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Summary

The myelodysplastic syndrome (MDS) is a heterogeneous group of
clonal hematopoietic disorders characterized by various clinical
presentations, risks for leukemia transformation and reduced survival. This
makes the accurate diagnosis and risk stratification of MDS patients

clinically relevant.

The present study was done in the laboratory of DNA, department of
Biology, Faculty of Science, University of Babylon. The samples collection
and practical work of the present study extended through the period from
June 2019 to the November 2020. Samples of myelodysplastic syndrome

collected from different regions of Irag.

The samples were females and males with age range (20-83) years old.
These include (75) blood samples which grouped as following: control
group (25) samples (15 males and 10 females), and patients group

including (50) blood samples (29 males and 21 females).

The present study is divided in four parts: demographic hematological,
physiobiochemical and molecular studies. The first part include studying
the correlation of gender age, and body mass index with the disease. The
second part include estimation of hematological parameters. While the
third part include determination of adiponectin, leptin, resistin hormones,
ferritin, oxidative stress or reactive oxygen species, and antioxidants. The
fourth part includes studying the genetic effect of candidates genes:
Adiponectin leptin (LEP), resistin (RETN), splicing factor 3 B1 (SF3B1)
and serine arginine-rich splicing factor 2 (SRSF2) genes in patients with

myelodysplastic syndrome.



The results of the current study was showed that the male percentage
value of myelodysplastic syndrome was more than female percentage
value (58% and 42%, respectively). Results indicate that the age risk of
disease incidence was begin in 60 years old and increased between 60-75
years old for both sexes, while body mass index was decreased

significantly in patients with MDS patients.

The results of hematological parameters exhibited that were decreased
significantly (P <0.05) in most parameters except MCH which increased
significantly compared to control and non-significant differences in
basophil MCV and MCHC. Biochemical study showed significant increase
(P<0.05) in concentration of adiponectin and resistin hormones, while
leptin hormone showed no significant differences at (P <0.05) between
patient and control. Serum ferritin level was significantly (P<0.05) higher
in patients with MDS.

Oxidative stress or reactive oxygen species showed higher significant
(P<0.05) concentration in patients with MDS as compared with control.
Antioxidants activity superoxide dismutase (SOD) and glutathione
peroxidase (GPx), exhibited higher significant at (P<0.05),between patients
and control, While GSH showed lower significantly (P<0.05), activity.
Also correlation results  indicated  negative correlation between
adiponectin and resistin with BMI, Hb, and platelets, while positive
correlation with ferritin. Also, there were negative correlation (r=-247)
among resistin and leptin, on the other hand adiponectin has positive

correlation (r=624) with resistin.



In the molecular study, for adiponectin gene showed a high percentage of
the adiponectin rs1501299 mutated genotype GG and alleles G in MDS
patients (54% and 73% respectively) compared with the healthy individuals
in control group (36% and 62% respectively), and this was associated with
significant differences (P<0.05), while leptin gene identified a clear
relationship between the genetic heterogeneity of LEP gene with MDS
where the genotype GG and mutant allele G appeared in a high percentage
(59.1% and 70% respectively) among MDS patients. This means that the
LEP has become an etiological factor for this syndrome. Resistin gene
(RETN) showed that no significant variation between patient with
myelodysplastic syndrome and control group using PCR-SSCP and
sequencing techniques that indicated a single nucleotide polymorphism
(SNPs) located in intron 2.

Sequencing of splicing factor 3B1 (SF3B1) gene there was single
nucleotide polymorphism (SNPs) located in intron 11(rs3217350), and the
rate of mutant Il genotype and I allele were significantly higher among
cases with MDS (92.5% and 92% respectively) compared to healthy
individuals in control group (60% for each one of them), on other hand
serum level of ferritin increased in cases with mutant Il genotype
(1003.41ng/ml) compared with wild DD genotype (355.04 ng/ml) so that
reflected statistical difference (P=0.0019). Gene expression of serine
arginine-rich splicing factor 2 (SRSF2), there was a significant variation
between patients and control derived from folding changes of melting curve

and amplification of real-time PCR products.
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Chapter one Introduction

1. Introduction

Myelodysplastic syndromes (MDS) are clonal stem cell malignancies
characterized by cytopenias, inefficient hematopoiesis, dysplasia in one or more
myeloid cell lineages and increased risk of development of acute myeloid leukemia
(AML). It is sub-classified based on percent of bone marrow (BM) and peripheral
blood blasts, type/degree and number of dysplastic cell lineages, presence/absence
of ring sideroblasts (RS) and presence of specific chromosomal abnormalities. The

median age at the diagnosis of MDS is 71 years (Visconte et al.,2014).

Anemia is represent in most patients, the mean corpuscular volume (MCV) is
often increased and an increased erythrocyte distribution width (RDW) which the
erythropoiesis disturbances. A dimorphic red blood cell (RBC) population
(macrocytes and microcytes), anisocytosis, poikilocytosis, nucleated red blood
cells, basophilic stippling and Howell-Jolly bodies are also indications that the
erythrocyte has undergone abnormal development (Greebreg et al.,2013).
Peripheral blood may reveal very abnormal nuclei such as Pelger-Huet anomalies
and hypo-or hypersegmentation and ring forms nuclei also occur in neutrophils are
important morphological features in MDS/MPN peripheral blood when diagnosing
and distinguishing MDS/MPN is important to understand the similarities and
differences in pathologic mechanism from similar diseases (AML, infectious
diseases and other causes of cytopenia). The platelet morphological changes
include giant platelets and platelets hypogranulation or agranulation. Some
platelets may possess large fused granules. Circulating micromegakaryocytes
(dwarf cells), multiple small nuclei separated by strands of nuclear material, and
large mononuclear cells with dysmorphic nuclear features have been described in

peripheral blood from patients with MDS (Vallesp et al.,1998)

Adipocyte secretes active biological molecules, mainly including leptin, resistin,
and adiponectin (Ouchi et al.,2011). Adipokines are cytokines secreted

predominately by the adipose tissue. They exert a variety of distinct metabolic,

1



Chapter one Introduction

endocrine, and immune functions, both locally and systemically. Adiponectin is an
adipocyte-derived secretory protein, which is an important regulator of
inflammatory responses (Zacharioudaki et al.,2009). In many inflammatory states,
adiponectin levels are inversely correlated with pro-inflammatory markers (Behnes
et al.,2012). Overall, adiponectin exerts predominantly anti-inflammatory effects
and suppresses the proliferation of myelomonocytic progenitor cells (Mandal et
al.,2011).

Leptin exerts actions through its specific receptor which is localized to the cell
membrane and present in a variety of hematopoietic cells, such as hematopoietic
progenitor cells (Mouzaki et al.,2009). Leptin, produced by adipocytes and stromal
cells, represents a pleiotropic adipokine, regulating energy homeostasis as well as
metabolic, reproductive, neuroendocrine, and immune functions. Leptin’s major
physiological role is to signal inadequate rather than excess energy stores. Indeed,
hypoleptinemia found in a small but significant percentage of obese humans is
associated with hyperinsulinemia and impaired T-cell function. Furthermore,
accumulating experimental evidence suggests that leptin through its receptor may
stimulate various signal transduction pathways leading to cell growth, apoptosis
inhibition, migration and invasion. Particularly, leptin in vitro induces proliferation
and apoptosis inhibition in cytokine-dependent leukemia cell lines. However, in
contrast to several in vitro studies, epidemiological study have reported
inconsistent associations between leptinemia and risk of malignancies. Our group,
which has focused on adipokines and cancer has shown that hypoleptinemia and
not hyperleptinemia is linked to risk of several malignancies (Dalamaga et
al.,2013). Adiponectin has been shown previously to be inversely related to risk
of AML, MDS, myeloproliferative disorders and multiple myeloma (Petridou and
Mantzoros, 2006).

Another adipokine, resistin, forms an important link between obesity, insulin
resistance, and diabetes (Stofkova et al.,2010). In humans, increased levels of

resistin have been found in mononuclear leukocytes and macrophages (Jamaluddin

2
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et al.,2012). Resistin has further been associated with inflammation in systemic

autoimmune diseases (Tanaka et al.,2013).

Ferritin is a main iron storage protein found in all cell types thus it can be used as
a reliable indicator of its overload. Hence, the continuous screening and serum
ferritin and iron levels assessment associated with other clinical and laboratory
indicators can provide a substantial insights of diagnosis and treatment in MDS
patients (Dehghani and Sanei, 2020). Previous study showed an important role of
oxidative stress in the pathogenesis of myelodysplasia. An increased level of DNA
oxidative damage has been observed in MDS CD34+ bone marrow cells,
suggesting their involvement in ineffective haematopoiesis by inducing apoptosis
in bone marrow precursors ( Low-risk MDS patients also exhibit oxidized
nucleotides in more differentiated CD34- bone marrow cell populations, which
contributes to genomic instability and disease progression ( Novotna et
al.,2009).DNA damage caused by oxidative stress plays an important role in the
initiation and carcinogenic process of mutation. A recent study has suggested that
oxidative stress leads to increased mutation frequency in a murine model of
myelodysplastic syndrome (MDS) (Chung et al.,, 2014), and that additional
mutations lead to the progression of MDS. Furthermore, a correlation has been
reported between the serum ferritin level and serum reactive oxygen species (ROS)

levels in MDS patients (Gongalves et al.,2015).

A wide array of recurring genetic mutations involved in RNA splicing, histone
manipulation, DNA methylation, transcription factors, kinase signaling, DNA
repair, cohesion proteins, and other signal transduction elements has been
identified as important substrates for the development of MDS. Cytogenetic
abnormalities, namely those characterized by loss of genetic material (including
5¢- and 7g-), have also been strongly implicated and may be influence the clonal
architecture which predicts such mutations and may provoke an inflammatory bone
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marrow microenvironment as the substrate for clonal expansion (Shallis et
al.,2018).

Alternative splicing occurs in > 90% of human protein-coding genes resulting in
the production of multiple mRNA isoforms, and is a major source of protein
diversity (Saez et al., 2017). Alternatively and aberrantly spliced mRNA isoforms
are oftenfound in human cancers and play a role in tumorigenesis (Scotti and
Swanson,2016). The most frequently mutated splicing factors in MDS form part of
a complex that coordinates 3'splice site recognition duringpre-mRNA splicing. It
has been demonstrated that the presence of splicing factor mutations leads to
aberrant 3'splice site recognition (Pellagatti and Boultwood, 2017) resulting in the
generation of aberrantly spliced mRNA transcripts in the bone marrow cells of
patients with myeloid malignancies and in mouse models expressing these

mutations (Shiozawa et al., 2018).
1.1.Aim of the study
Study the risk factors associated with myelodysplastic syndrome patients by

1. Demoghrapgic study of myelodysplastic syndrome and their relationship
with age and gender.

2. Determination of hematological parameters.

3. Estimation of serum adiponectin, leptin and resistin also, genetically and
there correlation with other parameters.

4. Measurement of serum ferritin with reactive oxygen species and
antioxidants.

5. Detection of gene polymorphism of adiponectin , leptin and resistin genes
by tetra amplification refractory mutation, sequencing and single strand
conformational polymorphism respectively.

6. Sequencing of splicing factor 3B1 (SF3B1) gene.

7. Gene expression of serin arginine-rich factor 2 (SRSF2) gene.



Chapter two Review of Literature

2. Review of Literature

2.1. Definition of Myelodysplastic Syndrome

Myelodysplastic syndromes (MDS) commonly known as bone marrow (BM)
failure, defined as heterogeneous group of myeloid-clonal disorders, due to the failure
of blood-cells-maturation. The co-morbidities are caused by a varying degree of
cytopenia and clonal instability with a tendency to progress mostly in case called acute
myeloid leukemia (AML) but it is less common into acute lymphoblastic leukemia
(Steensma, 2015).

Generally, MDS caused in 5/100,000 of human beings, on the other hand, the
patients in 70 years and older than this age, this rate rises between 22 and 45 per
100,000 and keep increasing by age. The treatment of MDS is considered complicate
in general way by advanced age of the patients (median ages, 6570 years), resulting
In nonhematologic-comorbidities, in addition to relative inability to tolerate certain
intensive forms of therapy among older patients. Also, when the disease develops to
AML, the patients will response in low levels to the standard-therapy than patients
with de novo AML (Chen et al.,2019).

2.2. Classification of Myelodysplastic Syndrome

2.2.1. French-American-British (FAB) Classification

Many developed classifications were performed for prediction of MDS which
transformed to acute myeloid leukemia. One of the most common types of
classification was French-American-British system in 1982, table (2-1), this system
was designed according to the blasts-percentage also according to the characteristics of
the blood and bone marrow, namely medullary and peripheral blast cell count, in
addition to ringed sideroblasts, number of monocytes in peripheral blood, and Auer

5
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rods. According to this classification, patients are diagnosed with MDS when
dysplastic-changes in bone marrow are present and/or myeloblast-cells are between 5
and 30% of all bone-marrow-cells. Five subgroups with significantly different
prognoses were established: refractory anemia (RA) with blasts <5% in BM, refractory
anemia with ringed sideroblasts (RARS) with blasts <5% and ring sideroblasts > 15%,
refractory anemia with excess of blasts between 5 and 20% (RAEB), RAEB in
transformation to acute leukemia and blast cells ranged between 20 and 30% (RAEB-
T) and chronic myelomonocytic leukemia characterized by increase of peripheral
blood monocytes (CMML). (Bennett et al., 2005; Vardiman et al., 2009).

Table (2-1) : Myelodysplastic syndrome Types According to FAB Classification

Type Blasts in blood Blasts in bone marrow

Blasts <5%, ring
sideroblastic <15%

Refractory anemia with ring <1% Blasts <5%, ring
sideroblastic (RARS) sideroblasts >15%
Refractory anemia with excess of

blast (RAEB)

Refractory anemia with excess

blast in transformation (RAEB-t)

Chronic myelomonocytic leukemia | <5% with increase
(CMMol) Monocytes

Refractory anemia (RA) <1%

<5% Blasts 5-20%

<30% Blasts 20—-30%

Blasts 0—20%

CMML, chronic myelomonocytic leukemia blast cells <20% and monocytes >1000/ul); RA, refractory
anemia <1% in PB and <5% blasts in BM; RAEB, RA with excess blasts in PB <5% and 5-20% blasts
in BM; RAEB-t, RAEB with excess blasts in transformation between 20 and 30%; RARS, RA with
ringed sideroblasts >15% (Bennett et al., 2005).
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2.2.2. The World Health Organization (WHO) Classification

The World Health Organization (WHO) Classification consider a last-updated
system in 2008 (Swerdlow et al., 2008; Vardiman et al., 2009). The molecular features
identified by the next generation sequencing (NGS) displayed important knowledge to
understand the pathophysiology of MDS; this lead to yield other markers for indication
of diagnosis and prognosis (Greenberg et al., 2012, Arber et al., 2016). In addition to
clinical studies, the pathological proved WHO is a hypothesis for this complete
program and the molecular genetics, hematologic, cytologic, and morphologic
(Jaiswal et al., 2014). According to a lot of information and experience about MDS,
the new classification table (2-2), which revises; produced improvements in the
cytopenia and morphological changes, additionally, the influence of genetic

information in MDS diagnosis and Classification (Genovese et al., 2014).
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Table (2-2): 2016 WHO Criteria of classifications of myelodysplastic syndromes.

Ring
Sideroblasts
Dysplastic | Cytopenia | in erythroid .
Type Lineage @) elements of Blasts Cytogenetics
Bone
Marrow
PB<1% Any, unless fulfills
0 )
MDS-SLD 1 lor2 (5r8<<51‘;)/?2) BM < 5% criteria for isolated
No Auer rods del(5q)
PB < 1% Any, unless fulfills
0 1
MDS-MLD 20r3 1-3 5?:5105;; BM < 5% criteria for isolated
0 No Auer rods del(5q)
MDS-RS RS = 15% PB < 1% Any, unless fulfills
MDS-RS- 1 lor2 (or = 5% 2‘3 BM < 5% criteria for isolated
SLD =7 No Auer rods del(5q)
PB < 1% Any, unless fulfills
-RS- = 159 0 .
MK)/ISLSS 20r3 1-3 (?)?;51053 BM < 5% criteria for isolated
=70 No Auer rods del(5q)
MDS with PB <1% del(5q) alone or
. with 1 additional
isolated 1-3 1-2 None or any BM <5% b I
del(5q) No Auer rods abnormality except -7
or del(7q)
PB 2~4% or BM
MDS-EB a0
MDS-EB-1 0-3 1-3 None or any 5~9%, Any
no Auer rods
PB 5~19% or BM
MDS-EB-2 0-3 1-3 None or any 10%~19% or Auer Any
MDS-U PB=1% ©,
With 1% PB 1-3 1-3 None or any BM<5%, Any
blast Auer rods
with SLD PB <1% -
and 1 3 <15% © BM <5% MDS defining
pancytopenia No Auer rods y
PB <2%
RCC 1-3 1-3 None BM <5% Any
No Auer rods

WHO: World Health Organization; MDS: myelodysplastic syndromes; PB: peripheral blood; BM: bone
marrow; RS: ring sideroblasts; MDS-SLD: MDS with single lineage dysplasia; MDS-MLD: MDS with
multilineage dysplasia; MDS-EB: MDS with excess blasts; MDS-U: MSD, unclassifiable; RCC:
refractory cytopenia of childhood. @ Cytopenias MDS-defining: Hb<100g/L, PLT<100x109/L,
ANC<1.8x109/L; absolute monocytes count<1.0x109/L; @ with SF3B1 mutation; © 196 PB blasts must
record on at least two separate observations; “ If with >15% ring sideroblasts and significant erythroid
dysplasia, and are classified as MDS-RS-SLD (Hong and He, 2017).
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2.3. Prognostic scoring system : International prognostic scoring system and
revised (IPSS/IPSS-R)

Owing to the variability in outcome of MDS subtypes and to help in treatment
selection, the International MDS Risk Analysis Workshop (IMRWS) developed a
scoring system named International Prognostic Scoring System (IPSS). Firstly,
published in 1997 and then revised in 2012 (IPSS-R)(Greenberg et al., 1997;
Greenberg et al.,2012) (Tables 2-3 and 2-4).

Table (2-3): Survival and AML evaluation based on International prognostic
scoring system and revised (IPSS)

International Prognostic Scoring System (IPSS)

Prognostic 0.0 0.5 1.0 15 2.0
variable

Blasts in BM <5 5-10 - 11-20 21-30
Karyotype Good Intermediate Poor - -
Cytopenia 0/1 2/3 - - -

Risk category Total score Median survival (y) without treatment  25% AML prognostic (y) without treatment
Low 0 5.7 9.4
intermedalte | 0510 35 33
|2ntermed|ate- 152 11 11

High >2.5 0.4 0.2

Cytogenetics: good; normal, -Y alone, del(5q) alone, del(20q) alone; poor: complex
(=abnormalities) or chromosome 7 abnormality; intermediate: other abnormalities. Presence of
karyotype t (8:21), t (15,17), and inversion 16, denote AML rather than MDS. Cytopenia;
neutrophil <1800/ mcl, platelets<100,000/mcl, hemoglobin <10/mgm/dl. Adapted from NCCN
guidelines version 1 (2019).
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Table (2-4): Survival and AML evaluation based on the Revised International
Prognostic Scoring System (IPSS-R)

Revised International Prognostic Scoring System (IPSS)

Prognostic variable 0.0 0.5 1.0 15 2 3 4
Cytogenetics Very good Good Inte;trgedi Poor Very good
Blasts in BM 2 - >2-<5 - 5-10 >10 =
Platelets =100 50-<100 <50

ANC >0.8 <0.8 <50

Risk category Total score Median survival (y) without treatment  25% AML prognostic (y) without treatment
Very low <1.5 8.8 Not reached

Low >1.5-<3 5.3 10.8

Intermediate >3-<4.5 3.0 3.2

High >4.5-<6 15 1.4

Very high >6.0 0.8 0.7

Cytogenetics: very good; del(11q), -Y alone; Good; normal, del(12p), double including del(5q),
del(20q); poor: -7, inv(3)/t(3g)/ del (3q), double inducing -7/ del(7q), complex = abnormalities:
very poor> 3 abnormalities; intermediate: del(7q), +8, +19, (i17p), and any other single or
double independent clones. Presence of karyotype t (8:21), t (15,17), and inversion 16, denote
AML rather than MDS. Adapted from NCCN guidelines version 1 (2019).

Based on the International Prognostic Scoring System (IPSS), MDS patients were
also categorized as low risk MDS (47.5%) by virtue of their infrequent transformation
to AML and good prognosis, intermediate-1 risk MDS (5%), intermediate-2 risk MDS
(16.8%) and high risk MDS (30.7%). The score involved the following independent
predictor factors: age >60 years, platelets count <200x10°%L, Hb <10gm/dl,
unfavourable cytogenetics, and BM blast >4% (Bejar et al.,2011).

Cytogenetic analysis by FISH is also typically done to identify chromosomal
abnormalities as this can influence both prognosis and treatment. It also helps
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determine clonality. While a normal karyotype does not rule out MDS, around half of
patients will have some type of cytogenetic abnormality. MDS is typically associated
with aneuploidy, while translocations are less common. The most frequently observed
alterations include del(5q), monosomy 7 or del(7q), trisomy 8, and del(20q). Deleting
the long arm of 5, or del(5q), is associated with a better prognosis than others and
responsiveness to lenalidomide, one of the treatments for MDS. The WHO MDS
classifications list MDS with isolated 5q as one of the categories. This category is
defined as isolated del(5g) and can include one other cytogenetic abnormality except
for monosomy 7 or del(7q) (Greenberg et al., 2017). Some cytogenetic abnormalities
are associated with prior exposure to chemotherapeutic agents. Deletion of all or part
of chromosomes 5 and 7 associates with prior use of alkylating chemotherapeutic
agents such as cyclophosphamide. Translocation of 11923 is usually seen in patients
with prior exposure to topoisomerase Il inhibitors such as doxorubicin and is

commonly associated with p53 mutations (Pedersen-Bjergaard et al., 2008).

2.4. Epidemiology of Myelodysplastic Syndrome

The exact number of people with MDS is not known because it cannot be diagnosed
and the syndrome does not need to be traced. Some estimates are for 10,000 to 20,000
new cases each year in the United States alone. The number of new cases is likely to
Increase each year as the population ages, and some authors suggest that the number of
new cases in cases greater than 70 years may reach 15/ 100,000 per year. The typical
age for diagnosing multiple-syndrome syndrome and infection is between 60 and 75
years; Few people are younger than 50, and diagnosis is rare in children. Males are
affected slightly more than females (Aul et al., 2001). The median age of the qualified
MDS patients at diagnosis was 76 years (interquartile range, 66-83 years). Female
patients were not significantly older than male patients at the time of diagnosis. The

numbers of male and female patients increased gradually with age. Patients aged >80
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years had the highest prevalence of MDS (Wang et al.,2019). Aging is the most
important risk factor for the development of MDS. Owing to errors in DNA replication
and spontaneous mutations from normal metabolic by products (eg, conversation of
cytosine to thymidine by oxidative deamination from reactive oxygen species), coding
mutation accumulation in hematopoietic stem cells at a mean + SD rate of 0.13+0.02
exonic mutation per year of life (Xie et al.,2014). When an acquired DNA mutation or
combination of mutations promotes growth or generates a survival advantage to a
hematopoietic stem or progenitor cell, clonal hematopoiesis emerges. Approximately
10%of individuals older than 70 years have clonal mutations in genes associated with
myeloid neoplasia, such as DNA methytransferase 3 alpha (DNMT3A), ten eleven
tanslocation 2 (TET2), and splicing factor 3 B1 (SF3B1), and these persons have a
0.5% to 1 chance per year of acquiring additional mutation that lead to progression to
MDS or another hematological neoplasm, similar in magnitude to the risk of

monoclonal gammopathy of undetermined significance (Carraway and Saygin, 2020).

Epidemiology seeks to describe patterns of disease according to demographic
factors and other exposures, thereby elucidating etiologic factors (causes of disease)
and predictors of prognosis (such as survival). Epidemiologic research of MDS has
been fairly limited in comparison to other hematopoietic cancers (such as acute
myeloid leukemia (AML), no doubt due to difficulty in case- finding from a historical
lack of reporting of MDS in cancer registries. The International Classification of
Diseases for Oncology listed MDS as malignant for the first time in its 3rd edition in
2000 (ICD-0-3), thereby spurring registration of MDS in cancer registries worldwide
(Deeg et al., 2013).

The incidence rate of MDS in the United State for the years 2003-2007 has been
estimated at 4.3 per 100, 000 people which accounts for 15,000 new cases every year
(Ma et al.,2007 ; Sekeres, 2011).
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2.5. Etiology of Myelodysplastic Syndrome

Congenital disease, such as Fanconi anemia, are known to increase the risk of
myelodysplastic syndrome (Deschler and Libbert, 2006). In addition, ionizing radition
and chemotherapy for a previous malignancy, and occupational exposure to benzene
are also established risk factors (Strom et al.,2008). Patients with MDS who have a
history of cancer treatment are considered to have secondary or therapy-related MDS
and they tend to have a much poorer prognosis (Tefferi and Vardiman, 2009).To date,
ideas regarding the role of ionizing radiation in the induction of various forms of MDS
are based on clinical observations, in complex therapy that has been applied to a high
dose of radiation. The main random effects of ionizing radiation are indicated by the

possibility of various forms of leukemia (Iwanaga et al., 2011).

The latent period for developing AML, acute leukemia, and chronic myelogenous
leukemia dependent on the nature and dose of radiation ranges between 2-5 years. In
MDS, the latent period of disease progression is significantly longer. There are major
biological differences between MDS and AML that indicate potential target cells
exposed to radiation, the nature of damage, and cellular and molecular genetic
abnormalities. (Iwanaga et al., 2011; Tsushima et al., 2012). Many case reports, case
studies, and epidemiological studies show that MDS is the result of benzene exposure
when gasoline exposure levels are less than 10 ppm. It has been suggested that
benzene-induced MDS is an early or predisposing event in causing benzene-induced

blood diseases (Irons et al., 2005).

Gasoline has a toxic effect on hematology, reproductive diseases and the
neuroscience system. The most likely mechanism for benzene-induced leukemia is by
phenolic metabolites that work in harmony to produce DNA damage. This leads to
mitotic recombination, chromosome transmission, and chromosome imbalance, and

these genetic toxic events in turn lead to activation of proton genes, loss of
13
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heterozygousness, and disruption of tumor suppressor genes. In recent years, the
relationship between benzene and smoking-forming malignancies has been
established. Benzene is known as a blood poison, and benzene has an effect on all
blood-forming cells, and this occurs by residing in the bone marrow, which leads to

the production of abnormal cells. (Ifeanyi, 2018).
2.6. Diagnosis of Myelodysplastic Syndrome

Generally, MDS a first as non-responsive anemia with diagnosed according to the
presence of the abnormal cells in complete blood cells, also the diagnosis of the
disease then confirmed by bone marrow-aspiration and -biopsy performance. Both
procedures provide different information. The bone marrow-aspirate allows for
detailed evaluation of cellular morphology and evaluation of percent of blasts. The
bone marrow biopsy allows for determination of bone marrow cellularity and
architecture. Diagnosis is established by the presence of dysplasia. There are a lot of
types (morphological) are which found to classify patients with MDS (Arber et al.,
2016). There is little problems about the benefits of bone marrow biopsy, many
researchers believe that biopsy of bone marrow play a role in the diagnosis and
potentially in addition to selecting therapy. Cellularity is better assessed by bone
marrow biopsy. A number of additional tests are needed to complete the laboratory
evaluation of a patient with MDS. Most important of which is the analysis of bone
marrow cytogenetics. It is well established that cytogenetic patterns are very
heterogeneous in MDS (Haase et al., 2007). Cytogenetics are of importance to
calculate prognosis of patients and in some subsets of patients to select the most
effective form of therapy(Schanz et al., 2012). Findings of dysplastic features from
peripheral blood are limited. Large or abnormally granulated platelets, pseudo—Pelger-
Huét anomaly, hypogranular cytoplasm in neutrophils, basophilic stippling, and
poikilocytosis in red blood cells (RBCs) are features that can be observed in a
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peripheral blood smear using light microscopy. However, these features are not unique

to MDS and observe frequently. Bone marrow examination must, therefore, the
performer to diagnose MDS (Jaffe et al.,2017).

A number of other assays can be used to help in the diagnosis of MDS. These

include the use of:

R/
0‘0

Peripheral blood (PB) and bone marrow (BM) aspirate: The diagnosis of MDS
Is based on the quantitative in addition to the qualitative evaluation of the
cytological composition of the PB and BM, this achieved by use of basic
Important hematological techniques, examples of these techniques are
hemocytometry, fixed and stained with panoptical stains, optical microscopy on
PB and BM films, and cytochemistry for the detection of iron in the erythroblast
(Greenberg et al., 2017).

Cytomorphology of dysplasia: On PB examination, the observation of the
presence of morphological abnormalities in the red blood cells (RBC) is quite
usual, including the occurrence of circulating nucleated RBC (NRBC) with
dimorphic stigmata of dyserythropoiesis, which is not rare. On the other hand,
characteristic results in the detection of two RBC populations and their
diagnosis, one of these populations considerably normal, but the second one,
being a direct expression of the anomalous neoplastic clone, is microcytic or
macrocytic. Dysgranulopoiesis in neutrophils is variably observed, from absent
to severe, and can involve both the nucleus and cytoplasm, and/or abnormalities
in size (Goasguen et al., 2014).

Count and identification of blast cell: The upper-blast-cell-threshold for the
diagnosis of MDS is <20% in the PB and/or BM, on a PB differential count
performed on 200 nucleated cells, and/or on a myelogram performed on 500
nucleated cells (Mufti et al., 2008).
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Cellularity of the bone marrow: BM cellularity is most often increased in cases
of MDS, at diagnosis, with hyperplasia of the erythroid or granulocytic series, or
both (Bennett et al., 2009).

Quantification of dysplasia: Precise morphological criteria, both quantitative and
qualitative, have been identified for each lineage for the definition of mor-
phological dysplasia, to recognize dysplasia within a specified lineage in the
BM, it is necessary that dysplastic features are present in at least 10% of the
erythroid precursors (not taking into account mature erythrocytes) and/or 10%
of the granulocytic cells (in this case, also including mature cells) out of a count
of at least 200 cells of each lineage, and/or in a minimum of 10% of
megakaryocytes out of at least 30 cells of the megakaryocyte lineage (Goasguen
et al., 2016).

Histopathology: the biopsy of the bone marrow should be combined with the
aim of excluding reactive and secondary myelodysplasia, and this will provides
a precise evaluation of cellularity, bone-marrow-architecture, distribution and
localization of various cellular components, degree of fibrosis, the presence of
anomalous localization of granulocyte precursors (ALIP) in intertrabecular areas
and/or in the central zones of hemopoietic-tissue, the presence of clusters of
megakaryocytes, and the presence of micro-megakaryocytes (Orazi, 2007).

Flow cytometry (FC): this method used in the studying of the characteristics of
the maturation of the precursors, looking for the anomalous expression of
immunophenotypic markers as possible indicators of dysplasia of a particular
lineage (Van De Loosdrecht et al., 2013).

Genetics: With the availability of new diagnostic platforms, such as gene
expression profiling (GEP), single nucleotide polymorphism (SNP)-array, and
next-generation sequencing (NGS), genetic and/or molecular lesions are
reported in more than 90% of MDS patients (Haferlach et al., 2014). Some
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clonal cytogenetic abnormalities are associated with specific morphological

anomalies affecting the megakaryocyte and erythroid series (Gupta et al., 2007).

2.6.1. Morphological Features of Blood Parameters

The prognosis of myelodysplastic syndrome is mainly based on the morphological
findings of peripheral blood and bone marrow. Morphological examination has many
advantages: it is a simple, technically easy and inexpensive method, which gives quick
results; Moreover, it has predictive significance and must be supplemented, but not
replaceable, by other tests. Morphological examination requires peripheral blood
smear, bone marrow aspiration, and bone marrow trephine biopsy (Giagounidis and
Haase, 2013; Invernizzi et al., 2015).

Some features are best seen in mature cells in the peripheral blood, such as large
or abnormally granulated platelets, basophilic stippling and poikilocytosis in red blood
cells, and pseudo—Pelger-Huét anomaly and hypogranular cytoplasm in neutrophils.
Others occur in immature precursors and are best seen in the bone marrow. Immature
hematopoietic precursors (nucleated red blood cells, immature granulocytes,
megakaryocyte nuclei, and mononuclear megakaryocytes) may circulate in the
peripheral blood of MDS patients and can show the same anomalies as seen in the
marrow(Jaffe et al., 2017).

Peripheral blood may reveal very abnormal nuclei such as Pelger-Huet anomalies
and hypo-or hypersegmentation and ring forms nuclei also occur in neutrophils are
important morphological features in MDS/MPN peripheral blood when diagnosing and
distinguishing MDS/MPN is important to understand the similarities and differences in
pathologic mechanism from similar diseases AML, infectious diseases and other
causes of cytopenia (Invernizzi et al., 2015).
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The most striking abnormalities are hypogranulated neutrophils. The defect in
granulation may be seen in myelocytes early in the course of disease. Very abnormal
nuclei, such as Pelger-Huet anomalies and hypo- or hypergranulation, and ring-shaped
nuclei in neutrophils. The platelet morphological changes include giant platelets and
platelets hypogranulation or agranulation. Some platelets may possess large fused
granules. Circulating micromegakaryocytes (dwarf cells), multiple small nuclei
separated by strands of nuclear material, and large mononuclear cells with dysmorphic
nuclear features have been described in peripheral blood from patients with MDS.
Monocytic hyperplasia is a common finding in dysplastic marrows and can be the
dominant manifestation of the hematopoietic abnormalities of CMML for months or
years. Cytoplasmic changes may include uneven staining such as a dense ring of
basophilia around the periphery with a clear unstained area around the nucleus (Fuchs,
2019).

According to International Working Group on Morphology of MDS (IWGM-
MDS), the different maturing-stages of monocytic cells, a promonocyte differs from a
monoblast for the irregular nuclear outline but has similar immature chromatin pattern;
it is a blast equivalent and should be counted as such. Atypical/immature monocytis
which are characterized by a more condensed-chromatin-pattern and less-evident-
nucleoli, but its distinction from a promonocyte can be very difficult. Monocytic cells
can be better identified with the nonspecific esterase-reaction. Monoblasts and
promonocytes, however, are rare in MDS, and their presence is rather indicative of
CMML or AML with monocytic differentiation (Invernizzi et al., 2015).
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2.6.2. Bone Marrow Assessment

It is very important to do the performing of an accurate blast count on both the
peripheral smear and the bone marrow in every MDS case. In optimum way, at least
200 cells in the blood smear and at least 500 cells in the aspirate smear should be
counted to ensure a precise blast percentage. By blast-threshold MDS separated from
AML always about 20% in the bone marrow and/or blood. In the previous 2008 WHO
Classification, a rule has been excluded, include the erythroid precursors from the blast
percentage calculation when erythroid precursors exceeded 50% of marrow cells to
diagnose acute erythroid leukemia has been eliminated. So that, the percentage of the
myeloblast of BM is now always derived from all nucleated cells in all MDS and AML

cases, irrespective of the percentage of erythroid cells (Arber et al., 2016).

The marrow biopsy often showed the hematopoiesis-disorganization, this occur
when the erythroid and myeloid elements are intimately admixed rather than forming
discrete clusters in the marrow space. Although not pathognomonic for MDS,
dysplastic-morphology is a stringent feature in establishing the diagnosis. Some of
Important features in the peripheral smear also consider good seen, the pseudo-Pelger-
Huét anomaly and hypogranular cytoplasm in neutrophils, while others are more
apparent in the bone marrow. Bone marrow blasts are increased in some MDS cases
and may circulate in the peripheral blood, but are always <20% of the bone marrow
and peripheral blood nucleated cells. Auer rods are uncommonly seen in MDS and, if
present, indicate high-grade disease (MDS with excess blasts) (Willis et al., 2005).

Although experienced observers can generally agree on the presence of significant
dysplasia (Della Porta et al., 2015a), there is some subjectivity to interpreting and
guantifying the degree of dysplasia (Senent et al., 2013). The 2016 WHO
Classification recommends that at least 10% of cells in a lineage demonstrate

dysplastic features to be considered significant (Brunning et al., 2008). However,
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dysplastic features involving >10% of a hematopoietic lineage may be encountered in
normal individuals and are even more frequently seen in patients with reactive
cytopenias, (Parmentier et al., ; 2012, Steensma, 2012 ; Della Porta et al., 2015b).

2.7.3. Symptoms and Signs

Regarding on the MDS diagnosis, there no specific history, except that is related to
bone marrow-failure in form of ecchymoses, petechiae, and bleeding from nose and
gum are the general manifestations of thrombocytopenia. In addition to, the fever, also
recurrent infection, and up to shock may be a manifestation of neutropenia (Valent et
al., 2007).

The patients with MDS are usually presenting with non-specific-symptoms. Some
of them may not be in symptomatic stage when a cytopenia is detected on routine
blood tests. Many, particularly older individuals, also carry other co-morbidities,
therefore symptoms may be attributed to other conditions at the beginning. The
common symptoms of anemia for example shortness of breath, malaise, exercise
intolerance, fatigue, and dizziness are common. Fatigue and cognitive dysfunction
have also been attributed to cytokine effect in some patients. Bruising in addition to
bleeding is less commonly a prominent problem. Infection, although the principal
cause of death in MDS, is not a prevalent initial presenting feature. Most common
infections in the course of MDS include bacterial pneumonia and skin abscesses
(Sayar, 2013).

Symptoms of advanced malignancy such as excessive night sweats or significant
weight loss are uncommon. Autoimmune phenomena including arthritis, fever, skin
rash or ulceration, peripheral edema, pleural effusion, pericarditis and neuropathy have
been reported in 10% of patients with MDS. Hepatomegaly or splenomegaly if found,
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would suggest overlap diseases such as chronic myelomonocytic leukemia (CMML) or

leukemic progression (Sayar, 2013).

2.7. Pathophysiology of Myelodysplastic Syndrome

The complicated mechanism due to MDS development caused by many genetic
and chromosomal abnormalities, which may occur de novo or secondary to one of the
etiologic factors. Cytogenetic abnormalities are seen in more than 80% of patients and
include translocations or more commonly, aneuploidy (loss or gain of a chromosome)
(Greenberg et al., 2017).

According to pathogenesis, the common two types of MDS are: primary or de novo
and secondary. In pediatric cases, in addition to extensive studies, the causes of origin
and progression of primary MDS in these ages are not yet fully understood. On the
other hand, pathogenesis of adult and pediatric MDS is multifactorial (Wu et al.,
2015), for many reasons, the ineffective hematopoiesis may be caused by heterogenous
defects of BM stem cells. It is postulated, that genetic defects in the pluripotent
progenitor cells lead to genetic instability with consequent numerous molecular and
cellular abnormalities. Also, excessive BM apoptosis plays role in pathogenesis
(Niemeyer and Kratz, 2008; Hasle and Niemeyer, 2011).

According to genetics, changes in cytogenetics have an important role in the
International prognostic scoring system (IPSS). One of these changes, the deletion that
occur in the long arm of chromosome 5 (5g) which is consider the most common
abnormal karyotype and may be subdivided into 2 categories: first one treatment-
related MDS with 5q deletion, usually with exposure to alkylating agents, and in turn
the second de novo isolated 5g deletion. Patients who have these mutation (5q
deletion) are in most time related to prior chemotherapeutic agents, on the other hand,

also have other cytogenetic abnormalities and/or TP53 mutations and usually portends
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a poor prognosis. Isolated 59 deletion without other cytogenetic abnormalities has a
significantly better prognosis. Other cytogenetic abnormalities commonly studied

include normal karyotype, deletion 7q (-7), trisomy 8 and —Y (Zahid et al., 2017).
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Figure (2-1): Model for pathogenesis of MDS. A mutation or epigenetic alteration in
hematopoietic stem cells (HSC), leads to generation of pro-inflammatory milieu in marrow
microenvironment that can result in apoptotic cell death of normal HSCs. Inhibition of myelo-
suppressive cytokine signaling cascades can stimulate hematopoietic activity in HSCs
(Bachegowda et al., 2013).

Over 100 somatic point mutations have been implicated in MDS, and there is
some overlap with AML. The most common somatic alterations include mutations
in TET2, SF3B1, ASXL1, DNMT3A, SRSF2, RUNX1, TP53, U2AF1, EZH2, ZRSR2, ST
AG2, CBL, NRAS, JAK2, SETBP1, IDH1, IDH2, and ETV6 genes. These mutations

have been shown to correlate with various features. TP53 mutations are associated
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with complex cytogenetics and poor overall survival. RUNX1 and TP53 tend
to correlate with worse thrombocytopenia. TET2 mutations have a better response to

hypomethylating agents (Greenberg et al., 2017).
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Figure (2-2) : Gene mutations have stereotyped positions in the MDS clonal hierarchy. Recent
knowledge suggests that individual mutations occurs in highly stereotyped order and strong
patterns of co-mutation association and exclusivity (Mutations affecting epigenetic modifier
genes (DNMT3A, TET2, ASXL1, EZH2, etc.) or RNA spliceosome components (SF3B1, SRSF2,
and U2AF1) tend to arise in the initiation and early progression phase of MDS and rarely occur
at the time of transformation. Mutations in growth factor signaling pathways (NRAS, KRAS,
PTPN11, FLTS3, etc.) are frequently acquired and expanded in subclones at time of progression
to high-grade MDS or secondary AML (Fuchs, 2019).
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2.8. Hematopoiesis

Hematopoietic stem cells (HSCs) are multipotent cells, which possess self-
renewal capacity and are responsible for the life-long production of all mature blood
and immune cell types (Fig 2-4). Under homeostatic conditions, HSCs reside in a
quiescent state in the bone marrow but can exit dormancy to contribute to blood
production in response to infection, inflammation, or blood loss ( Laurenti and
Gottgen, 2018). Development of normal hematopoietic cells is an ordered multi-step
process, tightly regulated by a complex network of intrinsic factors and
microenvironmental cues that control cell fate decisions within the bone marrow (BM)
(Pelayo et al., 2012; Purizaca et al., 2012; Boulais and Frenette, 2015). During
malignant hematological disorders, including acute leukemias (AL), the uncontrolled
differentiation of precursors of the lymphoid or myeloid series sustains tumor growth
at the expense of normal blood cell production. Moreover, selection and dominance
among leukemic clones occur while competing for niche resources and creating
abnormal BM microenvironments that co-participate in the pathobiology of the disease
(Purizaca et al., 2012; Kim et al., 2015; Vilchis-Ordofiez et al., 2015). Thus, due to the
complexity and health impact of ALL (Gupta et al., 2014).
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Figure (2-3): Diagrammatic representation of the bone marrow pluripotent stem cell and the
cell lines that arise from it. Various progenitor cells can be identified by culture in semi-solid
medium by the type of colony they form. It is possible that an erythroid/megakaryocytic
progenitor may be formed before the common lymphoid progenitor diverges from the mixed
granulocytic/monocyte/eosinophil myeloid progenitor. Baso, basophil; BFU, burst-forming
unit; CFU, colony-forming unit; E, erythroid; Eo, eosinophil; GEMM, granulocyte, erythroid,
monocyte and megakaryocyte; GM, granulocyte, monocyte; Meg, megakaryocyte; NK, natural
killer (Jagannathan-Bogdan and Zon, 2013).

2.9. Some hormones and its relation with myelodysplastic syndrome

2.9.1. Adiponectin hormone

In the mid of nineties (in 1995), the discover that explains adipose tissue as an
important endocrine organ that secretes a number of biologically active adipokines into
the Dbloodstream, this discover was a big step forward in understanding human
metabolic mechanisms. Adiponectin is one of the most important cytokines produced
by adipose tissue. Since adiponectin acts on peripheral target tissues through specific

receptors, so that it can be classified as a hormone (Di Zazzo et al.,2019).
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Adiponectin is a cytokine produced by adipocytes that acts on specific receptors of
several tissues through autocrine, paracrine, and endocrine signaling mechanisms. The
involvement of adiponectin occurs in the regulation of cell survival, cell growth, and
apoptosis (Rasouli and Kern, 2008; Orlando et al., 2019).

Adiponectin have a vital role inside the human-body, like the pathophysiological
role in metabolic activities by acting on peripheral tissues involved in glucose and lipid
metabolism such as skeletal muscle, also in organs, the liver. Low levels of
Adiponectin are associated with the development of cardiovascular complications of
obesity in adulthood because adiponectin has anti-inflammatory, anti-atherogenic, and
insulin-sensitizing effects (Orlando et al., 2019). Furthermore, it inhibits the classical
pro-inflammatory function of macrophages, promoting an M2 macrophage phenotype
(Mandal et al.,2011) and diminishing phagocytosis and cytokine production upon
lipopolysaccharide-stimulation by interfering with nuclear factor kappa-B activation.
Moreover, adiponectin reduces T-lymphocyte recruitment via the reduction of
interferon-beta production (Okamoto et al.,2008). Adiponectin shows previously to be
inversely related to the risk of AML, MDS, myeloproliferative disorders, and multiple
myeloma (Petridou et al., 2006).

It was found that there is a correlation of adiponectin with lipoprotein metabolism;
especially, the association of the hormone with the metabolism of high-density
lipoprotein (HDL) and triglyceride (TG). On the other hand, appearance of adiponectin
in increasing of HDL and TG decreasing. Adiponectin also increases ATP-binding
cassette transporter Al and lipoprotein-lipase (LPL) and decreases hepatic lipase,
which may elevate HDL. Increased LPL mass/activity and very low-density-
lipoprotein (VLDL) receptor and reduced apo-ClIl may increase VLDL catabolism
and result in the reduction of serum TG. Further, adiponectin hormones have a
different property in molecular anti-atherosclerotic, such as reduction of scavenger

receptors in macrophages in addition to the increase of cholesterol efflux. The
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suggestion of that findings is explain that high levels of circulating adiponectin can
protect against atherosclerosis. Weight loss, exercise, nutritional factors, anti-diabetic
drugs, lipid-lowering drugs, and anti-hypertensive drugs have been associated with an

increase of serum adiponectin level (Yanai and Yoshida, 2019).

The gene encoding Adiponectin spans approximately 15.8 kb and is structured in
three exons on chromosome 3qg27; this region has been linked to a susceptibility locus
for metabolic syndrome, type two diabetes, and cardiovascular disease (Takahashi et
al., 2000). The full-length form of Adiponectin is a 247 amino acid protein with four
domains: an amino terminal signal sequence, a variable region, a collagenous domain,

and a carboxyterminal globular domain (Gunter et al., 2011).
2.9.2. Leptin hormone

Leptin which contains 167 amino acids, Leptin (LEP) is a 16 kDa protein that is
synthesized and secreted by white adipose tissue (Saxena and Modi, 2015), was
discovered in 1994. It is a hormone secreted by adipocytes and has been found to
regulate the intake of food (Minikoshi et al., 2002). Particularly, leptin in vitro induces
proliferation and apoptosis inhibition in cytokine-dependent leukemia cell lines
(Konopleva et al.,1999). A different important functions and specific roles have
related to leptin, for example in controlling of body mass, in addition to remodeling of
bone, and a role in hypothalamic regulation of food intake and body weight (Ye and
Lu, 2013; Saxena and Modi, 2015). Leptin have a role in the regulation of eating
behavior through central neuroendocrine mechanisms. It is structurally same function
to cytokines, on the other hand, leptin contains an intrachain disulphide bond which
has functional significance (Ahima and Flier, 2000). This circulating leptin correlates
in positive way with leptin mRNA and protein levels in adipose tissue. This hormone
also, regulates neuroendocrine function and energy expenditure, and has since
provided significant insights in obesity (Facey et al., 2017). Leptin has been postulated
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as an angiogenic factor based on its angiogenic effect in rodent models and in vitro
systems (Cao and Hegele, 2001; Park et al.,2001). In rat leukemia model the
administration of an anti-leptin receptor monoclonal antibody halved the bone marrow
content of leukemic cells and substantially decreased angiogenesis (lveresn et
al.,2002).

Leptin is a product of obesity gene ob gene or LEP gene, expressed by the
corresponding of this gene, this gene is located on chromosome 7 ( Ye and Lu, 2013).
Main channel of the leptin gene is JAK/STAT. It is the chief transduction signaling
channel that leptin uses to perform its effects or functions. This channel takes signal
from exterior of the cell, during DNA transcription and cell activity, signals transfer to
the cell nucleus by passing through cell membrane, activate the promoters and these
promoters interact with the DNA (Frihbeck, 2006). Several single-nucleotide
polymorphisms (SNPs) found in the LEP gene may be associated with serum leptin
concentration or body mass index (BMI), for example the G2548A polymorphism of
the LEP gene (Hassanzadeh et al., 2013).

2.9.3. Resistin hormone

Resistin is hormone protein with molecular weight 12 kDa and rich of cysteine
polypeptide, secreted by macrophages in human. It is the founding member of the
resistin-like molecule (RELM) hormone family, and it consists of 108 amino acid
peptides; in human blood, it circulates as a dimeric protein consisting of two 92-amino
acid polypeptides (Tiaka et al., 2011, Sood and Shore, 2013).

Resistin hormones can suppress the ability of insulin to stimulate cellular glucose
uptake and also have important plays a role in obesity, insulin resistance, diabetes
(Jamaluddin et al., 2012), rheumatoid arthritis (RA), and osteoid arthritis (OA)
(Bostrom et al., 2011; Su et al., 2015). Some authors believe that in humans, resistin

plays a big necessary role in inflammatory processes than in insulin resistance, as
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serum resistin levels correlate better with subclinical inflammation than with insulin
resistance. In addition, it has been proven in studies that human resistin alone can
promote inflammation (Jiang et al., 2014), while other studies have also shown that
human resistin may exert anti-inflammation in response to a fatal endotoxin challenge
(Jang et al., 2017).

These conflicting findings point to the notion the proinflammatory or anti-
inflammatory function of resistin is context related and disease specific. Generally, as
total, resistin in metabolism plays a pathologic role in promoting insulin resistance,
atherosclerosis, and hypertension. In humans, positive association of the resistin levels
with central/visceral obesity (but not BMI) and play a role in proinflammatory
processes (Kim et al., 2013; He et al., 2017; Jiang et al., 2016).

The gene encoding RETN is located on chromosome 19p13 and a high heritability
of serum resistin levels has been evaluated. Several single-nucleotide polymorphisms
(SNPs) described in the resistin gene have been associated with RETN levels, the most
common SNPs of Retin gene: 420C/G; 44G/A; 62G/A;394C/G and 299 G/A that

association with resistin levels (Kumar et al., 2014; 2015; Zayani et al., 2017).

2.10. Iron overload (Ferritin Levels)

Iron overload in patients with myelodysplastic syndrome may be a risk factor that
leads to poor outcomes after a fictitious stem cell transplant (Jacobi and Herich, 2016;
Wermke et al., 2012). Current methods of assessing 10 range from simple and readily
available assessments of plasma markers such as serum ferritin (SF) to the more
complex approaches that involve magnetic resonance imaging (Wood, 2015).

Some of the principal molecules involved in iron homeostasis include transferrin,
hepcidin, and ferroportin. Ferritin is the principal protein involved in the storage of

intracellular iron (Shah et al., 2012; Merkel and Nagler, 2014). Serum ferritin level is a
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well-known indicator of iron burdenand inflammation. Serum ferritin can be affected
by acute infection, inflammation, and malignancy as an acute phase reactant which
should be taken into consideration when it is used to demonstrate iron loading (> 1000
ng/mL) (Alessandrino et al., 2010; Anderson, 2011 ; Jacobi and Herich, 2016). (Fig. 2-
3).

High serum ferritin levels are likely in patients with myelodysplastic syndrome due
to frequent red blood cell transfusions. However, elevated iron load is often present in
MDS patients, even during diagnosis, before RBCs. This may be caused by ineffective
erythrocytes and / or increased intestinal iron absorption (Cortelezzi et al., 2000,
Fleming and Ponka, 2012).

Mutation
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stem cell with genomic inflammatory . eukemia
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Figure (2-4) : Iron overload in myelodysplastic syndromes (MDS). GDF15 indicates growth
differentiation factor-15; pRBC, packed red blood cell; ROS, reactive oxygen species; TWSG1,
twisted gastrulation protein 1(Moukalled et al., 2018).

2.11. Oxidative Stress or Reactive Oxygen Species (ROS)
As a term, the oxidative stress explains the amplifying of the free-radicals by

human body, these reactions due to damage of biomolecules, the consumption of
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oxygen occur in one to two percent that occur by mitochondria, due to formation of
reactive-oxygen-species normally, this chain of reactions will cause dysfunction to the
mitochondria (Fig. 2-5), because of the increase in the reactive molecules that found

in the mitochondria (Mantzarlis et al., 2017).

Additionally, many studies linked between the increasing in the oxidative stress
and its contribution in the damage of the DNA, the reactive oxygen species has been
produced in all the aerobic cells, on the other hand, will be removed by antioxidant.
Interestingly, the oxidative stress appears with disabled balance reactive oxygen

production and antioxidant system (Novotna et al., 2009, Chung et al., 2014).

ROS production seems to be paly role in contribution to the proliferation and
migration of hematopoietic cells that express a variety of neoplastic tyrosine kinases.
Thus, increased oxidative stress in leukemia cells may be a potential therapeutic target,
although there are different opinions about whether it should aim therapeutic strategies

to antagonize or promote oxidative stress in leukemia cells (Reddy, 2011).

Reactive oxygen species may also be involved in mediating the suppression of
hepcidin in MDS patients with iron overload (Frank et al.,2020), because they can
repress the hepcidin gene by preventing C/EBPalpha and STAT-3 binding to the
hepcidin promoter. Therefore, it was not surprising that serum hepcidin levels
increased after amelioration of oxidative stress parameters by deferasirox treatment
(Ghoti et al.,2009).
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Figure (2-5): The role of oxidative stress (Reactive oxygen species) in
myelodysplastic syndrome, IFN, interferon; LCI, labile cell iron; LPI, labile
plasma iron; MDS, myelodysplastic syndromes; NO, nitric oxide; NTBI, non-
transferrin-bound iron; ROS, reactive oxygen species (Gattermann and
Rachmilewitz, 2011).

2.11.1. Antioxidants

Antioxidants are found in many natural food sources such as vegetables, fruits and
drinks, and nutritional antioxidants such as flavonoids may help reduce the risk of
death from coronary heart disease and myocardial infarction (Waltenberger et al.,

2016). Moreover, epidemiological studies and meta-analyzes indicate that long-term

32



Chapter two Review of Literature

consumption of vegetable polyphenols can protect us from a range of diseases, such as
cancer, cardiovascular disease, and diabetes, Osteoporosis, and neurodegenerative
diseases (such as Alzheimer's) (Deis et al., 2021). With an aging population and only a
small proportion of the population consuming the recommended amount of fruits and
vegetables per day, there are great opportunities to improve overall health and against

degenerative diseases of aging by improving diet (Catana et al., 2018).

In a previous study, the level of reactive oxygen species (ROS) was measured in
subsets of bone marrow cells as well as the level of expression of 28 text encoding
major enzymes involved in the antioxidant cellular response. Moreover, a specific
signature of antioxidants has been identified, called “antioxidants” for different sub-
groups of MDS or secondary acute myeloid leukemia (SAML) that made regression of
expression levels of antioxidants that could cause disease progression (Picou et al.,
2019).

2.11.1.1. Superoxide Dismutase

Defined as catalysis enzyme that alternately has catalysis function to the
dismutation of super-oxide-radical (O, ) due to the conversion to ordinary
molecular oxygen (O,) and hydrogen peroxide (H,O,). Superoxide production
occurred as a by-product of oxygen metabolism and, if not regulated, causes many
types of cell damage. Hydrogen peroxide is also damaging and is degraded by other
enzymes such as catalase. Thus, SOD is an important antioxidant defense in nearly all
living cells exposed to oxygen (Hayyan et al., 2016).

The isoforms of SOD are SOD1, SOD2 and SOD3, the dismutation of
superoxide, for example, can occur spontaneously (particularly at a low pH) but is
predominantly regulated enzymatically via a mitochondrial specific superoxide
dismutase SOD2 to hydrogen peroxide. On the other hand, SOD isoforms SOD1 and
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SOD3 perform the same function in the cytoplasm and extracellular space respectively.
(Magder, 2006).

In hematopoietic stem cells (HSC), consequences of ROS include decreased
glycolysis, shifting the cell from anaerobic to aerobic metabolism and causing
HSC to exit the quiescent state, leading to HSC exhaustion or senescence. ROS
oxidizes DNA bases, resulting in accumulation of mutations. Membrane oxidation
alters fluidity and permeability, ROS alters cellular signaling pathways resulting
in toxicity to organs and hematopoietic cells, in keeping with adverse clinical
outcomes in MDS (Kim and Leitch, 2021), on the other hand, some researchers
compared the blood levels of oxidative stress markers and antioxidant levels in
patients with acute lymphoblastic leukemia (ALL) and AML. Interestingly, they also
showed reduced levels of SOD, glutathione, and catalase, additionally, lower levels of
SOD expression would lead to increased superoxide levels and lead to intracellular

oxidative stress (Sallir et al., 2019).
2.11.1.2. Glutathione

Glutathione is a peptide that contains sulfhydryl and is a non-protein thiol
dominant in eukaryotic cells. The sulfthydryl (SH) group contains glutathione
containing electrons that can interact with the poor biochemical structures of electrons,
such as fats, in the cell and thus limit damage to fats, DNA and protein. The
compounds (glutathione complexes) formed by this reaction accumulate inside the
cells and have the ability to become toxic molecules. These chemicals must be
transported outside the cell, and this is accomplished by ATP-dependent plasma
membrane vectors. The extracellular compounds are then metabolized by cell surface

enzymes and excreted in the kidneys as Mercapturic acid (Meda et al., 2019).
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2.11.1.2.1.Glutathione Peroxidase (GPX)

Generally, these compounds belong to the enzyme family, and have peroxidase
activity, the functional role of these types occur in protection the cells from oxidative-
damage. Biologically, the specific function of GPX is to reduce lipid-hydro-peroxidase

to alcohols, also reduce the free hydrogen peroxidase to water (Kasiri et al.,2020).
2.11.1.2.2.Glutathione Reductase (GSH)

The chemical structure of glutathione reductase (GSH) consists of three
constituents of amino acids named as y-glutamyl-cysteinyl-glycine, GSH consider
ubiquitous substrate specific antioxidant enzyme, have a many function inside the cell,
because glutathione metabolism is playing prominent role in sulfur metabolic
regulation in all living cells throughout the system. Glutathione reductase (GR)
expression suggests that increase or decrease of glutathione level causes oxidative

stress in inter-intracellularsurfaces (Dwivedi et al.,2020).

In previous studies, role of glutathione in MDS and AML has been linked with
oxidative stress, first demonstrated that increased levels of oxidised glutathione in
CD34+ AML cells of bone marrow (Pei et al., 2013). The other studis showed that
glutathione reduced in addition to super oxide dismutase (SOD) levels with increase in
ROS levels also with an expected increase in malondialdehyde, a well-defined marker
of oxidative stress in patients with AML (Ghoti et al., 2007; Sallir et al., 2019).

2.12. Some genes that related with myelodysplastic syndrome

2.12.1. Splicing factors

RNA splicing is a mechanism by which a pre-messenger RNA is processed,
removing non-coding introns and fusing exons to form a mature, protein encoding

mRNA. The 5’splice site of the upstream exon is fused to the 3’splice site of the
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downstream exon in spliceosomes that consist of small ribonucleoprotein (SNRNP)
complexes. Subtle changes to the spliceosome can influence the specificity of splicing,
allowing the inclusion or exclusion of alternative exons into the final mRNA, thereby
altering the peptide sequence of the translated protein and potentially changing its
function. Alternative splicing has long been observed in cancer although the precise
mechanisms whereby cancer cells create different splice forms remain unclear (Wood
et al.,2021).

Mutations in genes encoding proteins that are part of the splicing complex were
identified in patients with MDS, including the SF3B1, U2AF1, ZRSR2, and SRSF2
genes, and less frequently in the SF3A1, PRPF40B, U2AF2, and SF1 genes (Graubert
et al.,2012). Remarkably, all these proteins are involved in precise recognition of the
37 splice site66 (Figure 2-6). The splicing process is regulated through cis-elements
that recruit trans-acting splicing factors to affect use of nearby splice sites. Many
splicing factors have modular organization, with separate sequence-specific RNA
binding modules and splicing effector domains. For example, serine/arginine-rich (SR)
proteins contain N-terminal RNA recognition motifs (RRMs) that bind to exonic
splicing enhancers (ESEs) in pre-mRNAs and C-terminal arginine-serine (RS) rich
domains that promote exon inclusion . Analogously, the hnRNP Al binds to exonic
splicing silencers (ESSs) through its RRM domains and inhibits exon inclusion

through a C-terminal Glycine-rich domain (Wang et al.,2009).

Mutations in splicing factors and epigenetic regulators constitute the vast majority of
abnormalities with mutations in transcription factors, kinase signaling, DNA repair,
and cohesin proteins being less commonly, yet recurrently observed in MDS Mutations
in the splicing factor 3b subunit 1 (SF3B1) gene, which encodes a key subunit of the
spliceosome, are found to be most incident somatic mutation in MDS with 20%-28%
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of MDS patients possessing such and in fact was the first spliceosomal mutation

discovered in this population (Papaemmanuil et al.,2011)..

Splicing factor mutations define clinical phenotypes in MDS to some extent
(Papaemmanuil et al., 2011; Yoshida et al., 2011), and have differing prognostic
impacts ( Saez et al., 2017; Ogawa, 2019). SF3B1 mutations (frequency 20-28% in
MDS) are strongly associated with the presence of ring sideroblasts in the bone
marrow (Malcovati, 2011) and are predictive of a favorable prognosis in MDS patients
(Ogawa, 2019). It has been noted by several groups that MDS patients with SF3B1
mutations rarely progress to SAML (Pellagatti and Boultwood, 2017; Armstrong et al.,
2018), and interestingly SF3B1 mutations have been shown to be mutually exclusive
with mutations in other genes that are associated with leukemic transformation
(Makishima et al., 2017).

Also, SRSF2 mutations occur in ~15% of MDS patients, with a higher frequency
(40-50% of cases) in patients with chronic myelomonocytic leukemia (Haferlach et
al., 2014; Patel et al., 2017). The frequency of U2AF1 mutations is ~7-11% in MDS
patients (Thol et al., 2012; Papaemmanuil et al., 2013; Haferlach et al., 2014; Ogawa,
2019). In contrast to the favorable prognosis associated with SF3B1 mutations, MDS
patients with SRSF2 or U2AF1 mutations typically have a poor overall survival and an
increased risk of AML transformation (Wu et al., 2012, 2013, 2016; Patnaik et al.,
2013; Ogawa, 2019).

Pre-mRNA splicing is a fundamental cellular process performed by the
spliceosome in which introns are excised from pre-mRNA transcripts to form mature
mRNAs. Alternative splicing occurs in > 90% of human protein-coding genes
resulting in the production of multiple mRNA isoforms, and is a major source of
protein diversity ( Pellagatti and Boultwood, 2017; Saez et al., 2017). Alternatively

and aberrantly spliced mRNA isoforms are often found in human cancers and play a
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role in tumorigenesis (Chabot and Shkreta, 2016; Scotti and Swanson, 2016). The most
frequently mutated splicing factors in MDS form part of a complex that coordinates 3’
splice site recognition during pre-mRNA splicing. It has been demonstrated that the
presence of splicing factor mutations leads to aberrant 3’ splice site recognition
(Yoshida et al., 2011; Pellagatti and Boultwood, 2017) resulting in the generation of
aberrantly spliced mRNA transcripts in the bone marrow cells of patients with myeloid
malignancies and in mouse models expressing these mutations (Colla et al., 2015;
Shirai et al., 2015; Obeng et al., 2016; Joshi et al., 2017; Mupo et al., 2017; Yip et al.,
2017; Fei et al., 2018; Kon et al., 2018; Shiozawa et al., 2018; Pellagatti and
Boultwood, 2021).
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Figure (2-6): Pre-messenger RNA (pre-mRNA) is the primary transcript generated by RNA
polymerase Il. The spliceosome consists of multiple small nuclear ribonucleoprotein (SNRNP)
complexes and is responsible for processing pre-mRNA to messenger RNA (mRNA). Due to
differential splicing, the resulting mRNA can vary in the inclusion or exclusion of specific
exons. In MDS, mutations have been identified in genes encoding SF3B1, SF1, SF3Al, SRSF2,
U2AF35, U2AF65, ZRSR2, and PRPF40B (shown in red). These mutations may result in the
skipping of exons, retention of introns, or retention of exons thereby altering the function of the
translated proteins (Ebert and Bernard, 2011).

2.12.1. 1. Splicing Factor 3b Subunit gene

Splicing Factor 3b Subunit gene (SF3B1) is an essential component of the U2
snRNP that binds the intron branch point sequence (BPS) during spliceosome
assembly and helps to identify SSs that are used in catalysis. SF3B1 mutation are
generally associated with disease, and the most common point mutant found in
subtypes of MDS is SF3B1 K700E (Kielkopt, 2018). Mutation found in MDS promote
the recognition of non-consense BPS and activate cryptic 3’ SSs (Carrocci et al.,2017),
however the mechanism for how altered splice selection translate to hematological
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malignancy is still under debate. In CD34" cells from patients with SF3B1 mutations,
genes involved in cell cycle regulation, iron homeostasis, DNA damage, and RNA
processing are deregulated (Dolatshad et al.,2015). In order to explain the link between
aberrant splicing and gene expression, one study examined RNA-seq data from mutant
SF3B1 patient samples (Alsafadi et al.,2016).

The most common splicing event was use of a cryptic 3’ SS, via recognition of an
alternate BPS upstream of the canonical BPS and about half of the affected transcripts
were targets for NMD (Darman et al.,2015). In Sf3b1 k700E knok-in mice, alternate 3’
SS usage was observed, as was inefficient hematopoiesis (Mupo et al.,2017).
However, these mice did not develop other MDS phenotypes such as ringed
sideroblasts as seen in humans, and this was potentially due to differences in disease
mechanisms between human and mouse. Additionally, aberrantly spliced transcripts in
these mouse models showed little overlap with changes observed in human patients,
perhaps owing to the decreased conservation of intron sequences between species.
Several investigations have also looked into the role of SF3B1 outside of splicing.
SF3B1 was found to associated with mononucleosomes in HelLa cells, preferentially
over exons, and SF3B1 association with chromatin influenced splicing (Kfir et
al.,2015). However, Murthy et al, (2018), also found an association of SF3B1 with
exons in chromatin, but this association did not predict splicing outcomes (Murthy et

al.,2018). These results point to the role of SF3B1 as a chromatin modifier.

2.12.1.2. Serine and Arginine Rich Splicing Factor 2 gene

Serine/arginine-rich splicing factor 2 (SRSF2) gene is one of the representative
candidates which is located on chromosome 17g25. Encoded SRSF2 protein belongs
to the SR-protein family and the function of this protein is binding to RNA with a
recognition motif to eliminate introns (Phelan et al.,2012). Somatic SRSF2 mutations
have been identified more frequently in CMML and less in MDS patients. Many
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studies indicated the prognostic value of SRSF2 mutations in MDS and CMML cases
(Ouyang et al.,2017). However, with the high prevalence of SRSF2 mutations, the
distinct role of SRSF2 in clinical impact has been controversial. SRSF2 mutations in
24 out of 193 individuals with MDS and found that these mutations are an unfavorable
prognostic factor in MDS patients (Thol et al.,2011). Kang et al.,(2015) observed
mutations in 13 out of 129 patients with MDS and demonstrated that SRSF2 mutations
had no effect on MDS patients . Ouyang et al.(2017) detected SRSF2 mutations in 14
patients out of 56 individuals with CMML and reported that the presence of SRSF2
mutations was correlated with shorter overall survival (OS). Patnaik et al.,(2013),
suggested that SRSF2 was frequently mutated in CMML cases and had no prognostic

Impact on patient.
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3. Materials and Methods
3.1. Materials

The listed chemicals, instrument, and biological materials were used to perform
the experiments of this study as shown in Tables (3-1), (3-2) and (3-3).

Table (3-1): Chemicals that were used during this study.

Chemical name Supplying company
Agaros Pronadisa/ Spain
Ammonium presulfate APS Sigma/ German
Acrylamide Himedid/ India

Bis acrylamide Scr/ Chine
Bromophenol blue stain Sigma — USA

DNTB Germany

Ethanol Biosolve company/ USA
Ethedium bromide Promega

Ferrous ammonium sulfate Germany

Glycerol Merck- England

GSH Germany

H,SO, Germany

Hydrogen peroxide Germany

Leishman’s stain

Daryagani- India

Mgcl2 Cyntol/ Russia
Nuclease free water Cyntol/ Russia
Na2HPO4 BDH-England
NaN; Germany

Nacl Germany

O- dianisidine dehydrocloride Germany
Pyragallol Fluka- India
Sodium nitrate Germany
Syper green Germany
TEMED Sigma/ German
Tris Borate EDTA Thomas BAKer/India
Tetra-butyhydroperoxide Germany
Xylenol organ Germany
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Table (3-2) Kits and Enzyme used in this study

Kit and Enzyme

Manufacturer Com.
and Origin

DNA Extraction Kits From Blood

Favorgen- Taiwan

DNA Ladder(100bp)

Cyntol /Russian

DNA loading dye

Promega_USA

GENEzol TriRNA Pure Kit

Geneaid

Human
ADP/Acrp30(Adiponectin) ELISA Kit

Elabscinece

Human Leptin ELISA Kit

Demeditec Diagnostics
GmbH (Germany)

Human Resistin ELISA Kit

Demeditec Diagnostics
GmbH (Germany)

PCR Master Mix

Cyntol/ Russia

Primer pair

Macrogen- Korea

Proteinase K

Biolabs- England
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Table (3-3): Instruments that were used during this study.

Materials and methods

Instruments

Manufacturer

Autoclave

Haramaya ( Japan)

Centrifuges

Hettich ( Germany)

Cooling centrifuges

Hettich (Germany)

Deep Freeze

GFL (Germany)

Deionizer

Sartorius ( Germany)

Digital camera

Genex ( Germany)

Distillater

GFL( Germany)

EDTA tube (5ml) , Test tube
with Separating gel

AFCO ( Jordan)

Eliza reader & washer

Biotek ( USA)

Gel electrophoresis unit

Cleaver scientific (Japan)

GTC SeriesThermocycler

Cleaver scientific (UK)

Hood

Fisher Scientific (Germany)

Hot plate with magnetic stirrer

Heidolph ( Germany)

Incubator

Memmert ( Germany)

Micropipette(100-1000)
ul,(10-100) pl ,(5-50)ul,(0.5-
10)ul

Dragon med.( Germany)

Number channel pipette (20-
200) pl

Huawei (Germany)

Photoducomentation

Cleaver scientific (UK)

Refrigerator (4°C and -20°C)

Philips ( Japan)

Sensitive balance

Sartorius (Germany)

Shaker water bath Memmert (Germany)
Spectrophotometer Shemadzu (Japan)

UV transilluminator Cleaver scientific ( Japan)
Vortex Bioneer ( Korea)
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3.2. Design of the study

The experimental design of this study as shown in figure (3-1).

(e ]

T [ 75 mdividants | —3

[50 patient with MDS (29 male, 21 female) ] [ 25 Control (15 male. 10 female) ]
[ Dem ographic study ] [ Hem atological study ] [ Biochemical study ] [ Molecular study ]
( \ ﬂ WBCs 2-NEU \ (,:&digggggm horm one \ (_A;_lip‘gg;‘egm gene \
3-ESO 4-BAS s Leptinhormone (ARMS)
o Age 5-MON 6-LYM * Resistin hormone o Leptingene (sequencing)
. Geﬂd“. 7_RBCs S Hb o Femitin e Resistin gene (SSCP+
L] ind e Reactive oxygen species sequencing)
Bodymassindex 9 Hgb 10-MCV ygensp .
o Super oxide dismutase o SF;B;(sequencing)
FLMCH S 32-MCRE o Glutathione peroxidase » SRSF,;(RT-PCR)

N Py G ) /

Figure (3-1): Scheme of study design.

3.3. Methods
3.3.1. Setting and Data Collection Time
The present study was done in the laboratory of DNA. In the department of

Biology, College of Sciences, University of Babylon.

The samples collection and practical work of the present study extended
through the period from June 2019 to November 2020 . Samples of myelodysplastic
syndrome (MDS) were obtained of several location from patients who attended to
the Blood Disease Center/ Medical City/, National Center for Research and
Treatment of Hematology/ Al-Mustaniriyah University, Baghdad province, Merjan
Teaching Hospital in Babylon province, AL-Hussein Center for Oncology
Treatment and Blood Disease / Al-Hussein Medical City/ Karbala province, and
AL-Furat AL-Awset for Tumors and Blood Disease, Najaf province, Irag. The
patients were males and females. Samples include bone marrow aspirate and blood
were obtained from each subject by vein puncture, was put in the
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Ethylenediaminetetraacetic acid (EDTA) tubes and gel tube for separation of serum
by centrifugation and stored at -20°C until used in measurement of hormones and
oxidative stress. Blood in the EDTA tubes was stored in -40°C (deep freeze) in order

to be used later in molecular study.

3.3.2. Patients and conditions of study

The study comprised from 50 patients with Myelodysplastic syndrome. Patients
were (30 male and 20 female) as Myelodysplastic Syndrome patients group with age
average (20-83) years old. In contrast, the study included (25) people apparently
healthy that included 15 male and female 10 with age average (20-85 ) years as the

control group matched as patient group.

3.3.3. Survey Questionnaires
Questionnaire has been taken from the patient and case sheet included: age,
gender, and Body Mass Index (BMI).
3.4. Anthropometric assessments
The anthropometric techniques used to measure weight and height were
recommended by Lohman et al., (1988). All anthropometric measurements were
taken with stress on body height and weight that were measured in light clothes

using a portable stadiometer.

Height was determined using a wall mounted, non-extendable measuring tape with

subjects standing in an erect barefoot position, arms by side, and feet together.

Weight measurements were taken with each subject standing at the center of the

weighing scale in light clothing without shoes and socks.

Body mass index (BMI) was calculated using the formula

BMI = weight (kg)/ height®> (m)?® and classifying under weight (BM1<18 ), normal
(BMI 18 - 24.9 ), overweight (BMI 25 - 29.9), obesity (BMI 30-39.9) and morbid
obesity (BMI > 40) (Sturm,2007).
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3.5. Measurement of blood parameters
The blood parameters include estimation Complete Blood Count (CBC), by
blood analyzer device and bone marrow film from bone marrow aspirate.
3.6. Biochemical Analysis
To determine the serum Adiponectin, Resistin, and Leptin, the quantitative
sandwich enzyme immunoassay technique was used. Also, measurement of ferritin,

oxidative stress (Reactive oxygen species) and antioxidants.

3.6.1. Measurement of Serum Adiponectin
Include determination human ADP/Acrp30. (According to Elabscience

company, USA).

3.6.1.1. Assay Procedure

Reagents were allowed to reach the room temperature all the reagents should be

mixed thoroughly by gently swirling before pipetting.

1. The standard working solution was added to the first two columns: each
concentration of the solution was added in duplicate, to one well each, side by side
(100 pL for each well). The plate was covered with sealer provided in the kit and
incubated for 90 min at 37 C.

2. The liquid was removed out each wall, don't washed. Immediately, 100uL of
Biotinylated Detection Ab working solution to each well. The plate was covered

with sealer. Gently mixed up and was incubated for 1 hour at 37°C.

3. The solution was aspirated from each well, and added 350 pL of wash buffer to
each well. The solution was soaked for 1- 2 minutes and the solution was aspirated
from each well. It was dried against clean absorbed paper. This wash step was

repeated 3 times in total.

4. HRP Conjugate working solution (100 pL), was added to each well and covered

the plate with sealer. Incubation for 30 minute at 37°C.
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5. The solution was aspirated from each well, the washing process was repeated for

five times.

6. Substrate Reagent 90 uLL was added to each well and covered with new plate

sealer. Incubation for about 15 minute at 37°C. The plate was protected from light.
7. Stop solution 50 pL was added to each well.

8. The optical density (OD value) of each well at once, using a micro-plate reader
set to 450 nm.

9. The OD value is proportional to the concentration of Adiponectin.

0.18

0.16 /

FoVaVaYaY

y =0.0023x+0.1
R2=0.9719

©
=y
>

o©
[N
N

©
=

0.08

0.06

Apsorption (450 nm)

0.04

0.02

0 5 10 15 20 25 30
Concentration of adiponectin (pg/ml)

Figure (3-2): The standard curve for determination of adiponectin.
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3.6.2. Measurement of serum Leptin

According to Demeditics Diagnostics GmbH, Germany.

3.6.2.1. Assay procedure

Preparation of reagents Reconstitution Dilution
A-E Standards In 750 pl dilution buffer VP -
KS1 and Control sera IN 500 UL dilution buffer VP -
KS2
WP Washing buffer - 1:20 with Aqua
dest
Sample dilution is in general not necessary use 20 pl undiluted per determination
Before assay procedure bring all reagent to room temperature 20-25 C
Assay procedure in double determination
Pipette Regents Position
100 pl Dilution buffer VP Pipette in all
required wells
20 pl Dilution buffer VP (Blank) Al/A2
20 pl (Ing/ml) A Standard B1/B2
20 pl Standard B (10ng/ml) C1/C2
20 pl Standard C (25ng/ml) D1/D2
20 pl Standard D (50ng/ml) E1/E2
20 pl Standard E (100ng/ml) F1/F2
20 pl Control serum KS1( undiluted) G1/G2
20 pl Control serum KS2( undiluted) H1/H2
20 pl sample (undiluted) In the rest of the
wells according
the requirements
The well was covered with the sealing tape
Sample was incubated for 1 h at 20-25 ¢ 200 -350 rpm
5* 300 The contents of the wells was aspirated and washed 5* with In each well
pl 300 pl each washing buffer wp/well
100 pl Antibody — pod — conjugate AK In each well
The well was covered with the sealing tape
Sample was incubated for 1 h at 20-25 ¢ 200 -350 rpm
5*300 The contents of the wells was aspirated and washed 5* with In each well
UL 300 pl each washing buffer wp/well
100 UL Substrate solution In each well
Substrate solution was added and incubated for15 minutes in the dark at 20 — 25 ¢
100 pl Stopping solution was added In each well
The absorbance was measured within 30 min at 450 nm with >
590 nm as reference wavelength.
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Figure (3-3): Standard curve of for determination of leptin concentration pg/ml.
3.6.3. Measurement of serum Resistin
According to Demeditics Diagnostics GmbH, Germany.

3.6.3.1. Assay Procedure

1- Sample Buffer PP 100 pL was added in wells A1/A2 (blank) and
2- Pipette in positions B1/2 100 pl of the Standard A (0.02 ng/m¢«
pipette in positions C1/2 100 pl of the Standard B (0.1 ng/ml)«
pipette in positions D1/2 100 ul of the Standard C (0.3 ng/ml)«
pipette in positions E1/2 100 ul of the Standard D (0.6 ng/ml)«
pipette in positions F1/2 100 pl of the Standard E (1 ng/ml).

3- To control the correct accomplishment 100 pl of the 1:21 (or in respective
dilution rate of the sample) in Sample Buffer PP diluted Control Sera KS1 and KS2
can be pipetted in positions G1/2 and H1/2.

4-Sample buffer 100 pl was pipetted to each of the diluted sample in the rest of the

wells, according to requirements.
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5- The wells was covered with sealing tape and incubated the plate for 2 hours at
room temperature (shake at 350 rpm). After incubation the contents was aspirated of

the wells and washed the wells 5 times with 300 pl Washing buffer WP / well.

6-Following the last washing step, 100 pl was pipetted of the 1:100 with Dilution
Buffer VP diluted. Antibody Conjugate AK was added in each well. The wells was
covered with the sealing tape and incubated for 1hour at room temperature (shake at
350 rpm.

7- After incubation the wells washed 5 times with Washing Buffer WP as described
in step 5.

8-Following the last washing step, 100 pl was pipetted of the 1:100 with Dilution
Buffer VP diluted Enzyme Conjugate EK in each well. The wells covered with the
sealing tape and incubated for 30 minutes at room temperature (shake at 350 rpm.
O- After incubation the wells washed 5 times with Washing Buffer WP as described
in the step 5.

10- The TMB-substrate solution 100 pl was pipetted in each well.

11-The plate was incubated for 30 minutes in the dark at room temperature.

12- The reaction was stopped by adding 100 ul of Stopping Solution SL to all wells.
13-The absorbance was measured within 30 minutes at 450 nm (reference filter: >
590 nm).
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Figure (3-4): Standard curve for determination of resistin concentration.
3.7. Determination of serum ferritin

Serum ferritin was measured by using Mini Vidas automated immunoassay

system based on Enzyme Linked Fluorescent Assay (ELFA).

3.8. Determination of oxidative stress ( Total reactive oxygen species)

3.8.1. Principle:

The TOS of serum was determined using a novel method, developed by Erel,
(2005). Oxidants found in the sample oxidize the ferrous ion—o-dianisidine complex
to ferric ion. By glycerol molecules the oxidation reaction is enhanced, which are
richly found in the reaction medium. The ferric ion creates a colored complex with
xylenol orange in an acidic medium. The color intensity, which can be measured
spectrophotometrically, is related to the total amount of oxidant molecules found in
the sample. The test is calibrated with hydrogen peroxide and the outcome are
expressed in terms of micromolar hydrogen peroxide equivalent per liter (umol
H,0,Eq/L).
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3.8.2. Assay reagents

Reagent 1: Reagent 2 was prepared by dissolving 3.17 g of O-dianisidine
dihydrochloride and 1.96 g of ferrous ammonium sulfate in 1000 mL of H,SO,
solution, 25 mM. The ending reagent was composed of 10 mM O-dianisidine
dihydrochloride and 5 mM ferrous ammonium sulfate. This reagent is stable for as a

minimum 6 months at 4°C.

Reagent 2: Reagent 1 was prepared by dissolving 8.18 g of NaCl and 114 mg of
xylenol orange in 900 mL of H,SO, solution, 25 mM. One hundred milliliters of
glycerol was given to the solution. The ending reagent was composed of 140 mM
NaCl, 150uM xylenol orange and 1.35 M glycerol. The pH value of the reagent was

1.75. This reagent is stable for as a minimum 6 months at 4°C.

Hydrogen peroxide: (100 pumol/L) was freshly diluted and standardized daily using

a molar extinction coefficient of 43.6 M1 cm™1 at 240 nm.

3.8.3. Procedure

Blank Standard Sample
Distilled water soul |- e
Sample |- ] 50 ul
Hydrogen peroxide | ------ 50 |-
R1 1ml 1ml 1ml
Test tubes were mixed by vortex, and then add:
R2 | 250 pl 250 250

Quietly mix the content of each tube after addition, allow standing at room
temperature for 5 minute, read spectrophotometrically at 560 nm.

A.test

Total oxidants status= 5 = Conc.of STD
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3.9. Determination of antioxidants

3.9.1. Super-oxide dismutase activity determination
3.9.1.1. Reagent

1-Tris buffer (pH 8.0): was prepared by dissolving 0.258 gm of tris and 0.111 gm
of Ethylenediaminetetraacetic acid (EDTA) in dH20 and completing the volume to
100 ml.
2-Pyragallol solution (0.2 mM): was prepared by dissolving 0.0252 gm of
pyragallol with 10 ml of HCI and completing the volume to 100 ml with dH20.
3.9.1.2. Procedure

According to Marklund and Marklund (1974),
1-Reaction mix is consisting of 50 ul crude enzyme extract with 2 ml of tris buffer
and 0.5 ml of pyragallol (0.2 mM) which absorbs light at 420 nm.
2-Control solution contains the same materials except for the enzyme extract that
was replaced by dH20. As a blank, dH20 was used.
3-Single unit of enzyme is defined as the amount of enzyme that is capable of
inhibiting 50% of pyragallol oxidation. SOD activity was calculated using the

following equation:

%P X
5005 < R

SOD Activity (unit) = 7

Where:
* %P: percentage of the inhibition of pyragallol reduction

*Note: %P of every sample is calculated by comparing Aabs of the sample (X%)
with Aabs of control (100%)

* R: Total reaction volume (2.55 ml)

 T: Time of reaction in minutes (2 minutes)
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3.9.2. Assay of Glutathione Peroxidase (GPx) Activity

3.9.2.1. Principle:(Rotruck, et al.,1973)

Glutathione peroxidase catalyzes the following reaction:

2GSH + LOOH—2* 5 GSSG + LOH + H20

The decrement of reduced glutathione concentration can be monitored by Ellman’s

reagent [5,5'-Dithio-bis-(2-nitrobenzoic acid) (DTNB)].

=5 =0
pTNB® T O - ‘
o- 0 =0
0 0 — 0
N— )—s - - G-$ 0 0-
-0
mixed disulfide ™NB?

3.9.2.2. Reagents

1.

Solution A: (0.4 M NaH,PO,) 55.6 g of NaH,PO, was dissolved in 1L of
water.

Solution B: (0.1 M Na,HPQO,) 107.12 g of Na,HPO, was dissolved in 1L of
water.

Sodium phosphate buffer (pH 7.0) (0.4 M): prepared by mixing 39 of solution
A and 61 ml of solution B and dilute to 200 ml with D.W. which contain
0.0744 g EDTA.

Sodium azide (10mM): 0.06501g of NaN; was dissolved in 100ml of D.W.
Reduced glutathione (4 mM): prepared by dissolving 0.1228 gm of a GSH in
a final volume of 100 ml of 0.4M EDTA solution.

Tert- butylhydroperoxide (2.5mM)

Na,HPO, (0.4 M): 5.68 g of Na,HPO, was dissolved in 100ml of D.W.
Sodium nitrate (0.1%)

DTNB {19.8 mg in 100 ml 0.1% sodium nitrate}
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Reagents Test STD Blank
Sodium phosphate buffer 400uL 400uL 400uL
Sodium azide 100pL 100pL 100pL
Reduced glutathione 200 pL 200pL | -
D.W. 200 pL 250 pL 450 pL
Sample 50uL |- e
Tert- butylhydroperoxide 200 pL 200 pL 200 pL

Mix by vortex and incubate for 3 minutes at 37°C, after that, the
reaction was terminated with 0.5 ml of 10% TCA and Centrifuge for

15 minutes at 300 xg, then remove 2 ml of supernatant in a clean tube

, and add
Na,HPO, 3ml 3ml 3ml
DTNB Iml Iml iml

The color developed was read at 412 nm trough 3 min.
3.9.1.4. Calculation:

A test

Theresidue reduced GSH in test tube = *Conc.of STD
A.STD

Se-dependent glutathione peroxidase activity (umol of glutathione utilized/min) =
Conc. of GSH in STD - Conc. of GSH in test * D.F.

Conc. of GSH in STD - Conc. of GSH in test
time(3min)

Se - GPX activity (umol of GSH utilized/min) = D.F.

3.9.3. Glutathione reductase

Reduced glutathione was measured following the method of Sedlak and Lindsay,
(1968).

3.9.3.1. Procedure

1-First, 3.0 mL precipitating solution containing metaphosphoric acid, Na2EDTA
and NaCl was added to 2.0 mL of the sample.
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2-The mixture was centrifuged at 4500 x g for 10 min. 1.0 mL of supernatant was
added to 4.0 mL of 0.3 M Na2HPO4 solution and 0.5 mM DTNB (5,5 -dithiobis-2-
nitrobenzoic acid) was then added to this solution.

3-Reduced glutathione was measured as the difference in the absorbance values of
samples in the presence and the absence of DTNB at 412 nm.

4-Glutathione (GSH) value was calculated as nmol GSH/mg protein in the tissues
and mmol GSH/g Hb in whole blood using the reduced glutathione as a reference

(hemoglobin levels were estimated in whole blood using the Drabkins’ solution).

3.10. Molecular analysis
3.10.1. DNA extraction

Principle
The manufacturer protocol (FavorGen/ Taiwan) was followed for extraction the

DNA from frozen blood sample and this protocol could be summarized as follows:
Step 1-Sample Preparation

1. A mount 200ul of blood was transferred up to a 1.5ml microcentrifuge tube (not
provided). If the sample volume is less than 200ul, we added the appropriate volume
of PBS.

2. A mount 30ul Proteinase K (10 mg/ml) was added to the sample and briefly mix.

Then incubate for 15 minutes at 60°C.
Step 2 -RBCs Lysis
3. A mount 200ul FABG Buffer was added to the sample and mix by vortex.

4. The sample was incubated in a 70°C water bath for 15 minutes to lyse the sample.

During incubation, the sample was inverted every 3 minutes.

5. Elution Buffer required preheat (for Step 5 DNA Elution) in a 70°C water bath.
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Step 3 - DNA Binding

7. A mount 200ul ethanol (96~100%) was added to the sample and vortex for 10

seconds. (Pipetting if there is any precipitate.)

8. A FABG Column was placed to a 2ml collection tube. The sample mixture was
transferred (including any precipitate) carefully to FABG Column, and centrifuged
for 5 minute at full speed (14,000 rpm or 10,000 x g) then discard the 2ml collection

tube. The FABG Column was placed in a new 2ml Collection tube.
Step 4 — Washing

9. FABG Column was washed with 400ul W1 Buffer. The sample was centrifuged
for 30 seconds at full speed (14,000 rpm or 10,000 x g) and discard the flow-
through.

10. The FABG Column was placed back in the 2ml Collection tube. FABG Column
was washed with 600ul Wash Buffer (ethanol added). The sample was centrifuge
for 30 seconds at full speed (14,000 rpm or 10,000 x g) and discard the flow-

through. --Make sure that ethanol has been added into Wash Buffer when first open.

11. The FABG Column was placed back in the 2ml Collection tube and centrifuged
for an additional 3 min at full speed (14,000 rpm or 10,000 x g) to dry the column. --
Important Step! This step will avoid the residual liquid to inhibit subsequent

enzymatic reactions.
Step 5 — Elution
12. The dry FABG Column was placedto a new 1.5ml microcentrifuge tube.

13. A mount 100ul of Preheated Elution Buffer or TE was added to the membrane
center of FABG Column and standed FAGB Column for 3~5 min or until the buffer
Is absorbed by the membrane. --Important Step! For effective elution, make sure
that the elution solution is dispensed onto the membrane center and absorbed

completely.
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14. The samples was centrifuge for 30 seconds at full speed (14,000 rpm or 10,000 x
g) to elute the DNA . --Standard volume for elution is 100 pl. If sample has low
number of cells, reduce the elution volume (30 pl - 50 pl) to increase DNA
concentration. If higher DNA vyield is required, repeat the DNA Elution step to
increase DNA recovery and the total volume could be 200 pl.

Step Final - Pure DNA 19. The DNA fragment was stored at 4°C or -20°C

3.10.1.1. Evaluation of the Extracted DNA

Amount and purity of DNA: The amount and purity of the extracted DNA were
evaluated by spectrophotometer NanoDrop (Thermo Scientific NanoDrop 2000,
USA). The DNA concentration (ng/ul) and the ratio of optical density OD260nm
and OD280nm (R 260/280) were measured. DNA is considered pure when the ratio
260/280 is around 1.8.

3.10.1. 2. Polymerase chain reaction
3.10.1.2.1. Primer design

The design of PCR primers according to the protocol of (Hashim et al., 2015)
briefly as follow: The primers were designed by the aid of NCBI-primer BLAST
online software (http://www.ncbi.nlm.nih.gov/tools/primer-
blast/index.cgi?LINK _LOC=BlastHome) , at the same time the produced primers
was checked for specificity for their target sequences by performing the BLAST
against the human genome , then the primers pair was selected according to the
demand criteria such as : product length , the similarity of melting temperature ,
primers length , specificity , etc. Then the mutations was interred according to the

design demands .

The primer ability to form secondary structure was checked by the aid of Oligo
Calc online software (http://www.basic.northwestern.edu/biotools/oligocalc.html) ,
the primer would be rejected if it had 5 bases or more able to form self-dimerization

and/or it had 4 bases able to form hairpin .
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Each primers pair was checked for dimer formation by the aid of “Multiple Primer
Analyzer” online software from Thermo Fisher Scientific Inc.© , the sensitivity of
the software was adjusted to the value 2 , the primer pair would be rejected if it

made any dimers in this degree of sensitivity .

3.10.1.2.2. Reconstituting and diluting primers

Primers were commonly shipped in a lyophilized state. The units of a lyophilized
primer are given as a mass, in Pico moles. To create a stock of primers, one would
reconstitute the primer in sterile, nuclease free H,O0. The company supplies the
amount of sterile, nuclease-free H,0O to be added to each primer to obtain master

stock (100mol/ul) that will be used again to obtain working stock. As following:

1-The tube was spin down before opening the cap, then the desired amount of water
was added according to the oligos manufacturer to obtain a 100 pmol/ul (Master
Stock).

2-Vortex properly for re-suspend the primers evenly. Then 10ul of the master stock
was transfered to a 0.2ml Eppendorf tube that contains 90ul of sterile, nuclease-free
H.O (Working Stock).

3-The master stock is stored at -20 C' and the working stock is stored at-20 C
Finally, the working stock was thawed on ice and vortex before using in PCR and
then stored at-20 C. Sequences of primers used for PCR amplification this study

were shown in Table (3-4).
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Table (3-4): Primer Sequences the studied genes and their locations

Primer Sequences e T
Gene Product ) Ref.
'5 13 (°C)
- (bp)
Adepo- | F: 5-GGACTG TGGAGATGATATCTGGGG 73.1
out- GGC A -3’ (outer) 299
rs26672 | R: 5-TGGCCTAGAAGCAGCCTGGAGAAC 73.1
9 TGGA-3'
C intr | 35-CTTGCAAGAACCGGCTCAGATCCCCC-3' | 155 | 72.8
E | (inner)
G allel | 5-GAGCTGTTCTACTGCTATTAGCTCTGC-3' | 201 | 683
in?r R - (Hashemi et
Adipone | F:5-GAGCTGTTCTACTGCTATTAGCTC TGC 6s3 | &l-2013)
ctin_rs1 |-3" (outer)
501299 | R:S-GAATATGAATGTACTGGGAATAGG 476 | 65.7
GATG-3'
G allel_ | 5-CCTCCTACACTGATATAAACTATATGA 244 | 68.0
F GGG -3" (inner)
T allel_ | 5-TGTGTCTAGGCCTTAGTTAATAATGAA 299 | 66.6
R CGA -3
F:5'-GGTGGTGGATCTGTCCAAGG-3’ 62.5 | Designed in
Lep R: 5-CAAAGTGCAAGCAGGGTTCC-3 309 | 605 tftledpresent
study
F: 5-TGAGAGGATCCAGGAGGTCG-3' g5 | 62.5 | Designed in
RETN | R: 5-GGACCCTGTCTTGAGTTGGG-3’ 62.5 tft]edpresent
study
SF3B1 |F:5-GTACATGAGCATTTCATCAGTA-3’ 223 | 50.6 | (Rujiracch
exon-13 | R:5-CAACCATTTCTTTCCATAATCA-3' 54.7 | aivej et
al.,2018)

Tm: Annealing Temperature.
3.10.1.2.3. PCR experiments

Conventional PCR was used to amplify a target DNA using specific primer
pairs. PCR typically consists of three consecutive steps (denaturation, annealing,
and elongation) of repeated cycles to get PCR product (amplicon). The PCR thermal
cycling conditions are mentioned in the Table (3-5). The size of PCR products (5
KL) were analyzed in 2% (w/v) agarose gel by electrophoresis using 1X TBE buffer
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and visualized by staining with simply safe dye. Product size was determined by

comparison with size 100 bp DNA ladder (Intronbio/Korea).

Table (3-5): Recommended volumes and concentrations for applying PCR into AccuPower®

PCR tubes.
Component Volume (ul) Concentration
PCR master mix 8 2.5X
Forward primer 1 DNA 10 pmol/ pl
Reverse primer 1 DNA 10 pmol/ pl
Template DNA 2 50 ng
Free water 7.5
Mgcl2 0.5 25 mM
Final volume (dH,0) |20

The genes studied were amplified using specific primers according to mention

conditions in table (3-6).

Table (3-6): Amplification conditions of the study genes.

G el Denaturation. | Anneal. | Extension Flna_l Techniques
enes Denaturant. o o o extension
°oC C C C °C, Cycle used
94 94 60 72 72
ADIPO (5 min) (30 sec) (30sec) (30sec) (5 min) ARMA
1 cycle 35 cycle 1 cycle
94 94 61 72 72
LEP (5 min) (30 sec) (30sec) | (30sec) | (5 min) Sezgsn’ce
1 cycle 30 cycle 1 cycle
94 94 63 72 72
RETN (5 min) (30 sec) (30sec) | (30sec) | (5 min) Ssqsii’c o
1 cycle 35 cycle 1 cycle
94 94 55 72 72
Sf3bl (5 min) (30 sec) (30sec) | (45sec) | (5 min) Sezcj;'ce
1 cycle 35 cycle 1 cycle

Extension: Extension temperature ; Denaturant.: Denaturation temperature ; Anneal.: Annealing temperature.
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3.10.2. Prepration of solution

A- Ethidium Bromide Staining Solution

Ethidium bromide 10um of 10 mg/ml concentration in TBE buffer 100 ml 0.5x.
The solution stored in a dark bottle at room temperature (Robinson and Lafleche,
2000).
B- Ammonium Persulfate (10%) APC

Twenty milligrams of ammonium persulfate were dissolved in 200 ul distilled
water.
C- Tris Borate EDTA (TBE) buffer

About 500 ml of TBE (1X) prepared by adding 50 ml of TBE (10X) stock
solution to a final volume of 500 ml of d H,O.
E- SSCP gel loading buffer

The gel loading buffer composed of (0.25% Bromophenol blue, 0.25% Xylene
cyanol, 95% Formamide and 10 mM Sodium hydroxide) was used to load PCR
product during single strand conformation polymorphism DNA electrophoresis.

3.10.3. Agarose Gel Electrophoresis

Electrophoresis through agarose is the standard method used to
separate, identify, and purify DNA fragments. The technique is simple,
rapid to perform, and capable of resolving fragments of DNA that cannot be
separated adequately by other procedures. Furthermore, the location of
DNA within the gel can be determined directly by staining with low
concentrations of the fluorescent intercalating dye ethidium bromide; bands
containing as little as 1-10 mg of DNA can have detected by direct
examination of the gel in ultraviolet light. If necessary, these DNA bands
can be recovered from the gel and used for various cloning purposes (Sam
Brook and Russell, 2001).

This method, whereby charged molecules in solution, chiefly proteins
and nucleic acids, migrate in response to an electric field, is allied

electrophoresis. Their rate of migration, or mobility, through an electric
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field depends on the strength of the field, the net charge, size, and shape of
the molecules, and the ionic strength, viscosity, and temperature of the
medium the molecules are moving. The DNA movement in the gel depends
on its molecular weight , conformation, and concentration of the agarose,
the voltage applied, and strength of the electrophoresis buffer, and the

following procedure was used (Harisha, 2007).

3.10.3.1. Gel Electrophoresis Protocol
1- The gel—casting tray places in the plastic tray, checked that the comb's teeth are

approximately 0.5 cm above the gel bottom.

2- The gel 0.8% was prepared by dissolving 0.8 gm of agarose respictivelly in 40 ml
of 0.5x TBE for DNA extraction. For PCR product (1.6%) was prepared by
dissolving 1.6 gm of agarose in 80 ml of 0.5X TBE buffer and heated by a

microwave oven for 2 minutes and this is horizontal gel electrophoresis

3-The agarose solution was cooled to approximately 55°C and added 10um of

ethidium bromide to the gel and mixed by swirling.

4- The gel then was poured to the gel try and let to polymerize for 30 minutes

5-- The polymerized gel then was transferred to the electrophoresis devise and
submerged with 0.5 TBE running buffer.

6- Five microliters of PCR product were mixed with 2ul of loading dye and
carefully loaded by mechanical pipet to the gel wells.

7- The electrophoresis was carried out by setting the device 100 volts for 60
minutes.

8- The gel then was imaged and the image was analyzed to determine the extracted
DNA and PCR product molecular weight.
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3.10.4. Amplification Refractory Mutation System (ARMS) for adiponectin

gene

Amplification refractory mutation system (ARMS) PCR: Allele-specific
amplification (AS-PCR) or ARMS-PCR is a general technique for the detection of
any point mutation or small deletion (Newton and Graham, 1989). The genotype
(normal, heterozygous and homozygous states) of a sample could be determined
using two complementary reactions: one containing a specific primer for the
amplification of normal DNA sequence at a given locus and the other one
containing a mutant specific primer for amplification of mutant DNA. The

composition of this reaction explained in table (3-7).

Table (3-7): Component of PCR-ARMS reaction for rs266729 genotyping .

Component Volume (ul) Concentration

PCR master mix 8 2.5X

F outer primer 1

R outer primer 1

C allele primer 1 DNA 10 pmol/ pl for
G_allele_primer 1 each

Template DNA 2 50 ng

Free water 5.5

Mgcl2 0.5 25 mM

Final volume (dH,O) |20

3.10.5. Single-Strand Conformation Polymorphism (SSCP)-Principle

The accurate analysis of genetic variation has major implications in many areas of
biomedical research, including the identification of infectious agents, the diagnosis
of infections, and the detection of unknown or known disease-causing mutations.
Mutation scanning methods, including PCR-coupled single-strand conformation
polymorphism (SSCP), have significant advantages over many other nucleic acid
techniques for the accurate analysis of allelic and mutational sequence variation.
The SSCP protocol can readily detect point mutations for amplicon sizes of up to
450-500 bp, and usually takes 1 days to carry out. This user-friendly, low-cost,

potentially high-throughput platform has demonstrated the utility to study a wide
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range of pathogens and diseases, and has the potential to be applied to any gene of

any organism (Gasser et al ., 2006)

3.10 .5. A. Procedure of SSCP

1-The glass plates were cleaned thoroughly with warm tap water, and then rinsed
with tap water, deionized water, and finally ethanol. They were dried either by

wiping or by air.

2- The long plate was put down first on a clean surface, and then the left and right
spacers were placed along the sides of the long plate. The short plate was put on top

of the spacers so that it was even with the bottom edge of the long plate.

3-The single screw of each sandwich clamp was loosened, and each clamp was
placed by the appropriate side of the gel sandwich with the locating arrows facing

up and toward the glass sandwich.

4-The gel sandwich was held firmly and fit it into the left and right clamps. The
screws were tightened enough to hold the plates in place. It was checked whether
the plates and spacers were even at the bottom. If this was not the case, the plates
and spacers were realigned to obtain a good seal. Failure to do so could have

resulted in a gel leakage when casting, as well as buffer leakage during the run.

5-The gray sponge was placed onto the front casting slot. The sandwich assembly
was placed on the sponge with the short glass plate facing forward. The sandwich
was pressed down, and the handles of the camshaft were held down as well to lock
the sandwich in place.

6-The gel solution was poured into the sandwich.

7-A comb was inserted into the top of the sandwich to form the sample wells and
was left to polymerize at room temperature for at least 1 h

8-After polymerization, the comb was removed by pulling it straight up slowly and

gently. The gel sandwich was released from the casting stand and attached to the
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zcore with the short glass plate facing the core. The core was turned to its other side

and the second gel sandwich was attached.

9-The upper and lower chambers were filled with 0.6 X TBE buffer and the wells

were rinsed out thoroughly with running buffer using a syringe and needle.

10-The core and the attached gel sandwiches were placed into the electrophoresis
tank; allowing the core to lock in place. The lid was put on and the system was
connected to an external water chiller. The temperature was set and pre-run for 20

min to reach the desired temperature.(Menounos & Patrinos, 2010)

3.10. 5. B. Sample Preparation

1-2x SSCP Gel Loading dye was prepared of 95% Formamide, 20 um EDTA pH8.0
, 0.05 bromophenol blue.

2- SSCP Gel was prepared

In SSCP, a non-denaturing polyacrylamide gel is used to separate single stranded
DNA. Altered conformation due to a mutation in the sequence can cause the mutant
single-stranded DNA to migrate differently than control this migration can be seen
as a band shift between the mutant and control DNA and samples as follow:

1. 2.5 ul of PCR product was added with 2.5 ul of 2X SSCP gel loading dye
to a microfuge tube DNA. Genty mixed.

2. The tubes were placed into a 95°C water bath for 7-10 min and then on

ice for about 5 min (denaturation step).

3. Load 5 pl of the samples and control into wells of an 15% acrylamide/bis gel
(29:3:0.7), and 5X TBE buffer.as shown in table (3-6).
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Table (3.8): Gel electrophoresis compenant of SSCP.

Subject Volume
30% acrylamide/bis (29:1) 5 mi
5X TBE 1 ml
TEMED 10 pl
10% ammonium persulfate 200 pl
dH,O 4 mi

3.10. 5. C. Electrophoresis

1-When the running buffer had reached the desired temperature, the pre-run was
stopped, the wells were rinsed with running buffer again, and 10 pL of the samples
was loaded into the wells using “long” tips.

2-The gel was run at a constant power of 100 v for 6-12 h at 5-15¢C.

3-After the electrophoresis were completed, the power supply and water chiller
system off were turned off, the electrodes were disconnected, and the core out of the
electrophoresis tank was pulled out carefully.

3.10.5. D. Silver Staining

1- The core and gel sandwich were laid on a padded surface to absorb buffer spills.
The gel sandwich was removed from the core. The gel was removed carefully from
the plates, and it was rinsed briefly in deionized water.

2- The gel was immersed in a tray containing solution 1 (45 ml deionized water, 5ml
ethanol, 0.1 gram silver nitrate and 250 pl acetic acid) and the tray was placed on
top of a shaker to be mixed for at least 30 min.

3- Solution 1 was poured off and the gel was briefly rinsed with deionized water.

4- Solution 2 was put in a water bath at 55 C. As soon as solution 1 was removed,
solution 2 (1.5 g NaOH, 75 pL formaldehyde, 50 ml deionized water) was added for

20 min.
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5- When the bands were clearly visible, the second solution was thrown and the
third solution (5 ml ethanol, 45 ml deionized water and 250 pl acetic acid) was
added for 5 min.

6- The gel was placed on top of the LED light, then the bands were read and the

results on the gel were recorded and a photo was taken afterwards.

3.10.6. DNA Sequencing of PCR amplicons

The resolved PCR amplicons were commercially sequenced from both forward
and reverse termini according to instruction manuals of the sequencing company
(Macrogen Inc. Geumchen, Seoul, South Korea). Only clear chromatographs
obtained from ABI sequence files were further analyzed, ensuring that the
annotation and variations are not because of PCR or sequencing artifacts. By
comparing the observed DNA sequences of the investigated samples with the
retrieved neighboring DNA sequences of the NCBI Blastn engine, the virtual

positions and other details of the retrieved PCR fragments were identified.
3.10.6.1. Interpretation of sequencing data

The sequencing results of the PCR products of different samples were edited,
aligned, and analyzed as long as with the respective sequences in the reference
database using BioEdit Sequence Alignment Editor Software WVersion 7.1
(DNASTAR, Madison, WI, USA). The observed variations in each sequenced
sample were numbered in PCR amplicons as well as in its corresponding position
within the referring genome. The highlighted SNPs were visualized to the dbSNP
database to check their originality. Each particular SNP was positioned according to

its place in the reference genome.
3.10.6.2. Checking the novelty of SNPs

The determination of the previous deposition of the observed SNP was performed
by viewing its corresponding doSNP position. Then, the doSNP position for the
detected SNP was documented. The observed SNPs were submitted to the dbSNP
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database to check their novelty. Each particular SNP position was checked in its
corresponding reference genome to assess whether it was previously deposited in
the dbSNP server.

3.10.6.3. Gene Accession number

Genes studies are accessible to gene bank as the following:

e Leptin (LEP gene):sequence 1 (MZ544161) and end in sequence 24
(MZ544184).

e Resistin (RETN gene): sequence 1 (MZ604892), and end in sequence 6
(MZ604897).

o SF3Blgene: sequence 1 (MZ488300) to sequence 25 (MZ6048324).

3.10.7. Real-Time PCR

Real-Time PCR were investigated and analysis in the laboratory of College of
Science/ Unversity of Babylon according to Livak and Schmittgen, (2001).
3.10.7.1. Real-Time PCR Primer

The primers used in the study are shown in table (3-9).

Table (3-9): Primers used for gene expression.

Product

Primer sequence for gene expression ('S-'3) size bp Tm Ref.

House - F:5-TCGCTCAGACACCATGGGGAAG-3’ 60.5

keeping R:5-GCCTTGACGGTGCCATGGAATTTG- 198 56.4

gene 3 Komeno et

(hagpdhr) al., 2015)
F: 5-CTACAGCCGCTCGAAGTCTC-3’ 62.5

HSEXxgene | p. 5 TTGGATTCCCTCTTGGACAC-3' 174 | 58.4

3.10.7.2. Total RNA Extraction (GENEzol™ TriRNA pure kit/Korea)

1. Sample Homogenization and Lysis Sample preparation: Samples was

performed at room temperature.

1. Liquid sample 200ul was transferred up to a 1.5 ml of microcentrifuge tube
(RNase-free).
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2.3 volumes of GENEzol™ Reagent was added per 1 volume of sample (3:1) then

mixed well by vortex.
3.The sample mixture was incubated for 5 minutes at room temperature.
2. RNA Binding

1. The sample was centrifuged at 12-16,000 x g for 1 minute to remove cell debris
then the clear supernatant was transfered to a new 1.5 ml microcentrifuge tube
(RNase-free).

2. Amount 1 volume of absolute ethanol was added directly to 1 volume of sample
mixture (1:1) in GENEzol™ Reagent.

3. Then mixed well by vortex then RB Column was placed in a 2 ml Collection
Tube.

4. A mount 700 pl of the sample mixture was transferred to the RB Column.
Centrifuge at 14-16,000 x g for 1 minute then discard the flow-through.

5. The RNA Binding Step was repeated by transferring the remaining sample

mixture to the RB Column.

6. The mixture was centrifuged at 14-16,000 x g for 1 minute then discarded the

flow-through. The RB Column was placedin a new 2 ml Collection Tube.
3. RNA Wash

1. A mount 400 ul of Pre-Wash Buffer (make sure ethanol was added) was added
to the RB Column then centrifuge at 14-16,000 x g for 30 seconds.

2. The flow-through was discarded then the RB Column was placed back in the 2

ml Collection Tube.

3. A mount 600 ul of Wash Buffer (make sure ethanol was added) was added to the

RB Column.
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4. Centrifuge at 14-16,000 x g for 30 seconds then the flow-through was discarded

. The RB Column was placed back in the 2 ml Collection Tube.

5. A mount 600 pul of Wash Buffer (make sure ethanol was added)was added to the
RB Column.

6. Centrifuge at 14-16,000 x g for 30 seconds then the flow-through was

discarded.

7. The RB Column was placed back in the 2 ml Collection Tube. NOTE: For blood
samples only, wash the RB Column again with 600 pul of Wash Buffer.

8. Centrifuge at 14-16,000 x g for 3 minutes to dry the column matrix.
4. RNA Elution

1. The dry RB Column was placed in a clean 1.5 ml microcentrifuge tube (RNase-

free).

2. About 25-50 pul of RNase-free Water was added into the CENTER of the

column matrix.

3. Let stand for at least 3 minutes to ensure the RNase-free Water is completely

absorbed by the matrix.

4. Centrifuge at 14-16,000 x g for 1 minute to elute the purified RNA

3.10.7.3. Quantitative real time PCR assay (QRT-PCR) reaction

The amplification of mRNA fragments was performed with the reaction
components of cDNA synthesis as in Table (3-9) and the condition of cDNA
synthesis as in Table (3-10). Several experiments were done for more appropriate
synthesis of cDNA, the qRT—PCR list program in Table (3-11) and the reaction mix
of qRT-PCR in Table (3-12) according to (Bioneer lypholyzed kit /Korea).
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Analysis is a new, post-PCR analysis method used for identifying genetic variation
In nucleic acid sequences. Simple and fast, this method is based on PCR melting (
dissociation) curve techniques and is enabled by the recent availability of improved
double-stranded DNA (dsDNA)-binding dyes along with next-generation real-time

PCR instrumentation and analysis software.

Table (3-10): Reaction volume and components of cDNA synthesis (Kit
Bionear lypholyzed/ Korea)

Component Volume (ul) Concentration
RNA 1 100 mg/ mi
Oligo dT 20 1 50 PM
Nuclease free(18 |-

water

Total volume 20 |-

Table (3-11): Thermocycling condition of reaction cDNA synthesis

Step Temperature (C°) | Time (min)
Primer annealing (oligo | 37 10

dT20)

cDNA synthesis 60 45

Heat inactivation 95 5
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Table (3-12): Quantitative RT-PCR reaction mix

Component Volume (pul) Concentration
gPCR master mix 8 25X

MgCl, 0.5 25 mM
Forward primer 0.5 10 PM
Reverse primer 0.5 10 PM

cDNA 2 Variable
Nuclease free water (85 | --—---

Total volume 20 |-

Table (3-13): Thermocycler program for quantitative RT-PCR reaction mix

Steps Temperature Time | Cycles
(C°)

Hot start activation 95 5min |1

gPCR Steps

Denaturation 95 10S |40

Annealing and elongation: | 60 30S |40

Aquirring on green chanel

Milt step

65 — 98 on green chanel 0.5 for each step 1

3.10.7.4. Data Analysis of gRT-PCR
The data of qRT-PCR for target and housekeeping gene were analyzed by the

relative quantification gene expression levels (fold change) depending on the
method that described by (Livak and Schmittgen, 2001) which consist AACT using
a reference gene. The relative quantities obtained from gRT-PCR experiment must
be normalized in such a way that the data become biologically meaningful. In this
method, one of the experimental samples is the calibrator such as (control samples)
each of the normalized target values (CT values). The ACT of control and target

gene are calculated as in the following equation:
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ACT target gene = Ct target gene ~ Ct reference gene/target

ACT control = Ct control ~ Ct reference gene/control

AACT was calculated after the calculation of ACT of target gene and control as in

the following equation:
AACT = ACt target gene ~ ACt control

Then “AACT was calculated as fold change in expression.

3.11. Statistical Analysis
Statistical analyses were performed using the statistical package for the social
science  (SPSS) program and Sequence Manipulation Suite online software

(http://www.bioinformatics.org/sms2/rest digest.html). Continuous variables were

presented as means and standard deviation. Independent sample T-test was used to
compare means between two groups. When P values were less than or equal to 0.05
considered as statistical significance, while P values were more than 0.05

considered  as statistical  non-significance  (Dowdy et al.,2011).
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4. Results and Discussion

4.1. Demographic study
4.1.1. Age and gender of the samples

Samples were studies (75) samples they were 29 males and 21 females in the
patient group, while in control group they were 16 male and 9 females. The present
study results showed that the males' percentage value of myelodysplastic syndrome
was more than the females' percentage value (58% and 42%, respectively). Also, the
ages of the samples in this study arrange from 20-85 years old in men and women
(Table 4-1) and (Fig.4-1). The age and gender of patients and control groups (Fig. 4-
2, 4-3 respectively) .

Table (4-1): Age and sex of myelodysplastic syndrome patients and control groups.

Population Sample size Age = SD Gender No. %
57.55 + 20.35 male 29 58

Patient 50 65.3+14.7

female 21
42
57.44 +5.85 male 16 64
Control 25

55.56 + 2.79 female 9 36
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® male
| female
M male

| female

Figure (4-1): Percentage of male and female of myelodysplastic syndrome

patients and control groups.
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Figure (4-2): Comparison of age between patients of myelodysplastic syndrom

and control groups (mean + SD).

Aging consider the most important risk factors for the development of MDS.
Owing to errors in DNA replication and spontaneous mutations from normal
metabolic by products (eg, conversion of cytosine to thymidine by oxidative
deamination from reactive oxygen species), coding mutations accumulation in
hematopoietic stem cells at a mean £ SD of 0.13+0.02 and exonic mutations per
year of life (Xie et al., 2014).
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Approximately 10% of individual older than 70 years have clonal mutations in
genes associated with myeloid neoplasia, such as DNMT3A, TET2 and SF3B1 genes
and these persons have a 0.5% to 1% chance per year of acquiring additional
mutations that lead to progression to MDS or another hematological neoplasm
(Jaiswl et al., 2014). Incidence of MDS rises with age, with the majority of cases
diagnosed after age 60 years (Ma et al., 2007) (Fig.4-2). The MDS disease more
frequently diagnosed in men with the exception of MDS with 5g- syndrome, which

is slightly more frequent in women (Climent, 2000).

The present study was inconsisted with the study of Wang et al. (2019), showed
that the median age of the qualified MDS patients at diagnosis was 76 years
(interquartile range, 66-83 years). Female patients were not significantly older than
male patients at the time of diagnosis (median 77 years vs. 75 years, respectively).
The numbers of male and female patients increased gradually with age. Patients
aged >80 years had the highest prevalence of MDS compared with those in the <60
years, 60-69 years, and 70-79 years age groups. general annual cases of MDS
increased dramatically with advancing ages. Among them, men were shown to have

higher annual cases of MDS compared with women (Wang et al., 2019).

Mreno Berggren et al.,(2018), found that not only a significant effect of gender
on the incident rate of MDS patients but also variation of survival between genders
among subgroups by age at diagnosis, race, marital status at diagnosis and MDS
subtypes. Male patients had significantly shorter survival compared with that of
females, which has been validated by Asian and European MDS cohorts. The higher
mortality rates of male patients with MDS might be explained by the increased
presence of comorbidities upon diagnosis (Zipperer et al .,2014). In addition to the
factors described above, other possible explanations of the shorter survival of male
MDS patients might include the association with molecular abnormities such as
faster methylene aging and shorter telomeres (Hannum et al.,2013), both of which

often correlate with shorter survival (Barrett and Richardson, 2011). Less benefit
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from treatment might be another reason for short survival of male patients. Male
MDS patients expressed higher level of cytidine deaminase (CDA) than that of
females (DeZern et al.,2017), whereas CDA could rapidly inactivate the activities of
decitabine (DAC) and azacitidine (AZA), two 5-methylated cytidine analogs
commonly used for the treatment of MDS patients (Mahfouz et al.,2013). These
male-specific responses might affect the outcome of DAC or AZA therapeutics and
cause increased mortality. Also found that the increased risk of mortality of male
patients was associated with RA, RCMD, MDS 5g-, MDS/MPN and MDS-NQOS,
but not other subtypes, indicating that survival varied as a function of gender across
the MDS histological subtypes (Greenberg et al., 2012).

4.1.2. Relationship of body mass index with myelodysplastic syndrome

The results of body mass index showed a significant decrease (p<0.05), in patients

with MDS when compared with control group (Figure 4-3).

30.0000

P <0.05
25.0000 242440

20.1960
20.0000 I ——

15.0000 —————

i BMI
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Patient Control

Figure (4-3): Mean =SD comparison between BMI in MDS patients and control group.

79



Chapter four Results and Discussion

The body mass index (BMI) is the metric currently in use for defining
anthropometric weight/height characteristics in adults. It also is widely used as a
risk factor for the development of or the prevalence of several health issues. In
addition, it is widely used in determining public health policies. The BMI has been
useful in population based studies by virtue of its wide acceptance in defining
specific categories of body mass as a health issue. However, it is increasingly clear
that BMI is a rather poor indicator of percent of body fat (Nuttall, 2015)

While the effect of a patient being overweight or obese on cancer prevalence
appears to be clear, the impact of excess body fat on patient survival at the time of
cancer diagnosis is less well-defined. Kraakman et al., (2018). demonstrate that in a
mouse model of myelodysplastic syndrome (MDS) obesity improves survival in the
absence of treatment, and propose some biological explanations to this survival
advantage. A link has recently been established between saturated fatty acids that
accumulate in the serum of obese people - the fatty acid binding protein FABP4 to
which they bind, which is highly expressed in leukemic cells - and a cellular
pathway that leads to DNA hypermethylation and fuels AML cell growth,

suggesting innovative therapeutic strategies in this disease (Yan et al., 2018).

As acknowledged by Kraakman et al., (2018), a limitation of their study is the use
of Ob/Ob mice in which the Lep gene is disrupted. Leptin levels are elevated in
overweight individuals in which this pro-inflammatory adipokine was shown to
affect the behavior of tumor cells and their microenvironment. A proliferative and
anti-apoptotic effect of leptin has also been depicted on AML blast cells (Konopleva
e al.,1999). Therefore, the absence of leptin in the tested model may alter the natural
history of the disease in an overweight setting, which demands validation in another
model of obesity in which leptin secretion is maintained. The demonstration that
improved survival in MDS animals is related to the absence of leptin would foster
the therapeutic development of leptin antagonists, including leptin analogs and

antibodies targeting leptin or its transmembrane receptor (Ray and Cleary, 2017).
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The study of Poynter et al., (2016) observed significant associations between

obesity and MDS only among women.

The biological mechanism linking obesity to hematologic malignancy has not been
established to date. Several potential mechanisms have been proposed (Karmali et
al.,2015), including alterations in the metabolism of endogenous hormones such as
sex steroids, insulin, insulinlike growth factors, leptin, adiponectin, and fetuin-A
(Damlaga et al., 2013). Insulin-like growth factor-1 (IGF-1) appears to be
particularly relevant as it is known to increase in response to obesity-related insulin
resistance (Bianchini et al.,2002), and exhibits mitogenic activity in both myeloid
and lymphoid leukemia cell lines. Leptin levels, which are also increased in obese
individuals , have been shown to influence proliferation and differentiation of
hematopoietic cells and myeloid leukemia cell lines. It is likely that multiple
obesity-related alterations in metabolism are responsible for the association,
possibly in the context of changes in the bone marrow microenvironment (Poynter
et al.,2016). The number of adipocytes in the bone marrow increases with age
(Rosen et al.,2009), and these cells have been shown to negatively regulate

hematopoiesis (Naveiras et al.,2009).

Two previous studies and one case control study have reported on overweight and
obesity in MDS (Damlaga et al.,2008; Ma et al.,2009; Murphy et al.,2013). The
million women study evaluated risk associated with a 10 kg/m2 increase in BMI so
the risk estimates are not directly comparable to ours; however, the results do

support a significant increase in risk of MDS in obese women (Murphy et al.,2013).
4.2. Hematological Study

The results showed significant differences in myolodysplastic syndrome
according to hematological parameters. Table (4-4), displays a significant decrease
(p<0.05), of white blood cells, neutrophils, Eosinophils, lymphocytes, monocytes,

red blood cells, hemoglobin, hematocrit, and platelet count when compared with
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control group. Additional there were no significant differences between basophils,
mean corpuscular volume, mean corpuscular hemoglobin, and mean corpuscular

hemoglobin concentration.

Table (4-2): Mean + SD of hematological parameters in patient of myelodysplastic syndrome

and control groups.

Control group MDS group
Parameters (No.25) (No.50) P-value
Mean £SD Mean £=SD
WBCs 10°3/pL 7.6856 +2.08543 3.5356+1.66254 *0.000
Neutrophil% 63.32004.06171 42,8406 +7.49092 *0.000
Eosinophil% 1.4920+0.79211 0.4832+0.35504 *0.000
Basophil % 0.3772+0.25527 0.3358+0.36455 0.613
Lymphocyte% 33.32006.56836 19.0166-8.26153 *0,000
Monocyte % 4.9680 +1.65497 1.3414+0.72036 *0.000
RBCs 1076/pL 4.6544 +0.30293 2.9818+0.72036 *0.000
HCT % 40.5040+3.42789 26.3760+5.15809 *0,000
HGB gm/d 13.0560 +1.56340 8.5458+1.72649 *0,000
MCVFI 90.3200-+3.72424 92.0890-+5.83894 0.114
MCH pg 29.7120+1.56053 30.9980+3.52533 *0.032
MCHC g/d 34.3960-+0.94228 34.0140+1.94055 0.255
PLT 1073/uL 247.2000+63.81092 | 116.9880-+36.71388 *0,000

* is significant at P< 0.05

SD Standard deviation.

The myelodysplastic syndrome are group of heterogeneous group of clonal bone
marrow disorders characterized by ineffective hematopoiesis and peripheral blood
cytopenias. Genomic instability of the MDS clone often leads to disease
progression, which results in overt leukemia in 0-32% of patients depending on
MDS subtype (Germing et al.,2006). Eighty percent of patients have a hemoglobin
level of less than 10 g/dl at diagnosis, and most of these will become transfusion
dependent (Sanz et al.,1989).
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Anemia (typically macrocytic) is the most common peripheral blood abnormality,
occurring approximately 80% to 85% of patients. Thrombocytopenia occurs in 30 to
54% of MDS cases, with approximately 40% of patients found to have neutropenia
at diagnosis (Foran and Shammo, 2012). In the study relating to clinical outcomes in
MDS, 57% of patients had a hemoglobin level of <10.0 g/dl (27% with severe
anemia), 38% of patients had an absolute neutrophil count of <1.500 cells/pl (6%
with severe neutropenia), and 37% patients had a platelets count of <100.000/ul (5%
with severe thrombocytopenia) (Steesma and Bennett, 2006). These finding is
agreed with the results of the present study that mentioned decreased level of
hemoglobin, neutrophils and platelets count. The results of the present study agreed
with results of Raess e al.,(2014) which indicated that patients with MDS have
significantly decreased hemoglobin and hematocrit, WBC count, platelets count.
MCV, MCH, and MCHC are significantly elevated in patients with MDS. Patients
with MDS also showed decreased in the percentage of neutrophils and concordant

increased in the percentage of lymphocytes.

Figure (4-5), showed the cells that found in the bone marrow smear from MDS
patients of the present study. Bone marrow aspiration/biopsy examinations a few
weeks or months, or even years apart in order to firmly establish the diagnosis and
to identify cases with rapid disease progression. Dysplastic changes are the most
important diagnostic features of myelodysplastic syndrome. A marrow cell lineage
is considered picture of MDS if >10% of cells are affected. The cell counting of
bone marrow and blood smear should include at least 200 cells in blood smear, 500
cells in bone marrow and 25 megakaryocytes and at least 100 erythroblasts should
be evaluated. An optimal staining of blood and marrow slides prepared from freshly
drawn aspirates is important for evaluation of dysplasia (Abdul Hamid and
Shukry.,2008).
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Figure (4-4): Bone marrow smear, A: dysplastic neutrophil, B: mylocyte, C:
dysplastic megakaryocyte, D: microerthroblast and E: hypersegmented
neutrophil, (Magnification power 400).

4.3.Biochemical Study
4.3.1. Hormone parameters

The results of the present study showed significant differences in some hormones
level between the myelodysplastic syndrome patients and control group as shown in

table (4-3). Adiponectin and Resistin were a significantly increased (p<0.05), in
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patients of myelodysplastic syndrome compared with control group. While there

was no significant differences in leptin hormone between patient and control groups.

Table (4-3): Mean £ SD of hormones between control and MDS patient groups.

Groups
Control group MDS group
Hormones (No.25) (No.50) P-value
(ng/ml) Mean +SD Mean =SD
Adiponectin 7.1300£ 1.29408 31.3014+9.21683 *0.000
Leptin 4.6724 +1.73042 3.9872 +2.27170 0.152
Resistin 138.1240+40.18569 409.5752+ 91.03437 *0.000

* is significant at P <0.05.
SD Standard deviation.

Adipocytes secrete active biological molecules, mainly including leptin, resistin
and adiponectin (Ouchi et al., 2011). The adipose tissue is no longer considered an
inert tissue predominantly devoted to energy storage but is emerging as an active
endocrine organ secreting several hormones which regulate physiological and
pathological processes, such as appetite, insulin sensitivity and resistance, endocrine
function, inflammation, hematopoiesis, immunity and angiogenesis (Matarese et
al.,2005).

The present study agreed with the study of Dalamaga et al.,(2007), found higher
serum adiponectin level with lower risk of MDS before and after controlling for
age, gender, BMI, and serum levels of leptin. These findings are in accordance with
a hypothesis generated by previous reports showed that adiponectin is an adipocyte-
secreting hormone that induces apoptosis and inhibits proliferation of myeloid cell
lineage (Yokota et al., 2000), Also, agreed with similar study responding to
adiponectin levels in patients with myeloblastic leukemia (Petridou et al.,2006).
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Adiponectin which is specifically expressed in human white adipose tissue
adipocytes and is inversely released to the degree of adiposity, may suppress
proliferation of myelomonocytic progenitors through the induction of apoptosis
which is mediated mainly by downregulation of Bcl-2 expression and activation of
the caspase group apoptotic enzymes. Exogenously, administration adiponectin
suppress the growth of myelomoncytic leukemia cells. Also, adiponectin induce
growth inhibition of macrophage precursors and suppression of phagocytosis
induced by specific inhibition of TNF-a transcription (Tilija Pun et al.,2015).
Subsequently, reduced adiponectin levels observed in MDS could be responsible for

the TNF-a overproduction in the bone marrow.

Previous studies have demonstrated IL-6 and TNF-a overexpression in progenitor
cells in the bone marrow of patients with MDS. Elevated production of TNF-a
appears to contributes to an excessive intramedullary progenitor cell apoptosis and
to enhanced bone marrow angiogenesis which are considered as main cofactors of
inefficient hematopoiesis in MDS and progression to AML (Flores-Figueroa et
al.,2002 ; Stiffer et al.,2005). The pathogensis of early MDS is characterized by
intrinsic apoptosis explaining the clinical findings of peripheral cytopenia in spite of
hypercellular bone marrow (Bennett et al.,2005). In addition, the anti-inflammatory
activities of adiponectin extend to inhibition of IL-6 production in part through
nuclear factor-,B inhibition (Chan et al.,2005 ; Wulster-Radeliffe et al.,2004).

The present study found that mean leptin levels were essentially similar in MDS
patients and controls in agreement the study of Dalamaga et al., (2007). A another
study examining much fewer patients (60) patients and controls with MDS and
AML) (Konopleva et al.,1999) , with possibly a relatively lower risk observed only
in the third quartile in patients with leptin levels in the normal range.

Importantly, low leptin concentrations were observed in low-risk MDS patients
with normal or good prognostic karyotype after adjusting for age, gender and BMI.
The study have indicated that leptin stimulates leukemic cell proliferation in vitro.
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Leptin receptor (OB-R, mainly the short isoform), which shows homologies to
cytokine and hematopoietic growth factor receptors, is expressed in normal CD34+
progenitor cells in the majority of AML as well as in secondary AML and MDS
(Dalamaga et al.,2007) . Thus, leptin, produced by bone marrow adipocytes and
stromal cells, and its receptor OB-R may function as a growth factor/receptor-ligand
system in hematopoietic stem and/or progenitor cells in a paracrine fashion.
Furthermore, leptin upregulates phagocytic function and cytokine secretion, such as
TNF- (early), IL-6 (late) and IL-12 in monocytes/macrophages (Matarese et
al.,2005)

Studies have demonstrated that in humans, in vivo leptin plays mainly a
permissive role in regulating endocrine and immune functions. Thus, in humans, all
these activities of leptin are restricted mainly to leptin-sensitive subjects, i.e. those
who have leptin levels lower than 10-15 ng/ml, whereas in leptin-sufficient normal
subjects, leptin has no effect on their normal neuroendocrine and immune function.
Moreover, hyperleptinemic obese subjects are resistant to the biological functions of
leptin and in this respect, bone marrow cells of subjects with very high circulating
leptin levels due to leptin resistance could respond to circulating leptin in a manner
similar to a leptin deficient state (Brennan and Mantzoros, 2006; Papathanassoglou
et al.,2006).

Fantuzzi and Faggioni, (2000), found reduction in serum leptin level in acute
leukemia patients. They suggests that the cause rather seem to be multifactorial and
related to the severe illness, altered energy balance, and disease complications.
Bruserud et al., (2002) found that although increased serum leptin and OB-R
expression levels were found in many cancer types with related obesity, there are
also reports stating the decrease in serum leptin levels in lymphoid and myeloid
malignancies.

The present study disagreed with the study of Aref et al., (2013), serum leptin
levels were significantly lower in AML as compared to normal controls (P = 0.00).
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Wallace et al.,(1998), explained the reduction in leptin concentrations in AML
patients, although they had normal fat tissue as a defense mechanism from the body
in order to keep appetite up to gain weight and to avoid weight loss. This may be
due to disregulation in the feedback mechanisms developing in patients with
hematologic malignancy. Tabe et al.,(2004) suggested that leptin has been shown to
stimulate the proliferation of AML cells and to also have an anti-apoptotic effect. It
increases the number of progenitor cells and spontaneous AML blast proliferation as
well as AML blast release of IL-1beta, IL-6, tumor necrosis factor -alpha, and
granulocyte-macrophage colony stimulating factor.

The result of resistin showed significantly increased in MDS patients when
compared with control group. Resistin was initially discovered as hormone related
to insulin resistance, but study in mice and humans have revealed conflicting data
indicating that the physiological role of resistin may mainly be related to

inflammation (Lee et al.,2003).

The present study disagree with study of Dalamaga et al.,(2008), that showed
MDS patients have lower level of resistin, probably due to a compensatory response
to the upregulation of other inflammatory factors a etiologically linked to
myelodysplasia. Moreover, studies in humans have failed to detect higher serum
resistin levels in obese or insulin resistant subjects (Lee et al.,2003). Resistin is seen
mainly as an inflammatory factor which is associated with TNF-a and IL-6, and may

upregulate several adhesion molecules and cytokines (Stappan et al.,2001).

The present study agreed with the study of Pamuk et al .(2006), showed higher
level of resistin in patients with lymphoma and this finding suggest that resistin may
be associated with disease pathogenesis, immune change and the inflammatory
response during the course of disease. Also, resistin increased in multiple myloma
patient who used corticosteroids more intensively and more frequently than other
point to a role of steroid. Steroid intake affects resistin level (Banerjee and Lazar,
2003).
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4.3.2. Level of ferritin
There was a significant increasing (p<0.05), of serum ferritin in myelodysplastic

syndrome patients and control group (Figure 4-5).
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Table (4-5): Mean +SD comparison of serum ferritin (ng/ml) between control and MDS

patient groups.

The majority of patients with MDS (approximately 80%) are anemic, and a large
percentage of them will require red blood cell (RBC) transfusional support during
their disease course (Shenoy et al.,2014 ; Temraz et al.,2014). As a result of
ineffective erythropoiesis and continued transfusion dependence, MDS patients are
prone to excessive iron accumulation and, ultimately, iron overload (Shah et al.,
2012; Shenoy et al., 2014). Iron overload (10) in MDS patients may cause organ
deposition of excess iron, resulting in endocrinopathies, liver, and cardiac
dysfunction. Accordingly, retrospective and observational studies have suggested
patients with MDS and 10 have a markedly increased risk of death compared with
MDS patients without 10 (Shah et al., 2012 ; Adams and Bird, 2013; Mitchell et al.,
2013; Steensma and Gattermann, 2013; Wood, 2015). The present study agreed with
many studies that indicated iron overload in MDS patients may also be a risk factor
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leading to poor outcomes following allogeneic stem cell transplant (Wermke et al.,
2012 ; Jacobi and Herich, 2016; Pilleggi et al.,2017). Also, there have been
conflicting data regarding the role of oxidative stress related to iron over-load in the
pathogenesis and progression of MDS,(Goldberg et al.,2010), as well as its impact
on survival. Recently, a murine model of MDS suggested an increased mutation
frequency related to the oxidative stress and mitochondrial iron trapping (Chung et
al.,2014). Even minimal elevations in serum ferritin are associated with decreased
erythroid burst-forming units (Hartmann et al.,2013). In addition, apoptotic protease
activating factor-1 (APAF1), a key factor in erythroid apoptosis, was found to be
elevated in association with iron overload among 35 patients with MDS (Gu et
al.,2014).

The findings suggest that in MDS patients, serum hepcidin levels are
inappropriately low, and the degree of hepcidin response is blunted relative to
normal. Specifically, in previous study, the authors hypothesize that tissue hypoxia,
resulting from ineffective erythropoiesis, triggers increased erythropoietin
production, which then results in low hepcidin; the inappropriately low hepcidin
then causes an increase in iron absorption and release from storage, causing
saturation of transferrin and resulting in 10 (Cui et al., 2014). Disruptions in
hepcidin levels can have a dramatic impact on iron homeostasis. Ineffective
erythropoiesis, a hallmark of MDS, causes a massive expansion of bone marrow

erythroblasts due to decreased production of mature RBCs (Sebastiani et al., 2016).
4.3.3. Level of reactive oxygen species and antioxidants

The present study showed significant increasing (p<0.05) of reactive oxygen
species in myelodysplastic syndrome patients and control groups. Also, the
antioxidants results showed significant differences in level between the
myelodysplastic syndrome patients and the control group, as shown in table (4-6)
superoxide dismutase and glutathione peroxidase were significantly increased
(p<0.05) in myelodysplastic syndrome patients compared with the control group. At
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the same time, there was a significant decrease (P<0.05) in glutathione reductase

between patient and control groups.

Table (4-4): Mean +SD comparison of reactive oxygen species and

control and MDS patient groups.

antioxidants between

Groups
up Control group MDS group
(No.25) (No.50) P-value
o Mean =SD Mean £SD
Antioxidants
Reactive oxygen species
20.8208+2.21840 | 35.1854+8.42236 *0.000
pmol/I
Superoxide dismutase U/I 3.3208+ 1.12327 | 13.3832 £2.01540 *0.000
Glutathione peroxidase U/l | 16.3520 £ 2.52816 | 75.5416+ 15.00791 *0.000
Glutathione reductase
’ 77.3360 £ 6.77582 | 48.0846+ 6.87792 *0.000
Hg/mg

*is significant at P <0.05.

SD Standard deviation.

The present study revealed a significant increase in serum total reactive oxygen
species (ROS) in MDS patients compared to the control group. Myelodysplastic
syndromes (MDS) are a heterogeneous group of hematopoietic stem cell disorders
characterized by the presence of immature myeloid precursors (blasts) and
dysplastic hematopoiesis in the bone marrow (BM). High levels of reactive oxygen
species (ROS) and consequent oxidative damage in hematopoietic cells report in
patients with this disease (Peddie et al.,1997, Chung et al.,2014, Ivars et al.,,2017
and Jiménes-Solas et al.,2019), but the consequences are less clear. Regulation of
intracellular ROS levels is critical for maintaining the balance between self-renewal,
proliferation, and differentiation of progenitor cells, and a loss of this control can
lead to diseases characterized by bone marrow failure (Evans, 2005 ; Dalle-Donne,
2009 ). The potential effects of ROS on hematopoietic cells are particularly relevant
because they are acutely vulnerable to oxidative damage associated with the
accumulation of free radicals (De Souza et al.,2015).
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The results of the current study agreed with the results of Ghoti et al.(2007);
Goncalves et al., (2015); Gongalves et al., (2016), which showed that BM cells from
patients with MDS have increased levels of intracellular peroxide and decreased
levels of the antioxidant glutathione (GSH), as compared with normal cells.
Importantly, patients with MDS and high ROS or low GSH levels, and a high
superoxide/peroxide ratio, have lower overall survival (Goncalves et al.,2015).
Increased intracellular ROS production effects are well recognized and include
direct damage to biomolecules and/or dysregulation of ROS-dependent signaling
pathways (Evans et al.,2005; Cheresh et al., 2013). In the context of blood cells, an
interplay report between oxidative damage of DNA in CD34+ cells and subsequent
increased oxidation levels in precursor cells such as blasts or erythroid precursors
(Peddie et al.,1997).

Also, oxidative stress correlates with DNA hypermethylation in patients with
MDS (Gongcalves et al., 2016) and other pathological conditions (Niu et al., .2015).
Proteins are essential targets of ROS (Bhatti et al.,2017), and oxidation can lead to
aggregation, polymerization, unfolding, or conformational changes that cause
structural or functional loss. Although several oxidative modifications to proteins
are possible, most involve the formation of carbonyl groups, which introduces into
proteins (Afiuni-Zadeh et al.,2016). Protein carbonylation can occur by several
pathways, but the two main contributors are: (i) direct metal-catalyzed oxidation of
specific amino acid residues (lysine, arginine, proline, and threonine), and (ii)
secondary reactions of nucleophilic amino acid side-chains with ROS-induced lipid
peroxidation products such as 4-hydroxynonenal (HNE) (Linares et al.,2011). These
modifications likely have essential roles in cell signaling (Barrera et al.,2018).

Another possible cause of high oxidative stress in MDS patients might be high
cytokinesis, mainly TNF-a, known as a producer of oxygen radicals (Kilpatrick et
al.,2010).
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4.3.4. the Correlation among Adiponectin, Leptin, and Resistin with some of

the parameters of myelodysplastic syndrome patients.

Correlation analysis among investigated serum parameters revealed a significant
negative correlation (p<0.05) among adiponectin level and BMI(r=-.534), Hgb( r=-
.723), platelets (-.647), while a significant positive correlation with ferritin (r=.800),
and reactive oxygen species (r=.757). Also, the results indicated no significant
correlation between leptin and BMI, Hgb, platelets, and no correlation with ferritin
and reactive oxygen species. Moreover, the resistin showed a significant negative
correlation (p<0.05) with BMI, Hgb, and platelets, (r=-.501, r=-.667and r=-.697)
respectively, while positive correlation with ferritin (r=.772) and reactive oxygen
species (r=.588). Table (4-6).

Table (4-5): Correlation among adiponectin, leptin, and resistin hormones level with some

parameters studied of myelodysplastic syndrome.

Parameters
BMI Hgb Platelets Ferritin Reactive
(kg/m?) (mg/dl) (2073/ul) (ng/ml) oxygen
Hormones species
(ng/ml) (umol/l)
Adiponectin
(r) -0.534** -0.723 ** -0.647 ** 0.800** 0.757 **
Leptin 0.197237 0.040623 0.11254
Resistin -0.501** -0.667 ** -0.697 ** 0.772** 0.588 **

-BMI=Body mass index, Hgh=Hemaoglobin.
r: Correlation coefficient

** is significant at P <0.05.

The study of Pamuk et al. (2006),
negatively correlated with hemoglobin level (r= -0.44, p=0.047). In patients with

in the control group, leptin level was

hematological malignancies, leptin level correlated with BMI (r=0.32, p=0.02),
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resistin, on other hand correlated with platelets count (r=0.26, p=0.044). In
lymphoma patients, leptin level has positive correlated with hemoglobin (r=0.64,
p=0.055). The resistin level negatively correlated with BMI for patients with the
acute leukemic group (r=- 0.59, p= 0.03). The study of Tungtrongchitr et al.(2000)
negative correlation between hemoglobin and serum leptin was found in male and
female overweight and obese subjects . Adiponectin and leptin had differing
relationships with fat mass. The former was negatively correlated with fat mass,
while the latter showed a positive correlation (Peng et al.,2008). leptin level had a
significant correlation with BMI only in hematologic malignancy patients, there was
no such correlation in the control group. Leptin and BMI relationship was preserved

in hematologic malignancy patients (Pamuk et al.,2006).

Adiponectin (ng\ml)

BMI (Kg\m?)

Figure (4-6): The relationship between adiponectin (ng/ml) and BMI (kg/m?) in

myelodysplastic syndrome patients.
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Figure (4-7): The relationship between resistin (ng/ml) and BMI (kg/m?) in myelodysplastic

syndrome patients.
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Figure (4-8): The Relationship between resistin (ng/ml) and hemoglobin (mg/dl) in

myelodysplastic syndrome patients.
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Figure (4-9): The Relationship between adiponectin (ng/ml) and hemoglobin (mg/dl) in

myelodysplastic syndrome patients.
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Figure (4-10): The Relationship between adiponectin (ng/ml) and platelets (1073/ul) in

myelodysplastic syndrome.
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Figure (4-11): The Relationship between resistin (ng/ml) and

myelodysplastic syndrome.
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Figure (4-12):
myelodysplastic syndrome.
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Figure (4-13): The Relationship between reactive oxygen species (umol/L) and resistin
(ng/ml) in myelodysplastic syndrome.
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Figure (4-14): The Relationship between ferritin (ng/ml) and adiponectin (ng/ml) in
myelodysplastic syndrome patients.
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Figure (4-15): The Relationship between reactive oxygen species (umol/L) and adiponectin
(ng/ml) in myelodysplastic syndrome patients.

4.3.6. Correlation between hormones (adiponectin, leptin and resistin)

In the present study the hormones leptin correlated with adiponectin (r=-
0.13741), and significantly with resistin (r= -.247). Also, adiponectin with resistin
correlated significantly (r= .624). (Table 4-8, Figure 4-17, 4-18, 4-19).

Table (4-6): Correlation of hormones (adiponectin, leptin, and resistinyamong MDS patients
and control groups.

Hormones o Pearson
Mean Std. Deviation N ) P. value
(ng/ml) correlation
Leptin 4.2156 2.11992
-0.13741 0.240
Adiponectin 23.2443 13.72527 75
Leptin 4.2156 2.11992
Resistin 334.0915 132.51731 75 -0.247** 0.033
Adiponectin 23.2443 13.72527
Resistin 334.0915 13251731 75 0.624** 0.000

r: Correlation coefficient

** s significant at P <0.05.
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Adipose tissue is a metabolically active organ that secretes multiple adipokines,
including classical leptin, adiponectin, and resistin, which exert essential
physiological functions. The plasmatic levels of these adipokines, mainly derived
from fat depots, are finely regulated under different metabolic conditions such as
obesity, fasting, diabetes, etc. Interestingly, these adipokines and their receptors
have been found to be also widely expressed in other key endocrine tissues and
organs (e.g. hypothalamus, muscle, pancreas or liver), suggesting that circulating
and/or locally-produced, adipokines might comprise a relevant regulatory circuit to
modulate numerous endocrine functions in multiple cell types (i.e. lipid metabolism,
glucose homeostasis, body composition, etc.)(de Oliveira Leal and Mafra, 2013).
Studies on animals suggest that resistin and resistin-like molecules may induce

inflammation, angiogenesis, and smooth muscle cell proliferation (Fang et al.,2012).
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Figure (4-16): The relationship between leptin (ng/ml) and adiponectin (ng/ml) in patients

with myelodysplastic syndrome/
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Figure (4-17): The relationship between adiponectin (ng/ml) and resistin (ng/ml) in patients

with myelodysplastic syndrome.
4.4.Molecular study

4.4.1. Genomic DNA extraction
The blood samples that have been collected previously, its extracted by use
genomic DNA extraction kit (favor gene©). As shown in figure (4-20).

Figure (4-18): DNA extraction of blood samples. The electrophoresis carried on agarose

(1.5%), voltage (75)V, current (20) MA for 60 minutes. Samples (1-8) patients.
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4.4.2. Detection of polymorphism of adiponectin in Myelodysplastic syndromes

This study detected polymorphism of adiponectin gene by Tetra amplification

refractory mutation system polymerase chain reaction (T-ARMS-PCR) (table 4-21).

, [y Sz 4 5 ¢ 7 8 9 10 11 12 13 14 15 16 17 18 19

Figure (4-19): Electrophoresis Pattern of PCR Products of T-ARMS-PCR for Detection of
Adiponectin rs1501299 G/T Polymorphism. The product sizes were 244 bp for the G allele,
292 bp for the T allele, and 476 bp for the control band. L Lane 100 bp DNA ladder; lane 1,
GG; , lane 2 TT genotype; lanes 5, 15, 16, and 18 TG genotype; other lanes GG genotype.
(2% Agarose, 75V, 20mA for 1 hour).

4.4.2.1. Genotyping and allele frequency of adiponectin by T-ARMS-PCR in

patient

The results of the current study in table (4-7) showed a high percentage of the
adiponectin rs1501299 mutated genotype GG and alleles G in MDS patients (54%
and 73% respectively) compared with the healthy individuals in control group (36%
and 62% respectively) , and this was associated with significant differences
(P<0.05).
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Table (4-7): Genotyping and Allele distribution in MDS patient and control groups.

Model Genotyping | Control Patient OR (95 % CI) | P-value
G/G 9 (36 %) 27 (54%) 1.00
0.49 (0.17-
_ GIT 13 (52%) 19 (38%)
Codominant 1.37) 0.0399
0.44 (0.08-
TIT 3 (12%) 4 (6%)
2.38)
G/G 9 (36%) 27 (54%) 1.00
Dominant 0.48 (0.18- 0.0411
G/T-TIT 16 (64%) 23 (46%)
1.29)
G/G-G/T 22 (88%) 46 (92%) 1.00
Recessive 0.64 (0.13- 0.0755
TIT 3 (12%) 4 (8%)
3.10)
G/IG-TIT 12 (48%) 11 (62%) 1.00
Predominant 0.57 (0.21- 0.0386
GIT 13 (52%) 19 (38%)
1.49)
Allele frequency
Control Patient
Allele OR (95 % CI) | P-value
Count % Count %
1.657 (0.805-
G 31 0.62 73 0.73
3.411 0.0446
0.603 (0.293-
T 19 0.38 27 0.27
1.242)
P<0.05

95% CI: Confidence interval at 95% level.

The adiponectin synthesis has a strong genetic component, with heritability
estimated above 70%. Some single nucleotide polymorphisms (SNPs) have been
associated with serum adiponectin levels (Croteau-Chonka et al., 2012). However,
there is a controversy between the association of these genetic variants and the
adiponectin levels. These discrepancies may relate to the interaction between these

genetic variants and nutrients. In particular, heterogeneity of response to fish oil
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fatty acids within different patients’ groups has been attributed to genetic variation
(Kasim-Karakas et al., 2006). One of the most important SNPs at the adiponectin
gene (ADIPOQ) locus is a G to T substitution in intron 2 (x276G>T, rs1501299).
The G allele has been associated either with increased or decreased concentrations
of plasma adiponectin (Kyriakou et al.,2008). On the other hand, this genetic variant
has been negatively and positively associated with obesity in some populations
(Salmenniemiet al.,2005).

Adiponectin has been postulated to play an important role in the modulation of
glucose and lipid metabolism in insulin-sensitive tissues in both humans and
animals. Decreased circulating adiponectin levels have been demonstrated in genetic
and diet-induced murine models of obesity (Yamauchi et al.,2001), as well as in
diet-induced forms of human obesity (Arita et al.,1999). Abnormal adiponectin
levels have also been strongly implicated in the development of insulin resistance in
mouse models of both obesity and lipoatrophy (Yamauchi et al.,2001) that may be
lead to development MDS as recorded in previous independent studies that found a
significant association between increased obesity and the risk of MDS (Murphy et
al.,2013). In additional, adiponectin receptors are also expressed in the bone marrow
environment and result in proliferative effect on the hematopoietic stem cells
(DiMascio et al., 2007) and its level correlates inversely with MDS risk, as patients
with lower-risk MDS found to have higher adiponectin levels (Dalamaga et
al.,2007) .

In the current study, increase of adiponectin mutant alleles of SNP
rs1501299 appeared in patients , perhaps this slight increase in the mutant alleles
plays a role in the pathology of the MDS. It must be mentioned that this gene has
been studied in many diseases. Now the current study is the first to determine the
role of this gene in MDS . It is worth noting that previous studies dealt with its role
in diseases that are associated with the occurrence of the MDS, as stated in the study
of Hamoudeh and his colleagues who showed that adiponectin regulates fatty acid

oxidation, glucose uptake, and glycogenesis, which is related to the pathogenesis of
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diabetes (Hamoudeh et al.,2016; Dong et al.,2020). Therefore, adiponectin is a
candidate gene for the study of metabolic syndrome and T2DM. Rs1501299 is
crucial loci in the adiponectin gene. Rs1501299 is located in the second intron of the
adiponectin gene, and its polymorphism might affect the function of the neighboring
exon. The polymorphism of this site accelerates the occurrence of diabetic mellitus
(Al Khaldi et al., 2011). Alternatively, diabetic mellitus when associated with end-
organ damage can complicate management of MDS, increase risks of complications,
and limit the applicability of intensive therapeutic interventions. Al Khaldi et al.,
(2011), reported that adiponectin GG genotype of SNP rs1501299 was significantly
associated with higher levels of adiponectin and different types of cancer that may
be correlated with MDS.

Notably, several studies from multiple populations found that rs1501299 is
associated with lower levels of serum adiponectin. The mechanism by which
rs1501299 affects serum adiponectin levels remains to be elucidated. Although not
part of the promoter, rs1501299 could be located on an enhancer sequence.
Enhancer sequences could be located in introns and could thus modulate gene
expression (Liu et al.,2000). Moreover, rs1501299 could give rise to alternatively
spliced mRNA (Wang et al., 2006) or affect mRNA stability (Wang et al., 2005).
Song et al., (2018), speculate that the ADIPOQ rs1501299 variant alters RNA
splicing or stability, leading to allele-specific differential adiponectin expression
similar to the effects of intronic SNPs in the Calpinl10 and collagen type | alpha 1
chain genes (Song et al., 2018). Another possible explanation is that rs1501299 is in
linkage disequilibrium with other ADIPOQ SNPs or other genes that have biological
effects on adiponectin, tumor or MDS risk (Kawaii et al.,2013) in same research of
Yang and his colleagues suggesting that SNP rs1501299 may not be a functional
SNP but most likely be in linkage disequilibrium with other functional variants
(Yang et al.,2007).

Moreover, we found that patients with MDS had a markedly increased rate of

cardiovascular mortality compared with the age-matched US population, with an
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standardized mortality ratios for death attributed to cardiovascular disorders of 2.21.
The mechanism behind this relationship is not known, and some have hypothesized
that it may be related to the effects of chronic anemia or iron overload which are
may be stems from an imbalance in the adiponectin level (Brunner et al.,2017).

In the end, it must be mentioned that the genotype GG /rs1501299 is
responsible for the MDS in the current study, in contrast to previous studies (Jang et
al.,2006; Song et al., 2018), that were conducted to determine the role of the gene
in diabetes or heart disease, which showed that the genotype TT/ rs1501299 is
associated with these diseases, so we hope to conduct other studies that include a

larger number from the participants to explain the real role of this gene in the MDS.
4.4.3. Leptin gene (LEP) sequencing analysis

The LEP gene was detected genetically to investigate if there are any genetic
defects within this gene. Sequencing of LEP gene for the gene part amplicon with
the product (309bp) (Figure 4-20).

100

Figure (4-20): PCR product of LEP gene (309bp). L=ladder, lane (1-4) patient,
2% agarose, 75V, 20mA for 1 hour.
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4.4.3.2. SNPs of leptin gene

The screening of the SNP (rs10954174) using Sequencing for the LEP gene do
for all samples, including control and patient groups. Table (4-8) showed the allele
frequency and genotyping for samples, and there is a significant value between

patient and control groups.

Table (4-8): Genotyping and allele frequency of LEP gene associated with myelodysplastic

syndrome patient and control groups.

Model Genotyping | Control Patient | OR (95 % CI) | P-value
G/G 6 (24%) | 26 (59.1%) 1.00
) AlG 10 (40%) | 10 (22.7%)
Codominant 0.016
A/A 9 (36%) 8 (18.2%)
G/G 6 (24%) | 26 (59.1%) 1.00
Dominant 0.0042
AIG-A/IA 19 (76%) | 18 (40.9%)
G/G-A/G 16 (64%) | 36 (81.8%) 1.00
Recessive 0.40 (0.13- 0.0191
A/A 9 (36%) 8 (18.2%)
1.21)
G/G-A/IA 15 (60%) | 34 (77.3%) 1.00
Predominant 0.44 (0.15- 0.023
AlG 10 (40%) | 10 (22.7%)
1.28)
Allele frequency
Control Patient
Allele OR (95 % CI) | P-value
Count % Count %
3.035 (1.474-
G 22 0.44 62 0.7
6.249) 0.012
0.329 (0.160-
A 28 0.56 26 0.3
0.678)
P<0.05, 959% CI: Confidence interval at 95% level.
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The results of the current research identified a clear relationship between the
genetic heterogeneity of LEP with MDS where the genotype GG and mutant allele
G appeared in a high percentage (59.1% and 70% respectively) among MDS
patients this means that the LEP has become an etiological factor for this syndrome.
LEP gene is located in chromosome 7 within g32.1, spanning a transcription
element of about 20 kb and containing three exons. This gene encodes for leptin, a
multifunctional polypeptide hormone of 16 KDa that is secreted into the blood
circulatory system by adipocytes (Londraville et al.,2017).

Leptin interacts with many metabolic activities throughout the body, thereby
controlling food intake, energy metabolism, body weight, appetite and reproduction
(Park and Ahima, 2015). Leptin has been considered as a key regulator for severe
insulin resistance and the diabetes phenotype of genetic disorders that impair
adipogenesis that causes many disorders as obesity and health complications as
renal failure, liver cirrhosis that may for stimulator factors to blood cells
abnormalities as MDS (Joffe et al.,2001).

Leptin is produced predominantly in the adipose tissue but is also expressed in
a variety of other tissues, including placenta, ovaries, mammary epithelium, bone
marrow, and lymphoid tissues (Margetic et al.,2002), so any genetic variation in
leptin gene or their receptors may be lead to serious disorders as MDS. Recently,
obesity has been identified as a driver for progressive MDS (Stengel et al.,2003). In
addition, myeloid precursor cells in the bone marrow have leptin receptors, and
leptin plays an important role in the modulation of the innate immune response,
inflammation, and hematopoiesis. Leptin is the obesity hormone synthesized mainly
by white adipose tissue in humans and its serum level shows strong correlation with
body fat mass (Considine et al.,1996). Mutations in the leptin gene have been
reported to cause severe obesity (Stobel et al.,1998) and may also contribute to the
complications associated with obesity as MDS. The mechanisms by which obesity
can influence the pathogenesis of MDS are unclear, but one possible causal pathway

includes elevated insulin and insulin-like growth factor 1 in obese individuals where
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the metabolic consequence of obesity is insulin resistance followed by an increase in
insulin secretion (Ma et al., 2009). Insulin may promote tumorigenesis of MDS
directly through insulin receptors in (pre)neoplastic target cells or indirectly by
increasing levels of bioavailable insulin-like growth factor 1 (Calle et al., 2004).
Insulin-like growth factor 1 is involved in hematopoiesis and is mitogenic for
myeloid cells in bone marrow that maybe represent first pathway for MDS
development; almost all normal and neoplastic hematopoietic cells express the
insulin-like growth factor receptors (Shimon et al., 1995).

Leptin stimulates the proliferation of cultured glomerular endothelial cells and
induces mRNA expression and protein secretion of transforming growth factor-p1
(TGF-B1). Long-term infusion with leptin (3 weeks) has led to increased glomerular
expression of type IV collagen (Wolf et al., 1999). Leptin has also been shown to
stimulate synthesis of type | collagen in mesangial cells and type IV collagen in
glomerular endothelial cells which contributes to extracellular matrix deposition,
glomerulosclerosis, and proteinuria (Ballerman, 1999). It is therefore possible that
genetic variation/s in the LEP, possibly related to variation in serum leptin
concentration may be associated with markers of cancers and syndromes such as
leukemia, MDS, Scr and eGFR (Ma et al., 2009).

LEP A>G polymorphism known as A19G in 5'UTR variation was detected
among lragi population in study of Musafer and his co-workers in 2021 (Musafer et
al., 2021). Although this LEP SNP located in non-coding exon, but it was found to
be associated with severe obesity and increase leptin levels due to its critical
position in 5'UTR regulatory region (Shimon et al., 1999). In animal and human
cell lines, leptin and leptin receptors have also been clearly associated with
enhanced in vitro tumor proliferation and/or to in vitro and in vivo promotion of
angiogenesis. These effects have been documented in embryonic cells, adipocytes,
glia, endothelial cells, hematopoietic cells, and in benign and malignant cells,
bone, kidney, colon, liver and pancreas (Snoussi et al.,2006). MDS, it was shown

that leptin and leptin receptor are both expressed and that they act to favour cancer
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proliferation and metastasis. However, the most recent reports indicate that higher
leptin serum levels are associated with advanced stage cancer especially leukemia
(Caldefie-Chézet et al.,2005). In humans, several polymorphisms have been
identified in the LEP and LEP receptor (LEPR) genes: a G to A substitution at nt -
2548 upstream of the ATG start site in the LEP gene 5 promoter region, and an A
to G substitution at nt 668 from the start codon 223 in exon 6 (Q223R) of the LEPR
gene coding for the extracellular region common to all isoforms of LEPR
(Boumaiza et al.,2012).

This study confirms the presence of an interesting correlation between the
polymorphism of the LEP gene and MDS, which can serve as a marker for the
assessment of several MDS-related parameters in the Iragi population. Moreover,
according to our knowledge, the current study is the first study that dealt with the
relationship between genetic variation of LEP/SNP rs10954174 and MDS, therefore
we did not find sufficient studies in the same field to mention it or compare our
results with it. For this reason, our ability to find the pathological effect of this gene

in the occurrence of the syndrome was limited.
4.4.4. The genotyping RETN gene polymorphism by PCR-SSCP techniques

The present study includes (75) samples, which group as following: control
group (25) blood sample, patients group (50) blood samples.

8 9 10 1 12 13 4 15 16 17 18 19

285 bp per product

Figure (4-21): PCR product of RETN gene (285 bp), the electrophoresis carried on agarose
gel (2%) 75 V, 20 mA for 1 hour. L=ladder (100 bp), lane 1-19 sample PCR product.
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4

Figure (4-23 ). SSCP electrophoresis pattern of RETN gene fragment for
samples of MDS patients and control, 2% gel 100V, 20Am for 6 h , show the
clear three different patterns (lanes 20 and 24 A pattern ; lanes
1,2,4,9,10,13,14,15,18,19,21, B pattern ; other lanes C pattern).

4.4.4.2. SNPs of resistin gene (RETN)
The screening for the SNP (rs3745367) using Sequencing for RETN do for (6)
samples, including the control group and patients group samples.
Table (4-9) showed the genotype analysis and allele frequency for the samples,
and there is no significant value between the two groups (control and patients).
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Table (4-9) Genotype and allele frequency of RENT gene for myelodysplastic syndrome

patient and control groups.

Model Genotyping | Control Patient OR (95 % CI) | P-value
G/G 9 (36 %) 17 (37.8%) 1.00
0.93
_ G/A 12 (48%) | 21 (46.7%)
Codominant (0.32-2.71) 0.99
0.93
AIA 4 (16%) 7 (15.6%)
(0.21-4.03)
G/G 9(36%) 17(37.8%) 1.00
Dominant 0.93 0.88
G/A-A/A 16 (64%) | 28 (62.2%)
(0.34-2.56)
G/G-G/A 21 (84%) | 38 (84.4%) 1.00
Recessive 0.97 0.96
A/A 4 (16%) 7 (15.6%)
(0.25-3.69)
G/G-A/A 13 (52%) | 24 (53.3%) 1.00
Predominant 0.95 0.91
G/A 12 (48%) | 21 (46.7%)
(0.36-2.52)
Allele frequency
Control Patient
Allele OR (95 % CI) | P-value
Count % Count %
1.048
G 30 0.6 55 0.61
(0.517-2.124) 0.89737
0.955
A 20 0.4 35 0.39
(0.471-1.936)
P<0.05

959% CI: Confidence interval at 95% level.

Several studies suggest that resistin is associated with multiple inflammatory
human diseases including diabetes and cardiovascular diseases (Albate et al.,2014),
but we not found any study link this gene with MDS. Despite the slight increase in
the percentage of the mutated genotype or the mutated allele in RETN/SNP
rs3745367 in MDS patients, no significant differences appeared in the current study.

112



Chapter four Results and Discussion

Anyway, these simple differences may play a direct or indirect role in the
pathogenesis of the MDS. Study of Dalamaga et al ., (2008), determined resistinis
by radioimmresistiniand found that MDS patients have lower resistin levels and
causes for that probably due to a compensatory response to the upregulation of other

inflammatory factors etiologically linked to myelodysplasia (Dalamaga et al.,2008).

Resistin is a protein hormone produced both by adipocytes and
Immunocompetent cells, including those residing in adipose tissue. Some evidence
suggests that resistin modulates glucose tolerance and insulin action, thereby
playing a role in the pathogenesis of obesity and insulin resistance which correlated
indirectly with MDS as mentioned in previous sections. RETN, the gene coding for
human resistin, is located on chromosome 19p13.3.6 (Boumaiza et al., 2012). The
length of the RETN pre-peptide in humans is 108 amino acids (Wang et al., 2009).
Up to 70% of the variation in circulating resistin levels can be explained by genetic
factors, and several single-nucleotide polymorphisms in the RETN gene have been
described so far (Engert et al., 2002). One of the most frequently studied
polymorphisms, RETN rs3745367, was reported to be associated with the regulation
of RETN gene expression and serum resistin level . Several studies have also
associated the RETN rs3745367 polymorphism with obesity , insulin sensitivity,
type 2 diabetes (Wang et al.,2002; Mattevi et al., 2004; Osawa et al,.2004), and
cerebrovascular disease. As single-nucleotide polymorphisms (SNPs) in the 3'-
untranslated region (3’UTR) of genes can affect gene expression and disease
susceptibility, the rs3745367 SNP in the 3’UTR of the resistin gene might have an
influence on resistin gene expression and thus influences the risk for the

development of diabetes and hypertension (Fu et al.,2017).

Taking into consideration that diabetes mellitus and obesity are major
characteristics of metabolic syndromes (MetS), the resistin gene was considered as a
potential candidate gene for MetS in pervious study but other studies in humans

have failed to detect higher serum resistin levels in obese or insulin resistant
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subjects however, data in humans are controversial (Reseland et al.,2009).
Additionally, resistin was found to promote the expression of the pro-inflammatory
adhesion molecules such as intercellular adhesion molecule 1, vascular cell adhesion
molecule 1, and pentraxin 3 in vascular endothelial cells, thereby promoting the
adhesion of leukocytes (Ouchi et al.,2011). Also resistin increases nuclear factor
kappa B-related monocyte expression of pro-inflammatory cytokines such as IL-6
(Lee et al.,2014). Thus, the observed increased risk of multiple myeloma in males
with lower levels of resistin might reflect a compensatory effect of resistin or a
negative feedback loop following the production of IL-6 and/or other cytokines with
known effects on proliferation and survival of multiple myeloma cells (Dalamaga et
al.,2009).

Alternatively, previous studies have shown that TNF-o decreases resistin
secretion in murine models. If TNF-a, a well-characterised pro-inflammatory
cytokine that stimulates multiple myeloma cell proliferation, also acts as a negative
regulator of resistin in humans, this action may explain the observed inverse
association between pre-diagnosis resistin levels and multiple myeloma risk. This
hypothesis is corroborated by increased resistin levels in multiple myeloma patients
after treatment with thalidomide, a TNF-a inhibitor (Santo et al.,2017).

Previous studies remember that possible relationship between diseases and
resistin according to gender could exist. This could be related to the difference in
amount and functionality of adipose tissues in each gender (Cherneva et al.,2013).
In addition, variations in hormonal signaling pathways and immune response
between both genders could account for such relationship (Machura et al.,2013).
Furthermore, age differences were found in the association between rs3745367 SNP
and AD (Robati et al.,2014). Results showed only the age group between newborn
children and 10 years old is associated with rs3745367 SNP in the RETN gene. On
other hand, positive association was reported in study from South Korea that

indicated lower resistin levels in patients with atopic asthma compared to control
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groups (Kim et al.,2008). In contrast, a couple of studies on Turkish patients with
systemic sclerosis, and Iranian patients with psoriasis, showed higher resistin levels
In patients compared to control groups. Thus, alterations in the serum resistin levels

might predispose to different sets of diseases (Banihani et al.,2018).
4.4.5. Detection polymorphism of splicing factor 3b subunit 1 (SF3B1)

The study performed optimization for the SF3B1 gene, as shown in figure (4-24),
followed by specific PCR for exon 13. The optimal PCR condition was following
initial denaturation at 94C for 5 min, 35 cycles of 94C for 30 sec, 53C for 30 sec,
72C for 45 sec, and final elongation at 72C for 5 min as figure (4-34)

N—— -

223 bp per product

e B e

Figure (4-35): PCR product of SF3B1 (exon 13) gene (223 bp), the electrophoresis carried on
agarose gel (2%0), 75V, 20AM for 1 hour. L=ladder (100 bp), lane 1-19 sample PCR product.

4.4.5.2. Genotyping and Allele frequency of SF3B1 gene

As shown in table (4-17), the prevalence rate of mutant 1l genotype and | allele
were significantly higher among cases with MDS (92.5% and 92% respectively)
compared to healthy individuals in control group (60% for each one of them) and
this increase occurring of MDS by 8.234 and 8.23 respectively. Moreover mutant |1
genotype and | allele were responsible for 82% and 81% of incidence rate of new
MDS cases while wild DD genotype and | allele mainly appeared in control group
at 40% for each variable representing a protective factors at rate 17.7% and 8%
respectively.
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Table (4-17): Genotyping and allele frequency of SF3B1 (exon 3) gene in MDS patients and control

SF3B1 Control Patient
[0)
polymorphisms N (%) N (%0) OR (5% Cl) Pvalue
Genotypes
I 15(60%) | 37(92.5) 1.00
0.003*
DD 10(40%) 3(7.5)
Alleles
8.22
! 30(60) 74(92) (3.006-22.488)
6.577e-06
D 20 (40) 6 (8)
P<0.05

95% CI: Confidence interval at 95% level.

SF3B1 is the most commonly mutated gene found in MDS (20-28) percent of all
patients that is the core component of small nuclear ribonucleoprotein U2 that is part
of the branch point sequence recognition (Cazzola et al.,2013).

Others studies have shown that splicing factor SF3B1 mutations are found in a
high percentage of MDS patients with high serum ferritin conditions(Yoshida and
Ogawa, 2014). In our population genetic mutation appeared in SF3B1 gene of
MDS patients and mutant Il genotype appeared as etiological factor. Knockdown
SF3B1, limits cell development, produces arrest and undermines the differentiation
of erythroid. MDS mutations SF3B1 are heterozygous point mutations in particular.
The presence of SF3B1 hotspots and the absence of SF3B1 mutations in MDS
patients shows that SF3B1 mutations are likely to be (neomorphic) mutations in
gain/change of function. A Sf3b1+/ — knockout mouse model has proven to grow
sideroblasts in the ring and suggests the development of SF3B1 haploinsufficient
(Haferlach et al.,2014).

A recent study identified a DNA damage-induced BRCA1 protein complex
containing BCLAF1 and SF3B1 (BRCA1-BCLAF1- SF3B1 complex). In response

to DNA damage, the complex regulates pre-mRNA splicing of genes involved in
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DNA damage signaling and repair and hence affects their transcription and
premRNA maturation (Savage et al.,2014). It has been demonstrated that abrogation
of members of this complex including BRCAL and BCLAFL1 results in genomic
instability, a common feature of malignant cells. In MDS patients with mutant
SF3B1, the function of this complex may be impaired, with possible downstream

effects on the efficiency of DNA damage repair (Doltashade et al.,2015).

A recent study showed that defects in the splicing factor gene PRPF8 result in
missplicing in myeloid malignancies and are associated with the presence of ring
sideroblasts in advanced MDS and AML (Kurtovic-Kozaric et al.,2015)
Interestingly, we observed differential exon usage of PRPF8 in SF3B1 mutant cases
compared with control in our study, indicating a link between SF3B1 and PRPF8
and the ring sideroblast phenotype. Our finding of differential exon usage of
multiple RNA processing/splicing genes in the HSPC of cases with SF3B1 mutation
points towards an exacerbation of aberrant splicing, with a wider number of
downstream target genes affected. Emerging evidence from our study on SF3B1 and
the study on U2AF145 thus supports the hypothesis that in MDS patients harboring
splicing factor mutations, there is widespread disruption of the splicing machinery
as a consequence of downstream effects of the mutant protein. Loss-of-function
mutations in zebrafish Prpf8 have been shown to result in missplicing of
TP53(Keightley et al.,2013). Also, found TP53 to be aberrantly spliced in MDS
patients with SF3B1 mutation compared with wild type and control (Doltashade et
al.,2015).

4.45.3. Correlation of ferritin with SF3B1 SNP

Genetic disorders of MDS effect directly or indirectly on clinical outcomes.
Present data (figure 4-39) showed significant effect of MDS SF3B1 polymorphism
on serum level of ferritin when a clear rise in level of ferritin appeared in MDS
patients who have genetic mutation in SF3B and according to this fact, serum level
of ferritin increased in cases with mutant Il genotype (1003.41ng/ml) compared
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with wild DD genotype (355.04 ng/ml) so that reflected statistical difference
(P=0.0019).

P=0.0019
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Figure (4-24): Mean serum level of ferritin according to SF3B1 genotypes.

The current study also found a relationship between high serum ferritin and the
mutant Il genotype and this result explained by study showed that MDS patients
associated with increased levels of oxidative stress, which is further aggravated by
iron overload. The oxidative DNA damage that results, which is exacerbated by iron
overload, could lead to mutagenesis in the bone marrow (Lu et al.,2013).
Investigations examining the impact of iron overload on MDS genomic instability
back up the theory that iron overload causes genomic instability. The findings also
imply that serum ferritin levels above 1000, as well as those between 1000 and the
upper limit of normal, have an unfavorable effect on genetic stability (Westhofen et
al.,2015).

Two genes involved in mitochondria iron metabolism synthesis PPOX and
ABCB7 were found be downregulated in SF3B1 mutated samples. As PPOX
encoded protoprphyrinogin oxidase, this enzyme located in the mitochondrial

membrane and involved in the production of a molecule called heme. Its catalyzed
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the 6-electron oxidation of protoprphyrinogen IX to form protoprophyrin IX. It is
haplo insufficiency of this gene may induce deficiency heme synthesis and iron
accumulation in the mitochondria. ATP binding cassette subfamily B (ABCB7)
causative gene of congenital sideroblastic anemia, its important mitochondrial
erythroid colony growth and decreased mitochondrial ferritin (Clough et al.,2021).
In the end, according to our knowledge, studies are few or very limited to
determine the relationship between genetic studies of MDS and their effects on
clinical outcomes especially ferritin concentration in serum and this is the first study

in Iraqg to link SF3B1 polymorphisms of MDS with ferritin rate.

4.4.6. Real-time PCR of SRSF2 gene expression

The results investigated in (figures 4-40, 4-41, and 4-42 ) showed the gene
expression of the SRSF2 gene in control and patients with myelodysplastic
syndrome. The gene expression of this gene is significantly high in MDS patients

when compared with control groups.
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Figure (4-26): Folding change in gene expression of SRSF2 gene for MDS patient and

control groups.
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Figure (4-27): Melting curve for sure the specificity of syper green on the target gene

(SRSF2) and housekeeping gene.

::L\\

Figure (4-28): Amplification of real-time PCR by the blot of gene SRSF2.
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Molecular-based diagnostic and prognostic criteria may provide better biomarkers
of body disorders as they likely reflect the underlying biology of the disease. Real-
time PCR from the best molecular methods for detection folding changes of gene
expression (Dohner et al .,2015; Hwang et al.,2016). Determine of gene expression
distinguishes molecular processes from somatic mutations. As such, it may
incorporate the effects of diverse somatic and epigenetic lesions into common
phenotypes. Gene expression profiling has been used successfully to identify
potential biomarkers for the diagnosis and prognosis of different subtypes of
disorders of MDS (Papaemmanuil et al.,2016; Itzykson et al.,2013)

The results of the current study showed that gene expression of SRSF2
increased among MDS patients compared with healthy controls, and the current
result is in agreement with many previous studies (Drexler et al.,2009; Matsuoka et
al.,2010; Federmann et al.,2014; Aujla et al.,2018 ). In present study,
Overexpression of SRSF2 detected derived from folding changes of melting curve
and amplification of real-time PCR products.

Furthermore, SRSF2 is a gene encoding critical spliceosomal proteins. SRSF2
mutations appear to play an important role in pathogenesis of myeloproliferative
overlap syndromes, particularly in MDS and chronic myelomonocytic leukemia.
SRSF2 has a RNA recognition motif and thus enhancing spliceosome assembly at
adjacent splice sites to allow appropriate exon inclusion (Zhou and Fu, 2013;
Howard and Sanford, 2015).

In addition, SRSF2 was reported to play an active role in transcription elongation
and in coupling transcription and splicing processes (Das et al.,2007; Lin et
al.,2008). Over expression of SRSF2 gene in MDS patients may be related to sense
mutations in this gene. In 2011, Yoshida et al. identified frequently recurring
splicing factor mutations in a cohort of adult patients with myeloid neoplasms
through performing whole-exome sequencing. SF3B1 (36%) was the most common
mutation followed by SRSF2 (25.6%), U2AF35 (16.9%) and ZRSR2 (10.5%)
(Yoshida et al.,2011). These mutations were more frequent and comparatively more
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specific to the diseases with MDS features. Komeno et al in 2015 report that SRSF2
Is essential for the survival of hematopoietic cells in developing embryos and adults
and that its mutant forms switch the RNA splicing profile on a large panel of genes
involved in cancer development and apoptosis (Patnaik et al.,2013; Komeno et
al.,2015). Together, these data suggest that SRSF2 mutations identified in MDS are
not simply loss-of-function mutations but instead alter SRSF2 function in RNA
splicing. Such changes may directly contribute to MDS development and later
progression to more aggressive forms of leukemia (Thol et al.,2012).

Other researchers found that direct association of SRSF2 in development of
myelodysplasia was appeared in SRSF2-P95H mutant mice (Kim et al.,2015).
P95H is the most common mutation site in the SRSF2 gene and its proximity to
RRM site of SRSF2 might play a role in altering RNA binding abilities (Daubner et
al.,2012; Komeno et al.,2015; Zhang et al.,2015; Obeng et al.,2016). Heterozygous
P95H mutant and homozygous SRSF2 deleted bone marrow mononuclear cells led
to development of significant leukopenia and anemia in lethally irradiated recipient
mice. However, only P95H mutated mice developed macrocytic RBCs and had
normal bone marrow cellularity in contrast to bone marrow aplasia seen with
homozygous SRSF2 deletion. Peripheral erythroid and myeloid dysplasia was also
seen only with P95H mutant mice (Kim et al.,2015). These findings correlate with

MDS findings in humans .

Other studies suggest that increased expression of SRSF2 mainly affects cell
survival but does not disrupt myeloid cell differentiation. More importantly,
overexpression of the P95H/ SRSF2and A8aa/ SRSF2mutants always showed
stronger negative effects on cell survival than overexpression of the WT/ SRSF2
(Wu et al.,2012; Komeno et al.,2015; Masaki et al.,2019 ). These findings support
the possibility that the MDS-associated mutations in SRSF2 promote the
development of the disease phenotype with potential to induce a cascade of events

that lead to both disease progression and more-aggressive types of blood disorders
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therefore, inhibition of splicing may be a new therapeutic approach. E7107, a
spliceosome inhibitor, has been shown to differentially inhibit splicing more in
SRSF2-mutant cells leading to decreased leukemia burden in mice (Harada and
Harada, 2015; Rahman et al.,2019).
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Conclusion & Recommendation
Conclusion

1. Myelodysplastic syndrome incidence in male was recorded more than
in female, and the age risk of disease incidence is begin in 60 years old

and increased between 65-75 years old for both sex.
2. Using iron overload as prognosis biomarker in MDS patients.

3. Oxidative stress or reactive oxygen species was recorded higher level

and cause DNA damage.

4. rs15001299 and GG genotype of adiponectin gene is responsible for
the pathogenesis of MDS patients.

5. Correlation between the polymorphism of LEP gene and MDS which
can serve as marker for assessment of MDS related parameters in Iraqi

population.

6. rs3217350 SNP of splicing factor SF3B1 showed a strong significant
value between the study groups (patients and control) and a significant
correlation with ferritin which consider the first study in Irag to link

SF3B1 polymorphisms of MDS with ferritin rate.

7. SRSF2 overexpression can affect hematopoietic cells with growth

arrest and associated with oncogesis.
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Recommendation

1. Studying other hormones that related with disease such as

erythropoietin also estimation of hepcedin concentration.
2. Reinforcement the present study with immunological study.
3. Studying SNP in other genes related with hematopoiesis.

4. Studying epigenetic genes like TET2, DNTM3 that strong relationship

in pathopgenesis of myelodysplastic syndrome.

5. Studying target gene (ABCB7) of SF3B1 that related with iron

overload in mitochondria.

125



Referencs

Abate, N., Sallam. H.S., Rizzo, M., Nikolic, D., Obradovic, M., Bjelogrlic,
P. & Isenovic, E.R. (2014). Resistin: An inflammatory cytokine. Role in
cardiovascular diseases, diabetes and the metabolic syndrome. Curr.
Pharm. Des.;20:4961-4969.

Abdul Hamid, G., Shukry, S. (2008). Patterns of pancytopenia in Yemen.
Turkish Journal of Hematology. ;25:71-74.

Adams, R. L., & Bird, R. J. (2013). Safety and efficacy of deferasirox in the
management of transfusion-dependent patients with myelodysplastic
syndrome and aplastic anaemia: A perspective review. Therapeutic
Advances in Hematology, 4(2), 93-102.

Afiuni-Zadeh, S., Rogers, J.C., Snovida, S.I., Bomgarden, R.D., & Griffin,
T.J. (2016). AminoxyTMT: A novel multi-functional reagent for
characterization of protein carbonylation. BioTechniques, 60, 186—196.

Ahima, R.S., & Flier, J.S. (2000). Leptin. Annu. Rev. Physiol. 62:413-37.

Al Khaldi, R.M., Al Mulla, F., Al Awadhi, S., Kapila, K., & Mojiminiyi,
O.A. (2011). Associations of single nucleotide polymorphisms in the
adiponectin gene with adiponectin levels and cardio-metabolic risk
factors in patients with cancer. Dis Markers.;30(4):197-212.

Alessandrino, E.P., Della Porta, M.G., Bacigalupo, A., Malcovati, L.,
Angelucci, E., Van Lint, M.T., Falda, M., Onida, F., Bernardi, M., Guidi,
S., Lucarelli, B., Rambaldi, A., Cerretti, R., Marenco, P., Pioltelli, P.,
Pascutto, C., Oneto, R., Pirolini, L., Fanin, R., & Bosi, A. (2010).
Prognostic impact of pre-transplantation transfusion history and
secondary iron overload in patients with myelodysplastic syndrome
undergoing allogeneic stem cell transplantation: a GITMO study.
Haematologica.;95: 476-484.

Alsafadi, S., Houy, A., Battistella, A., Popova, T., Wassef, M., Henry, E., ...
& Stern, M. H. (2016). Cancer-associated SF3B1 mutations affect
alternative splicing by promoting alternative branchpoint usage. Nature
communications, 7(1), 1-12.

126



Referencs

Anderson, L.J. (2011).Assessment of iron overload with T2* magnetic reso-
nance imaging. Prog Cardiovasc Dis. 54:287-94.

Arber, D.A., Orazi, A., Hasserjian, R., Thiele, J., Borowitz, M.J., Le Beau,
M.M., et al. (2016). The 2016 revision to the World Health Organization
(WHO) classification of myeloid neoplasms and acute leukemia. Blood.
127(20):2391-2405.

Aref, S., Ibrahim, L., Azmy, E., & Al Ashary, R. (2013). Impact of serum
adiponectin and leptin levels in acute leukemia. Hematology, 18(4), 198-
203.

Arita. Y., Kihara, S., Ouchi, N., Takahashi, M., Maeda, K., Miyagawa, J.,
Hotta, K., Shimomura, 1., Nakamura, T., Miyaoka, K., Kuriyama, H.,
Nishida, M., Yamashita, S., Okubo, K., Matsubara, K., Muraguchi, M.,
Ohmoto, Y., Funahashi, T. & Matsuzawa Y: (1999). Paradoxical
decrease of an adipose-specific protein, adiponectin, in obesity. Biochem
Biophys Res Commun 257:79-83.

Armand, P., Kim, H. T., Cutler, C. S., Ho, V. T., Koreth, J., Alyea, E. P, ...
& Antin, J. H. (2007). Prognostic impact of elevated pretransplantation
serum ferritin in patients undergoing myeloablative stem cell
transplantation. Blood, 109(10), 4586-4588.

Armand, P., Kim, H. T., Virtanen, J. M., Parkkola, R. K., Itdla-Remes, M.
A., Majhail, N. S., ... & Wermke, M. (2014). Iron overload in allogeneic
hematopoietic cell transplantation outcome: a meta-analysis. Biology of
Blood and Marrow Transplantation, 20(8), 1248-1251.

Armstrong, R. N., Steeples, V., Singh, S., Sanchi, A., Boultwood, J... &
Pellagatti, A. (2018). Splicing factor mutation in the myelodysplastic
syndromes: target genes and therapeutic approaches. Advanced in
Biological Regulation, 67:13-29.

Aujla, A., Linder, K., Iragavarapu, C., Karass, M., & Liu, D. (2018). SRSF2
mutations in myelodysplasia/myeloproliferative neoplasms. Biomarker
research, 6(1), 1-7.

127



Referencs

Aul, C., Giagounidis, A., & Germing, U. (2001). Epidemiological features of
myelodysplastic syndromes: results from regional cancer surveys and
hospital-based statistics. International journal of hematology, 73(4), 405-
410.

Avcu, F., Ural, A. U,, Yilmaz, M. 1., Bingol, N., Nevruz, O., & Caglarc, K.
(2006). Association of plasma adiponectin concentrations with chronic
lymphocytic leukemia and myeloproliferative diseases. International
journal of hematology, 83(3), 254-258.

Bachegowda, L., Gligich, O., Mantzaris, I., Schinke, C., Wyuville, D.,
Carrillo T, Braunschweig |, Steidl U & Verma A. (2013). Signal
transduction inhibitors in treatment of myelodysplastic syndromes.
Journal of Hematology & Oncology. 6 (50): 1-11.

Ballermann, B. J. (1999). A role for leptin in glomerulosclerosis?. Kidney
International, 56(3), 1154-1155.

Banerjee, R.R. & Lazar, M.A. (2003). Resistin: molecular history and
prognosis. J Mol Med; 81: 218-26.

Banihani, S.A., Abu-Alia, K.F., Khabour OF & Alzoubi KH. (2018).
Association between resistin Gene polymorphisms and atopic dermatitis.
Biomolecules., 8, 17:1-11.

Barrera, G., Pizzimenti, S., Daga, M., Dianzani, C., Arcaro, A., Cetrangolo,
G.P., Giordano, G., Cucci, M.A., Graf, M., & Gentile, F. (2018). Lipid
Peroxidation-Derived Aldehydes, 4-Hydroxynonenal and
Malondialdehyde in Aging-Related Disorders. Antioxidants, 7, 102.

Barrett, E.L. & Richardson, D.S. (2011). Sex differences in telomeres and
lifespan. Aging Cell. 10(6): 913-21

Bejar, R., Stevenson, K. E., Caughey, B., Lindsley, R. C., Mar, B. G.,
Stojanov, P., ... & Ebert, B. L. (2014). Somatic mutations predict poor
outcome in patients with myelodysplastic syndrome after hematopoietic
stem-cell transplantation. Journal of clinical oncology, 32(25), 2691,

128



Referencs

Bejar, R., Stevenson, K., Abdel-Wahab, O., Galili, N., Nilsson, B., Garcia-
Manero, G., ... & Ebert, B. L. (2011). Clinical effect of point mutations in
myelodysplastic syndromes. New England Journal of Medicine, 364(26),
2496-2506.

Bennett, C. N., Longo, K. A., Wright, W. S., Suva, L. J., Lane, T. F.,,
Hankenson, K. D., & MacDougald, O. A. (2005). Regulation of
osteoblastogenesis and bone mass by Wntl0b. Proceedings of the
National Academy of Sciences, 102(9), 3324-3329.

Bennett, J. M. & Orazi, A. (2009). Diagnostic criteria to distinguish
hypocellular acute myeloid leukemia from hypocellular myelodysplastic
syndromes and aplastic anemia: recommendations for a standardized
approach. Haematologica 94:264-8.

Benova, A. & Tencerova, M. (2020). Obesity-induced Changes in Bone
Marrow Homeostasis. Frontiers in Endocrinology: 11.

Bhatti, J.S., Bhatti, G.K., & Reddy, P.H. (2017). Mitochondrial dysfunction
and oxidative stress in metabolic disorders — A step towards
mitochondria based therapeutic strategies. Biochim. Biophys. Acta
(BBA) Mol. Basis Dis., 1863, 1066-1077.

Bianchini, F., Kaaks, R., & Vainio, H. (2002). Overweight, obesity, and
cancer risk. The lancet oncology, 3(9), 565-574.

Bostrom, E. A., Svensson, M., Andersson, S., Jonsson, |. M., Ekwall, A. K.
H., Eisler, T., ... & Bokarewa, M. I. (2011). Resistin and insulin/insulin-
like growth factor signaling in rheumatoid arthritis. Arthritis &
Rheumatism, 63(10), 2894-2904.

Boulais, P. E., & Frenette, P. S. (2015). Making sense of hematopoietic stem
cell niches. Blood 125, 2621-2629.

Boumaiza, I., Omezzine, A., Rejeb, J., Rebhi, L., Ben Rejeb, N., Nabli, N.,
& Bouslama, A. (2012). Association between four resistin

polymorphisms, obesity, and metabolic syndrome parameters in Tunisian

129



Referencs

volunteers. Genetic testing and molecular biomarkers, 16(12), 1356-
1362.

Brennan, A.M. & Mantzoros, C.S. (2006). Drug Insight: the role of leptin in
human physiology and pathophysiology--emerging clinical applications.
Nat Clin Pract Endocrinol Metab 2(6):318- 27.

Brunner, A.M., Blonquist, T.M., Hobbs, G.S., Amrein, P.C., Neuberg, D.S.,
Steensma, D.P., Abel, G.A. & Fathi, A.T. (2017). Risk and timing of
cardiovascular death among patients with myelodysplastic syndromes.
Blood Adv. Oct 18;1(23):2032-2040.

Bruserud, O., Huang, T. S., Glenjen, N., Gjertsen, B. T., & Foss, B. (2002).
Leptin in human acute myelogenous leukemia: studies of in vivo levels
and in vitro effects on native functional leukemia
blasts. haematologica, 87(6), 584-595.

Cadenas, E., Packer, L., & Traber, M.G. (2016). Antioxidants, oxidants, and
redox impacts on cell function—A tribute to Helmut Sies. Arch Biochem
Biophys. ; 595:94-99,

Cadet, J., & Davies, K.J.A. (2017). Oxidative DNA damage and repair: an
introduction. Free Radic Biol Med.; 107:2-12.

Cakar, M. K., Yegin, Z. A., Baysal, N. A., Altindal, S., Pamukguoglu, M.,
Celik, B., & Yenicesu, 1. (2013). Adverse impact of hyperferritinemia and
transfusion dependency on treatment success in myelodysplastic
syndrome. Transfusion and Apheresis Science, 48(3), 397-401.

Caldefie-Chézet. F., Damez, M., de Latour, M., Konska, G., Mishellani, F.,
Fusillier, C., Guerry, M., Penault-Llorca, F., Guillot, J., & Vasson, M-P.
(2005). Leptin: A proliferative factor for breast cancer? Study on human
Ductal carcinoma. Biochem Biophys Res Commu., 334:737-741.

Calle, E.E. & Kaaks, R. (2004). Overweight, obesity and cancer:
epidemiological evidence and proposed mechanisms. Nat Rev
Cancer.;4(8):579-591.

130



Referencs

Campo, E., Harris, N. L., Jaffe, E. S., Pileri, S. A., Stein, H., Thiele, J., &
Vardiman, J. W. (2008). WHO classification of tumours of
haematopoietic and lymphoid tissues (Vol. 2, p. 439). S. H. Swerdlow
(Ed.). Lyon, France: International agency for research on cancer.

Cao H. & Hegele R. A. (2001). Single nucleotide polymorphisms of the
resistin (RSTN) gene. Journal of Human Genetics. ;46(9):553-555.

Carraway, H.E., & Saygin, C. (2020). Therapy for lower-risk MDS.
Hematol. Am. Soc. Hematol. Educ. Program., 426-433.

Carrocci, T. J., Zoerner, D. M., Paulson, J. C., & Hoskins, A. A. (2017).
SF3b1 mutations associated with myelodysplastic syndromes alter the
fidelity of branchsite selection in yeast. Nucleic acids research, 45(8),
4837-4852.

Catana, C. S., Atanasov, A. G., & Berindan-Neagoe, I. (2018). Natural
products with anti-aging potential: Affected targets and molecular
mechanisms. Biotechnology advances, 36(6), 1649-1656.

Cazzola, M., Rossi, M., & Malcovati, L. (2013). Associazione ltaliana per la
Ricerca sul Cancro Gruppo Italiano Malattie Mieloproliferative. Biologic
and clinical significance of somatic mutations of SF3B1 in myeloid and
lymphoid neoplasms. Blood. ;121(2):260-269.

Cermak, J., Michalova, K., Brezinova, J., & Zemanova, Z. (2003).A
prognostic impact of separation of refractory cytopenia with multilineage
dysplasia and 5g- syndrome from refractory anemia in primary
myelodysplastic syndrome. Leuk Res. 27(3):221-9.

Chabot, B. & Shkreta, L. (2016). Defective control of pre—messenger RNA
splicing in human disease. J. Cell Biol. 212 (1): 13-27.

Chan, J.L., Moschos, S.J., Bullen, J., Chan, J.L., Moschos, S.J., Bullen, J.,
Heist, K., Li, X., Kim, Y.B., Kahn, B.B., & Mantzoros, C.S., (2005).
Recombinant methionyl human leptin administration activates signal
transducer and activator of transcription 3 signaling in peripheral blood

131



Referencs

mononuclear cells in vivo and regulates soluble tumor necrosis factor-
alpha receptor levels in humans with relative leptin deficiency. J Clin
Endocrinol Metab 90: 1625-1631.

Chen, J., Kao, Y-R., Sun, D., Todorova, T. et al., (2019). Myelodysplastic
syndrome progression to acute myeloid leukemia at the stem cell level.
Natural Medicine, 25:103-110.

Cheresh, P., Kim, S.-J., Tulasiram, S., & Kamp, D.W. (2013). Oxidative
stress and pulmonary fibrosis. Biochim. Biophys. Acta (BBA) Mol. Basis
Dis., 1832, 1028-1040.

Cherneva, R.V., Georgiev, O.B., Petrova, D.S., Mondeshki, T.L., Ruseva,
S.R., Cakova, A.D., & Mitev, V.I,. (2013). Resistin—The link between
adipose tissue dysfunction and insulin resistance in patients with
obstructive sleep apnea. J. Diabetes Metab. Disord.;12:5 .

Choi, S. O,, Cho, Y. S,, Kim, H. L., & Park, J. W. (2007). ROS mediate the
hypoxic repression of the hepcidin gene by inhibiting C/EBPa and
STAT-3. Biochemical and biophysical research communications, 356(1),
312-317.

Chung, Y. J., Robert, C., Gough, S. M., Rassool, F. V., & Aplan, P. D.
(2014). Oxidative stress leads to increased mutation frequency in a
murine model of myelodysplastic syndrome. Leukemia Research, 38(1),
95-102

Climent, M. (2000). Incidence, characterization and prognostic significance
of chromosomal abnormalities in 640 patients with primary
myelodysplastic syndromes. British journal of haematology, 108(2), 346-
356.

Clough, C. A, Pangallo, J., Sarchi, M., llagan, J. O., North, K., Bergantinos,
R., ... & Doulatov, S. (2021). Coordinated mis-splicing of TMEM14C
and ABCB7 causes ring sideroblast formation in SF3B1-mutant
myelodysplastic syndrome. Blood.

132



Referencs

Cogle, C. M., Craig, B. M., and List, A. F. (2011). Incidence of
myelodysplastic syndrome using novel-based algorithm high number of
uncaptured cases by cancer registries. Blood 30; 117(26):7121-5.

Colla, S., Ong, D.S., Ogoti, Y., Marchesini, M., Mistry, N.A., Clise-Dwyer,
K., Ang, S.A., Storti, P., Viale, A., Giuliani, N., Ruisaard, K., Ganan
Gomez, 1., Bristow, C.A., Estecio, M., Weksberg, D.C., Ho, Y.W., Hu,
B., Genovese, G., Pettazzoni, P., Multani, A.S., Jiang, S., Hua, S., Ryan,
M.C., Carugo, A., Nezi, L., Wei, Y., Yang, H., D'Anca, M., Zhang, L.,
Gaddis, S., Gong, T., Horner, J.W., Heffernan, T.P., Jones, P., Cooper,
L.J., Liang, H., Kantarjian, H., Wang, Y.A., Chin, L., Bueso-Ramos, C.,
Garcia-Manero, G. & DePinho, R.A. (2015). Telomere dysfunction drives
aberrant hematopoietic differentiation and myelodysplastic syndrome.
Cancer Cell 27, 644-657.

Considine, R. V., Sinha, M. K., Heiman, M. L., Kriauciunas, A., Stephens,
T. W,, Nyce, M. R,, ... & Caro, J. F. (1996). Serum immunoreactive-
leptin concentrations in normal-weight and obese humans. New England
Journal of Medicine, 334(5), 292-295.

Cortelezzi, A., Cattaneo, C., Cristiani, S., Duca, L., Sarina, B., Deliliers, G.
L., ... & Cappellini, M. D. (2000). Non-transferrin-bound iron in
myelodysplastic syndromes: a marker of ineffective erythropoiesis?. The
hematology journal, 1(3), 153-158.

Croteau-Chonka, D.C., Wu, Y., Li, Y., Fogarty, M.P., Lange, L.A,
Kuzawa, C.W., McDade, T.W., Borja, J.B., Luo, J., Ab-delBaky, O.,
Combs, T.P., Adair, L.S., Lange, E.M., & Mohlke, K.L. (2012).
Population-specific coding variant underlies genome-wide association
with adiponectin level. Hum Mol Genet ; 21: 463-471.

Cui, R, Gale, R. P., Zhu, G., Xu, Z., Qin, T., Zhang, Y., & Xiao, Z. (2014).
Serum iron metabolism and erythropoiesis in patients with
myelodysplastic syndrome not receiving RBC transfusions. Leukemia
Research, 38(5), 545-550.

133



Referencs

Dalamaga, M., Karmaniolas, K., Chamberland, J., Nikolaidou, A., Lekka,
A., Dionyssiou-Asteriou, A., & Mantzoros, C. S. (2013). Higher fetuin-A,
lower adiponectin and free leptin levels mediate effects of excess body
weight on insulin resistance and risk for myelodysplastic
syndrome. Metabolism, 62(12), 1830-1839.

Dalamaga, M., Karmaniolas, K., Nikolaidou, A., Chamberland, J., His, A.,
Dionyssiou-Asteriou, A., & Mantzoros, C.S. (2008). Adiponectin and
resistin are associated with risk for myelodysplastic syndrome,
independently from the insulin-like growth factor-1 (IGF-1) system. Eur J
Cancer 44:1744-1753

Dalamaga, M., Karmaniolas, K., Panagiotou, A., His, A., Chamberland, J.,
Dimas, C., Lekka, A., & Mantzoros, C.S. (2009). Low circulating
adiponectin and resistin, but not leptin, levels are associated with multiple
myeloma risk: a case-control study. Cancer Causes Control 20 (2): 193—
199.

Dalamaga, M., Nikolaidou, A., Karmaniolas, K., His, A., Chamberland, J.,
Dionyssiou-Asteriou, A., & Mantzoros, C.S. (2007). Circulating
adiponectin and leptin in relation to myelodysplastic syndrome: a case-
control study. Oncology 73:26-32

Dalle-Donne, 1. (2006). Biomarkers of oxidative damage in human disease.
Clincal Chemistry, 52:601-623.

Damm, F., Thol, F., Kosmider, O., Kade, S., Loffeld, P., Dreyfus, F., ... &
Heuser, M. (2012). SF3B1 mutations in myelodysplastic syndromes:
clinical associations and prognostic implications. Leukemia, 26(5), 1137-
1140.

Darman, R. B., Seiler, M., Agrawal, A. A., Lim, K. H., Peng, S., Aird, D., ...
& Buonamici, S. (2015). Cancer-associated SF3B1 hotspot mutations
induce cryptic 3’ splice site selection through use of a different branch

point. Cell reports, 13(5), 1033-1045.

134



Referencs

Daubner, G. M., Cléry, A., Jayne, S., Stevenin, J., & Allain, F. H. T. (2012).
A syn-anti conformational difference allows SRSF2 to recognize
guanines and cytosines equally well. The EMBO journal, 31(1), 162-174.

de Oliveira Leal, V., & Mafra, D. (2013). Adipokines in obesity. Clinica
Chimica Acta, 419, 87-94.

De Souza, G.F., Ribeiro, H.L., De Sousa, J.C., Heredia, F.F., De Freitas,
R.M., Martins, M.R.A., Gongalves, R.P., Pinheiro, R.F., & Magalhaes,
S.M.M. (2015). HFE gene mutation and oxidative damage biomarkers in
patients with myelodysplastic syndromes and its relation to transfusional
iron overload: An observational cross-sectional study. BMJ Open, 5,
e006048.

De Swart, L., Smith, A., Fenaux, P., Bowen, D., Sanz, G., Hellstrom-
Lindberg, E., ... & de Witte, T. (2011). Transfusion-dependency is the
most important prognostic factor for survival in 1000 newly diagnosed
MDS patients with low-and intermediate-1 risk MDS in the European
LeukemiaNet MDS registry.

Deeg, H, J., Bowen, D. T., Gore, S. D., Haferlach, T., Le Beau, M. M, &
Niemeyer, C. (2013). Myelodysplastic Syndromes 2" ed. Springer-
Verlag Berlin Heidelberg.

Dehghani, M. & Sanei, M. (2020). Retrospective evaluation of
hyperferritinemia and iron overload in patients with myelodysplastic
syndrome. Eurasia J Biosci 14, 135-1309.

Deis, L., Quiroga, A. M., & De Rosas, M. I. (2021). Coloured Compounds in
Fruits and Vegetables and Health. In Psychiatry and Neuroscience
Update (pp. 343-358). Springer, Cham.

Della Porta, M. G., Travaglino, E., Boveri, E., Ponzoni, M., Malcovati, L.,
Papaemmanuil, E., ... & Cazzola, M. (2015a). Minimal morphological
criteria for defining bone marrow dysplasia: a basis for clinical
implementation of WHO classification of  myelodysplastic
syndromes. Leukemia, 29(1), 66-75.

135



Referencs

Della Porta, M. G., Tuechler, H., Malcovati, L., Schanz, J., Sanz, G.,
Garcia-Manero, G., & Cazzola, M. (2015b). Validation of WHO
classification-based  Prognostic  Scoring  System  (WPSS) for
myelodysplastic syndromes and comparison with the revised
International Prognostic Scoring System (IPSS-R). A study of the
International Working Group for Prognosis in Myelodysplasia (IWG-
PM). Leukemia, 29(7), 1502-1513.

Deschler, B. and Libbert, M. (2006). Acute myeloid leukemia: epidemiology
and etiology. Cancer. ; 107:2099-2107.

DeZern, A. E., Zeidan, A. M., Barnard, J., Hand, W., Al Ali, N., Brown, F.,
& Sekeres, M. A. (2017). Differential response to hypomethylating
agents based on sex: a report on behalf of the MDS Clinical Research
Consortium (MDS CRC). Leukemia & lymphoma, 58(6), 1325-1331.

Di Zazzo, E., Polito, R., Bartollino, S., Nigro, E., Porcile, C., Bianco, A.
(2019). Adiponectin as Link Factor between Adipose Tissue and
Cancer. Int. J. Mol. Sci., 20, 839

DiMascio, L., Voermans, C., Ugoezwa, M., Duncan, A., Lu, D., Wu, J,, ... &
Reya, T. (2007). Identification of adiponectin as a novel hemopoietic
stem cell growth factor. The Journal of Immunology, 178(6), 3511-3520.

Dohner, H., Weisdorf, D.J., & Bloomfield, C.D. (2015). Acute Myeloid
Leukemia. N Engl J Med.; 373(12):1136-52.

Dolatshad, H., Pellagatti, A., Fernandez-Mercado, M., Yip, B. H.,,
Malcovati, L., Attwood, M., ... & Boultwood, J. (2015). Disruption of
SF3BL1 results in deregulated expression and splicing of key genes and
pathways in myelodysplastic syndrome hematopoietic stem and
progenitor cells. Leukemia, 29(5), 1092-1103.

Dong, Y., Huang, G., Wang, X., Chu, Z., Miao, J., & Zhou, H .(2020). Meta-

analysis of the association between adiponectin SNP 45, SNP 276, and
type 2 diabetes mellitus. PLoS ONE 15(10): e0241078.

136



Referencs

Dowdy, S., Wearden, S., & Chilko, D. (2011). Statistics for research (\Vol.
512). John Wiley & Sons

Dragano, N. R., Haddad-Tovolli, R., & Velloso, L. A. (2017). Leptin,
neuroinflammation and obesity. Endocrine immunology, 48, 84-96

Drexler, H.G., Dirks, W.G., & Macleod, R.A. (2009). Many are called MDS
cell lines: one is chosen. Leuk Res, 33:1011-1016 .

Dwivedi, D., Megha, K., Mishra, R., & Mandal, P. K. (2020). Glutathione in
brain: overview of its conformations, functions, biochemical
characteristics, quantitation and potential therapeutic role in brain
disorders. Neurochemical research, 45(7), 1461-1480.

Ebert, B., & Bernard, O. A. (2011). Mutations in RNA splicing machinery in
human cancers. N Engl J Med, 365(26), 2534-5.

Engert, J. C., Vohl, M. C., Williams, S. M., Lepage, P., Loredo-Osti, J. C.,
Faith, J., ... & Hudson, T. J. (2002). 5’ flanking variants of resistin are
associated with obesity. Diabetes, 51(5), 1629-1634.

Erel, O. (2005). A new automated colorimetric method for measuring total
oxidant status. Clinical biochemistry, 38(12):1103-11.

Evans, J.L., Maddux, B.A., & Goldfine, I.D. (2005). The Molecular Basis
for Oxidative Stress-Induced Insulin Resistance. Antioxid. Redox Signal.,
7, 1040-1052.

Facey, A., Dilworth, L., & Irving, R. (2017). A review of the leptin hormone
and the association with obesity and diabetes mellitus. Journal of
Diabetes & Metabolism, 8(3).

Fang, W. Q., Zhang, Q., Peng, Y. B., Chen, M., Lin, X. P.,, Wu, J. H,, ... &
Jin, H. (2011). Resistin levelispositively correlated with thrombotic
complications in Southern Chinese metabolic syndrome patients. Journal
of endocrinological investigation, 34(2), e36-e42.

137



Referencs

Fantuzzi, G., & Faggioni, R. (2000). Leptin in the regulation of immunity,

inflammation, and hematopoiesis. Journal of leukocyte biology, 68(4),
437-446.

Federmann, B., Abele, M., Cuesta, D. S. R., Vogel, W., Boiocchi, L., Kanz,
L., ... & Fend, F. (2014). The detection of SRSF2 mutations in routinely
processed bone marrow biopsies is useful in the diagnosis of chronic
myelomonocytic leukemia. Human pathology, 45(12), 2471-2479.

Fei, D.L., Zhen, T., Durham, B., Ferrarone, J., Zhang, T., Garrett, L.,
Yoshimi, A., Abdel-Wahab, O., Bradley, R.K., Liu, P. & Varmus, H.(
2018). Impaired hematopoiesis and leukemia development in mice with a

conditional knock-in allele of a mutant splicing factor gene U2afl. Proc.
Natl. Acad. Sci. U. S. A. 115, E10437-E10446.

Fleming, R.E. & Ponka, P. (2012). Iron overload in human disease. N Engl J
Med. ;366: 348-359.

Flores-Figueroa, E., Gutierrez-Espindola, G., Montesinos, J.J., Rana-Trejo,
R.M., & Mayani, H. (2002). In vitro characterization of hematopoietic

microenvironment cells from patients with myelodysplastic syndrome.
Leuk Res 26:677-686

Foran, M. J. & Shammo M. J. (2012). Clinical Presentation, Diagnosis, and

Prognosis of Myelodysplastic Syndromes. The American Journal of
Medicine; 125, S6-S13.

Franke, G. N., Kubasch, A. S., Cross, M., Vucinic, V., & Platzbecker, U.

(2020). Iron overload and its impact on outcome of patients with
hematological diseases. Molecular Aspects of Medicine, 100868.

Friedman, J. M. (2019). Leptin and the endocrine control of energy balance.
Nature Metabolism, 1(8), 754—764.

Frihbeck, G. (2006). Intracellular signaling pathways activated by leptin.
Biochem. J.;393(1)7-20.

138



Referencs

Fu, Y., Yu, Y., Wu, Y., You, Y., Zhang, Y., & Kou, C. (2017). Association
between two resistin gene polymorphisms and metabolic syndrome in
Jilin, Northeast China: A case-control study. Disease markers, 2017.

Fuchs, O. (2019). Recent Developments in Myelodysplastic Syndromes.
Intech Open. UK. Pp: 832.

Gasser, R.B. Hu, M. Chilton, N.B. Campbel, B.E. Jex,A.J. Otranto,D.
Cafarchia, C. Beveridge, I. & Zhu, X. (2006). Single-strand conformation
polymorphism (SSCP) for the analysis of genetic variation. Nature
Protocol.1(6).

Gattermann, N., & Rachmilewitz, E. A. (2011). Iron overload in MDS—
pathophysiology, diagnosis, and complications. Annals of
hematology, 90(1), 1-10.

Gattermann, N., Jarisch, A., Schlag, R., Blumenstengel, K., Goebeler, M.,
Groschek, M., ... & Germing, U. (2012). Deferasirox treatment of iron-
overloaded chelation-naive and prechelated patients with myelodysplastic
syndromes in medical practice: results from the observational studies
eXtend and eXjange. European journal of haematology, 88(3), 260-268.

Genovese, G., Kahler, A. K., Handsaker, R. E., Lindberg, J., Rose, S. A,,
Bakhoum, S. F., ... & McCarroll, S. A. (2014). Clonal hematopoiesis and
blood-cancer risk inferred from blood DNA sequence. New England
Journal of Medicine, 371(26), 2477-2487.

Germing, U., Strupp, C., Kuendgen, A., Isa, S., Knipp, S., Hildebrandt, B.,
Giagounidis, A., Aul, C., Gattermann, N., & Haas, R. (2006). Prospective
validation of the WHO proposals for the classification of myelodysplastic
syndromes. Haematologica 91:1596-1604.

Ghoti, H., Amer, J., Winder, A., Rachmilewitz, E., Fibach, E. (2007).
Oxidative stress in red blood cells, platelets and polymorphonuclear
leukocytes from patients with myelodysplastic syndrome. Eur. J.
Haematol., 79, 463-467

139



Referencs

Ghoti, H., Fibach, E., Merkel, D., Amer, J., Nagler, A., Perez-Avraham, G.,
... & Rachmilewitz, E. A. (2009). P105 Decrease in intra-and extra-
cellular free iron species and oxidative stress parameters and increase in
serum and urinary hepcidin during treatment with deferasirox in iron-
loaded patients with MDS. Leukemia Research, 33(SUPPL. 1), S120-
S121.

Ghoti, H., Fibach, E., Westerman, M., Gordana, O., Ganz, T. &
Rachmilewitz, E. A. (2011). Increased serum hepcidin levels during
treatment with  deferasirox in iron-overloaded patients with
myelodysplastic syndrome. British journal of haematology, 153(1), 118-
120.

Giagounidis, A., & Haase, D. (2013). Morphology, cytogenetics
andclassification of MDS. Best Practice Res Clin Haematol 26:337-353.

Goasguen, J. E., Bennett, J. M., Bain, B. J., Brunning, R. D., Vallespi, M.
T., Tomonaga, M., ... & on Morphology, T. I. W. G. (2016). Quality
control initiative on the evaluation of the dysmegakaryopoiesis in
myeloid neoplasms: difficulties in the assessment of dysplasia. Leukemia
research, 45, 75-81.

Goasguen, J. E., Bennett, J. M., Bain, B. J., Brunning, R., Vallespi, M. T.,
Tomonaga, M., ... & on Morphology, T. I. W. G. (2014). Proposal for
refining the definition of dysgranulopoiesis in acute myeloid leukemia
and myelodysplastic syndromes. Leukemia research, 38(4), 447-453.

Goldberg, S. L., Chen, E., Corral, M., Guo, A., Mody-Patel, N., Pecora, A.
L., & Laouri, M. (2010). Incidence and clinical complications of
myelodysplastic ~ syndromes among United States Medicare
beneficiaries. Journal of Clinical Oncology, 28(17), 2847-2852.

Gongalves, A. C., Cortesdo, E., Oliveiros, B., Alves, V., Espadana, A. 1.,
Rito, L., & Sarmento-Ribeiro, A. B. (2015). Oxidative stress and
mitochondrial dysfunction play a role in myelodysplastic syndrome
development, diagnosis, and prognosis: A pilot study. Free Radical
Research, 49(9), 1081-1094.

140



Referencs

Gongalves, A. C., Cortesdo, E., Oliveiros, B., Alves, V., Espadana, A. 1.,
Rito, L., ... & Sarmento-Ribeiro, A. B. (2016). Oxidative stress levels are
correlated with P15 and P16 gene promoter methylation in
myelodysplastic  syndrome  patients. Clinical and  experimental
medicine, 16(3), 333-343.

Graubert, T. A., Shen, D., Ding, L., Okeyo-Owuor, T., Lunn, C. L., Shao,
J., ... & Walter, M. J. (2012). Recurrent mutations in the U2AF1 splicing
factor in myelodysplastic syndromes. Nature genetics, 44(1), 53-57.

Greenberg, P. L., Attar, E., Bennett, J. M., Bloomfield, C. D., De Castro, C.
M., Deeg, H. J., ... & Westervelt, P. (2013). Myelodysplastic syndromes:
clinical practice guidelines in oncology. Journal of the National
Comprehensive Cancer Network: JNCCN, 11(7), 838.

Greenberg, P. L., Attar, E., Bennett, J. M., Bloomfield, C. D., De Castro, C.
M., Deeg, H. J., .. & Westervelt, P. (2011). Myelodysplastic
syndromes. Journal of the National Comprehensive Cancer
Network, 9(1), 30-56.

Greenberg, P. L., Tuechler, H., Schanz, J., Sanz, G., Garcia-Manero, G.,
Solé, F., ... & Haase, D. (2012). Revised international prognostic scoring
system for myelodysplastic syndromes. Blood, The Journal of the
American Society of Hematology, 120(12), 2454-2465.

Greenberg, P., Cox, C., LeBeau, M. M., Fenaux, P., Morel, P., Sanz, G, ...
& Bennett, J. (1997). International scoring system for evaluating
prognosis in myelodysplastic syndromes. Blood, The Journal of the
American Society of Hematology, 89(6), 2079-2088.

Greenberg, P.L., Stone, R.M., Al-Kali, A., Barta, S.K., Bejar, R., Bennett,
J.M., Carraway, H., De Castro, C.M., Deeg, H.J., DeZern, A.E., Fathi,
A.T., Frankfurt, O., Gaensler, K., Garcia-Manero, G., Griffiths, E.A.,
Head, D., Horsfall, R., Johnson, R.A., Juckett, M., Klimek, V.M.,
Komrokji, R., Kujawski, L.A., Maness, L.J., O'Donnell, M.R., Pollyea,
D,A., Shami, J., Sein, B.L., Walker, A.R., Westervelt, P., Zeidan, A.,
Shead, D.A., & Smith, C. (2017). Myelodysplastic Syndromes, Version

141



Referencs

2.2017, NCCN Clinical Practice Guidelines in Oncology. J Natl Compr
Canc Netw. 15(1):60-87.

Gu, S., Zhao, Y., Guo, J., Xu, F., Fei, C., Zhang, X., ... & Li, X. (2014). High
expression of APAF-1 elevates erythroid apoptosis in iron overload
myelodysplastic syndrome. Tumor Biology, 35(3), 2211-2218.

Gunter, A., Saba-Lepek, M., Haj-Yahya, S., Rohde, E., Strunk, D., Frohlich,
E. (2011). Globular domain of adiponectin: Promising target molecule for
detection of atherosclerotic lesions. Biol. Targets Therap., 5, 95-105.

Gupta, R., Soupir, C.P., Johri, V. & Hasserjian, R.P. (2007).
Myelodysplastic syndrome with isolated deletion of chromosome 20q: an
indolent disease with minimal morphologic dysplasia and frequent
thrombocytopenic presentation. Br J Haematol 139:265-8.

Gupta, S., Rivera-Luna, R., Ribeiro, R. C., and Howard, S. C. (2014).
Pediatric oncology as the next global child health priority: the need for
national childhood cancer strategies in low- and middle-income countries.
PLoS Med. 11:€1001656.

Haase, D., Germing, U., Schanz, J., Pfeilstocker, M., No&sslinger, T.,
Hildebrandt, B., ... & Steidl, C. (2007). New insights into the prognostic
impact of the karyotype in MDS and correlation with subtypes: evidence
from a core dataset of 2124 patients. Blood, The Journal of the American
Society of Hematology, 110(13), 4385-4395.

Haferlach, T., Nagata, Y., Grossmann, V., Okuno, Y., Bacher, U., Nagae,
G., ... & Ogawa, S. (2014). Landscape of genetic lesions in 944 patients
with myelodysplastic syndromes. Leukemia, 28(2), 241-247.

Halliwell, B, & Gutteridge, J.M.C. (2006). Free Radicals in Biology and
Medicine, Ed 4. Clarendon Press, Oxford.

Hamoudeh, E., Zeidan, A.M., Barbarotta, L., & Rosano, N. (2016). The
Interactions Between Diabetes Mellitus and Myelodysplastic Syndromes:

142



Referencs

Current State of Evidence and Future Directions. Curr Diabetes Rev.
:12(3):231-9.

Han, T. J., & Wang, X. (2015). Leptin and its receptor in hematologic
malignancies. International journal of clinical and experimental
medicine, 8(11), 19840.

Hannum, G., Guinney, J., Zhao, L., Zhang, L. I., Hughes, G., Sadda, S., ... &
Zhang, K. (2013). Genome-wide methylation profiles reveal quantitative
views of human aging rates. Molecular cell, 49(2), 359-367.

Harada, H. & Harada, Y. (2015). Recent advances in myelodysplastic
syndromes: Molecular pathogenesis and its implications for Targeted
therapies. Cancer Sci., 106 (4):329-336.

Harisha, S. (2007). Biotechnology procedures and experiments Handbook.
(Engineering) 1st edition Hardcover — 1600.

Hartmann, J., Braulke, F., Sinzig, U., Wulf, G., Maas, J. H., Konietschke,
F., & Haase, D. (2013). Iron overload impairs proliferation of erythroid
progenitors cells (BFU-E) from patients with myelodysplastic
syndromes. Leukemia research, 37(3), 327-332.

Hashemi, M., Bojd, H. H., Nasab, E. E., Bahari, A., Hashemzehi, N. A.,
Shafieipour, S., ... & Ghavami, S. (2013). Association of adiponectin
rs1501299 and rs266729 gene polymorphisms with nonalcoholic fatty
liver disease. Hepatitis monthly, 13(5).

Hashim, H.O., Al-Saadi, A,H., Haider, A.H. and Zaidan, H.K. (2015).
Association of uromodulin re13333226 and angiotensinogen rs699 genes
variants with essential hypertwnstionin Arab Iraqi provise. Reserch
Journal of Pharmacutical Biological and Chemical Scieces, 6(6):589-601.

Hasle, H., & Niemever, CH. M. (2011). Advances in the prognostication

and management of advanced MDS in children. Br J Haematol. 154:
185-195.

143



Referencs

Hassanzadeh, T., Maleki, M., Saidijam, M., & Paoli, M. (2013). Association
between leptin gene G-2548A polymorphism with metabolic syndrome.
J. Res. Med. Sci, 18, 668-673.

Hasserjian, R., Gattermann, N., Bennett, J.M., Brunning, R.D., & Thiele,
J.(2008). Refractory anaemia with ring sideroblasts. In: Swerdlow SH,
Campo E, Harris NL, Jaffe ES, Pileri S, Stein H, et al., editors. WHO
classification of tumours of haematopoietic and lymphoid tissues. Lyon:
International Agency for Research on Cancer; p. 96-7.

Hayyan, M., Hashim, M. A., & AlNashef, I. M. (2016). Superoxide ion:
generation and chemical implications. Chemical reviews, 116(5), 3029-
3085.

He, Y., Bai, X. J., Li, F. X,, Fan, L. H., Ren, J., Liang, Q., ... & Chen, J.
(2017). Resistin may be an independent predictor of subclinical
atherosclerosis formale smokers. Biomarkers, 22(3-4), 291-295.

Heidi, D. K. (2016). Myelodysplastic Syndromes and Acute Myeloid
Leukemia in the Elderly. Clin Geriatr Med. ; 32(1): 155-173.

Hong, M. & He, G. (2017). The 2016 revision to the World Health
Organization classification of myelodysplastic syndromes. Journal of
translational Internal Medicine. 5 (3): 139-143.

Howard, J.M., & Sanford, J.R., (2015). The RNAissance family: SR
proteins as multifaceted Regulators of gene expression. Wiley Interdiscip
Rev RNA. 2015; 6(1):93-110.

Howe, R,B., Porwit-MacDonald, A., Wanat, R., Tehranchi, R., & Hellstrom-
Lindberg, E. (2004). The WHO classification of MDS does make a
difference. Blood. 103(9):3265-70.

Hwang, S. M., Kim, S. Y., Kim, J. A., Park, H. S., Park, S. N., Im, K., ... &
Lee, D. S. (2016). Short telomere length and its correlation with gene
mutations in myelodysplastic syndrome. Journal of hematology &
oncology, 9(1), 1-13.

144



Referencs

Ifeanyi, O. E. (2018). A Review on Bezene and Haematological System.
Blood Res Transfus J. 2 (2): 1-5.

Invernizzi, R., Quaglia, F., & Della Porta, M.G. (2015). Importance of
classical morphology in the diagnosis of myelodysplastic syndrome.
Mediterr J Hematol Infect Dis. 7(1): e2015035.

Irons, R. D, Lv, L., Gross, S. A, Ye, X,, Bao, L., Wang, X. Q., ... & Fu, H.
(2005). Chronic exposure to benzene results in a unique form of
dysplasia. Leukemia research, 29(12), 1371-1380.

Itzykson, R., Kosmider, O., Renneville, A., Gelsi-Boyer, V., Meggendorfer,
M., Morabito, M., ... & Solary, E. (2013). Prognostic score including
gene mutations in chronic myelomonocytic leukemia. Journal of clinical
oncology, 31(19), 2428-2436.

Ivars, D., Orero, M. T., Javier, K., Diaz-Vico, L., Garcia-Giménez, J. L.,
Mena, S., .. & Collado, R. (2017). Oxidative imbalance in
low/intermediate-1-risk myelodysplastic syndrome patients: The
influence of iron overload. Clinical biochemistry, 50(16-17), 911-917.

Iversen, P.O., Drevon, C.A., & Reseland, J.E. (2002). Prevention of leptin
binding to its receptor suppresses rat leukemic cell growth by inhibiting
angiogenesis. BLOOD,100(12): 4123-4128.

Iwanaga, M., Hsu, W. L., Soda, M., Takasaki, Y., Tawara, M., Joh, T., ... &
Tomonaga, M. (2011). Risk of myelodysplastic syndromes in people
exposed to ionizing radiation: a retrospective cohort study of Nagasaki
atomic bomb survivors. J Clin Oncol, 29(4), 428-434.

Jacobi, N., & Herich, L. (2016). Measurement of liver iron concentration by
superconducting quantum interference device biomagnetic liver
susceptometry validates serum ferritin as prognostic parameter for
allogeneic stem cell transplantation. European Journal of Haematology,
97(4).

145



Referencs

Jaffe, E. S., Arber, D.A., Campo, E., Harris, N .L., & Quintanilla-Martinez,
L. (2017). Hematopathology. 2™ ed. Elsevier. Pp: 794.

Jagannaatha-Bogdan, M. & Zon, L.I. (2013). Hematopioseis. Development
(140):2463-2467.

Jaiswal, S., Fontanillas, P., Flannick, J., Manning, A., Grauman, P.V.. Mar,
B.G., Lindsley, R.C., Mermel, C.H., Burtt, N., Chavez, A, et al. (2014).
Age-Related Clonal Hematopoiesis Associated with Adverse Outcomes.
N. Engl. J. Med. 371: 2488-2498.

Jamaluddin, M. S., Weakley, S. M., Yao, Q., & Chen, C. (2012). Resistin:
functional roles and therapeutic considerations for cardiovascular
disease. British journal of pharmacology, 165(3), 622-632.

Jang, J. C., Li, J., Gambini, L., Batugedara, H. M., Sati, S., Lazar, M. A, &
Nair, M. G. (2017). Human resistin protects against endotoxic shock by
blocking LPS-TLR4 interaction. Proceedings of the National Academy
of Sciences, 114(48), E10399-E10408.

Jang, Y., Lee, J. H,, Kim, O. Y., Koh, S. J., Chae, J. S., Woo, J. H., ... &
Ordovas, J. M. (2006). The SNP276G> T polymorphism in the
adiponectin (ACDC) gene is more strongly associated with insulin
resistance and cardiovascular disease risk than SNP45T> G in
nonobese/nondiabetic Korean men independent of abdominal adiposity
and circulating plasma adiponectin. Metabolism, 55(1), 59-66.

Jiang, S., Park, D. W., Tadie, J. M., Gregoire, M., Deshane, J., Pittet, J. F., &
Zmijewski, J. W. (2014). Human resistin promotes neutrophil
proinflammatory activation and neutrophil extracellular trap formation
and increases severity of acute lung injury. The Journal of
Immunology, 192(10), 4795-4803.

Jiang, Y., Lu, L, Hu, Y., Li, Q., An, C,, Yu, X,, ... & Yang, Z. (2016).

Resistin induces hypertension and insulin resistance in mice via a TLR4-
dependent pathway. Scientific reports, 6(1), 1-7.

146



Referencs

Jiménez-Solas, T., Lopez-Cadenas, F., Aires-Mejia, I., Caballero-Berrocal,
J. C., Ortega, R., Redondo, A. M., ... & Diez-Campelo, M. (2019).
Deferasirox reduces oxidative DNA damage in bone marrow cells from
myelodysplastic  patients and improves their differentiation
capacity. British journal of haematology, 187(1), 93-104.

Joffe, B.1., Panz, V.R., & Raal, F.J. (2001). From lipodystrophy syndromes
to diabetes mellitus. The Lancet.;357:1379-81.

Joshi, P., Halene, S. & Abdel-Wahab, O. (2017). How do messenger RNA
splicing alterations drive myelodysplasia?. Blood 129, 2465-2470.

Kang, M. G., Kim, H. R, Seo, B. Y., Lee, J. H,, Choi, S. Y., Kim, S. H,, ...
& Shin, M. G. (2015). The prognostic impact of mutations in
spliceosomal genes for myelodysplastic syndrome patients without ring
sideroblasts. BMC cancer, 15(1), 1-11.

Karmali, R., Dalovisio, A., Borgia, J. A., Venugopal, P., Kim, B. W., Grant-
Szymanski, K., ... & Lazarus, H. (2015). All in the family: clueing into
the link between metabolic syndrome and hematologic malignancies.
Blood reviews, 29(2), 71-80.

Kasim-Karakas, S.E., Tsodikov, A., Singh, U., & Jialal, I. (2006).
Responses of inflammatory markers to a low-fat,High-carbohydrate diet:
effects of energy intake. Am J Clin Nutr. 2006; 83: 774-779.

Kasiri, N., Rahmati, M., Ahmadi, L., Eskandari, N., & Motedayyen, H.
(2020). Therapeutic potential of quercetin on human breast cancer in
different dimensions. Inflammopharmacology, 28(1), 39-62.

Kawai, T., Ohishi, M., Takeya, Y., Onishi, M., Ito, N., Yamamoto, K., ... &
Rakugi, H. (2012). Adiponectin single nucleotide polymorphism is a
genetic risk factor for stroke through high pulse wave pressure: a cohort
study. Journal of atherosclerosis and thrombosis, 14696.

Keightley, M. C., Crowhurst, M. O., Layton, J. E., Beilharz, T., Markmiller,
S., Varma, S., ... & Lieschke, G. J. (2013). In vivo mutation of pre-

147



Referencs

MRNA processing factor 8 (Prpf8) affects transcript splicing, cell survival
and myeloid differentiation. FEBS letters, 587(14), 2150-2157.

Kfir, N., Lev-Maor, G., Glaich, O., Alajem, A., Datta, A., Sze, S. K,, ... &
Ast, G. (2015). SF3B1 association with chromatin determines splicing
outcomes. Cell reports, 11(4), 618-629.

Khoramipour, K., Chamari, K., Hekmatikar, A. A., Ziyaiyan, A,
Taherkhani, S., Elguindy, N. M., & Bragazzi, N. L. (2021). Adiponectin:
Structure, physiological functions, role in diseases, and effects of
nutrition. Nutrients, 13(4), 1180.

Kielkopf, C.L. (2018). Insights from structures of cancer-relevant pre-
MRNA splicing factors. Curr Opin Genet Dev.; 48: 57-66.

Kikuchi, S., Kobune, M., lyama, S., Sato, T., Murase, K., Kawano, Y., ... &
Kato, J. (2012). Improvement of iron-mediated oxidative DNA damage in
patients with transfusion-dependent myelodysplastic syndrome by
treatment with deferasirox. Free Radical Biology and Medicine, 53(4),
643-648.

Kilpatrick, L. E., Sun, S., Li, H., Vary, T. C., & Korchak, H. M. (2010).
Regulation of TNF-induced oxygen radical production in human
neutrophils: role of 6-PKC. Journal of leukocyte biology, 87(1), 153-164.

Kim, C. H., & Leitch, H. A. (2021). Iron Overload-Induced Oxidative Stress
in  Myelodysplastic Syndromes and its Cellular Sequelae. Critical
Reviews in Oncology/Hematology, 103367.

Kim, E., llagan, J. O., Liang, Y., Daubner, G. M., Lee, S. C. W,
Ramakrishnan, A., ... & Abdel-Wahab, O. (2015). SRSF2 mutations
contribute to myelodysplasia by mutant-specific effects on exon
recognition. Cancer cell, 27(5), 617-630.

Kim, J. A,, Shim, J. S., Lee, G. Y., Yim, H. W., Kim, T. M, Kim, M., ... &
Oh, 1. H. (2015). Microenvironmental remodeling as a parameter and

148



Referencs

prognostic factor of heterogeneous leukemogenesis in acute myelogenous
leukemia. Cancer research, 75(11), 2222-2231.

Kim, K.W., Shin, Y.H., Lee, K.E., Kim, E.S., Sohn, M.H., & Kim, K.E.
(2008). Relationship between adipokines and manifestations of childhood
asthma. Pediatr. Allergy Immunol.;19:535-540 .

Kim, S.-J., Nian, C., & Mclntosh, C.H.S. (2013). “Resistin knockout mice
exhibit impaired adipocyte glucose-dependent insulinotropic polypeptide
receptor (GIPR) expression,” Diabetes,. 62 (2):471-477.

Klepin, H. D., Geiger, A. M., Tooze, J. A., Kritchevsky, S. B., Williamson,
J. D., Pardee, T. S., ... & Powell, B. L. (2013). Geriatric assessment
predicts survival for older adults receiving induction chemotherapy for
acute myelogenous leukemia. Blood, The Journal of the American Society
of Hematology, 121(21), 4287-4294.

Koh, C. M., Bezzi, M., Low, D. H., Ang, W. X,, Teo, S. X,, Gay, F. P,, ... &
Guccione, E. (2015). MYC regulates the core pre-mRNA splicing
machinery as an essential step in lymphomagenesis. Nature, 523(7558),
96-100.

Kohgo, Y., Ikuta, K. (2008). Body iron metabolism and pathophysiology of
iron overload. Int J Hematol ; 88: 7 — 15.

Komeno, Y., Huang, Y. J,, Qiu, J,, Lin, L., Xu, Y., Zhou, Y., ... & Zhang, D.
E. (2015). SRSF2 is essential for hematopoiesis, and its myelodysplastic
syndrome-related mutations  dysregulate alternative  pre-mRNA
splicing. Molecular and cellular biology, 35(17), 3071-3082..

Kon, A., Yamazaki, S., Nannya, Y., Kataoka, K., Ota, Y., Nakagawa, M.M.,
Yoshida, K., Shiozawa, Y., Morita, M., Yoshizato, T., Sanada, M.,
Nakayama, M., Koseki, H., Nakauchi, H. & Ogawa, S.( 2018).
Physiological Srsf2 P95H expression causes impaired hematopoietic stem
cell functions and aberrant RNA splicing in mice. Blood 131, 621-635.

149



Referencs

Konopleva, M., Mikhail, A., Estrov, Z., Zhao, S., Harris, D., Sanchez-
Williams, G., & Andreeff, M. (1999). Expression and function of leptin
receptor isoforms in myeloid leukemia and myelodysplastic syndromes:
proliferative and anti-apoptotic activities. Blood, The Journal of the
American Society of Hematology, 93(5), 1668-1676.

Kraakman, M. J., Kammoun, H. L., Dragoljevic, D., Al-Sharea, A., Lee, M.
K., Flynn, M. C., & Murphy, A. J. (2018). Leptin-deficient obesity
prolongs survival in a murine model of myelodysplastic
syndrome. haematologica, 103(4), 597.

Kumar, A., Singh, P.K., Parihar, R., Dwivedi, V., Lakhotia, S.C., & Ganesh,
S. (2014). Decreased O-Linked GIcNAcylation Protects from
Cytotoxicity Mediated by Huntingtin Exonl Protein Fragment. J. Biol.
Chem. 289(19): 13543--13553.

Kumar, V., Bal, A., & Gill, K. D. (2009). Aluminium-induced oxidative
DNA damage recognition and cell-cycle disruption in different regions of
rat brain. Toxicology, 264(3), 137-144.

Kurtovic-Kozaric, A., Przychodzen, B., Singh, J., Konarska, M. M.,
Clemente, M. J., Otrock, Z. K., ... & Padgett, R. A. (2015). PRPF8
defects cause missplicing in myeloid malignancies. Leukemia, 29(1), 126-
136.

Kyriakou, T., Collins, L.J., Spencer-Jones, N.J., Malcolm, C., Wang, X.,
Snieder, H., Swaminathan, R., Burling, K.A., Hart, D.J., Spector, T.D., &
O’Dell, S.D. (2008). Adiponectin gene ADIPOQ SNP associations with
serum adiponec- tin in two female populations and effects of SNPs on
promoter activity. J Hum Genet ; 53: 718-727.

Laharrague, P., Larrouy, D., Fontanilles, A. M., Truel, N., Campfield, A.,
Tenenbaum, R., & Casteilla, L. (1998). High expression of leptin by
human bone marrow adipocytes in primary culture. FASEB Journal,
12(9), 7.

150


http://dx.doi.org/10.1074/jbc.M114.553321
http://dx.doi.org/10.1074/jbc.M114.553321

Referencs

Lardelli, R.M., Thompson, J.X., Yates, J.R.,, & Stevens, SW. (2010).
Release of SF3 from the intron branchpoint activates the first step of pre-
MRNA splicing. RNA ; 16:516-28.

Lau,C. & Muniandy,S. (2011).Novel adiponectin-resistin (AR) and insulin
resistance (IRAR) indexes are useful integrated diagnostic biomarkers for
insulin resistance, type 2 diabetes and metabolic syndrome: a case control
study. Cardiovasc Diabetol; 10:8:5667-589.

Laurenti, E. & Gottgens, B. (2018). From hematopoietc stem cells to
complex differentiation landscapes. Nature, 558:418-426.

Lee, J. H., Chan, J. L., Yiannakouris, N., Kontogianni, M., Estrada, E., Seip,
R., ... & Mantzoros, C. S. (2003). Circulating resistin levels are not
associated with obesity or insulin resistance in humans and are not
regulated by fasting or leptin administration: cross-sectional and
interventional studies in normal, insulin-resistant, and diabetic
subjects. The Journal of Clinical Endocrinology & Metabolism, 88(10),
4848-4856.

Lee, S., Lee, H.C., Kwon, Y.W., Lee, S.E., Cho, Y., Kim, J., Lee, S., Kim,
J.Y., Lee, J.,, Yang, H.M., Mook-Jung, I., Nam, K.Y., Chung, J., Lazar,
M.A., & Kim, H.S. (2014). Adenylyl cyclase-associated protein 1 is a
receptor for human resistin and mediates inflammatory actions of human
monocytes. Cell Metab 19 (3): 484-497

Leitch, H. A. (2011). Controversies surrounding iron chelation therapy for
MDS. Blood Rev. ;25(1):17-31.

Li, P., Jiang, R., Li, L., Liu, C., Yang, F. & Qiu, Y. (2015).Correlation of
serum adiponectin and adiponectin gene polymorphism with metabolic

syndrome in Chinese adolescents. Eur J Clin Nutr.;69:62—7.

Lichtman, M.A. (2016). Obesity and neoplasms of lymphohematopoietic
cells. Blood Adv. 1(1):101-103.

151



Referencs

Lin, S., Coutinho-Mansfield, G., Wang, D., Pandit, S., & Fu, X.D. (2008).
The splicing factor SC35 has an active role in transcriptional elongation.
Nat Struct Mol Biol.;15(8):819-26.

Linares, M., Marin-Garcia, P., Méndez, D., Puyet, A., Diez, A., & Bautista,
J.M. (2011). Proteomic Approaches to Identifying Carbonylated Proteins
in Brain Tissue. J. Proteome Res., 10, 1719-1727.

Lindsley, R.C. & Ebert B. L. (2013). Molecular Pathophysiology of
Myelodysplastic Syndromes. Annu Rev Pathol. ; 24(8):21-47.

Liu, M, & Liu, F. (2009). Transcriptional and post-translational regulation of
adiponectin. Biochem J, 425(1):41-52. 46.

Liu, Y., Li, H., Tanaka, K., Tsumaki, N., & Yamada Y. (2000). Identification
of an enhancer sequence within The first intron required for cartilage-
specific transcription of the a2 (XI) collagen gene. J. Biol. Chem., 275,
12712-12718.

Loghavi, S., & Hasserjian, R. P. (2018). Cytopenias: reactive and neoplastic.
In Diagnosis of Blood and Bone Marrow Disorders (pp. 17-79). Springer,
Cham.

Lohman,T., Roche, A. & Martorell, R. (1988).Anthropometric
standardization reference  manual.Champaign,IL.:Human  Kinetics
Books. Ergonomics; 31(10): 1493-1494

Londraville, R.L., Prokop, J.W., Duff, R.J., Liu, Q., & Tuttle M. (2017). On
the molecular evolution of leptin, leptin receptor, and endo-spanin. Front
Endocrinol.;8:58.

Lu, W., Zhao, M., Rajbhandary, S., Xie, F., Chai, X., Mu, J., ... & Meng, A.
(2013). Free iron catalyzes oxidative damage to hematopoietic
cells/mesenchymal stem cells in vitro and suppresses hematopoiesis in
iron overload patients. European journal of haematology, 91(3), 249-261.

152



Referencs

Ma, X., Lim, U., Park, Y., Mayne, S. T., Wang, R., Hartge, P., ... &
Schatzkin, A. (2009). Obesity, lifestyle factors, and risk of
myelodysplastic syndromes in a large US cohort. American journal of
epidemiology, 169(12), 1492-1499.

Ma, X., Selvin, S., Raza, A., Foti, K., & Mayne, S.T. (2007). Clustering in
the incidence of myelodysplastic syndromes. Leuk Res. 31:1683-1686.

Maassen, A., Strupp, C., Giagounidis, A., Kuendgen, A., Nachtkamp, K.,
Hildebrandt, B., ... & Germing, U. (2013). Validation and proposals for a
refinement of the WHO 2008 classification of myelodysplastic
syndromes without excess of blasts. Leukemia research, 37(1), 64-70.

Machura, E., Szczepanska, M., Ziora, K., Ziora, D., Swietochowska, E.,
Barc-Czarnecka, M., & Kasperska-Zajac A. (2013). Evaluation of
adipokines: Apelin, visfatin, and resistin in children with atopic
dermatitis. Mediators Inflamm.;2013:760691.

Magder, S. (2006). Reactive oxygen species: toxic molecules or spark of
life?. Critical care, 10(1), 1-8.

Mahfouz, R. Z., Jankowska, A., Ebrahem, Q., Gu, X., Visconte, V.,
Tabarroki, A., .. & Saunthararajah, Y. (2013). Increased CDA
expression/activity in males contributes to decreased cytidine analog half-
life and likely contributes to worse outcomes with 5-azacytidine or
decitabine therapy. Clinical Cancer Research, 19(4), 938-948.

Mahindra, A., Bolwell, B., Sobecks, R., Rybicki, L., Pohlman, B., Dean, R.,
... & Copelan, E. (2008). Elevated ferritin is associated with relapse after
autologous  hematopoietic ~ stem  cell transplantation  for
lymphoma. Biology of Blood and Marrow Transplantation, 14(11), 1239-
1244,

Makishima, H., Visconte, V., Sakaguchi, H., Jankowska, A. M., Abu Kar,

S., Jerez, A., .. & Maciejewski, J. P. (2012). Mutations in the
spliceosome machinery, a novel and ubiquitous pathway in

153



Referencs

leukemogenesis. Blood, The Journal of the American Society of
Hematology, 119(14), 3203-3210.

Makishima, H., Yoshizato, T., Yoshida, K., Sekeres, M. A., Radivoyevitch,
T., Suzuki, H., ... & Maciejewski, J. P. (2017). Dynamics of clonal
evolution in myelodysplastic syndromes. Nature genetics, 49(2), 204-
212.

Malcovati, L. (2011). Chronic Myeloid Disorders Working Group of the
International Cancer Genome Consortium and of the Associazione
Italiana per la Ricerca sul Cancro Gruppo Italiano Malattie
Mieloproliferative. Clinical significance of SF3B1 mutations in
myelodysplastic syndromes and myelodysplastic/myeloproliferative
neoplasms. Blood, 118, 6238-6246.

Malcovati, L., Hellstrom-Lindberg, E., Bowen, D., Ades, L., Cermak, J., Del
Cailizo, C., ... & Cazzola, M. (2013). Diagnosis and treatment of primary
myelodysplastic syndromes in adults: recommendations from the
European LeukemiaNet. Blood, The Journal of the American Society of
Hematology, 122(17), 2943-2964.

Malcovati, L., Karimi, M., Papaemmanuil, E., Ambaglio, 1., Jadersten, M.,
Jansson, M., ... & Hellstrom Lindberg, E. (2015). SF3B1 mutation
identifies a distinct subset of myelodysplastic syndrome with ring
sideroblasts. Blood, The Journal of the American Society of
Hematology, 126(2), 233-241.

Malcovati, L., Porta, M. G. D., Pascutto, C., Invernizzi, R., Boni, M.,
Travaglino, E., ... & Cazzola, M. (2005). Prognostic factors and life
expectancy in myelodysplastic syndromes classified according to WHO
criteria: a basis for clinical decision making. Journal of Clinical
Oncology, 23(30), 7594-7603.

Mallo, M., Cervera, J., Schanz, J., Such, E., Garcia-Manero, G., Luno, E., ...
& Solé, F. (2011). Impact of adjunct cytogenetic abnormalities for
prognostic stratification in patients with myelodysplastic syndrome and
deletion 5¢. Leukemia, 25(1), 110-120.

154



Referencs

Mandal, P., Pratt, B.T., Barnes, M., McMullen, M.R., & Nagy, L.E. (2011).
Molecular mechanism for adiponectin-dependent M2 macrophage
polarization: link between the metabolic and innate immune activity of
full-length adiponectin. J Biol Chem.; 286:13460-9.

Mantzarlis, K., Tsolaki, V., & Zakynthinos, E. (2017). Role of oxidative
stress and mitochondrial dysfunction in sepsis and potential
therapies. Oxidative medicine and cellular longevity, 2017.

Margetic, S., Gazzola, C., Pegg, G.G., & Hill, R.A. (2002). Leptin: a review
of its peripheral actions and interactions. Int J Obes Relat Metab Disord
26: 1407-1433.

Marklund, S., & Mraklund, G. (1974). Involvment of the superoxide anion
radical in the autoxidation of pyrogallol and a convenient assay for
superoxide dismutase. European Journal of Biochemistry, 47(3): 469-474.

Masaki, S., Ikeda, S., Hata, A., Shiozawa, Y., Kon, A., Ogawa, S., ... &
Kataoka, N. (2019). Myelodysplastic syndrome-associated SRSF2
mutations cause splicing changes by altering binding motif
sequences. Frontiers in genetics, 10, 338.

Matarese, G., Moschos, S., & Mantzoros, C. S. (2005). Leptin in
immunology. The Journal of Immunology, 174(6), 3137-3142.

Matsuoka, A., Tochigi, A., Kishimoto, M., Nakahara, T., Kondo, T.,
Tsujioka, T., ... & Tohyama, K. (2010). Lenalidomide induces cell death
in an MDS-derived cell line with deletion of chromosome 5q by
inhibition of cytokinesis. Leukemia, 24(4), 748-755.

Mattevi, V, S., Zembrzuski, V.M., & Hutz, M.H. (2004). A resistin gene
polymorphism is associated with body mass index in women. Human

Genetics. ;115(3):208-212.

May, R.C. (2007). Gender, immunity and the regulation of longevity.
Bioessays.;29:795-802.

155



Referencs

Meda, S., Singh, S., Palade, P., Tonk, S., & Awasthi, S. (2019). Oxidative
stress in intensive care unit patients: A review of glutathione linked
metabolism and lipid peroxidation. The Southwest Respiratory and
Critical Care Chronicles, 7(27), 7-35.

Merkel, D. G., & Nagler, A. (2014). Toward resolving the unsettled role of
iron chelation therapy in myelodysplastic syndromes. Expert Review of
Anticancer Therapy, 14(7), 817-829.

Minokoshi, Y., Kim, Y.B., Peroni, O.D., Fryer, L.G., Muller, C., Carling, D.,
& Kahn, B.B. (2002). Leptin stimulates fattyacid oxidation by activating
AMP-activated protein kinase. Nature. 415:339-343.

Mitchell, M., Gore, S. D., & Zeidan, A. M. (2013). Iron chelation therapy in
myelodysplastic syndromes: Where do we stand? Expert Review of
Hematology, 6(4), 397-410.

Mittal, M., Siddiqui, M. R., Tran, K., Reddy, S. P., & Malik, A. B. (2014).
Reactive oxygen species in inflammation and tissue injury. Antioxidants
& redox signaling, 20(7), 1126-1167.

Moreno Berggren, D., Folkvaljon, Y., Engvall, M., Sundberg, J., Lambe,
M., Antunovic, P., ... & Ejerblad, E. (2018). Prognostic scoring systems
for myelodysplastic syndromes (MDS) in a population-based setting: a
report from the Swedish MDS register. British journal of
haematology, 181(5), 614-627.

Moukalled, N.M., El Rassi, F.A., Temraz, S.N., and Taher, A.T. (2018).
Iron Overload in Patients With Myelodysplastic Syndromes: An Updated
Overview. Cancer, 15:3979-3989.

Mouzaki, A., Panagoulias, 1., Dervilli, Z., Zolota, V., Spadidea, P., Rodi, M.,
Panitsas, F.P., Lagadinou, E., de Lastic, A.L. & Georgakopoulos, T.
(2009). Expression patterns of leptin receptor (OB-R) isoforms and direct
in vitro effects of recombinant leptin on OB-R, leptin expression and
cytokine secretion by human hematopoietic malignant cells. Cytokine;
48: 203-211.

156



Referencs

Mufti, G. J., Bennett, J. M., Goasguen, J., Bain, B. J.,, Baumann, I.,
Brunning, R., ... & Yoshimi, A. (2008). Diagnosis and classification of
myelodysplastic syndrome: International Working Group on Morphology
of myelodysplastic syndrome (IWGM-MDS) consensus proposals for the
definition  and  enumeration of  myeloblasts and  ring
sideroblasts. haematologica, 93(11), 1712-1717.

Mupo, A., Seiler, M., Sathiaseelan, V., Pance, A., Yang, Y., Agrawal, A. A,
... & Vassiliou, G. S. (2017). Hemopoietic-specific Sf3b1-K700E knock-
in mice display the splicing defect seen in human MDS but develop
anemia without ring sideroblasts. Leukemia, 31(3), 720-727.

Murphy, F., Kroll, M.E., Pirie, K., Reeves, G., Green, J., & Beral, V,.
(2013). Body size in relation to incidence of subtypes of haematological
malignancy in the prospective Million Women Study. Br J
Cancer.;108(11):2390-2398.

Murthy, T., Bluemn, T., Gupta, A. K., Reimer, M., Rao, S., Pillai, M. M., &
Minella, A. C. (2018). Cyclin-dependent kinase 1 (CDK1) and CDK?2
have opposing roles in regulating interactions of splicing factor 3B1 with
chromatin. Journal of Biological Chemistry, 293(26), 10220-10234.

Musafer, K. N., Huyop, F. Z., Ewadh, M. J., Supriyanto, E., Al-Thuwaini, T.
M., & Al-Shuhaib, M. B. S. (2021). The single nucleotide polymorphisms
rs11761556 and rs12706832 of the leptin gene are associated with type 2
diabetes mellitus in the Iragi population. Archives of Biological
Sciences, 73(1), 93-101.

Natelson, E.A., & Pyatt, D. (2013). Acquired myelodysplasia or
myelodysplastic syndrome: clearing the fog. Adv Hematol. 309637. 3.

Naveiras, O., Nardi, V., Wenzel, P. L., Hauschka, P. V., Fahey, F., & Daley,

G. Q. (2009). Bone-marrow adipocytes as negative regulators of the
haematopoietic microenvironment. Nature, 460(7252), 259-263.

Naylor, C., & Petri, W. A. (2016). Leptin regulation of immune responses.
Trends in Molecular Medicine, 22(2), 88-98.

157



Referencs

Newton, C. R., Graham, A., Heptinstall, L. E., Powell, S. J., Summers, C.,
Kalsheker, N., ... & Markham, A. (1989). Analysis of any point mutation
in DNA. The amplification refractory mutation system (ARMS). Nucleic
acids research, 17(7), 2503-2516.

Nicole, J., & Lena, H. (2016). Measurement of liver iron concentration by
superconducting quantum interference device biomagnetic liver
susceptometry validates serum ferritin as prognostic parameter for
allogeneic stem cell transplantation. European journal of
haematology.;97:336-341.

Niemeyer, C.M., & Kratz, C.P. (2008). Paediatric myelodysplastic
syndromes and juvenile myelomonocytic leukaemia: molecular
classification and treatment options. Br J Haematol 140: 610-624.

Nishida, M., Kumagai, Y., lhara, H., Fujii, S., Motohashi, H., & Akaike, T.
(2016). Redox signaling regulated by electrophiles and reactive sulfur
species. Journal of clinical biochemistry and nutrition, 58(2), 91-98.

Niu, Y., DesMarais, T.L., Tong, Z., Yao, & Y., & Costa, M. (2015).
Oxidative stress alters global histone modification and DNA methylation.
Free Radic. Biol. Med., 82, 22-28.

Novotna, B., Bagryantseva, Y., Siskova, M. & Neu-writova, R. (2009).
Oxidative DNA damage in bone marrow cells of patients with low-risk
myelodsplastic syndrome. Luekemia research, 33: 340-343.

Nuttall, F. Q. (2015). Body mass index: obesity, BMI, and health: a critical
review. Nutrition today, 50(3), 117.

Obeng, E. A., Chappell, R. J., Seiler, M., Chen, M. C., Campagna, D. R.,
Schmidt, P. J., ... & Ebert, B. L. (2016). Physiologic expression of
Sf3b1K700E causes impaired erythropoiesis, aberrant splicing, and
sensitivity to therapeutic spliceosome modulation. Cancer cell, 30(3),
404-417.

Ogawa, S. (2019). Genetics of MDS. Blood, 133, 1049-1059.

158



Referencs

Ok, C. Y., Hasserjian, R. P., Fox, P. S., Stingo, F., Zuo, Z., Young, K. H., ...
& Wang, S. A. (2014). Application of the international prognostic scoring
system-revised in therapy-related myelodysplastic syndromes and
oligoblastic acute myeloid leukemia. Leukemia, 28(1), 185-189.

Okamoto, Y., Folco, E. J.,, Minami, M., Wara, A. K., Feinberg, M. W.,
Sukhova, G. K., ... & Libby, P. (2008). Adiponectin inhibits the
production of CXC receptor 3 chemokine ligands in macrophages and
reduces T-lymphocyte recruitment in atherogenesis. Circulation
research, 102(2), 218-225.

Orazi, A. (2007). Histopathology in the diagnosis and classification of acute
myeloid leukemia, myelodysplastic syndrome and
myelodysplastic/myeloproliferative diseases. Pathobiology .74:97-114.

Orlando, A., Nava, E., Giussani, M., & Genovesi, S. (2019). Adiponectin
and cardiovascular risk. From pathophysiology to clinic: focus on

children and adolescents. International journal of molecular
sciences, 20(13), 3228.

Osawa, H., Yamada, K., Onuma, H., et al. (2004). The G/G genotype of a
resistin single-nucleotide polymorphism at —420 increases type 2 diabetes
mellitus susceptibility by inducing promoter activity through specific
binding of Sp1/3. American Journal of Human Genetics.;75(4):678-686.

Ouchi, N., Jennifer, L., Parker, J. L., Jesse, J., Lugus, J. J., & Walsh, K.
(2011). Adipokines in flammations and metabolic disease. Nat. Rev.
Immunol.; 11(2):85-97.

Ouyang, Y., Qiao, C., Chen, Y., & Zhang, S. J. (2017). Clinical significance
of CSF3R, SRSF2 and SETBP1 mutations in chronic neutrophilic
leukemia and chronic myelomonocytic leukemia. Oncotarget, 8(13),
20834,

Pamuk, G. E., Demir, M., Harmandar, F., Yesil, Y., Turgut, B., & Vural, O.
(2006). Leptin and resistin levels in serum of patients with hematologic

159



Referencs

malignancies: correlation with clinical characteristic. Experimental
oncology.

Papaemmanuil, E., Cazzola, M., Boultwood, J., Malcovati, L., Vyas, P.,
Bowen, D., ... & Campbell, P. J. (2011). Somatic SF3B1 mutation in
myelodysplasia with ring sideroblasts. New England Journal of
Medicine, 365(15), 1384-1395.

Papaemmanuil, E., Gerstung, M., Bullinger, L., Gaidzik, V. I., Paschka, P.,
Roberts, N. D., ... & Campbell, P. J. (2016). Genomic classification and
prognosis in acute myeloid leukemia. New England Journal of
Medicine, 374(23), 2209-2221.

Papaemmanuil, E., Gerstung, M., Malcovati, L., Tauro, S., Gundem, G.,
Van Loo, P., .. & Campbell, P. J. (2013). Clinical and biological
implications of driver mutations in myelodysplastic syndromes. Blood,
The Journal of the American Society of Hematology, 122(22), 3616-3627.

Papathanassoglou, E., EI-Haschimi, K., Li, X. C., Matarese, G., Strom, T.,
& Mantzoros, C. (2006). Leptin receptor expression and signaling in
lymphocytes: kinetics during lymphocyte activation, role in lymphocyte
survival, and response to high fat diet in mice. The Journal of
Immunology, 176(12), 7745-7752.

Park, H.Y., Kwon, H.M., Lim, H.J., Hong, B.K., Lee, J.Y., Park, B.E., Jang,
Y., Cho, SY., & Kim, H.S. (2001). Potential role of leptin in
angiogenesis: leptin induces endothelial cell proliferation of matrix
metalloproteinasis in vivo and vitro. Exp. Mol. Med. J.;33(2):95-102,

Park, H-K., & Ahima, R.S. (2015). Physiology of leptin: energy homeosta-
sis, neuroendocrine function and metabolism. Metabolism. :64:24-34.

Park, S. M., Ou, J., Chamberlain, L., Simone, T. M., Yang, H., Virbasius, C.
M., ... & Green, M. R. (2016). U2AF35 (S34F) promotes transformation
by directing aberrant ATG7 pre-mRNA 3' end formation. Molecular
cell, 62(4), 479-490.

160



Referencs

Parmentier, S., Schetelig, J., Lorenz, K., Kramer, M., Ireland, R., Schuler,
U., ... & Kroschinsky, F. (2012). Assessment of dysplastic hematopoiesis:
lessons from healthy bone marrow donors. haematologica, 97(5), 723.

Patel, B.J., Przychodzen, B., Thota, S., Radivoyevitch, T., Visconte, V.,
Kuzmanovic, T., Clemente, M., Hirsch, C., Morawski, A., Souaid, R.,
Saygin, C., Nazha, A., Demarest, B., LaFramboise, T., Sakaguchi, H.,
Kojima, S., Carraway, H.E., Ogawa, S., Makishima, H., Sekeres, M.A., &
Maciejewski, J.P. (2017). Genomic determinants of chronic
myelomonocytic leukemia. Leukemia 31, 2815-2823.

Patnaik, M. M., Lasho, T. L., Finke, C. M., Hanson, C. A., Hodnefield, J.
M., Knudson, R. A., ... & Tefferi, A. (2013). Spliceosome mutations
involving SRSF2, SF3B1, and U2AF35 in chronic myelomonocytic
leukemia:  prevalence, clinical  correlates, and  prognostic
relevance. American journal of hematology, 88(3), 201-206.

Peddie, C.M., Wolf, C.R., Mclellan, L.I., Collins, A.R., & Bowen, D.T.,
(1997). Oxidative DNA damage in CD34+ myelodysplastic cells is
associated with intracellular redox changes and elevated plasma tumour
necrosis factor-a concentration. Br. J. Haematol., 99, 625-631.

Pedersen-Bjergaard, J., Andersen, M.K., Andersen, M.T., & Christiansen,
D.H. (2008). Genetics of therapy-related myelodysplasia and acute
myeloid leukemia. Leukemia, 22 (2): 240-248.

Pei, S., Minhajuddin, M., Callahan, K. P., Balys, M., Ashton, J. M., Neering,
S. J, .. & Jordan, C. T. (2013). Targeting aberrant glutathione
metabolism to eradicate human acute myelogenous leukemia
cells. Journal of Biological Chemistry, 288(47), 33542-33558.

Pelayo, R., Dorantes-acosta, E., Vadillo, E., & Fuentes-panana, E. (2012).
“From HSC to B-lymphoid cells in normal and malignant
hematopoiesis,” in Advances in Hematopoietic Stem Cell Research, ed R.
Pelayo (Croatia: InTech), 277-298.

161



Referencs

Pellagatti, A. & Boultwood, J. (2021). SF3B1 mutant myelodysplastic
syndrome: Recent advances. Advances in Biological Regulation, 79,
100776

Pellagatti, A., & Boultwood, J. (2017). Splicing factor gene mutations in the
myelodysplastic syndromes: impact on disease phenotype and therapeutic
applications. Adv. Biol. Regul. 63, 59-70.

Peng, X.-D., Xie, H., Zhao, Q., Wu, X.-P., Sun, Z.-Q., & Liao, E.-Y.
(2008). Relationships between serum adiponectin, leptin, resistin, visfatin
levels and bone mineral density, and bone biochemical markers in
Chinese men. Clinica Chimica Acta, 387(1-2), 31-35.

Petridou E., Mantzoros, C. S., Dessypris, N., Dikalioti, S.K.,, &
Trichopoulos, D. (2006). Adiponectin in relation to childhood
myeloblastic leukaemia. Br J Cancer 94: 156 — 16.

Phelan, M.M., Goult, b.t., Clayton, J.C., Hautbergue, G.M., Stuart, A.,
Wilson, SW., & Lu-Yun Lian L. (2012). The structure and selectivity of
the SR protein SRSF2 RRM domain with RNA. Nucleic Acids Research,
40( 7): 3232-3244

Picou, F., Vignon, C., Debeissat, C., Lachot, S., Kosmider, O., Gallay, N., ...
& Herault, O. (2019). Bone marrow oxidative stress and specific
antioxidant  signatures in  myelodysplastic  syndromes. Blood
advances, 3(24), 4271-4279.

Pileggi, C., Di Sanzo, M., Mascaro, V., Marafioti, M.G., Costanzo, F.S., &
Pavia, M. (2017) Role of serum ferritin level on overall survival in
patients with myelodysplastic syndromes: Results of a meta-analysis of
observational studies. PLoS ONE 12(6): e0179016

Poynter, J.N., Richardson, M., Blair, C. K., Roesler, M. A., Hirsch, B. A.,
Nguyen, P., & Ross, J. A. (2016). Obesity over the life course and risk of
acute myeloid leukemia and myelodysplastic syndromes. Cancer
epidemiology, 40, 134-140.

162



Referencs

Pullarkat, V. (2009). Objectives of iron chelation therapy in myelodysplastic
syndromes: more than meets the eye? Blood.;114: 5251-5255.

Purizaca, J., Meza, 1., and Pelayo, R. (2012). Early lymphoid development
and microenvironmental cues in B-cell acute lymphoblastic leukemia.
Arch. Med. Res. 43, 89-101.

Raess, P.W., van den Geijn, G.M., Njo, T.L., Klop, B., Sukhachev, D.,
Wertheim, T.M., Master, S.R. & Bagg, A. (2014). Automated screeing
for myelodysplastic syndrome through analysis of complete blood count
and cell population data parameters. American Journal of Hematology;
89(4): 369-374.

Rahal, A., Kumar, A., Singh, V., Yadav, B., Tiwari, R., Chakraborty, S., &
Dhama, K. (2014). Oxidative stress, prooxidants, and antioxidants: the
interplay. BioMed research international, 2014.

Rahman, M. A,, Lin, K. T., Bradley, R. K., Abdel-Wahab, O., & Krainer, A.
R. (2020). Recurrent SRSF2 mutations in MDS affect both splicing and
NMD. Genes & development, 34(5-6), 413-427.

Ramos-Lobo, A.M., & Donato, J. J. (2017). The role of leptin in health and
disease. Temperature (Austin), 4(3), 258-291

Rasouli, N., Kern, P.A. (2008). Adipocytokines and the metabolic
complications of obesity. J. Clin. Endocrinol. Metab., 93(11):564-S73.

Ray, A., & Cleary, M. P. (2017). The potential role of leptin in tumor
invasion and metastasis. Cytokine & growth factor reviews, 38, 80-97.

Reddy, P. H. (2011). Mitochondrial dysfunction and oxidative stress in
asthma: implications  for  mitochondria-targeted  antioxidant
therapeutics. Pharmaceuticals, 4(3), 429-456.

Reilly, M., Miller, R. M., Thomson, M. H., Patris, V., Ryle, P., McLoughlin,
L., ... & van de Wetering de Rooij, J. (2013). Randomized, double-blind,
placebo-controlled, dose-escalating phase I, healthy subjects study of

163



Referencs

intravenous OPN-305, a humanized anti-TLR2 antibody. Clinical
Pharmacology & Therapeutics, 94(5), 593-600.

Reseland, J.E., Reppe, S., Olstad, O.K., Hjorth-Hansen, H., Brenne, A.T.,
Syversen, U., Waage, A., & lversen PO (2009) Abnormal adipokine
levels and leptin-induced changes in gene expression profiles in multiple
myeloma. Eur J Haematol 83 (5): 460-470.

Robati, R.M., Partovi-Kia, M., Haghighatkhah, H.R., Younespour, S., &
Abdollahimajd F. (2014). Increased serum leptin and resistin levels and
increased carotid intima-media wall thickness in patients with psoriasis:
Is psoriasis associated with atherosclerosis. J. Am. Acad. Dermatol.;71:
642-648.

Rosen, C.J., Ackert-Bicknell, C., Rodriguez, J.P., & Pino, A.M. (2009).
Marrow fat and the bone microenvironment: developmental, functional,
and pathological implications. Crit Rev Eukaryot Gene Expr. 19:109-24

Rotruck, J.T., Pope, A.L, Ganther, H.E., Swanson, A.B., Hafeman, D.G., &
Hoekstra, W.(1973) .Selenium: biochemical role as a component of
glutathione peroxidase. Science, 9;179(4073):588-90.

Rujirachaivej, P., Siriboonpiputtana, T., Rerkamnuaychoke, B., Magmuang,
S., Chareonsirisuthigul, T., Boonsakan, P., Petvises, S., Sirirat, T.,
Niparuck, P., & Chuncharunee. S.(2018). The Frequency of SF3B1
Mutations in Thai Patients with Myelodysplastic Syndrome. Asian Pac J
Cancer Prev.; 19(7): 1825-1831.

Saez, B., Walter, M. & Graubert, T. A. (2017). Splicing factor gene mutation
in hematological malignancies. Blood, 129(10):1260-1269.

Saigo, K., Takenokuchi, M., Hiramatsu, Y., Tada, H., Hishita, T., Takata,
M., ... & Imashuku, S. (2011). Oxidative stress levels in myelodysplastic
syndrome patients: their relationship to serum ferritin and haemoglobin
values. Journal of International Medical Research, 39(5), 1941-1945.

164



Referencs

Sally, T., Valeria, S., Khaled, M., & Ali, T. (2014). Iron overload and
chelation therapy in myelodysplastic syndromes. Critical reviews in
oncology/hematology.;91:64-73.

Salmenniemi, U., Zacharova, J., Ruotsalainen, E., Vauh-konen, 1.,
Pihlajamaéki, J., Kainulainen, S., Punnonen, K., & Laakso, M. (2005).
Association of adiponectin level and variants in the adiponectin gene with
glucose metabolism, energy expenditure, and cytokines in offspring of
type 2 diabetic patients. J Clin Endocrinol Metab; 90: 4216-4223.

Sambrook, J., & Russell, D.W. (2001).Molecular Cloning, 3 rd edition.

Santo, L., Teras, L. R., Giles, G. G., Weinstein, S. J., Albanes, D., Wang, Y.,
... & Hofmann, J. N. (2017). Circulating resistin levels and risk of
multiple myeloma in three prospective cohorts. British journal of
cancer, 117(8), 1241-1245.

Sanz, G.F., Sanz, M.A., Vallespi, T., Canizo, M.C., Torrabadella, M.,
Garcia, S., Irriguible, D., & San Miguel, J.F. (1989) .Two regression
models and a scoring system for predicting survival and planning
treatment in myelodysplastic syndromes: a multivariate analysis of
prognostic factors in 370 patients. Blood 74:395-408.

Savage, K. I., Gorski, J. J., Barros, E. M., Irwin, G. W., Manti, L., Powell, A.
J., ... & Harkin, D. P. (2014). Identification of a BRCA1-mRNA splicing
complex required for efficient DNA repair and maintenance of genomic
stability. Molecular cell, 54(3), 445-459.

Saxena, M. & Modi, D. R. (2015). Leptin association in disease and
disorders Asian J. Pharm. Tech. Innov. 3 97-106.

Sayar, H. (2013). Myelodysplastic Syndrome from Pathogenesis to
Diagnosis and Therapy. Nova Biomedical. New York. Pp: 6.

Schanz, J., Tuchler, H., Solé, F., Mallo, M., Lufo, E., Cervera, J., ... &
Haase, D. (2012). New comprehensive cytogenetic scoring system for
primary myelodysplastic syndromes (MDS) and oligoblastic acute

165



Referencs

myeloid leukemia after MDS derived from an international database
merge. Journal of Clinical Oncology, 30(8), 820.

Schwabkey, Z., Al Ali, N., Sallman, D., Kuykendall, A., Talati, C., Sweet,
K., Lancet, J., Padron, E., & Komrokji, R. (2021). Impact of obesity on
survival of patients with myelodysplastic syndromes. Hematology, 26:1,
393-397.

Scotti, M.M., & Swanson, M.S. (2016). RNA mis-splicing in disease. Nat
Rev Genet.;17(1):19-32.

Sebastiani, G., Wilkinson, N., & Pantopoulos, K. (2016). Pharmacological
targeting of the hepcidin/ferroportin axis. Frontiers in Pharmacology, 7,
160.

Sedlak, J., & Lindsay, R. H. (1968). Estimation of total protein-bound and
nonprotein sulfthydryl groups in tissues with Ellmam's reagents.
Analytical Biochemistry, 25: 192-205.

Seegmiller, A. C., Wasserman, A., Kim, A. S., Kressin, M. K., Marx, E. R.,
Zutter, M. M., & Mosse, C. A. (2014). Limited utility of fluorescence in
situ hybridization for common abnormalities of myelodysplastic
syndrome at first presentation and follow-up of myeloid
neoplasms. Leukemia & lymphoma, 55(3), 601-605.

Sekeres, M.A. (2011). Epidemiology, natural history, and practice patterns of
patients with myelodysplastic syndromes in 2010. J Natl Compr Canc
Netw;9: 57- 63.

Shah, J., Kurtin, S. E., Arnold, L., Lindroos-Kolqgvist, P., & Tinsley, S.
(2012). Management of transfusion-related iron overload in patients with
myelodysplastic syndromes. Clinical Journal of Oncology Nursing,
16:37-46.

Shallis, R.M., Ahmad, R., & Zeidan, A.M. (2018). The genetic and
molecular pathogensis of myelodysplastic syndrome. Eur. J. Haematol.,

260-271.

166



Referencs

Shenoy, N., Vallumsetla, N., Rachmilewitz, E., Verma, A., & Ginzburg, Y.
(2014). Impact of iron overload and potential benefit from iron chelation
in low-risk myelodysplastic syndrome. Blood, The Journal of the
American Society of Hematology, 124(6), 873-881.

Shenoy, N., Vallumsetla, N., Rachmilewitz, E., Verma, A., & Ginzburg, Y.
(2014). Impact of iron overload and potential benefit from iron chelation
in low-risk myelodysplastic syndrome. Blood, 124(6): 873-88L1.

Shimon, I., & Shpilberg, O. (1995). The insulin-like growth factor system in
regulation of normal and malignant hematopoiesis. Leuk Res.;19(4):233—
240.

Shiozawa, Y., Malcovati, L., Galli, A., Sato-Otsubo, A., Kataoka, K., Sato,
Y., Watatani, Y., Suzuki, H., Yoshizato, T., Yoshida, K., Sanada, M.,
Makishima, H., Shiraishi, Y., Chiba, K., Hellstrom-Lindberg, E., Miyano,
S., Ogawa, S., & Cazzola, M. (2018). Aberrant splicing and defective
MRNA production induced by somatic spliceosome mutations in
myelodysplasia. Nat. Commun. 9, 3649.

Shirai, C. L., Ley, J. N., White, B. S., Kim, S., Tibbitts, J., Shao, J., ... &
Walter, M. J. (2015). Mutant U2AF1 expression alters hematopoiesis and
pre-mRNA splicing in vivo. Cancer cell, 27(5), 631-643.

Sillar, J. R., Germon, Z. P., De luliis, G. N., & Dun, M. D. (2019). The role
of reactive oxygen species in acute myeloid leukaemia. International
journal of molecular sciences, 20(23), 6003.

Smith, S. M., Le Beau, M. M., Huo, D., Karrison, T., Sobecks, R. M.,
Anastasi, J., ... & Larson, R. A. (2003). Clinical-cytogenetic associations
in 306 patients with therapy-related myelodysplasia and myeloid
leukemia: the University of Chicago series. Blood, 102(1), 43-52.

Snoussi, K., Strosberg, A. D., Bouaouina, N., Ahmed, S. B., Helal, A. N., &
Chouchane, L. (2006). Leptin and leptin receptor polymorphisms are
associated with increased risk and poor prognosis of Dbreast
carcinoma. BMC cancer, 6(1), 1-10.

167



Referencs

Song, J., Yoon, S.R. & Kim, O.Y. (2018). T allele at ADIPOQ rs1501299
G/T polymorphism is more susceptible to the influence of circulating

adiponectin on arterial stiffness in nondiabetic men. Diabetol Metab
Syndr 10, 44.

Song, M. K., Chung, J. S., Seol, Y. M., Shin, H. J., Choi, Y. J., & Cho, G. J.
(2009). Elevation of serum ferritin is associated with the outcome of
patients with newly diagnosed multiple myeloma. The Korean journal of
internal medicine, 24(4), 368.

Sood, A., & Shore, S. (2013). Adiponectin, Leptin, and Resistin in
Asthma:Basic Mechanism through Population Studies. Allergy
(Cairo):785835.

Status, W. P. (1995). The use and interpretation of anthropometry. WHO
technical report series, 854(9).

Steensma, D. P., & Bennett, J. M. (2006). The myelodysplastic syndromes:
diagnosis and treatment. Mayo Clin Proc.; 81:104-130.

Steensma, D. P., & Gattermann, N. (2013). When is iron overload
deleterious, and when and how should iron chelation therapy be
administered in myelodysplastic syndromes? Best Practice and Research
Clinical Haematology, 26(4).

Steensma, D.P. (2015). Myelodysplastic syndromes: diagnosis and
treatment. Mayo Clin Proc. 90:969-83.

Stengel, B., Tarver-Carr, M.E., Powe, N.R., Eberhardt, M.S., & Brancati,
F.L. (2003). Lifestyle factors, obesity and the risk of chronic kidney
disease. Epidemiology., 14: 479-487.

Steppan, C. M., Bailey, S. T., Bhat, S., Brown, E. J., Banerjee, R. R,

Wright, C. M., ... & Lazar, M. A. (2001). The hormone resistin links
obesity to diabetes. Nature, 409(6818), 307-312.

168



Referencs

Stifter, G., Heiss, S., Gastl, G., Tzankov, A., & Stauder, R. (2005). Over-
expression of tumor necrosis factor-alpha in bone marrow biopsies from
patients with myelodysplastic syndromes: relationship to anemia and
prognosis. Eur J Haematol 75:485-491

Stofkova, A. (2010). Resistin and visfatin: regulators of insulin sensitivity,
inflammation and immunity. Endocr Regul. 2010; 44:25-36.

Strobel A, Issad T, Camoin L, Ozata M, Strosberg AD. (1998). A leptin
missense mutation associated with hypogonadism and morbid obesity.
Nat Genet., 18: 213-215

Strom, S.S., Velez-Bravo, V., & Estey, E.H. (2008). Epidemiology of
myelodysplastic syndromes. Semin Hematol.; 45:8-13.

Sturm, R. (2007). Increases In Morbid Obesity In The USA: 2000-
2005. Public Health 121.7: 492-496.

Su, C.M., Hsu, C.J., Tsai, C.H., Huang, C.Y., S. W. Wang, SW., & C. H.
Tang, C.H. (2015). “Resistin promotes angiogenesis in endothelial
progenitor cells through inhibition of microRNA206: potential
implications for rheumatoid arthritis,” Stem Cells,33(7): 2243-2255.

Swerdlow, S.H., Campo, E., Harris, N.L., Jaffe, E.S., Pileri, S.A., Stein, H.,
et al. (2008).WHO Classification of Tumours of the Haematopoietic and
Lymphoid Tissues. Lyon, France: International Agency for Research on
Cancer, 1-439.

Tabe, Y., Konopleva, M., Munsell, M. F., Marini, F. C., Zompetta, C.,
McQueen, T., & Andreeff, M. (2004). PML-RARa is associated with
leptin-receptor induction: the role of mesenchymal stem cell-derived
adipocytes in APL cell survival. Blood, 103(5), 1815-1822.

Takahashi, M., Arita, Y., Yamagata, K., Matsukawa, Y., Okutomi, K., &

Horie, M. (2000). Genomic structure and mutations in adipose-specifi c
gene; adiponectin. Int. J. Obes. Relat. Metab. Disord., 24, 861-868.

169



Referencs

Tanaka, N., Kusunoki, N., Kusunoki, Y., Hasunuma, T., & Kawai, S.
(2013). Resistin is associated with the inflammation process in patients
with systemic autoimmune diseases undergoing glucocorticoid therapy:
comparison with leptin and adiponectin. Mod Rheumatol. ; 23:8-18.

Tefferi, A. & Vardiman, J.W. (2009). Myelodysplastic syndromes. N Engl J
Med. 2009; 361:1872-1885.

Temraz, S., Santini, V., Musallam, K., & Taher, A. (2014). Iron overload
and chelation therapy in myelodysplastic syndromes. Critical Reviews in
Oncology/Hematology, 91(1).

Thol, F., Kade, S., Schlarmann, C., Loffeld, P., Morgan, M., Krauter, J., ... &
Heuser, M. (2012). Frequency and prognostic impact of mutations in
SRSF2, U2AF1, and ZRSR2 in patients with myelodysplastic
syndromes. Blood, The Journal of the American Society of
Hematology, 119(15), 3578-3584.

Thol, F., Winschel, C., Ludeking, A., Yun, H., Friesen, I., Damm, F., ... &
Ganser, A. (2011). Rare occurrence of DNMT3A mutations in
myelodysplastic syndromes. Haematologica, 96(12), 1870.

Tiaka, E.K., Manolakis, A.C., Kapsoritakis, A.N., & Potamianos, S.P.
(2011) “The implication of adiponectin and resistin in gastrointestinal
diseases,” Cytokine & Growth Factor Reviews, . 22(2):109-1109.

Tilija Pun, N., Subedi, A., Kim, M. J., & Park, P. H. (2015). Globular
adiponectin causes tolerance to LPS-induced TNF-o expression via
autophagy induction in RAW 264.7 macrophages: involvement of
SIRT1/FoxO3A axis. PloS one, 10(5), e0124636.

Tsukada, S., Tanaka, Y., Maegawa, H., Kashiwagi, A., Kawamori, R., &
Maeda, S. (2006). Intronic polymorphisms within TFAP2B regulate
transcriptional activity and affect adipocytokine gene expression in
differentiated adipocytes. Mol Endocrinol ; 20: 1104-11.

170



Referencs

Tsushima, H., lwanaga, M., & Miyazaki, Y. (2012). Late effect of atomic
bomb radiation on myeloid disorders: leukemia and myelodysplastic
syndromes. International journal of hematology, 95(3), 232-238.

Tungtrongchitr, R., Pongpaew, P., Phonra, B., Tribunyatkul. S.,
Viroonudomphol, D., SupawaN, V., Jintaridhi, P., Lertchavanakul, A.,
Vudhivai, N. & Frank Peter Schelp, F.P. (2000). Leptin concentration in
relation to body mass index (BMI) and hematological measurement in
thia obies and overweight subjects. Southest Asian J Trop. Med. Puplic
Health, 31(4):787.

Valent, P., Horny, H. P., Bennett, J. M., Fonatsch, C., Germing, U.,
Greenberg, P., ... & Wells, D. A. (2007). Definitions and standards in the
diagnosis and treatment of the myelodysplastic syndromes: Consensus
statements and report from a working conference. Leukemia
research, 31(6), 727-736.

Valent, P., Orazi, A., Blsche, G., Schmitt-Gréaff, A., George, T. I., Sotlar, K.,
... & Hans-Peter, H. (2010). Standards and impact of hematopathology in
myelodysplastic syndromes (MDS). Oncotarget, 1(7), 483.

Vallespi, T., Imbert, M., Mecucci, C., Preudhomme, C., & Fenaux, P.
(1998). Diagnosis, classification, and cytogenetics of myelodysplastic
syndromes. Haematologica, 83(3), 258-275.

Van De Loosdrecht, A. A, Ireland, R., Kern, W., Della Porta, M. G., Alhan,
C., Balleisen, J. S., ... & Westers, T. M. (2013). Rationale for the clinical
application of flow cytometry in patients with myelodysplastic
syndromes: position paper of an International Consortium and the
European LeukemiaNet Working Group. Leukemia & lymphoma, 54(3),
472-475.

Vardiman, J. W., Thiele, J., Arber, D. A., Brunning, R. D., Borowitz, M. J.,
Porwit, A., ... & Bloomfield, C. D. (2009). The 2008 revision of the
World Health Organization (WHO) classification of myeloid neoplasms
and acute leukemia: rationale and important changes. Blood, The Journal
of the American Society of Hematology, 114(5), 937-951.

171



Referencs

Vilchis-Ordofiez, A., Contreras-Quiroz, A., Vadillo, E., Dorantes-Acosta, E.,
Reyes-Lopez, A., Quintela-Nufiez del Prado, H. M., ... & Pelayo, R.
(2015). Bone marrow cells in acute lymphoblastic leukemia create a
proinflammatory microenvironment influencing normal hematopoietic
differentiation fates. BioMed Research International, 2015.

Visconte, V., Rogers, H. J., Singh, J., Barnard, J., Bupathi, M., Traina, F., ...
& Tiu, R. V. (2012). SF3B1 haploinsufficiency leads to formation of ring
sideroblasts in myelodysplastic syndromes. Blood, The Journal of the
American Society of Hematology, 120(16), 3173-3186.

Visconte, V., Tiu, R.....& Rogers, H. (2014). Pathogenesis of
myelodysplastic syndromes: an overview of molecular and non-molecular
aspects of the disease. Blood Research 49 (4):216.

Walter, M. J., Shen, D., Shao, J., Ding, L., White, B. S., Kandoth, C., ... &
Graubert, T. A. (2013). Clonal diversity of recurrently mutated genes in
myelodysplastic syndromes. Leukemia, 27(6), 1275-1282.

Wang, D., Johnson, A.D., Papp, A.C., Kroetz, D.L., & Sadee, W. (2005).
Multidrug resistance polypeptide 1 (MDR1, ABCB1) variant 3435c¢c> t
affects mRNA stability. Pharmacogenet. Genom., 15, 693-704.

Wang, F., Ni, J.,, Wu, L., Wang, Y., He, B., & Yu, D. (2019). Gender
disparity in the survival of patients with primary myelodysplastic
syndrome. Journal of Cancer, 10(5), 1325.

Wang, H., Chen, D.Y., Cao, J., He, Z. Y., Zhu, B. P., & Long, M. (2009).
High serum resistin level may be an indicator of the severity of coronary
disease in acute coronary syndrome. Chinese Medical Sciences
Journal.;24(3):161-166 .

Wang, H., Chu, W.S., Hemphill, C., & Elbein, S.C. (2002). Human resistin
gene: molecular scanning and evaluation of association with insulin
sensitivity and type 2 diabetes in Caucasians. The Journal of Clinical
Endocrinology & Metabolism.;87 (6):2520-2524.

172



Referencs

Wermke, M., Schmidt, A., Middeke, J. M., Sockel, K., von Bonin, M.,
Schonefeldt, C., ... & Platzbecker, U. (2012). MRI-based liver iron
content predicts for nonrelapse mortality in MDS and AML patients
undergoing allogeneic stem cell transplantation. Clinical Cancer
Research, 18(23), 6460-6468.

Wermke, M., Schmidt, A., Middeke, J. M., Sockel, K., von Bonin, M.,
Schonefeldt, C., & Platzbecker, U. (2012). MRI-based liver iron content
predicts for nonrelapse mortality in MDS and AML patients undergoing
allogeneic stem cell transplantation. Clinical Cancer Research, 18(23),
6460-6468.

Westhofen, G., Ganster, C., Beier, F., Rassaf, T., Al-Ali, H. K., Stuhlmann,
R., ... & Haase, D. (2015). Comprehensive genomic analysis provides
further evidence that iron overload can induce genetic instability in
myelodysplastic syndromes. Blood, 126 (23): 2842.

Will, C.L, & Luhrmann, R. (2011). Spliceosome structure and function. Cold
Spring Harb Perspect Biol.; 3:1-24.

Willis, M.S., McKenna, R.W., Peterson, L,C., Coad, J.E., & Kroft, S.H.,
(2005). Low blast count myeloid disorders with Auer rods: a
clinicopathologic analysis of 9 cases. Am J Clin Pathol. 124 (2): 191
198.

Wolf, G., Hamann, A., Han, D. C., Helmchen, U., Thaiss, F., Ziyadeh, F. N.,
& Stahl, R. A. (1999). Leptin stimulates proliferation and TGF-$
expression in renal glomerular endothelial cells: potential role in
glomerulosclerosis. Kidney international, 56(3), 860-872.

Woo, J. G., Dolan, L. M., Deka, R., Kaushal, R. D., Shen, Y., Pal, P., ... &
Martin, L. J. (2006). Interactions between noncontiguous haplotypes in
the adiponectin gene ACDC are associated with plasma
adiponectin. Diabetes, 55(2), 523-529.

Wood, J. C. (2015). Estimating tissue iron burden: current status and future
prospects. British journal of haematology.;170:15-28.

173



Referencs

Wood, K. A., Eadsforth, M. A., Newman, W. G., & O’Keefe, R. T. (2021).
The role of the U5 snRNP in genetic disorders and cancer. Frontiers in
Genetics, 12.

Wu, J., Cheng, Y., & Zhang, L. (2015). Comparison of immune
manifestations between refractory cytopenia of childhood and aplastic
anemia in children: A single-center retrospective study. Leuk Res 39 (12):
1347-1352.

Wu, L., Song, L., Xu, L., Chang, C., Xu, F.,, Wu, D., ... & Li, X. (2016).
Genetic landscape of recurrent ASXL1, U2AF1, SF3B1, SRSF2, and
EZH2 mutations in 304 Chinese patients with myelodysplastic
syndromes. Tumor Biology, 37(4), 4633-4640.

Wu, S. J,, Kuo, Y. Y., Hou, H. A,, Li, L. Y., Tseng, M. H., Huang, C. F,, ...
& Tien, H. F. (2012). The clinical implication of SRSF2 mutation in
patients with myelodysplastic syndrome and its stability during disease
evolution. Blood, The Journal of the American Society of
Hematology, 120(15), 3106-3111.

Wu, S. J., Tang, J. L., Lin, C. T., Kuo, Y. Y., Li, L. Y., Tseng, M. H., ... &
Tien, H. F. (2013). Clinical implications of U2AF1 mutation in patients
with myelodysplastic syndrome and its stability during disease
progression. American journal of hematology, 88(11), E277-E282.

Woulster-Radcliffe, M.C., Ajuwon, K.M., Wang, J., Christian, JA.,, &
Spurlock, M.E. (2004). Adiponectin differentially regulates cytokines in
porcine macrophages. Biochem Biophys Res Commun 316:924-929.

Xie, M., Lu, C., Wang, J., McLellan, M. D., Johnson, K. J., Wendl, M. C., &
Ding, L. (2014). Age-related mutations associated with clonal
hematopoietic expansion and malignancies. Nature medicine, 20(12),
1472-1478.

Yamauchi, T., Kamon, J., Waki, H., Terauchi, Y., Kubota, N., Hara, K.,
Mori, Y., Ide, T., Murakami, K., Tsuboyama-Kasaoka, N., Ezaki, O.,
Akanuma, Y., Gavrilova, O., Vinson, C., Reitman, M.L., Kagechika, H.,

174



Referencs

Shudo, K., Yoda, M., Nakano, Y., Tobe, K., Nagai, R., Kimura, S.,
Tomita, M., Froguel, P., & Kadowaki, T. (2001). The fat derived
hormone adiponectin reverses insulin resistance associated with both
lipoatrophy and obesity. Nat Med 7:941-946.

Yan, F., Shen, N., Pang, J. X., Zhao, N., Zhang, Y. W., Bode, A. M, ... &
Liu, S. J. (2018). A vicious loop of fatty acid-binding protein 4 and DNA
methyltransferase 1 promotes acute myeloid leukemia and acts as a
therapeutic target. Leukemia, 32(4), 865-873.

Yanai, H., & Yoshida, H. (2019). Beneficial effect of adiponectin on glucose
and lipid metabolism and atherosclerosis progression: mechanism and
perspectives. Int. J. Sci.,20:1190.

Yang, W. S., Tsou, P. L., Lee, W. J,, Tseng, D. L., Chen, C. L., Peng, C. C.,
... & Chuang, L. M. (2003). Allele-specific differential expression of a
common adiponectin gene polymorphism related to obesity. Journal of
molecular medicine, 81(7), 428-434.

Yang, W. S,, Yang, Y. C,, Chen,C. L., Wu, I. L., Lu,J. Y., Lu, F. H,, ... &
Chang, C. J. (2007). Adiponectin SNP276 is associated with obesity, the
metabolic syndrome, and diabetes in the elderly. The American journal of
clinical nutrition, 86(2), 509-513.

Yang, W., Stotler, B., Sevilla, D. W., Emmons, F. N., Murty, V. V., Alobeid,
B., & Bhagat, G. (2010). FISH analysis in addition to G-band
karyotyping: utility in evaluation of myelodysplastic
syndromes?. Leukemia research, 34(4), 420-425.

Ye, X. L. & Lu, C. F. (2013). Association of polymorphisms in the leptin
and leptin receptor genes with inflammatory mediators in patients with
osteoporosis. Endocrine, 44 (481-8).

Yip, B.H., Steeples, V., Repapi, E., Armstrong, R.N., Llorian, M., Roy, S.,
Shaw, J., Dolatshad, H., Taylor, S., Verma, A., Bartenstein, M., Vyas, P.,
Cross, N.C., Malcovati, L., Cazzola, M., Hellstrom-Lindberg, E., Ogawa,
S., Smith, C.W., Pellagatti, A., & Boultwood, J. (2017). The U2AF1S34F

175



Referencs

mutation induces lineage-specific splicing alterations in myelodysplastic
syndromes. J. Clin. Investig. 127, 2206-2221.

Yokota, T., Oritani, K., Takahashi, I., Ishikawa, J., Matsuyama, A., Ouchi,
N., Kihara, S., Funahashi, T., Tenner, A.J., Tomiyama, Y., Matsuzawa,
Y. (2000). Adiponectin, a new member of the family of soluble defense
collagens, negatively regulates the growth of myelomonocytic
progenitors and the functions of macrophages.(2000). Blood 96:1723-
1732.

Yoshida, K., & Ogawa, S. (2014). Splicing factor mutations and
cancer. Wiley Interdisciplinary Reviews: RNA, 5(4), 445-459.

Yoshida, K., Sanada, M., Shiraishi, Y., Nowak, D., Nagata, Y., Yamamoto,
R., ... & Ogawa, S. (2011). Frequent pathway mutations of splicing
machinery in myelodysplasia. Nature, 478(7367), 64-69.

Zacharioudaki, V., Androulidaki, A., Arranz, A., Vrentzos, G., Margioris,
AN., & Tsatsanis, C. (2009). Adiponectin promotes endotoxin tolerance
in macrophages by inducing IRAK-M expression. J Immunol. ; 182:6444-
6451.

Zahid, M. F., Malik, U. A., Sohail, M., Hassan, I. N., Ali, S., & Shaukat, M.
H. S. (2017). Cytogenetic abnormalities in myelodysplastic syndromes:
an overview. International journal of hematology-oncology and stem cell
research, 11(3), 231.

Zayani, N., Omezzine, A., Boumaiza, I., Achour, O., Rebhi, L., Jihen Rejeb,
J., Reje, N.B., Abdelaziz, A.B., & Bouslama, A. (2017). Association
of ADIPOQ, leptin, LEPR, and resistin polymorphisms with obesity
parameters in Hammam Sousse Sahloul Heart Study. J Clin Lab
Anal.;31:e22148.

Zhang, J., Lieu, Y. K., Ali, A. M., Penson, A., Reggio, K. S., Rabadan, R., ...
& Manley, J. L. (2015). Disease-associated mutation in SRSF2
misregulates splicing by altering RNA-binding affinities. Proceedings of
the National Academy of Sciences, 112(34), E4726-E4734.

176



Referencs

Zhou, B. O., Yue, R., Murphy, M. M., Peyer, J. G., & Morrison, S. J. (2014).
Leptin-receptor-expressing mesenchymal stromal cells represent the main
source of bone formed by adult bone marrow. Cell Stem Cell, 15(2), 154—
168.

Zhou, D., Shao, L., & Spitz, D.R. (2014). Reactive oxygen species in normal
and tumor stem cells. Adv Cancer Res.;122:1-67.

Zhou, Y., & Rui, L. (2013). Leptin signaling and leptin resistance. Frontiers
in Medicine, 7(2), 207-222.

Zhou, Y., Tang, G., Medeiros, L. J., McDonnell, T. J., Keating, M. J.,
Wierda, W. G., & Wang, S. A. (2012). Therapy-related myeloid
neoplasms following fludarabine, cyclophosphamide, and rituximab
(FCR) treatment in patients with chronic lymphocytic leukemia/small
lymphocytic lymphoma. Modern Pathology, 25(2), 237-245.

Zhou, Z. & Fu, X.D. (2013).Regulation of splicing by SR proteins and SR
protein-specific kinases. Chromosoma , 122:191-207 .

Zipperer, E., Tanha, N., Strupp, C., Kindgen, A., Nachtkamp, K.,
Neukirchen, J., ... & Germing, U. (2014). The myelodysplastic syndrome-
comorbidity index provides additional prognostic information on patients
stratified according to the revised international prognostic scoring
system. Haematologica, 99(3), e31.

177



Appendix

SEQUENCING REPORT OF THREE LEP-GENE
BASED PCR AMPLICONS

1. SEQUENCING RESULTS
Sequencing of the 309 bp region within the 3'-UTR of LEP gene

In the present study, the LEP genetic sequences in chromosome no. 7. This gene is
involved in  several activities related to body weight regulation
(https://ghr.nlm.nih.gov/gene/LEP). The sequencing reactions indicated the exact
identity of this genetic fragment after performing NCBI blastn
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Concerning the 309 bp amplicons, the NCBI
BLASTnN engine shown about 99.5% sequence similarities between the sequenced
samples and the intended reference target sequences, which partially cover the 3'-
untranslated region (UTR) of this gene. By comparing the observed DNA sequences
of these investigated samples with the retrieved DNA sequences (GenBank acc.
NC_000007.14), the accurate positions and other details of the retrieved PCR
fragments were identified (Fig. 1).

Homo sapiens chromosome 7, GRCh38.p13 Primary Assembly
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Fig. 1. The exact position of the retrieved 309 bp amplicon that partially covered a portion of
the 3’-UTR of the LEP gene within chromosome no. 7 (GenBank acc. no. NC_000007.14).
The cyan arrow refers to the starting point of this amplicon while the red arrow refers to its
endpoint.
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After positioning the 309 bp amplicons’ sequences within chromosome no. 7, the
details of its sequences were highlighted, in terms of the positioning of both forward
and reverse primers of the 309 bp amplified amplicons (Table 1).

Table 1. The position and length of the 309 bp PCR amplicons used to amplify a portion of
the 3-UTR of the LEP gene located within chromosome no. 7 (GenBank acc. no.
NC_000007.14). The gray-colored sequences referred to the position of the reverse and
forward primers, respectively. The red-colored nucleic acid is the position of the targeted
high-frequency SNP in the investigated fragment.

Amplicon

Reference locus sequences (5’ - 3')

Length

DNA sequences *GGTGGTGGATCTGTCCAAGGAAACTTGAATCAAAGCAGTTAACTTTAAGAC

within the 3'-

TGAGCACCTGCTTCATGCTCAGCCCTGACTGGTGCTATAGGCTGGAGAAGCT

309 bp

CACCCAATAAACATTAAGATTGAGGCCTGCCCTCAGGGATCTTGCATTCCCA
GTGGTCAAACCGCACTCACCCATGTGCCAAGGTGGGGTATTTACCACAGCAG
CTGAACAGCCAAATGCATGGTGCAGTTGACAGCAGGTGGGAAATGGTATGAG
CTGAGGGGGGCCGTGCCCAGGGGCCCACAGGGAACCCTGCTTGCACTTTG™* *

UTR of the
LEP gene

* refers to the forward primer sequences
**refers to the reverse primer (sequences
direction)

(placed in a forward direction)
(placed in a reverse complement

The alignment results of the 309 bp samples revealed the presence of only one
mutation in some of the analyzed samples in comparison with the referring reference
DNA sequences (Fig. 2).

ref. GCTCACCCAATAAACATTAAGATTGAGGCCTGCCCTCAGGGATCTTGCATTCCCAGTGGTCAAACCGCACTCACCCATGTGCCAAGGTGGGGTATTTACC
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Fig. 2. DNA sequences alignment of 6 samples with their corresponding reference sequences
of the 309 bp amplicons of the 3'-UTR of the LEP gene. The symbol “Ref.” refers to the
NCBI referring sequence, “S” refers to the samples.

A highly interesting nucleic acid polymorphism (SNP) was detected in this study in
the investigated S7, S13, S23, S27, S29, S30, S40, and S42 samples, in which
Adenine was replaced with Guanine at the position 149, A149G. The sequencing
chromatogram of the identified variation region, as well as its detailed annotations,
were documented, and the chromatogram of this sequence was shown according to its
position in the PCR amplicon. However, this SNP was detected in heterozygous states
in S7, S27, S29, S30, S40, and S42, and homozygous in both S13 and S23 (Fig. 3).
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Fig. 3. The pattern of the detected A149G SNP within the DNA chromatogram of the
targeted 309 bp amplicons of the 3-UTR of the LEP gene. The identified SNP was
highlighted according to its position in the PCR amplicons.
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To elucidate the position of the targeted SNP concerning their deposited SNP
database of the sequenced 309 bp fragment, the corresponding position of the LEP
gene was retrieved from the dbSNP server
(https://mww.ncbi.nlm.nih.gov/projects/SNP/). To find out the nature of this SNP, a
graphical representation was performed concerning the LEP dbSNP database within
chromosome no. 7 (GenBank Acc. No. NC_000007.14). By reviewing the dbSNP
engine, it was found that this detected SNP was found to be previously known as it
was deposited as rs12706832 (Fig. 4). However, this SNP was located in 3’-UTR of
the targeted LEP gene (https://www.ncbi.nlm.nih.gov/snp/rs10954174). Though this
SNP was deposited in very low frequency in different populations, a considerably
high frequency was observed in this study for this SNP, which may entail a crucial
role for this particular SNP in many potential cellular dysfunctions in the screened
population. However, this SNP was reported in many publications that described its
effect on many LEP-associated metabolic issues
(https://www.ncbi.nlm.nih.gov/snp/rs10954174#publications).
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rs1280994071 I G,
rs137356

[125.256 438 j128.:

&

Known SNP
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Fig. 4. The SNP’s novelty checking of LEP genetic single nucleotides polymorphisms using
the dbSNP server. The identified SNPs A149G was marked with a blue color. The GenBank
acc. no. NC_000012.11 was used in the positioning of the highlighted substitution SNP. The
position of the targeted sequences was found in the positive strand.
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To summarize the results obtained from the sequenced 309 bp fragments, the exact
position of the observed variation was described in the NCBI reference sequences
(Table 2).

Table 2. The pattern of the observed SNP in the 309 bp amplicons designed to amplify a
portion of the 3'-UTR within the LEP gene in comparison with the NCBI referring sequences
(GenBank acc. no. NC_000007.14). The symbol “S” refers to the sample number.

Sample No. Zygosity status  Native Allele Positioninthe Positioninthe SNP type Variant
PCR fragment  reference summary
genome
S13, 823 Homozygous A A 149 128256483 UTR variant rs10954174
S7,S27,S29,S30, Heterozygous A G 149 128256483 UTR variant rs10954174
S40, and S42
Rest of samples Homozygous G G 149 128256483 UTR variant  rs10954174

2. SEQUENCING REPORT OF THE RENT-GENE
BASED PCR AMPLICONS

SEQUENCING RESULTS

In the present study, the RENT genetic sequences in chromosome 19. This gene
encodes for resistin, which is a hormone involved in several activities related to the
suppression of insulin ability to stimulate glucose uptake into adipose cells
(https://www.uniprot.org/uniprot/Q9HD89). The sequencing reactions indicated the
exact identity of this genetic fragment after performing NCBI blastn
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Concerning the 285 bp amplicons, the NCBI
BLASTnN engine shown about 99.5% sequence similarities between the sequenced
samples and the intended reference target sequences, which partially cover the
downstream portion of exon 2 and the upstream portion of intron 2 of this gene. By
comparing the observed DNA sequences of these investigated samples with the
retrieved DNA sequences (GenBank acc. NG_023447.1), the accurate positions and
other details of the retrieved PCR fragments were identified (Fig. 1).



https://blast.ncbi.nlm.nih.gov/Blast.cgi

Appendix

Homo sapiens resistin (RETN), RefSeqGene on chromosome 19
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Fig. 1. The exact position of the retrieved 285 bp amplicons that partially covered a portion of
the downstream portion of exon 2 and the upstream portion of intron 2 of the RENT gene
within chromosome 19 (GenBank acc. no. NG_023447.1). The cyan arrow refers to the
starting point of this amplicon while the red arrow refers to its endpoint.

After positioning the 285 bp amplicons’ sequences within chromosome 19, the details
of its sequences were highlighted, in terms of the positioning of both forward and
reverse primers of the 285 bp amplified amplicons (Table 1).

Table 1. The position and length of the 285 bp PCR amplicons used to amplify a portion of
the downstream portion of exon 2 and the upstream portion of intron 2 of the RENT gene
located within chromosome 19 (GenBank acc. no. NG _023447.1). The gray-colored
sequences referred to the position of the forward and reverse primers, respectively.

Amplicon Reference locus sequences (5’ - 3') length
DNA *TGAGAGGATCCAGGAGGTCGCCGGCTCCCTAAGTGAGGACCCCCCACTTGG 285 bp
withinster?:ences GCAAGCTCCCCAAGGGTCTCAGAGACCTCACTGATCCCTGGCACAGACCTGA

CTCCAACCCAGCCCCAGCGCTCACCAAATCTCATCCTCAAATCCAACCAGAT
CATAAATTCAACCCCAACTCCACTCCCAACCCCTCCGACTGTCCCCACCTTA
TCCACGGCTCCAAACCCAATCCCCGCTCTCACTCCAAACCTTCCCTTACTCC
AAAACACCCAACTCAAGACAGGGTCC**

RETN gene

* refers to the forward primer sequences (placed in a forward direction)
**refers to the reverse primer sequences (placed in a reverse complement
direction)

The alignment results of the 285 bp samples revealed the presence of only one
variation in some of the analyzed samples in comparison with the referring reference
DNA sequences (Fig. 2). A highly interesting nucleic acid polymorphism (SNP) was
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detected in this study in the investigated S3 and S4 samples, in which Guanine was
replaced with Adenine at position 213, so that is called G213A.
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Fig. 2. DNA sequences alignment of 6 samples with their corresponding reference sequences
of the 285 bp amplicons of the downstream portion of exon 2 and the upstream portion of
intron 2 of the RENT gene. The symbol “ref.” refers to the NCBI referring sequence, “S1-S6”
refer to the samples 1 to 6, respectively.

The sequencing chromatogram of the identified variation, as well as its detailed
annotations, were documented, and the chromatogram of this sequence was shown
according to its position in the PCR amplicon. However, this SNP was detected in
heterozygous G/A status in both S1 and S2, homozygous A/A status in both S3 and
S4, and homozygous G/G status in both S5 and S6 (Fig. 3).

Fig. 3. The pattern of the detected G213A SNP within the DNA chromatogram of the
targeted 285 bp amplicons of the downstream portion of exon 2 and the upstream portion of
intron 2 of the RENT gene. The identified SNP was highlighted according to its position in
the PCR amplicons. S1/ S2, S3/ S4, and S5 / S6 samples exhibited the G/A, A/A, and G/G
states respectively in the highlighted locus.
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To elucidate the position of the targeted SNP concerning their deposited SNP
database of the sequenced 285 bp fragment, the corresponding position of the RENT
gene was retrieved from the dbSNP server
(https://www.ncbi.nlm.nih.gov/projects/SNP/). To find out the nature of this SNP, a
graphical representation was performed concerning the RENT dbSNP database within
chromosome 19 (GenBank Acc. No. NC_000019.10). By reviewing the dbSNP
engine, it was found that this detected SNP was found to be previously known as it
was deposited as rs3745367 (Fig. 4). However, this SNP was located in intron 2 of the
targeted RENT gene (https://www.ncbi.nlm.nih.gov/snp/rs3745367). Due to the high
frequency of the deposited rs3745367 SNP in the doSNP database (0.37 to 0.39), it
was reported in many publications regarding the potential effect of the RENT-
associated metabolic issues
(https://www.ncbi.nlm.nih.gov/snp/rs374536 7#publications).
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Fig. 4. The SNP’s novelty checking of RENT genetic single nucleotides polymorphisms using
the dbSNP server. The identified G213A SNP was marked with a blue color. The GenBank
acc. no. NC_000019.10 was used in the positioning of the highlighted substitution SNP. The
position of the targeted sequences was found in the positive strand.
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To summarize the results obtained from the sequenced 285 bp fragments, the detailed
position of the observed variation was described in the NCBI reference sequences
(Table 2).

Table 2. The pattern of the observed SNP in the 285 bp amplicons designed to amplify a
portion of the downstream portion of exon 2 and the upstream portion of intron 2 within the
RENT gene in comparison with the NCBI referring sequences (GenBank acc. no.
NC_000017.11). The symbol “S” refers to the sample number.

Sample No. Zygosity status Position in the Position in the SNP type Variant
PCR fragment reference genome summary
S1,S2 Heterozygous (G/A) 213 7669625 Intronic variant rs3745367
S3, 54 Homozygous (A/A) 213 7669625 Intronic variant rs3745367
S5, S6 Homozygous (G/G) 213 7669625 Intronic variant rs3745367

2. SEQUENCING REPORT OF SF3B1-GENE BASED
PCR AMPLICONS

SEQUENCING RESULTS

In the present study, the Splicing factor 3B subunit 1 (SF3B1) gene polymorphism
was investigated. This gene encodes for Splicing factor 3B subunit 1 which is
involved in pre-mRNA splicing as a component of the splicing factor SF3B complex
(https://www.uniprot.org/uniprot/O75533). The sequencing reactions indicated the
exact identity of this genetic fragment after performing NCBI blastn
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Concerning the 223 bp amplicons, the NCBI
BLASTnN engine shown about 99.5% sequence similarities between the sequenced
samples and the intended reference target sequences, which completely cover the
entire exon 13, and its upstream and downstream intronic portions of the SF3B1 gene.
By comparing the observed DNA sequences of these investigated samples with the
retrieved DNA sequences (GenBank acc. NG_032903.2), the accurate positions and
other details of the retrieved PCR fragments were determined (Fig. 1).
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Homo sapiens splicing factor 3b subunit 1 (SF3B1), RefSeqGene (LRG_624) on
chromosome 2

NCBI Reference Sequence. NG 0324900
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Fig. 1. The exact position of the retrieved 223 bp amplicon that entirely covers the exon 13 of
the SF3B1 gene within chromosome 2 (GenBank acc. no. NG_032903.2). The cyan arrow
refers to the starting point of this amplicon while the red arrow refers to its endpoint.

After positioning the 223 bp amplicons’ sequences within chromosome 2, the details
of its sequences were highlighted, in terms of the positioning of both forward and
reverse primers of the 223 bp amplified amplicons (Table 1).

Table 1. The position and length of the 223 bp PCR amplicons that are used to entirely
amplify the exon 13, and the upstream and downstream intronic portions of the SF3B1 gene
located within chromosome 2 (GenBank acc. no. NG_032903.2). The gray-colored
sequences referred to the position of the forward and reverse primers, respectively.

Amplicon Reference locus sequences (5’ - 3') length

DNA sequences *GTACATGAGCATTTCATCAGTAATTGATGTGAAAGTGTAGCTTCTTCTCTT 223 bp

within the exon TTCTCTTTTTCAGATCCTCGTGGTCATTGAACCGCTATTGATTGATGAAGAT

13 of the SE3B1 TACTATGCTAGAGTGGAAGGCCGAGAGATCATTTCTAATTTGGCAAAGGTAT
TTACATTTAATTTCTAGAGAAGAAAATTTATATCTGTTTATGGAATTGATTA

gene TGGAAAGAAATGGTTG* *

* Refers to the forward primer sequences (placed in a forward direction)
**Refers to the reverse primer (sequences (placed in a reverse complement direction)
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The alignment results of the 223 bp samples revealed the presence of only one variant
in some of the analyzed samples in comparison with the referring reference DNA
sequences (Fig. 2).
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Fig. 2. DNA sequences alignment of 25 samples with their corresponding reference
sequences of the 223 bp amplicons of the SF3B1 gene. The symbol “ref.” refers to the NCBI
referring sequence, “S1-S25” refer to the samples 1 to 25, respectively.

A highly interesting nucleic acid polymorphism (SNP) was detected in this study, in
which a dinucleotide of thymine was inserted between positions 52 and 53, (TT ins
52-53) of the amplified 223 bp SF3B1 fragments. The sequencing chromatogram of
the identified variation region, as well as its detailed annotations, were documented,
and the chromatogram of this sequence was shown according to its position in the
PCR amplicon. By viewing all chromatograms, it was found eleven samples exhibited
this insertion out of 30 investigated samples (Fig. 3).

N
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Fig. 3. The pattern of the detected SNPs within the DNA chromatogram of the targeted 223
bp amplicons of the entire exon 13 of the SF3B1 gene. The identified insertion SNP was
highlighted according to its position in the PCR amplicons. The symbol “ins”
“insertion mutation”

refers to

To elucidate the position of the observed SNP concerning its deposited SNP database
of the sequenced 223 bp fragment, the corresponding position of the SF3B1 gene was
retrieved from the dbSNP server (https://www.ncbi.nlm.nih.gov/projects/SNP/). To
find out the nature of this SNP, a graphical representation was performed concerning
the SF3B1 dbSNP database within chromosome 2 (GenBank Acc. No.
NC_000002.12). By reviewing the dbSNP engine, it was found that this detected SNP
was found to be previously known as rs3217350, but our SNP has only two TT
insertion (Fig. 4). However, this SNP was located in intron 11 of the targeted SF3B1
gene (https://www.ncbi.nlm.nih.gov/snp/rs3217350). Though this SNP was not
reported in the literature, our study reported an obvious occurrence since it accounted
for 37% for all investigated samples.
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Fig. 4. The SNP’s novelty checking of SF3B1 genetic single nucleotides polymorphisms
using the dbSNP server. The identified rs3217350 SNP was marked with blue color. The
GenBank acc. no. NC_000002.12 was used in the positioning of the highlighted insertion
SNP.

To summarize the results obtained from the sequenced 223 bp fragments, the exact
position of the rs3217350-based variation was described in the NCBI reference
sequences (Table 2).

Table 2. The pattern of the observed SNP in the 223 bp amplicons designed to amplify the
entire exon 13 within the SF3B1 gene in comparison with the NCBI referring sequences
(GenBank acc. no. NC_000002.12). The symbol “S” refers to the sample number.

Sample No. Position in the PCR  Position in the reference Variant summary
fragment genome

S1, S6, S7, 89, S11, S15, S17, S19, S20, S22 52-53 1974030487-197403048 rs3217350
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