fully understand the importance of this SNP and its role in the progression
of CML and its diagnosis. SNP analysis may help in developing more affordable and effective
diagnostic tool for CML by targeting specific genetic variants. This research could also pave the
way for identifying new genetic markers for the prognosis and diagnosis of not only CML but also
other types of cancer, by studying genes involved in various signaling pathways related to cancer

development.
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Conclusion

Conclusion

Previous studies on CML have not provided insights into disease progression, emphasizing the
need to identify new pathogenic variants that could potentially serve as novel treatments. This
study focused on the SNP rs765071211 (D67N) of the ADGRE2 gene. The impact of this SNP on
the structure, function, and flexibility of the ADGRE2 gene was studied, considering the amino
acid change at position 67 of the protein. The study also evaluated the pathogenicity of the mutant
ADGRE2 gene. To validate the in silico analysis, the association of the damaging variant with
CML was confirmed through genotype analysis. Large-scale genotype studies are necessary to

establish this variant as a viable genetic marker for detection of CML.
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