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SUMMARY

Author: Jephin Alex John
Research title: Analysis of XRCC1 gene polymorphisms in patients with myeloproliferative neoplasms
Research aim: This study aims to investigate XRCC1 p.Arg399GIn and p.Arg194Trp polymorphism's
correlation with the risk of thrombosis and laboratory indications in patients with myeloproliferative
neoplasms.
Objectives:

1) To determine the prevalence of XRCC1 p.Arg399GIn and p.Argl94Trp polymorphisms in

patients with myeloproliferative neoplasms.
2) To analyse the association of these gene polymorphisms with the risk of thrombotic events.
3) To investigate the association of XRCC1 gene polymorphisms with the clinical characteristics of

myeloproliferative neoplasms.

Methodology: The study group consisted of 88 patients diagnosed with MPN. Genetic analysis was
performed using genomic DNA isolated from peripheral blood leukocytes. XRCC1 p.Argl94Trp
(rs1799782) and p.Arg399GIn (rs25487) polymorphisms were determined using the polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) method. Statistical data analysis was

performed using SPSS (version 20.0) software package.

Results: It was determined that the frequencies of the XRCC1 Arg399GIn genotypes Arg/Arg, Arg/Gln,
and GIn/GIn were 44.3%, 44.3%, and 11.4%, respectively. The frequencies of XRCC1 p.Argl94Trp
genotypes Arg/Arg and Arg/Trp were 92.0% and 8.0%, respectively. The XRCC1 p.Arg399GIn
polymorphism Arg/GIn and GIn/GIn genotypes were associated with a decreased risk of venous
thrombosis and an increased risk of platelet count change. The recessive genotype model
(Arg/Arg+Arg/Gln vs GIn/GIn) showed that recessive allele carriers have a decreased risk of arterial

thrombosis.

Conclusions: This study provides further evidence of the association between XRCC1 gene
polymorphisms and thrombosis risk and changes in platelet count in patients with myeloproliferative
neoplasms. These findings have important implications for the clinical management of these disorders,
as genetic testing may be used to identify patients at increased risk for thrombosis and guide personalised
treatment approaches. The hope of this research into possible biomarkers for thrombosis in MPN patients
is that it could lead to new insights when determining the treatment of the disease and outcome.
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ABBREVIATIONS:

Arg: Arginine
BER: Base excision repair

DNA: Deoxyribonucleic acid

ET: Essential Thrombocythemia
GlIn: Glutamine

JAK2: Janus kinase 2 gene

MPN: Myeloproliferative Neoplasm
MPL: Thrombopoietin receptor gene
PLT: Platelet

PV: Polycythemia Vera

PMF: Primary myelofibrosis

SNP: Single Nucleotide Polymorphism
SSBR: Single Strand Base Repair
Trp: Tryptophan

XRCC1: X-ray Repair Cross complementing gene 1

XRCC1: X-ray Repair Cross complementing protein 1



INTRODUCTION

Myeloproliferative neoplasms (MPNs) are a group of blood diseases that affect the bone
marrow and blood-forming cells. The classical BCR/ABL1-negative MPNs include polycythemia vera
(PV), essential thrombocythemia (ET), and primary myelofibrosis (PMF). Polycythemia vera is a
condition where the bone marrow produces too many red blood cells, essential thrombocythemia is a
condition where the bone marrow produces too many platelets. Primary myelofibrosis is characterised
by excessive scar tissue that forms in the bone marrow and impairs its ability to produce normal blood
cells. Complications of MPN may include an increased risk of blood clots, stroke, heart attack, and an
increased risk of developing cancer. These diseases are rare and chronic conditions which are usually
managed by haematologist-oncologists and monitored by blood tests. BCR/ABL1-negative MPNs are
caused by specific mutations in JAK2 (Janus kinase 2), CALR (calreticulin), and MPL (thrombopoietin
receptor) genes. However, further research is needed to identify other gene variants that may be mutated

in MPN and contribute to disease predisposition or progression.

One of the key mechanisms for maintaining the integrity of DNA is the base excision repair
(BER) pathway, which is responsible for repairing small, single-strand DNA breaks that can occur from
normal cellular metabolism or exposure to DNA-damaging agents. XRCC1 (X-ray repair cross-
complementing 1 protein) is a component of the BER pathway, which acts as a scaffold protein, binding
to the DNA and recruiting the other BER proteins to the site of the damage. XRCC1 gene mutations and
polymorphisms can impair the ability of XRCC1 to perform its role in the BER pathway, leading to an
accumulation of unrepaired DNA damage and an increased risk of malignant transformation. Studies
have suggested that individuals with certain XRCC1 genetic variations may have an increased risk of
cancer, especially in combination with other genetic and environmental risk factors. Moreover, XRCC1

gene mutations or polymorphisms have been implicated in the development of thrombosis.

In this study, we will analyse the XRCC1 p.Arg194Trp and p.Arg399GIn polymorphisms in
patients with MPN. We will evaluate the association between XRCC1 gene polymorphisms and both
the risk of thrombosis and laboratory characteristics of the MPN. It is exciting to start this study because
there is currently little to no information on these polymorphisms and their relationships to MPNSs; this

is the first study of its kind to be conducted in Lithuania.



AIM AND OBJECTIVES

Aim: This study aims to investigate XRCC1 p.Arg399GIn and p.Arg194Trp polymorphism's
correlation with the risk of thrombosis and laboratory indications in patients with myeloproliferative

neoplasms.
Objectives:

1) To determine the prevalence of XRCC1 p.Arg399GIn and p.Arg1l94Trp polymorphisms in
patients with myeloproliferative neoplasms.

2) To analyse the association of these gene polymorphisms with the risk of thrombotic events.

3) To investigate the association of XRCC1 gene polymorphisms with the clinical characteristics of

myeloproliferative neoplasms.
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1. LITERATURE REVIEW

1.1. Myeloproliferative neoplasms

Chronic myeloproliferative neoplasms (MPN) comprise a spectrum of clonal neoplastic
disorders characterised by the overproduction of terminally differentiated cells of the myeloid lineage
such as red blood cells (RBCs), white blood cells (WBCs) and platelets (PLT).

The majority of patients with classical BCR/ABL1-negative myeloproliferative neoplasms
(estimated 3—4 cases per 100,000 people per year worldwide) of polycythemia vera (PV), essential
thrombocythemia (ET), and primary myelofibrosis (PMF) harbour distinct disease-driving mutations
within the Janus kinase 2 (JAK2), calreticulin (CALR) or thrombopoietin receptor (MPL) genes or can
be due to other risk factors, e.g. exposure to certain environmental factors, such as radiation or chemicals
like benzene, has been linked to an increased risk of developing MPN. Age is also a risk factor, as MPNs
are more commonly diagnosed in individuals over the age of 60. Finally, a family history of MPN or
other blood disorders may also increase the risk of developing the disease (Fig. 1). Also, the term triple-
negative has been recently applied to those MPNs without evidence of these consistent mutations,
prompting whole or targeted exome sequencing approaches to determine the driver mutational status of
this subgroup. These strategies have identified numerous novel mutations that occur in alternative exons
of JAK2, CALR and MPL, the majority of which result in functional activation [1].

PV ET PMF

JAK2 VB1TF JAK2 V617F JAK2 VB1TF

JAK2 exon 12

Omm

Unknown MPL exon 10 MPL exon 10

]

CALR exon 9 B CALRexon9
]
|

Triple-negative Triple-negative

Fig.1. JAK2, CALR, and MPL mutations account for the vast majority of the BCR/ABL1-negative
MPN cases (adapted from [1])
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1.1.1. Polycythemia Vera

Increased production of red blood cells in the bone marrow is one feature of this MPN. Usually,
platelet and white blood cell count also rise. The blood thickens as a result of these blood cells
congregating in the bone marrow and blood. Serious health issues, such as irregular blood clotting and
heavy bleeding, may manifest. These blood clots may result in a heart attack, stroke, lung occlusion, or
blockages of a vein deep within a leg or arm muscle. Untreated PV may endanger lives. With appropriate
medical oversight, it can typically be controlled for many years. PV patients occasionally develop more
serious blood malignancies such as acute myeloid leukaemia (AML), myelofibrosis, or myelodysplastic
syndrome [2, 3].

With the JAK2 p.VV617F mutation found in approximately 98% of instances, JAK2 changes have
become important driver mutations causing PV-phenotype (Fig. 2). The JAK/STAT signalling pathway
is a complex cascade of signalling events that regulate many physiological processes such as cell
proliferation, differentiation, and apoptosis. When a cytokine binds to its receptor, it activates the JAKS,
which in turn phosphorylate and activate the STATSs. Once activated, the STATSs form dimers, translocate
to the nucleus and regulate gene expression. Dysregulation of this pathway, such as through activating
mutations in JAK2, can lead to the development of various diseases, including myeloproliferative
neoplasms. Because of this, JAK2 targeted therapy, e.g. Ruxolitinib, which is a JAK1/JAK2 inhibitor
that is approved for the treatment of myelofibrosis and polycythemia vera. Ruxolitinib works by
inhibiting the JAK/STAT pathway, which can slow or halt the growth of abnormal cells in the bone
marrow. A broad panel of genetic changes impacting numerous genes has been identified over decades
of research to advance our understanding of the disease and its evolution. These mostly affect alternative
splicing, epigenetics, the regulation of miRNAs, intracellular signalling, and the expression of
transcription factors. Additional mutations appear to be indicators of progression and a poor prognosis
if JAK2 mutation, regardless of the type of alteration, is known to be a critical event for the disease to
begin. These discoveries have helped to characterise the complex genomic landscape of PV, resulting in
potentially new adapted therapeutic strategies for patients concerning all the genetic interferences [2, 4].
The survival rate of PV varies depending on many factors, such as the patient's age, overall health, and
the stage of the disease at diagnosis. With proper treatment and management, the majority of PV patients
can expect to live a near-normal lifespan. However, some cases can progress to acute leukemia or
myelofibrosis, which can decrease survival rates. Generally, the 10-year survival rate for PV is estimated
to be around 75-95%.
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Fig. 2. Normal and JAK2 p.V617F-induced JAK/STAT signalling dysregulation. Erythropoietin
(EPO) and thrombopoietin (TPO), maintain an ordered balance of cell proliferation and
differentiation by self-renewal in the hematopoietic stem cell (HSC) cell pool and are crucial for
regular blood cell production, facilitate normal JAK-STAT signalling (left panel). The JAK/STAT
pathway is frequently activated and JAK2 is made more cytokine-sensitive due to the JAK2 p.V617F
mutation. Overactivation of JAK/STAT signalling changes the essential cell fate, promotes the
growth of additional progenitor cells, and speeds up the progression of MPN (right panel) (adapted
from [4])

1.1.2. Essential Thrombocythemia

Excessive platelet synthesis in the bone marrow is a characteristic of the MPN's essential
thrombocythemia. Megakaryocytes, which are giant cells in the bone marrow, are divided into pieces or
fragments to create platelets. Normally, a megakaryocyte's constituent parts disintegrate into platelets
and enter the bloodstream. As they move through the bloodstream and help heal wounds, the platelets
that form blood clots can stop or postpone bleeding. On the other side, too many platelets could clump
together and obstruct blood flow. An excess of platelets can lead to the formation of a thrombus, or blood
clot, in a blood artery. This could have severe health effects, such as a heart attack, stroke, or pulmonary
embolism. Patients with a very high platelet count may also experience these disorders in addition to

irregular bleeding including nosebleeds, gingival bleeding, or gastrointestinal bleeding [4].

The JAK2 and CALR genes are the most mutated genes in essential thrombocythemia, in about
80% of the cases (Fig. 1). The MPL genes can also be altered in this condition. The JAK2 and MPL genes

provide instructions for making proteins that promote the growth and division (proliferation) of blood
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cells. The proteins produced from the JAK2 and MPL genes are part of a JAK/STAT signalling pathway,
which transmits signals from outside the cell to the cell's nucleus. These proteins work together to
activate the JAK/STAT pathway, which promotes the proliferation of blood cells, particularly platelets
and their precursor cells, megakaryocytes. Mutations in the JAK2 and MPL genes that are associated
with essential thrombocythemia lead to the overactivation of the JAK/STAT pathway. The abnormal
activation of JAK/STAT signalling leads to the overproduction of megakaryocytes, which results in an

increased number of platelets [1-5].

The CALR gene provides instructions for making a protein with multiple functions, including
ensuring the proper folding of newly formed proteins and maintaining the correct levels of stored calcium
in cells. The standard therapy for low-risk patients is low-dose aspirin, which is known to significantly
reduce the risk of thrombosis. High-risk patients may receive hydroxyurea or interferon-alpha as a
cytoreductive therapy to decrease platelet counts. Anagrelide is another option for patients who do not
respond to or cannot tolerate hydroxyurea. With proper management, the 10-year survival rate for ET

patients is estimated to be around 80-90%.

1.1.3. Primary myelofibrosis

Primary myelofibrosis (PMF) is a type of MPN characterised by the accumulation of scar tissue
or "fibrosis™ in the bone marrow. The fibrosis impairs the normal production of healthy blood cells,

leading to the liver and spleen taking over this function, and causing hepatosplenomegaly.

Mutations in certain genes, such as JAK2, CALR, and MPL, have been identified in a majority
of PMF cases. Approximately 50-60% of PMF patients carry JAK2 mutations, 25-30% have CALR
mutations, and 5-10% have MPL mutations. In some cases, PMF may develop as a progression from
essential thrombocythemia or polycythemia vera, which is referred to as "secondary MF," "post-PV MF"
or "post-ET MF". This occurs in 10-20% of MF cases, and approximately 10-20% of MF patients may
eventually develop acute myeloid leukemia (AML). However, some patients with PMF may remain
asymptomatic for years without showing any symptoms. Primary myelofibrosis treatment
recommendations depend on the patient's risk status, symptoms, and disease progression. Low-risk
patients may be managed with watchful waiting, while high-risk patients may be treated with drugs such
as ruxolitinib, a JAK1/JAK2 inhibitor. In some cases, a stem cell transplant may be recommended. The
survival rate for PMF varies depending on the patient's risk status and treatment response. The overall
survival rate for PMF patients is around 5-7 years, although some patients may live for many years with

appropriate treatment.
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1.2. Thrombosis

Thrombosis is a common complication of myeloproliferative neoplasms. Thrombosis is one of
the most significant risks associated with MPNs and is a leading cause of morbidity and mortality in
these patients. The reason for this increased risk is due to the presence of certain genetic mutations, such
as JAK2, CALR, or MPL and other risk factors such as smoking, age, and other comorbidities like obesity.
These mutations cause abnormalities in the production of blood cells and in the coagulation system,
leading to an increased risk of thrombosis. Therefore, close monitoring and management of thrombosis

risk is important in the care of MPN patients [6].

1.2.1. Venous thrombosis

Deep vein thrombosis (DVT) and pulmonary embolism are both included in venous
thromboembolism (VTE). VTE is the third-leading cause of cardiovascular death worldwide and the
main contributor to lost years of life due to disability. DVT and pulmonary embolism can cause chronic
pulmonary hypertension, lowering the quality of life. DVT causes the post-thrombotic syndrome. Non-
O blood types, the factor V Leiden mutation, the use of oral contraceptives, hormone replacement
therapy, advanced age, surgery, hospitalisation, and long-haul travel are all genetic and acquired risk
factors for thrombosis. Blood stasis, plasma hypercoagulability, and endothelial dysfunction are thought
to be the three factors that combine to cause thrombosis, which most frequently begins in the valve
pockets of major veins. Diagnostic imaging and laboratory tests, like those using the D-dimer as an
example, are frequently used in diagnosing VTE. Anticoagulants and, on occasion, thrombolytics are
used to treat VTE to stop thrombus extension and shrink existing thrombi. Anticoagulants are
additionally employed to lessen recurrence. The incidence of thrombosis in MPN patients is significantly
higher than in the general population, with an estimated 20-39% of MPN patients experiencing a

thrombotic event at some point during their disease course [7,8].

1.2.2. Arterial thrombosis

Arterial thrombosis is a severe medical condition that occurs when a blood clot forms in an

artery and obstructs blood flow to an essential organ or limb, leading to life-threatening complications
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such as stroke, heart attack, and peripheral artery disease. MPN patients are at a higher risk of developing
arterial thrombosis compared to the general population, with a reported incidence of 2-4% in patients
with polycythemia vera and 1-2% in patients with essential thrombocythemia [10]. These findings
emphasise the importance of early detection and management of arterial thrombosis in MPN patients to

prevent life-threatening complications.

1.3. Base excision repair

DNA oxidation, deamination, and alkylation-related damage are repaired via base excision
repair (BER) (Fig. 3). The DNA helix structure suffers little deformation from such base defects. A group
of interconnected pathways that play a part in the protection of cancer, neurodegeneration, and ageing
also carry out BER. Biochemical investigations and animal models, particularly knockout mice, have
revealed the wide backup and complementary functions of the implicated enzymes. Cancer propensity
is associated with defects in multiple DNA repair pathways, and BER seems to follow this trend. Loss
of BER may play a role in the emergence of cancer as deletion mutations in BER genes have been
demonstrated to increase the mutation rate in many organisms. Additionally, it has been demonstrated
that BER proteins have crucial functions in areas other than DNA repair, particularly in adaptive

immunity and epigenetics [10-12].

DNA damage
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Fig.3. Schematic representation of BER-mediated DNA repair (adapted from [12]).
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1.4. XRCC1 protein structure and functions

An essential component of the base excision repair system, which is in charge of repairing DNA
damage brought on by both endogenous and external causes such as reactive oxygen species, alkylating
agents, and UV radiation, is the DNA repair protein XRCC1 (X-ray repair cross-complementing protein
1). As a scaffold protein, the XRCC1 protein brings together other BER proteins at the site of DNA
damage to promote effective repair [13-15].

The N-terminal domain, the BRCAL C-terminal (BRCT) domain, and the C-terminal domain
make up the three domains that make up the XRCC1 protein structure. The BRCT domain is in charge
of binding to phosphorylated proteins, the C-terminal domain is in charge of binding to the DNA-
dependent protein kinase complex, and the N-terminal domain is in charge of binding to DNA and other
BER proteins (Fig. 4) [16].

Studies have shown that the XRCC1 protein plays a crucial role in the DNA damage response
and DNA repair, and its dysfunction has been linked to various cancers such as lung cancer, breast
cancer, colorectal cancer and increased risk of other carcinomas [17—-24]. Several studies have reported
that the XRCC1 protein is also involved in the DNA damage response and DNA repair in

myeloproliferative neoplasms [25-27].
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Fig 4. Gene and protein structure of human XRCCL1. (a) The diagram depicts the XRCC1 protein
domains and the areas where they interact with other BER components. (b) The graphic depicts the
XRCC1 gene's structure along with its four most prevalent and extensively researched
polymorphisms: 77 T/C, R194W, R280H and R399Q ( (adapted from [16]). Abbreviations: T -
thymine; C - cytosine; R - Arginine; W - Tryptophan; H - Histidine; Q - Glutamine.
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1.4.1. XRCC1 gene mutations and their impact on thrombosis risk

The XRCC1 gene, located on chromosome 19g13.2, contains 17 exons and encodes a protein
involved in DNA single-strand break repair and base excision repair pathways. While there are several
mutations and polymorphisms known to be associated with diseases other than MPN and thrombosis,
the exact number and types of these genetic variations would require further investigation. Several
independent research groups have shown that alterations in the XRCC1 gene may be associated with
MPN and its course. For instance, XRCC1 p.Arg399GIn and p.Arg194Trp polymorphisms have been
associated with an increased risk of cancer and thrombotic events [9,10].

Hu et al. analyzed the mutational status of the XRCC1 gene in addition to protein expression
and found that mutations in XRCC1 were significantly associated with poor prognosis in patients with
polycythemia vera, essential thrombocythemia, and primary myelofibrosis. The study identified four
common XRCC1 gene polymorphisms (77 T/C, R194W, R280H, and R399Q) and found that patients
with mutations in these sites had a significantly higher risk of disease progression and poorer overall
survival compared to those without mutations. The authors concluded that XRCC1 mutations could serve
as a potential prognostic biomarker in myeloproliferative neoplasms [23]. Moreover, another study by
Zhang et al. found that the XRCC1 protein is involved in the DNA damage response and DNA repair in

MPNSs and that its dysfunction may contribute to the development and progression of these diseases [25].

The p.Arg399GIn polymorphism is located in exon 10 of the XRCC1 gene, and involves a
substitution of guanine (G) with adenine (A) at position 1196, resulting in an amino acid change from
arginine (Arg) to glutamine (GlIn) at position 399 of the XRCC1 protein (Fig. 4). This polymorphism has
been reported to affect DNA repair capacity and has been associated with an increased risk of coronary
artery disease in the European population [28]. In addition, Chia et al.’s findings support the fact that
XRCC1 p.Arg399GIn polymorphism was associated with an increased risk of arterial thrombosis [9].

The p.Argl94Trp polymorphism is located in exon 6 of the XRCC1 gene and involves a
substitution of adenine (A) with thymine (T) at position 580, resulting in an amino acid change from Arg
to tryptophan (Trp) at position 194 of the XRCC1 protein (Fig.4) [16]. This polymorphism has not been

extensively studied regarding its correlation with thrombosis.

There is evidence from multiple studies that certain mutations and polymorphisms in the
XRCC1 gene are associated with an increased risk of thrombosis. However, further research is needed
to understand the mechanisms underlying this association fully and to determine the clinical implications

of these genetic variations.
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2. MATERIALS AND METHODS

2.1. Research planning

The link between XRCC1 gene polymorphisms and the development of myeloproliferative
neoplasms has only been the subject of a small number of investigations. The decision was made to find
out the prevalence of the XRCC1 p.Arg194Trp and p.Arg399GIn polymorphisms among patients with
myeloproliferative neoplasms and to assess their significance in the progression of these diseases after
consulting with the supervisor. In order to assess the significance of XRCC1 polymorphisms in the
pathogenesis of myeloproliferative neoplasms and take into account the capabilities of the laboratory,
study methods such as DNA extraction, Polymerase Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP), and agarose gel electrophoresis were selected. The necessary reagents have

been ordered.

2.2. The object of study

The focus of the study is on the p.Arg194Trp and p.Arg399GIn polymorphisms of the XRCC1
gene found in individuals with MPN and their associations with thrombosis risk and clinical features of
these disorders.

Each of the single nucleotide polymorphisms (SNPs) in the XRCC1 gene was tested twice.

2.3. Patient selection

The Institute of Oncology at the Lithuanian University of Health Sciences is where the study
was carried out. Data was gathered by observing subjects between 2010 and 2014. In this study, 88
patients who received an ET, PV, or PMF diagnosis at the Hospital of the Lithuanian University of
Health Sciences Kaunas Klinikos between 2000 and 2014 were included.

In the study group, the diagnosis was confirmed as ET in 45 patients (51.1%), PV in 36 patients
(40.9%), and PMF in seven patients (8%). Men (42.0%), with an average age of 63.4 years, and women
(58.0%), with an average age of 64.8 years, made up the study group. The youngest patient was 27 years
old, and the oldest was 87 years old. The average age of the overall study group was 64.2 years (standard
deviation, 14.44). Medical data including the patient's age, sex, mean platelet volume (MPV), platelet

count (PLT), and history of arterial or venous thrombosis were gathered.
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The relationship between XRCC1 gene polymorphisms and the following myeloproliferative
neoplasm features was assessed in this study: venous and arterial thrombosis, platelet count, and mean
platelet volume. 88 patients underwent examination to establish the frequency of XRCC1 gene
polymorphisms among those with myeloproliferative neoplasms and to assess the relationships between
these genetic factors and the aforementioned laboratory characteristics and the risk of thrombosis (Table
1). The histogram displays the age distribution of the subjects (Fig. 5).

Table 1. Patient’s characteristics.

Characteristics Patients, n=88
Age: mean (SD) 64.2 (14.44)
Males: n (%) 37 (42.05)
Females: n (%) 51 (57.95)
Primary Myelofibrosis: n (%) 7(8)
Essential thrombocythemia: n (%) 45 (51.1)
Polycythemia vera: n (%) 36 (40.9)
Arterial thrombosis: n (%0) 29 (32.95)
Venous thrombosis: n (%) 10 (11.36)
Incidence of thrombosis: n (%) 39 (44.32)
Decreased platelet count: n (%) 7 (7.95)
Increased platelet count: n (%) 65 (73.86)
Normal platelet count: n (%) 16 (18.18)
Decreased mean platelet volume: n (%) 22 (25)
Increased mean platelet volume: n (%) 1(1.14)
Normal mean platelet volume: n (%) 22 (25)

Note: n, number of individuals; SD, standard deviation.
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Fig. 5. Histogram showing the age distribution of MPN patients.

2.4. Study sample (study material)

Venous blood samples were collected in vacutainers with EDTA as an anticoagulant. Samples
were stored at -20°C until further processing.

2.5. Reagents

Reagents used for DNA isolation, PCR-RFLP, and results visualisation in an agarose gel are

presented in Table 2.

Table 2. Reagents used for genetic analysis.

Reagents and materials Manufacturer
GeneJET Genomic DNA purification Kit “Thermo Fisher Scientific Baltics”, Lithuania
Primers

5U/ul DreamTag™ DNA polymerase

10X DreamTag™ DNA polymerase buffer
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dNTP Mix (each dATP, dCTP, dGTP, dTTP

concentration 10mM)

10X TBE (Tris/Borate/EDTA) buffer

“Top Vision™” agarose

6X DNA loading dye

“Gene Ruler™ Low Range DNA Ladder”

Restriction endonuclease Mspl

5 mg/ml ethidium bromide “Sigma-Aldrich”, JAV

2.6. Methods

2.6.1. Protocol for genomic DNA purification

1. 400 pl of Lysis Solution and 20 pl of Proteinase K solution were added to 200 pl of the
whole blood sample. A uniform suspension was obtained by vortexing and pipetting.

2. Further samples were incubated at 56°C in a shaker with temperature control until cells were
completely lysed (10 min).

3. 200 pl of 96% ethanol was added to the sample. A uniform suspension was obtained by vortexing
and pipetting.

4. The prepared lysate was transferred to a GeneJET Genomic DNA Purification Column inserted
in a collection tube. The column was centrifuged for 1 min at 6000 x g. The collection tube
containing the flow-through solution was discarded. The GeneJET Genomic DNA Purification
Column was placed into a new 2 ml collection tube.

5. 500 pl of Wash Buffer | was added to a GeneJET Genomic DNA Purification Column inserted
in a collection tube. The column was centrifuged for 1 min at 8000 x g. The flow-through was
discarded and the purification column was placed back into the collection tube.

6. 500 pl of Wash Buffer 1l was added to a GeneJET Genomic DNA Purification Column inserted
in a collection tube. The column was centrifuged for 3 min at 12000 x g. The GeneJET Genomic

DNA Purification Column was placed into a sterile 1.5 ml microcentrifuge tube.
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7. 100 pl Elution Buffer was added to the centre of the GeneJET Genomic DNA Purification

Column membrane and incubated for 2 min at room temperature to elute genomic DNA. The

column was centrifuged for 1 min at 8000 x g. For maximum DNA yield, the elution step was

repeated.

8. The purification column was discarded. The purified DNA was stored at -20°C until further

processing.

2.6.2. Detection of XRCC1 p.Arg194Trp polymorphism

To ascertain the p.Arg194Trp polymorphism of the XRCC1 gene, the PCR-RFLP technique was

used. In Table 3, the primer sequences [29] are displayed. For each PCR reaction, a mixture of 25 ul

volume was created, and Table 4 details its makeup. During the process, a 491 bp XRCC1 fragment

encompassing p.Arg194Trp was amplified. Table 5 lists the parameters for PCR cycling. PCR was

performed using a "Biometra Trio48 Thermoblock” (Germany) thermal cycler.

Table 3. Primer sequences for XRCC1 p.Arg194Trp detection.

Primer

Sequence

Forward (F)

5‘-GCCCCGTCCCAGGTA-3°

Reverse (R)

5’-AGCCCCAAGACCCTTTCACT-3¢

Note: A working solution with a concentration of 20 pmol/ul was prepared by diluting lyophilized

primers with sterile H20.

Table 4. Composition of PCR for XRCC1 p.Arg194Trp detection.

Component

Volume per reaction, pl

Concentration in the mixture

10X
polymerase buffer

DreamTag™ DNA

2.5

1X

dNTP Mix (10 mM) 0.5 0.2 mM
Primer-F 0.5 0.4 uM
Primer-R 0.5 0.4 uM
5U/ul DreamTag™  DNA[0.25 0.05 U

polymerase

Sterile H20 17.75 -

Note: 22 pl of prepared mixture and 3 pl of DNA were added into a tube for each tested sample.
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Table 5. PCR cycling conditions.

Steps Temperature, °C Time Number of cycles
Initial denaturation 94 4 min 1

Denaturation 94 30s 30

Annealing 68 90s

Extension 72 30s

Final Extension 72 7 min 1

The restriction enzyme Mspl was used to identify XRCC1 p.Arg194Trp polymorphism. PCR
products were digested with Mspl at 37°C overnight, and the composition of the mixture is presented in
Table 6. The 491 bp fragment of codon 194 always yielded a 174 bp band, acting as an indicator of
complete digestion. XRCC1 p.Arg194Trp genotypes Arg/Arg generate 292 and 174 bp, Arg/Trp generate
313, 292, and 174 bp, and Trp/Trp generate 313 and 174 bp bands.

Table 6. Mspl digestion mixture composition.

Component Volume per reaction, pl
Sterile H20 18

Tango Buffer 2

Mspl 1

PCR product 10

Electrophoretic fractionation was performed in a 3% agarose gel:

1. 1X TBE buffer was produced as follows: 50 ml of 10X TBE buffer was diluted with 450 ml distilled
H-0.

2. 3 g of agarose powder was mixed with 150 ml of 1X TBE buffer in a flask and heated in the microwave
until the solution became clear. 6 pl of ethidium bromide was added into the cooled solution and mixed
well.

3. The prepared solution was poured into a gel tray with placed combs. Combs were carefully removed
after the gel was completely solidified. The frame with the solidified gel was placed into an
electrophoresis bath containing 1X TBE (additionally stained with 15 pl of Ethidium bromide).

4. 20 pl of prepared PCR-RFLP mixture was mixed with 4 pl of 6X DNA loading dye and loaded into

each well.
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5.3 pl of molecular weight ladder (“Gene Ruler™ Low Range DNA Ladder”) was carefully loaded into
the first lane of the gel.

6. Electrophoresis was carried out for 60 min at 120 V voltage.

7. Specific fragments lengths were visualised under UV light using a “Cleaver Scientific”

transilluminator (Great Britain).

2.6.3. Detection of XRCC1 p.Arg399GIn polymorphism

To ascertain the p.Arg399GIn polymorphism of the XRCC1 gene, the PCR-RFLP technique
was used. The particular primers [29] were used to amplify a 615 bp segment of XRCC1 that covered
the Arg399GIn polymorphism (Table 7). For each PCR reaction, a mixture of 25 pl volume was created,
and Table 8 details its makeup. Table 9 displays the parameters for PCR cycling. PCR was performed

using a "Biometra Trio48 Thermoblock™ (Germany) thermal cycler.

Table 7. Primer sequences for XRCC1 p.Arg399GIn detection.

Primer

Forward (F)

Sequence
5¢-TTGTGCTTTCTCTGTGTCCA-3¢

Reverse (R) 5’-TCCTCCAGCCTTTTCTGATA-3¢

Note: A working solution with a concentration of 20 pmol/ul was prepared by diluting lyophilized

primers with sterile H20.

Table 8. Composition of PCR for XRCC1 p.Arg399GIn detection.

Component Volume per reaction, pl Concentration in the mixture
10X DreamTag™ DNA| 2.5 1X

olymerase buffer

dNTP Mix (10 mM) 0.5 0.2 mM

MgCl2 (25 mM) 1.25 1.25 mM

Primer-F 0.5 0.4 uM

Primer-R 0.5 0.4 uM

5U/ul DreamTag™  DNA 0.25 0.05 U

olymerase

Note: 23 pl of prepared mixture and 2 pl of DNA was added into a tube for each tested sample.
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Table 9. PCR cycling conditions.

Steps Temperature, °C Time Number of cycles
Initial denaturation 94 4 min 1

Denaturation 94 30s 35

Annealing 66 90s

Extension 72 30s

Final Extension 72 7 min 1

The restriction enzyme Mspl was used to identify XRCC1 p.Arg399GIn polymorphism. PCR
products were digested with Mspl at 37°C overnight, and the composition of the mixture is presented in
Table 10. XRCC1 399Arg allele generated 221 bp and 374 bp bands upon Mspl restriction, whereas the
XRCC1 399GlIn allele generated only a 615 bp uncut band.

Table 10. Mspl digestion mixture composition.

Component Volume per reaction, pl
Sterile H20 18

Tango Buffer 2

Mspl 1

PCR product 10

Electrophoretic fractionation was performed in a 3% agarose gel:

1. 1X TBE buffer was produced as follows: 50 ml of 10X TBE buffer was diluted with 450 ml distilled
H-0.

2. 3 g of agarose powder was mixed with 150 ml of 1X TBE buffer in a flask and heated in the microwave
until the solution became clear. 6 pl of ethidium bromide was added into the cooled solution and mixed
well.

3. The prepared solution was poured into a gel tray with placed combs. Combs were carefully removed
after the gel was completely solidified. The frame with the solidified gel was placed into an
electrophoresis bath containing 1X TBE (additionally stained with 15 pl of Ethidium bromide).

4. 20 pl of prepared PCR-RFLP mixture was mixed with 4 pl of 6X DNA loading dye and loaded into

each well.
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5.3 ul of molecular weight ladder (“Gene Ruler™ Low Range DNA Ladder”) was carefully loaded into
the first lane of the gel.

6. Electrophoresis was carried out for 60 min at 120V voltage.

7. Specific fragment lengths were visualised under UV light using a “Cleaver Scientific” transilluminator

(Great Britain).

2.6.4. Statistical analysis

Statistical Package for the Social Sciences (SPSS) 20.0 for Windows was used for the
association analysis. The chi-square (y?) criterion was used to determine the statistical significance.
When the scatter was greater than 25%, the Monte Carlo test was used. Logistic regression analyses
were performed to estimate the odds ratio associating different XRCC1 p.Arg194Trp and p.Arg399GIn
genotypes with laboratory characteristics and thrombosis. A p-value less than 0.05 was deemed

statistically significant.
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3. RESULTS

3.1. PCR-RFLP optimization

First of all, for the detection of XRCC1 p.Arg194Trp polymorphism, the PCR-RFLP was carried
out as described by Ryu et al. [29]. Agarose gel electropherograms showed that after PCR-RFLP was

obtained specific fragments and no further optimization was needed (Fig. 5).

Fig 5. Agarose gel electrophoresis of PCR-RFLP products for XRCC1 p.Arg194Trp polymorphism.
Bands were fractionated by electrophoresis on a 3 % agarose gel (60 min, 120 V) and visualised
under UV light after staining with ethidium bromide. Lane M is the molecular weight ladder (“Gene
Ruler™ Low Range DNA Ladder”). Lanes 1-8, 10, and 11 represent wild-type Arg/Arg genotypes
(292 bp and 174 bp). Lanes 9 and 12 denote the heterozygous variant, Arg/Trp (313 bp, 292 bp, and
174 bp).

For the detection of XRCC1 p.Arg399GIn polymorphism, the PCR-RFLP was carried out as
described by Ryu et al. [29], but agarose gel electrophoresis showed no amplification of the required
fragments. It was decided to increase the MgCl, concentration in the PCR mixture. Specific fragments
were amplified but their intensity was weak. Further, it was determined to try a lower annealing
temperature for PCR. After this step finally succeeded in getting intensive specific fragments that could

be digested with Mspl (Fig. 6).
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Fig 6. Agarose gel electrophoresis of PCR-RFLP products for XRCC1 p.Arg399GIn polymorphism.
Bands were fractionated by electrophoresis on a 3 % agarose gel (60 min, 120 V) and visualised
under UV light after staining with ethidium bromide. Lane M is the molecular weight ladder (“Gene
Ruler™ Low Range DNA Ladder”). Lanes 1, 2, 5-7, 10, and 11 represent Arg/Arg genotypes (374
bp and 221 bp). Lanes 3, 4, 8, and 9 denote the heterozygous variant, Arg/Gln (615 bp, 374 bp, and
221 bp). Lane 12 shows GIn/GIn genotype (615 bp).

3.2. The association of XRCC1 p.Arg194Trp and p.Arg399GIn polymorphisms with
thrombotic complications and laboratory characteristics of MPN

After implementing the method of polymorphism analysis, the genotypes of XRCC1
p.Arg194Trp and p.Arg399GIn were determined for each of the examined patients (Table 11). Genotype

distribution of all loci was in Hardy-Weinberg equilibrium (this data was not shown).

Table 11. Genotype distribution of XRCC1 gene polymorphisms among MPN patients.

Polymorphism Genotype Frequency, (%)
XRCC1 p.Arg194Trp Arg/Arg 81 (92.0)
Arg/Trp 7(8.0)
Trp/Trp -
XRCC1 p.Arg399GIn Arg/Arg 39 (44.3)
Arg/Gln 39 (44.3)
GIn/GIn 10 (11.4)
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In this study, through Chi-square analysis, we have not found a p-value of <0.05 in any of the
cross-tabulation (Table 12 and Table 13).

Table 12. XRCCL1 p.Arg194Trp and p.Arg399gIn genotype distribution among clinical

characteristics.

Characteristics Genotype p.Argl94Trp [ P-value | Genotype p.Arg399GIn P-value
Arg/Arg Arg/Trp Arg/Arg Arg/GIn | GIn/GIn
N (%) N (%)

Venous Thrombosis

Yes 10 0 0.586 3 6 7 0.592
(15.2%) (0%) (9.1%) (19.4%) | (87.5%)

No 56 6 30 25 1
(84.8%) (100%0) (90.9%) (80.6%) | (12.5%)

Arterial thrombosis

Yes 25 3 0.417 14 14 1 0.234
(36.2%) (42.9%) (42.4%) (41.2%) | (11.1%)

No 4 44 19 20 8
(57.1%) (63.8%) (57.6%) (58.8%) | (88.9%)

Incidence of thrombosis

Yes 32 4 0.438 17 17 2 0.344
(39.5%) (57.1%) (43.6%) (43.6%) | (20%)

No 49 3 22 22 8
(60.5%) (57.1%) (56.4%) (56.4%) | (80%)

PLT

Normal 15 1 8 8 0
(18.5%) (14.3%) (20.5%) (20.5%) | (0%)

Increased 7 0 0.849 3 4 0 0.388
(8.6%) (0%) (7.7%) (10.3%) | (0%)

Decreased 59 6 28 27 10
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(72.8%) (85.7%) (71.8%) (69.2%) | (100%)
The fact of PLT change
Normal 16 1 1.00 9 8 0 0.297
(19.8%) (14.3%) (23.1%) (20.5%) | (0%)
Change 65 6 30 31 10
(80.2%) (85.7%) (76.9%) (79.5%) | (100%)
MPV
Normal 19 3 9 11 2
(46.3%) (75%) (47.4%) (47.8%) | (66.7%)
Increased 21 1 0.641 9 12 1 0.813
(51.2%) (25%) (47.4%) (52.2%) | (33.3%)
Decreased 1 0 1 0 0
(2.4%) (0%) (5.3%) (0%) (0%)
The fact of MPV Change
Normal 19 3 9 11 2 1.00
(46.3%) (75%) (47.4%) (47.8%) | (66.7%)
Change 22 1 0.346 10 12 1
(53.7%) (25%) (52.6%) (52.2%) | (33.3%)

Table 13. Association of the dominant and recessive genetic models with clinical characteristics.

Characteristics | Dominant model of | P- Recessive model of | P- Dominant model of P-
p.Arg399GIn value | p.Arg399Gin value | p.Argl94Trp value
Arg/Arg | Arg/Gin+ Arg/Arg | Arg/Gln+ Arg/Arg | Arg/GIn+GIn/GIn

GIn/GIn GIn/GIn

Venous

Thrombosis

Yes 7 3 0.326 | 9 7 1.00 |0 10 0.586
(17.9%) | (9.1%) (14.1%) | (87.5%) (0%) (15.2%)

No 32 30 55 1 6 56
(82.1%) | (90.9%) (85.9%) | (12.5%) (100%) | (84.8%)
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Arterial

thrombosis

Yes 15 14 0.634 | 28 1 0.141 | 4 25 0.417
(34.9%) | (42.4%) (41.8%) | (11.1%) (57.1%) | (36.2%)

No 28 19 39 8 3 44
(65.1%) | (57.6%) (58.2%) | (88.9%) (42.9%) | (63.8%)

Incidence  of

thrombosis

Yes 19 17 0.669 | 34 2 0.189 | 4 32 0.438
(38.8%) | (43.6%) (43.6%) | (20%) (57.1%) | (39.5%)

No 30 22 44 8 3 49
(61.2%) | (56.4%) (56.4%) | (80%) (42.9%) | (60.5

%)

PLT

Normal 8 8 16 0 1 15
(16.3%) | (20.5%) (20.5%) | (0%) (14.3%) | (18.5%)

Increased 4 3 0934 |7 0 0.140 | O 7 0.861
(8.2%) (7.7%) (9%) (0%) (0%) (8.6%)

Decreased 37 28 55 10 6 59
(75.5%) | (71.8%) (70.5%) | (100%) (85.7%) | (72.8%)

The fact of

PLT change

Normal 8 9 0.588 | 17 0 0.199 | 1 16 1.00
(16.3%) | (23.1%) (21.8%) | (0%) (14.3%) | (19.8%)

Change 41 30 61 10 6 65
(83.7%) | (76.9%) (78.2%) | (100%) (85.7%) | (80.2%)

MPV

Normal 13 9 20 2 3 19
(50%) (47.4%) (47.6%) | (66.7%) (75%) (46.3%)

Increased 13 9 0.737 | 21 1 1.00 (1 21 0.648
(50%) (47.4%) (50%) (33.3%) (25%) (51.2%)
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Decreased 0 1 1 0 0 1
(0%) (5.3%) (2.4%) (0%) (0%) (2.4%)

The fact of

MPV Change

Normal 13 9 20 2 3 19
(50%) (47.4%) (47.6%) | (66.7%) (75%) (46.3%)

Change 13 10 1.00 |22 1 0.608 | 1 22 0.346
(50%) (52.6%) (52.4%) | (33.3%) (25%) (53.7%)

Now after the Chi-square analysis, we’ve conducted a Binary logistic regression analysis of the
different genotypes and the clinical characteristics. Since the chi-square indicates no significant
association between two variables, while binary logistic regression shows a statistically significant
association with some characteristics, it could indicate that the relationship between the variables is
morecomplex than a simple dichotomous one. The difference between crosstabs and binary logistic
regression is due to the different calculations and formulas applied to the two statistical methods.

The results of the binary logistic regression show that there exists a correlation between the
XRCC1 p.Arg399GIn polymorphism and venous thrombosis. The Arg/GIn and GIn/GIn genotypes
decrease the risk of venous thrombosis (OR 0.100; 95% CI 0.031-0.328; p=0.0001 and OR 0.240; 95%
C10.098-0.585; p=0.002, respectively). Moreover, the p.Arg399GIn polymorphism was associated with
the increased risk of platelet count change. The Arg/GIn and GIn/GIn genotypes increase the risk of
platelet count change (OR 3.333; 95% CI 1.583-7.021; p=0.002 and OR 3.875; 95% CI 1.781-8.430;
p=0.001, respectively). The recessive model of p.Arg399GIn showed that the recessive allele decreases
the risk of arterial thrombosis [OR 0.125; 95% CI 0.016-0.999; p=0.050] (in Table 14 only statistically

significant associations are shown).

Table 14. Data of binary logistic regression analysis of XRCC1 p.Arg399GIn polymorphism.

Model Genotype Clinical B OR [CI1 95%] | P-value
Characteristics
Genotype Arg/Gln 'Venous thrombosis -2.303 0.100 0.0001
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[0.031-0.328]

PLT count change |1.204 3.333 0.002
[1.583-7.021]

Genotype GIn/Gln Venous thrombosis -1.427 0.240 0.002
[0.098-0.585]

PLT count change [1.355 3.875 0.001
[1.781-8.430]

Recessive Arg/Arg+Arg/G |Arterial thrombosis -2.079 0.125 0.050
In vs GIn/GIn [0.016-0.999]

Note: B, regression coefficient; OR, odds ratio; 95% CI, confidence interval.
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4. DISCUSSION

Thrombosis is a common complication in patients with MPNs. Emerging evidence suggests that
genetic factors, including polymorphisms in DNA repair genes such as XRCC1, may play a role in
thrombosis development in MPN patients.

It was noted that mutations in the XRCC1 gene might be associated with an increased risk of
cancer and thrombotic events. Thompson et al. showed that the XRCC1 gene is expressed in a wide range
of human tissues and that it corrects defects in DNA strand break repair and sister chromatid exchange
in cells derived from patients with the rare genetic disorder xeroderma pigmentosum, which is
characterised by a high risk of skin cancer. The study provided important insights into the mechanisms
of DNA repair and the role of XRCC1 in maintaining genomic stability. It also paved the way for further
research on the molecular basis of cancer and other diseases. The study did not specifically investigate
any particular type of cancer or thrombosis. However, defects in DNA repair mechanisms, such as those
involving XRCC1, have been implicated in a wide range of cancers, including breast, lung, colon, and
ovarian cancer, as well as certain types of thrombosis, arterial thrombosis [14]. Nevertheless, XRCC1
p.Arg194Trp and p.Arg399GIn polymorphisms' impact on venous and arterial thrombosis development
and laboratory characteristics are not yet fully evaluated. Therefore, the objective of our study was to
evaluate the mentioned polymorphisms association with thrombotic events risk and clinical features of
BCR/ABL1-negative MPNs.

Our findings showed that XRCC1 p.Arg399GIn polymorphism Arg/Gln and GIn/GIn genotypes
are associated with a lower risk of venous thrombosis compared to those with the Arg/Arg genotype.
This suggests that the XRCC1 gene and its polymorphisms may play a role in the development of venous
thrombosis. Specifically, the presence of the Gin allele in the XRCC1 gene may provide some protection
against the development of venous thrombosis, while the absence of the Glin allele (i.e., the Arg/Arg
genotype) may increase the risk. A study published by Chia et al., looked at various polymorphisms that
noticed in MPN patients and their relation to thrombotic risk. They have concluded that concluded that
a strong correlation between JAK2 V617F and ASXL1 gene mutations and thrombotic events are
consistent and that Gene polymorphisms in GPIlla, XRCC1, FBG, F7, MMP9, MTHFR, and SDF-1 may
also contribute to thrombotic complications in patients with MPN [30]. Whereas another study by, Ana
et al., studied a population of MPN patients that presented with a thrombotic event and has found that,
the most frequent types of major thrombosis observed in our patients included stroke, myocardial
infarction, peripheral arterial thrombosis and deep vein thrombosis. No significant association with the
presence of JAK2 V617F mutation However states that, Globally, the thrombotic events where less

frequent, revealing a decreased incidence, in patients with at least one variant allele carriers for XRCC1
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GIn399Arg. Basicially that individuals with the GIn/GIn genotype had a significantly decreased risk of
venous thrombosis compared to those with the Arg/Arg genotype. However, the analysis did not find a
significant association between the Arg/Gln genotype and thrombosis risk [8]. Overall, these studies
support the idea that the XRCC1 p.Arg399GIn polymorphism may play a role in venous thrombosis risk,
with the GIn/GIn genotype conferring a protective effect.

Our findings indicate that p.Arg399GIn polymorphism Arg/Gin and GIn/GIn genotypes
presented an increased risk of platelet count change, 3.333-fold and 3.875-fold, respectively. Moreover,
the recessive model of XRCC1 p.Arg399GIn polymorphism (Arg/Arg+Arg/Gln vs GIn/GIn) showed a
significant association with arterial thrombosis, indicating that individuals with GIn/GIn genotype are at
a lower risk of arterial thrombosis (by 0.125-fold). These results are contrary with previous studies that
have investigated the association between XRCC1 gene polymorphisms and arterial thrombosis. For
example, a study by Yang et al. investigated the association between the XRCC1 p.Arg399GIn
polymorphism and platelet count in patients with coronary artery disease. The study found that
individuals with the Arg/GlIn genotype had significantly higher platelet counts compared to those with
the Arg/Arg genotype, but did not find a significant association between the GIn/GIn genotype and
platelet count [32]

For instance, Chia et al., discusses regarding XRCC1 polymorphism and thrombosis highlights
several genetic variants that have been investigated in relation to thrombotic events in patients with
myeloproliferative neoplasms (MPN). The study by Afshar-Kharghan et al. found that the PIA2 allele
of GPIlla (p.P33L) was associated with a higher risk of arterial thrombosis in patients with polycythemia
vera (PV). Another polymorphism, XRCC1 Arg399GIn, which affects the base excision repair pathway,
was suggested to contribute to thrombotic and bleeding complications in MPN patients. The FBG c.-
148C > T polymorphism and F7 c.-323P10 variant were also found to be associated with thrombotic
events in MPN. However, mutations in clotting factor genes (F2, F5) and polymorphisms in FAS, FASL,
TERT, ACE, and TLR4 did not show significant associations with thrombosis in MPN patients. These
findings suggest that specific genetic polymorphisms may contribute to the thrombotic risk in MPN, but
further research is needed to clarify their roles and establish larger studies targeting these
polymorphisms. [30]. Although myocardial infarction and venous thrombosis are distinct types of
thrombotic events that occur in different blood vessels, they share common underlying mechanisms,
such as inflammation, endothelial dysfunction, and platelet activation, which contribute to the formation
of blood clots. Therefore, the findings from Chia et al.'s study support the notion that XRCC1 gene
polymorphisms may play a role in thrombosis development, not only in myocardial infarction but also
in venous thrombosis, in different populations, contrary to our study, where it is noted that the risk of
thrombosis was reduced. However, it is important to note that there are differences between our study
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and Chia et al.'s study, which should be taken into consideration when interpreting the results. One
notable difference is the patient population. Our study specifically focused on patients with BCR/ABL1-
negative MPNs, while Klerk et al.'s study investigated a general population of European descent without
specific haematological disorders. This difference in patient population may explain the different types
of thrombotic events observed in the two studies (i.e., venous thrombosis in our study vs myocardial
infarction in Chia et al.'s study), as different patient populations may have different underlying risk

factors and pathophysiology for thrombosis.

It is important to note that there is no study, at the moment that has studied the relation between
XRCC1 Arg194trp and risk of venous thrombosis. Therefore, further studies are needed to confirm these
results and explore the potential mechanisms underlying the association between XRCC1 polymorphisms

and deep vein thrombosis.

The mechanisms by which XRCC1 gene polymorphisms may contribute to thrombosis and
platelet-related disorders are not fully understood and require further investigation. It is possible that
XRCC1 gene polymorphisms may affect the repair of DNA damage in endothelial cells or platelets,
leading to increased thrombotic risk. Additionally, XRCC1 gene polymorphisms may interact with other
genetic or environmental factors to modulate thrombotic risk. Further studies, including functional
studies and larger multicenter studies, are needed to elucidate the underlying mechanisms and confirm
the findings of our study and other studies.

The management of myeloproliferative neoplasms requires a comprehensive approach that
considers various factors, including underlying genetic abnormalities and the risk of thrombosis.
Evidence-based practice is essential in guiding the management of MPNs, and research on genetic
factors, such as polymorphisms in DNA repair genes like XRCC1, is contributing to our understanding
of thrombosis development and clinical features of MPNs [33].

In conclusion, the findings from our study, which focused on BCR/ABL1-negative MPN
patients, support the growing body of evidence that XRCC1 gene polymorphisms are associated with
clinical characteristics, such as platelet count, in MPN patients. However, it is important to consider the
differences in patient population and polymorphisms investigated when interpreting the results of
different studies and the management of MPNs should take into account the role of XRCC1 gene
polymorphisms in thrombosis development and may benefit from evidence-based practice to guide

appropriate interventions.
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CONCLUSIONS

1. It was determined that the frequencies of the XRCC1 Arg399GIn polymorphism
genotype Arg/Arg, Arg/Gin, and GIn/GIn were 44.3%, 44.3%, and 11.4%, respectively. The
frequencies of XRCC1 p.Argl94Trp genotypes Arg/Arg and Arg/Trp were 92.0% and 8.0%,

respectively.

2.The XRCC1 p.Arg399GIn polymorphism Arg/Gln and GIn/GIn genotypes were
associated with a decreased risk of venous thrombosis. The recessive p.Arg399GIn model showed a
significant association with arterial thrombosis, indicating that individuals with GIn/GIn genotype

are at a lower risk of arterial thrombosis.

3. The XRCC1 p.Arg399GIn polymorphism Arg/Gin and GIn/GIn genotypes were
associated with an increased risk of platelet count change.
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