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Abstract

Type 2 diabetes mellites is a chronic condition when the body fail to balance blood glucose
levels due to insulin are not secreted or not doing effectively its job, the insulin is considered
as a key anabolic hormone which regulate carbohydrate, protein and fat metabolisms, so any
defect in insulin actions or secretion lead to metabolic disorders such as Type 2 Diabetes. In
addition, chronic blood glucose elevation can lead to serious complication which cause death.
Worldwide, type2 diabetes accounted 95% of all diabetic cases, in average 15.3% of
Palestinian individuals are affected according to last published reports. To date, there are
many contributing agents including, one or combination of both environmental and genetic
factors. A lot of genes may be implicated in onset and progression of type2 diabetes. Solute
Carrier transporters22A (1,2 and 3) are belong to these genes, which are responsible of

nutrient uptake, regulate ion gradient across membrane, drug metabolism such as metformin.

The study is case control study, the data collection was done in 2024, June- September. The
present study cosiest of two individual groups includes type 2 diabetic patients as case and
healthy individuals as control. A total of 240 diabetic participants were included in this study
97 healthy participants. All patients aged over 40 years who attending Jericho Health MOH
Center and/or AL-Ahili health care center, Palestine. The HbAlc, FBS, lipid profile was
performed during the hospital admission examination. Four SNPs, OCT1 (rs628031), OCT2
(rs145450955), and OCT3 (rs3088442 and rs2292334) gene polymorphisms in T2DM cases
and healthy controls were identified by amplicon based next generation sequencing (NGS),

it is the first investigation to be held on Palestinian population.

The frequencies of these polymorphisms were assessed in the studied population (Table 3.5).
Moreover, the associations of OCT1 (rs628031), OCT2 (rs145450955), and OCT3
(rs3088442 and rs2292334) gene polymorphisms in T2DM cases and healthy controls were
investigated. Our results showed that there was no significant association between the
genotype in all variants between Case and Control P- value > 0.05 (Table 3.5). There was a
significant relationship between gender of T2DM patients compared to those in control
group (P=0.000), also significant relationship in the mean age among case and control groups
was observed (P = 0.0001) The higher proportion of females in the diabetic group (137
females vs. 23 in controls) suggests a notable gender difference in diabetic prevalence within

this specific study populations, show a significant difference in systolic blood pressure P-



value = 0.001, also the results show diastolic blood pressure significant differences between
case and control with P- value is 0.002 as it presents in higher amounts in non- diabetes
individuals. In addition, significant differences between 2 groups in HbAlc and FBS with
P-vale = 0.0001 and the higher value were present in diabetic patents. However, BMI,
Cholesterol, TG, LDL and HDL showed no significant differences between diabetic and
healthy groups P- value> 0.05.

In conclusion, association between of OCT1 (rs628031), OCT2 (rs145450955), and OCT3
(rs3088442 and rs2292334) gene polymorphisms and type 2 diabetes mellitus diseases are
varied among different ethnic groups. Our study showed no association between these
variants and type 2 diabetic patients in the Palestinian population. Further studies should be

done on larger sample to confirm the study results.
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Chapterl.

1. Introduction:

1.1 Diabetes Mellitus:

Diabetes Mellitus (DM) is a serious and chronic metabolic disorders marked by sustained
elevated blood sugar with interruption in carbohydrate, fat and protein metabolism. This
arises from either insulin insufficient production by pancreas or the inability of target tissue
like (the skeletal muscles, liver, and adipose tissue) to effectively utilize insulin secretion or
action or both, this is because the insulin act as anabolic hormone regulation the metabolism
of carbohydrate, portions and fat and distortion in its functions lead to metabolic imbalance
(Antar et al., 2023). These abnormalities, which represented by hyperglycaemia is accounted
for many symptoms significantly reducing the overall quality of life such as polyuria, weight
loss, polyphagia, susceptibility to infection and blurred vision beside the acute life-threating

complications is ketoacidosis in absence diabetes therapy (Li & Stocum, 2013)

DM is a global health concern combine with highly mortality and morbidity, so that can

across all ages, regions, and genders. Type 2 Diabetes which contribute of 90% of all diabetic
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cases, arise from a combination of hereditary and environmental influences that collectively
play important role in its development (The Lancet, 2023), when DM is undiagnosed or
poorly managed which may lead to sustained chronic hyperglycaemia, this condition is
closely linked to serious complications and this issue can lead to irreversible damage to
critical organs such as the kidney glomeruli, nervous system, heart and blood vessels
(Baynest, 2015). According to Health Economic Benefits of Diabetes Interventions, keeping
blood glucose levels under control by effective management able to reduce risk of diabetic

complications by 40%.

1.2 Types of Diabetes Mellitus

Diabetes many-sided syndrome not a single disease distinctive by enduring hyperglycaemia.
With time it can lead to serious complications containing damage to the nerves, eyes, and
kidneys, in additional of increased risk of cardiovascular problems affecting on medium and
large blood vessels. The disease is categorized into three common types: type 1 diabetes
mellitus (T1DM), type 2 diabetes mellitus (T2DM) and, gestational diabetes, in the other
hand secondary or other specific types of diabetes may expanded to include known of over
fifty distinct subtypes each happen by diverse pathogenic mechanisms or accompanying

other syndromes or diseases (Genuth et al., 2021).

1.2.1 Type 1 Diabetes Mellites (T1DM)

Type 1 Diabetes Mellitus is one of common type of diabetes represented by long time
hyperglycaemia occurs from the autoimmune illnesses ruin of the beta cells in the pancreas,
which restrict the body from producing insulin. The insulin is a necessary anabolic hormone
that has an abundance of action of glucose, protein, lipids, and growth in addition to mineral
metabolisms. As a result, TIDM demonstrates as a systemic disorder, genetic and
environmental factors can participate in its phenotypic illness appearances while also is
frequently linked to the presence of other types of autoimmune diseases which anti-islet
antibodies typically emerge before to the phenotypic onset of the disease performing as early

markers for its development (Popoviciu et al., 2023).



1.2.2 Type 2 Diabetes Mellitus (T2DM)

Type 2 Diabetes Mellitus (T2DM) is one of the most a prevalent metabolic disorder globally
characterized by chronic elevated blood sugar, and its appearance and the biological process
through which its development is basically driven by one or both of these factors: reduce
responsiveness of insulin-sensitive tissue to insulin and impaired insulin secretion from
pancreatic B-cells (Galicia-Garcia et al., 2020), this etiological heterogeneity causes of
T2DM contribute to significant alteration in patient phenotype, like as the age onset of the
illness, the complication presents, also the effectiveness of treatment approaches response.
Despite environmental and lifestyle are contributing risk factors, heritability studies the rate

to be around 69% between individual 35- 60 years (Suzuki et al., 2024).

1.2.3 Gestational Diabetes Mellitus

Gestational Diabetes Mellitus (GDM) is defined as hyperglycemia that is initial diagnosed
in the time of pregnancy, which is the major current short and long-term medical
complications of pregnancy including hypertension, pre-eclampsia, macrosomia,
undergoing caesarian delivery, in addition, increased likelihood of cardiovascular problems,
obesity, and defect in glucose metabolisms resulting in T2DM in infant and mother. GDM
affects the rate to be around 15% of pregnancies globally, which represents make up account
18 million birth yearly. The rising rate of GDM not only burden on health outcomes, but also
forces economic burdens worth awareness and proactive measures (Choudhury & Devi

Rajeswari, 2021; Modzelewski et al., 2022).

1.2.4 Other Specific types of Diabetes

Other specific causes can lead to expression diabetes, such as monogenic diabetes syndromes
Including: maturity-onset diabetes of the young, neonatal diabetes, in addition to the
condition impacting the exocrine pancreas like pancreatitis and cystic fibrosis, also drugs
and chemical induced diabetes including those associated with post-organ transplantation,

glucocorticoids and AIDS treatment (Elsayed et al., 2022).



1.3 Prevalence of Diabetes Mellitus

In 2022, about 830 million people were living with diabetes mellitus (14% of whom are
adults), more than 95% of them with T2DM, these numbers of diabetes patients are growing
rapidly specially in low-income countries verses high income countries, according to Word
Health Organizations (WHO); mortality rates resulted from diabetes and its complications
is increasing dramatically.

In Palestinian populations, the prevalence of DM is estimated at 15.3 according to
International Diabetes Federation published reports, it is a significant high number compared
to a worldwide average of 6%. On the other hand, anecdotal evidence from multi-source
proposes the reality rate might be greater ranging between 18%- 21%, T2DM constitutes
about 95% between Palestinian patients (Palestine National Diabetes Programme, Palestine,
2024). A total of 5466 cases of diabetes were reported in 2023 with a prevalence rate of 186
per 100000, in addition, mortality resulted from diabetes and related complications in
Palestine around for 16.3%, ranking third after cardiovascular diseases and cancer (Palestine

Health Annual Report 2021 | GHDx, 2021).

1.4 Risk factors of Diabetes

The onset of DM disease is related to many risk factors, foremost genetic predisposition,
environmental factors, loss of the initial phase of insulin secretions, smoking, alcoholic
consumption, a sedentary lifestyle, physical exercise inactive, obesity, reduced -cell
sensitivity, dyslipidemia, elevated glucagon activity and hyperinsulinemia, these factors
together contribute to prediabetes and diabetes by playing a significant role in in insulin

non-functionality lead to disease prognosis (Alam et al., 2021).

1.5 Diagnosis of Diabetes Mellitus

Uncontrolled DM can cause significant health complications impact many organs in the body,
also can lead to worth outcome if not managed properly. However, early diagnosis of DM
can prevent these serious consequences and improve the quality of life (Olisah et al., 2022),

many primary symptoms are an indicator of DM, include of persistently raised blood glucose,
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appetite, increased thirst and excessive urination. The diagnosis of DM or pre-diabetes there
are commonly biochemical tests are implemented to screen DM, foremost the glycosylated
hemoglobin (HbA1C) test, patient with DM have HbA1C level (6.5 DCCT%) , also the
Oral Glucose Tolerance Test (OGTT) is another common test can be applied to diagnosed
T2DM, the OGTT used to measure how the body cells can deal with 75 gram of glucose
who individuals treated orally and after 2 hours of ingestion the plasma glucose levels
measured, the individual diagnosed as diabetic if blood glucose levels were found ( >200
mg/dl) (Vijan, 2010), there is another reliable routine test to screen the DM such as Fasting
Blood Glucose level and Random blood Glucose Level (Alam et al., 2021). The following

table (1.1) summarizes the 2024 WHO cut-off value recommendation diabetes diagnosis.

Table 1.1: Diagnostic criteria according to WHO,2024 classification Glucose Tolerance

Categories
Measurement Diagnostic cut-off value
HbAIC > 6.5% (48 mmol/mol)
Fasting Blood Sugar >7.0 mmol/L (126 mg/dl)
Random Blood Sugar >11.1 mmol/L (200mg/dL)
Oral Glucose Tolerance Test >11.1 mmol/L (200 mg/dL)

1.6 pathophysiology and signalling pathway

In the past, T2DM was believed as a disease only associated with malfunction in of the
pancreas. However, at later time, several evidence have revealed additional factors
contributing to the onset of the disease, it’s a complex metabolic illness with incompletely
understood mechanisms. In the other hand, at the core of T2DM pathophysiology are insulin
resistant (IR) and dysfunction of pancreatic B cells, in addition to increasing in hepatic
gluconeogenesis (Kesavadev et al., 2023), currently, with the huge progress in scientific
research the understanding of the disease was gradually developed from early simplistic
model to more holistic frameworks, the ominous octet introduced additional factors may

relate to incretin dysfunction, inflammation, oxidative stress, endoplasmic reticulum stress,
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changed adipocytes metabolism, increased renal glucose reabsorption, elevated glucagon
secretion, neurotransmitter abnormalities, in addition to central appetite dysregulation. later,
this expanded to the *’ dirty dozne” including the role of vitamin D, testosterone, dopamine,
and renin-angiotensin system, with the inclusion of the gut, the unlucky 13 further underlines
that factors progressing T2DM are still being mysterious (Kesavadev et al., 2023; Lu et al.,
2024a).

Factors could lead to insulin resistance and developing T2DM and the mechanism is

represented in figure 1.1
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Figure 1.1: T2DM pathophysiology (Lu et al., 2024).

poor lifestyle and metabolic dysfunction syndrome (MDS) are the impulsive force behind
the brutal cycle of hyperglycaemia causes increasing triglyceride levels (TG) and non-

stratified fatty acids (a). Needless lipid is precipitated -abnormally- in non-adipose tissue



such as muscles and liver, hinders insulin signalling pathway and participating in insulin
resistant. This resistance for example in the liver increases glucose production
(Gluconeogenesis) simultaneously decreases the uptake of glucose that way elevating blood
glucose level and basal insulin levels, this rise in insulin in turn leads to promotes additional
deposition of lipids and worsens insulin resistance and perpetuating this brutal cycle.
Meanwhile, elevated in glucose levels and lipid causes hyper glucolipotoxicity a condition
that motivates pancreatic B cells damage by lipid deposition within the islets. This affects
both the functions and number of B cells, reducing glucose-stimulated insulin secretion
(GSIS) in addition to induce hyperglycaemia (b). This cycle contributes to MDS,
triglycerides (TG), non-stratified fatty acids, GSIS and metabolic associated steatosis liver

disease (MASLD) (Lu et al., 2024; Ma et al., 2020; Savage et al., 2007).

1.7 Insulin Signalling Pathway

The action of the insulin hormone started when the insulin binds to its receptors on the
surface of the target cells. Insulin receptors is a type II receptor tyrosine kinase (RTK) that
plays important roles in metabolism, proliferation, and growth, consist of glycosylated
disulfide-linked 02> heterodimer also connect to insulin with strong affinity, thereby
triggering activation of tyrosine kinase activity, upon activation, the insulin receptors make
activation for a numerus intracellular substrate that initiates separate signal transduction
pathways. Tyrosine phosphorylation of certain substrates trigger the activation of
phosphatidylinositol-3-kinase (PI3K), yielding polyphosphoinositides that interact with
protein kinases then activate the kinase Akt, as a result, activated Akt triggers the GLUT4
vesicles trance location from cytoplasm to the membrane then glucose uptake (Jaldin-Fincati
et al., 2017). Likewise, Shc (Src homology and collagen) phosphorylation triggers the
activation of the Ras/MAP kinase pathway. As well as SH2B2 and of Cbl phosphorylation
activate G protein such as TC10. Akt activation by a lot of protein kinases which make
phosphorylates of several substrates like GTPase-activating proteins, transcription factors
and other kinases that control key metabolic pathway. In addition, insulin acting during
vesicle trafficking, degradation insulin, transcription factors and regulating metabolic
enzymes, all these mechanisms corresponded together to provide effectively glucose

homeostasis (Saltiel, 2021).



1.8 Organic Cation Transporters

Organic cation transporters (OCTs) are mainly part of solute carrier 22 family (SLC22),
which itself is considered a part of solute carrier (SLC) superfamily, which represents a large
of membrane transporters including 65 different superfamily (SLC1- 65) with approximately
400 genes identified playing important roles in maintaining cellular homeostasis (Samodelov
et al., 2020). SLCs are instrumental in orchestrating the regulation, intake and efflux of most
of nutrients and molecules necessary for cell life across the membrane. In addition, they are
a poly specific Na+ and PH independents facilitated diffusion transporters have a role in
uptake and clearance a numerus physiological substance and xenobiotics by achieving
vectorial transport in kidney, placenta and liver in mammalian (Hushmandi et al., 2024).
Notably, they have been associated with numerus monogenic disorders (César-Razquin et
al., 2015). Numerus studies have been published the structure and function of OCTs,
confirming at last three main subtypes, including: OCT1, OCT2 and OCT3, the SLC22A1
encoding OCT1 and SLC22A2, SLC22A3 encoding OCT2, OCT3 respectively. SLC22A1
(contain seven exon), SLC22A2 (contain eleven exon) are located together on chromosome
6926, while SLC22A3(contain eleven exon) is situated on chromosome 6q27 (Zazuli et al.,
2020). Genomic location of the solute carrier 22A 1-3 genes and the number are in kilobase

(kb) are showed in figure 1.2

388 kb 42.2kb 1066 <b

Figure 1.2 Chromosomal location of the solute carrier 22A 1-3

Chromosomal location of the solute carrier 22A 1-3 genes which encode Organic Cation
Transporters 1,2 and 3 respectively, and showing numbers in kilobase (kb), that were
derived from the GRCh38.p12 sequencing project found in the NCBI database (Brosseau
& Ramotar, 2019).



1.8.1 Organic Cation Transporter 1

OCT1 is a key protein mainly expressed on the basolateral membrane of hepatocytes in
human, its function mediates the uptake of cation compounds (Na + independent) to the
liver for metabolism and excretions(Ciarimboli, 2021), and in rodents, it is present in the
kidneys (Holle et al., 2011). OCT1 facilitate the transports both exogenous and endogenous
origine substance, exogenous substance like the antidiabetic metformin and the
anticholinergic trospium, while endogenous substance includes Acetylcholine and
monoamine neurotransmitter (Wenge et al., 2011), OCT1 exhibit high expression in
excretory organ and its activity might have profound in effect on both local and systemic
level of its substrates (Ciarimboli, 2021). OCT]1 is an important determent in the
pharmacokinetics of various small molecule drug, like metformin, diltiazem and fenoterol.
As a front-line anti-diabetic drug, metformin is well established substrates of
OCT1(Kawoosa et al., 2022), so it is responsible for the hepatic uptake of metformin, In
hepatocytes, OCT]1 is the central way of metformin uptake due to its subsequent effect on
the phosphorylation of T172 in the alpha subunit of AMP-activated protein kinase
(AMPK), triggering the inhibition of the mitochondrial respiratory chain complex 1 also
mG3PDH enzymatic activity, which conduct to occur anti-hyperglycemic effects, a
reduction in hepatic gluconeogenesis (Madiraju et al., 2014). The effect of genetic
polymorphisms in the OCT1 encoding gene in metformin response has been observed

varying among different ethnic groups (Mato et al., 2018).

1.8.1.1 Organic Cation Transporter 1 polymorphisms

Single Nucleotide Polymorphisms (SNP) can modulate the expression, turnover, regulation
also the substrate affinity of an uptake transporters can considerably alter the therapeutic
efficiency in addition rises the risk of toxic side effects associated with specific drugs
(Brosseau & Ramotar, 2019). The OCTs polymorphisms refer to the variation in genetic
expression in SLC22A gene which encode the Organic Cation Transporter, abundant variants
of OCT1 gene polymorphisms have been discovered, many of these decrease the transporters

functions through modifying substrate binding site, decreasing transport rates or altering


https://www.nature.com/articles/s41392-024-01951-9/figures/1
https://www.nature.com/articles/s41392-024-01951-9/figures/1

transport direction. In mammalian, OCT1 is a highly conserved amino acid residues
specifically positively charged amino acids and cysteine. Most frequents OCT1
polymorphisms often involve alteration to these conserved amino acids residues (Grinfeld
et al., 2013). The OCT1 rs628031 polymorphism (1222A>QG) this polymorphism results in
the substitution of the amino acid methionine with valine at position 408, it’s a one of the
most OCT1 polymorphisms have been studied, can influence in OCT1 functions also altering
drugs response and side effects. Several studies showing various effects on glycaemic
responses to metformin between ethnic groups (Aryastuti et al., 2022; Ghasan Abood Al-
Ashoor et al., 2022; Mato, Guewo-Fokeng, Essop, et al., 2018).

1.8.2 Organic Cation Transporter 2

The OCT2 (SLC22A2) is a Nat+ independent uniporter-symporter-antiporter family
predominantly expression on the basolateral membrane of renal proximal tubule cells. It is
having critical function in the initial phase of tubular secretions through moving various
substrates from interstitial fluid into the proximal tubular cells. OCT2 transport a range of
endogenous substances such as choline and its metabolites trimethylamine N-oxide along
with neurotransmitter. It contributes to transport ranging of commonly drugs as metformin,
cimetidine, oxaliplatin, cisplatin, gentamicin and fluorinated choline (Hé6rmann et al., 2020).
Organic cation transporter 2 (OCT2) is responsible for 80% metformin clearance (Kashi et

al., 2015).

1.8.2.1 Organic Cation Transporter 2 Polymorphism

Many SLC22A2 polymorphisms can changing the function of OCT2 transport and impact
the glycaemic response to metformin in different populations have been discovered(Kashi et
al., 2015). OCT2 rs145450955 (602 C>T) variant a substitution at 201 first amino acid
position, that the threonine (T) is substituted by methionine (M) due to point mutation change
from cytosine (C) to thiamin at nucleotide position 602. Various studies suggested that this
loss of function variants impact in changes insulin resistant and functions of beta cells by
decreasing OCT2 (Vmax) among T2DM patients who treated with metformin (Kashi et al.,
2015).
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1.8.3 Organic Cation Transporter 3

OCT3 gene symbol (SLC22A3) belong to high- capacity, low-affinity poly-specific
transporters that operate as a bidirectional sodium independents carrier, compared to OCT]1
and 2 which are found in liver and kidney, the OCT3 is broader expression, which is
expressed in various tissue heart, brain, liver and kidney, facilitating cellular uptake cation
xenobiotics across different tissue. Furthermore, regulating and the extracellular balance
monoamine neurotransmitters including dopamine, serotonin and Norepinephrine that
interacts with own specific receptors to promote signaling pathway important in
physiological prosses in addition, impacting in various pathophysiology (Khanppnavar et

al., 2022; Kuseyri Hiibschmann et al., 2021).

1.8.3.1 Organic Cation Transporter3 polymorphism

In OCT3 gene symbol (SLC22A3) many SNPs was discovered, the OCT3 (rs3088442) SNPs
is located on 3'-untranslated regions has been related with several clinically outcomes
specifically in T2DM, this variant is (G>A) can affects gene expression through interacting
with mRNA binding sites, in turn, it affects metformin drug response between ethnic groups
(Moeez et al., 2019). The rs2292334(G>A) is another variant of OCT3, where guanin(G) is
replaced by adenine (A), many study evidences about potential associations with T2DM, it
may influence in uptake and regulation of cation substances like catecholamines and drugs

such as metformin (Mahrooz et al., 2017).

1.9 Metformin pharmacokinetics

Metformin, or known as dimethylbiguanide was first synthesized in the 1920s. It keeps the
glucose-lowering properties of its origin compound, guanidine, with significantly reduced
toxicity. Initially applied in Europe, metformin was later approved by the FDA in 1994 for
the treatment of T2DM in the United States. At this time, it is the most widely prescribed

oral anti-diabetic medication worldwide, with over 150 million users annually. In addition
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to its role in managing diabetes, metformin has obtained attention for its potential anti-cancer

effects (He & Wondisford, 2015).

Metformin is not metabolized in humans and animals and is eliminated unchanged through
renal excretion in urine. The highest approved daily metformin dose for treating DM is 2.5
g (approximately 35 mg/kg of body weight). After oral administration, metformin is
absorbed into intestinal enterocytes by the plasma monoamine transporter (PMAT) and
organic cation transporter 3 (OCT3) on the apical membrane. It goes out the intestinal
enterocytes via OCT1 on the basolateral membrane (Higgins et al., 2012). Once absorbed,
metformin is uptake directly to the liver through the portal vein, where its plasma
concentrations range between 40 and 70 uM following a therapeutic dose. In the liver,
metformin uptake occurs via OCT1 and OCT3 on the hepatocyte membranes. However, it is
exit from hepatocytes by the multidrug and toxin extrusion 1 (MATE!) transporter. The rate
of metformin uptake in primary hepatocytes follows a curvilinear pattern, with a Km of
approximately 220 uM. This Km is 3 to 5 times higher than the concentrations of metformin
in the portal vein (Jin et al., 2009). After hepatic uptake, systemic plasma concentrations of

metformin decrease to 10-40 uM in both animals and humans (He & Wondisford, 2015).

In the kidney, metformin is absorbed from the bloodstream into renal epithelial cells by
OCT2 and excreted into the urine via MATEI also MATE2k (Gong et al., 2012). Metformin

pharmacokinetics present in figure 1.3.

40-70 pM 10-40 pM
- —_—
PMAT Portal vein Circulation
0] asoCD oCcT1 oCcT13 C’!‘ﬁTE“ oCcT2 MATE12
- < -}
pm ® = e= ® =® = ® =e
ocT3 Hepatocyte Renal
Enterocyte epithelial cell
Absorption Uptake Elimination

Figure 1.3: Metformin pharmacokinetics (He & Wondisford, 2015)

After oral intake, metformin is absorbed through intestinal enterocytes and transported

directly to the liver by the portal vein, where its concentration ranges between 40 to 70 uM.
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Metformin is not metabolized in hepatocytes and is excreted unchanged by the kidneys into
urine. Also, metformin can be secreted into bile by the MATE1 transporter located on

hepatocytes.

1.10 Objectives of the study

The association between genetic variation in Organic Cation Transporters 1, 2 and 3 (OCT]1,
OCT2 and OCT3) gene in T2DM remains inadequately explored, leaving significant gaps in
current understandings. Therefore, the aim of this study is to determine the genotype and
allele frequencies of OCT1 (rs628031), OCT2 (rs145450955), and OCT3 (rs3088442 and
rs2292334) gene polymorphisms and detect their association with T2DM risk in Palestine.

Specific Objectives:

1. To use amplicon based next generation sequencing assay for identifications of the
OCT1 (rs628031), OCT2 (rs145450955), and OCT3 (rs3088442 and rs2292334)
gene polymorphisms.

2. To determine the genotype and allele frequencies of OCT1 (rs628031), OCT2
(rs145450955), and OCT3 (rs3088442 and rs2292334) gene polymorphisms in
T2DM cases and healthy controls.

3. To assess the association of OCT1 (rs628031), OCT2 (rs145450955), and OCT3
(rs3088442 and rs2292334) gene polymorphisms with glycemic control and
clinical/biochemical Parameters for T2DM Patients.

1.11 Literature review

The gene family of SLCA22 encoded over the 30 proteins and consist of 11 exons having
important roles in the drugs and toxin metabolites eliminations across liver, kidney and other
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tissue. Accordingly, genetic variation in SLC22A genes could be significant modifiers of
individual response to antidiabetic medications (Hakooz et al., 2017), also, the four SNPs
most significant among included genes OCT1 (rs628031), OCT2 (rs145450955), and OCT3
(rs3088442 and rs2292334) gene polymorphisms (Ghasan Abood Al-Ashoor et al., 2021;
Mahrooz et al., 2017). Several studies have explored the association of OCT1, OCT2 and
OCT3 with T2DM related to variability in glycemic responses, metformin therapy response
additionally, risk and development of T2D between ethnic groups(Mato, Guewo-Fokeng,
Faadiel Essop, et al., 2018; Peng et al., 2023). Some studies have been done on OCTs genes
polymorphisms in the Arab papulations (Alawadhi, 2013; Al-Eitan et al., 2019; Altall et al.,
2019).

A systemic review meta-analysis study from multiple databases aimed to clarify the role of
OCTs polymorphisms in metformin glycaemic response and reverse effects across various
populations. This study analysed 30 suitable studies containing 2,791 T2DM patients, the
OCT1 (rs628031) polymorphism correlated with FBS reduction in specific genotypes (GG
VS. AA; SMD = -0.60, P = 0.007) also no significant association was observed for other

OCTs polymorphism regarding metformin response or intolerance (Peng et al., 2023).

Another study evaluated the effect of specific genetic polymorphism on the effectiveness of
metformin therapy in T2DM Iranian patients, this study conducted 140 patients’ treatment
with metformin, focusing on OCT1 (1rs628031). The result of this study, this polymorphism
showed no significant association with therapeutic response to metformin (Singh et al.,
2023). In addition, study conducted in AL-KIWAT showed the same result which is no
significant association between this polymorphism and metformin response (P = 0.3)

(Alawadhi, 2013).

Two other studies conducted among Chinese population, showed the loss of function variants
in OCT1 rs628031 (M480V) reduce the clearance of metformin and imatinib (Qiu et al.,
2018; Tarasova et al., 2012).

Furthermore, study among Iranian population, examined the impact OCT2 (rs145450955)
(602 C>T) polymorphism on insulin resistant in T2DM patents and who has metformin
treatment, showing that the patient with minor allele had higher HbAlc, FBS and HOMA-
IR (P=10.019), (P =0.023) and (P = 0.03) respectively (Kashi et al., 2015).
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A study in Jordan conducted by Al-Eitan et al. (2019), examined the effect of main genetic
polymorphisms of organic cation transporters 1,2 and 3 on the pharmacokinetics of
metformin, glycaemic control and HbA1c in Jordanians. This study involved 212 patients
with T2DM, genotyping was determined for OCT1, OCT2 and OCT3 polymorphisms, there
is no statistical differences between OCT3 rs2292334 and glycemic control (P-value = 0.2)
(Al-Eitan et al., 2019).

A case control study was performed with 150 T2DM and 152 control in Indian population,
this study aimed to investigate the relationship OCT3 variants and T2DM, focusing on
(rs3088442 and rs2292334) variants and how these 2 variants interact and affect the
development of T2DM. Study result the OCT3 rs3088442 G>A polymorphism was
protective against T2DM. However, another variants OCT3 rs2292334 G>A was associated
with increased risk of T2DM (Mahrooz et al., 2017).

Genetic analysis investigations have shown many single nucleotide polymorphisms (SNPs)
in the three genes that may have an impact on the variation in pharmacokinetics between
individuals (Du Plessis et al., 2015), as polymorphism of OCT1-SLC22A1(rs628031),
OCT2-SLC22A2 (rs145450955), OCT3-SLC22A3 (rs3088442 and rs2292334) may showed
significant association in metformin response (Peng et al., 2023). Moreover, Significant
associations between G/G and A/G genotypes of rs628031 and rs461473 variants of
SLC22A1 and high levels of HbAlc were detected in T2DM patients from Saudi Arabia
(Altall et al., 2019).

Numerous research have also revealed conflicting findings regarding the link between OCT1,
OCT2, and OCT3 gene variations and diabetes in different ethnic groups, suggesting that a
susceptibility gene may present a varied phenotype across populations or areas (Kawoosa et
al., 2022; Mato, Guewo-Fokeng, Faadiel Essop, et al., 2018; Peng et al., 2023b; Rizvi &
Tasleem Raza, 2023). In Palestine, there is a lack of information regarding the OCT gene
variants linked to type 2 diabetes. In order to determine the genetic variance of the OCT1,
OCT2, and OCT3 genes and their correlation with T2DM in Palestine, this study were
conducted. This work also advances our knowledge of other potential T2DM-causing factors,
such as phenotypic traits, which may have a substantial influence on future individual T2DM

medical treatment.
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Chapter?2.

2. Material and Methods

2.1 Study population

Our study included 337 Palestinian participants, comprising 240 case (T2DM patients) and
97 control (non-diabetic individuals). Both groups were aged over 40 years at the time of
sampling, who attenuating Jericho Health MOH Center or from AL-Ahili health care center,

Palestine.

2.2 Study design and Eligibility criteria

A case control study design was employed to assess the frequency of OCT1 (1rs628031),
OCT2 (rs145450955), and OCT3 (rs3088442 and rs2292334) gene polymorphisms in T2DM
patients. Our study participant were unrelated people, recruited within the period from June

to September 2024
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Inclusion Criteria:

o For cases, Palestinian patients aged 40 years or older with confirmed T2DM, diagnosed
according to WHO criteria and under current treatment with metformin and/or other
T2DM drugs. For controls, Palestinian individuals aged 40 or older without T2DM and

any history of chronic or acute diseases (cardiovascular disease and metabolic syndrome).

Exclusion Criteria:

e Age: Participants under 40 years old were excluded.

o Type 1 Diabetes Mellitus: Individuals with a confirmed diagnosis of Type 1 Diabetes
Mellitus were excluded from the study.

e Inadequate Medical Records: Patients with incomplete or unavailable medical records,
including missing demographic, clinical, or biochemical data, were excluded.

e Any history of chronic or acute diseases (T1DM, cardiovascular disease and metabolic

syndrome).

2.3 Study investigations

2.3.1 Data Collections and biochemical analysis

Demographic and clinical data, including age, gender, BMI, treatment regimens, and diabetic
complications, were obtained from medical records. Biochemical measurements (FBG,
HbAIc) analyzed using the ARCHITECT C4000 instrument. Genetic analysis of OCT1,
OCT2 and OCT3 genes polymorphisms conducted through PCR and sequencing.

2.3.2 Blood sample

Around 5 ml venous blood was drawn from all study participants, under strict quality control
and safety procedures. Two milliliters of the collected blood were placed into sterile ethylene
diamine tetra acetic acid (EDTA) tubes used for the determination of hemoglobinAlc
(HbA1lc) and consequent SNPs genotyping. The residual three milliliters were carried in
plain tubes and left uncentrifuged to allowing blood to clot. Then these tubes centrifuged at
3000 rpm for 10 minutes and the serum collected into fresh tubes. The obtained serum was

used for analyzed FBS by ARCHITECT C4000 Instrument at AL-Ahli Health Laboratory
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and Jericho Health MOH Center. All these tests were part of routine diagnostic procedures,

and the data extracted from the patient's medical record and laboratory tests.

2.4 Molecular analysis

2.4.1 DNA Extraction

Genomic DNAs were extracted from whole blood using Promega Blood kit as manufactures

directions.

Representative DNA samples concentration was measured by nanodrop spectrophotometer

1000 (ND-1000) in addition, the 260/280, 260/230 were determined.

2.4.2 Primer’s selection

Primer was designed to target the OCT1 (rs628031), OCT2 (rs145450955), and OCT3
(rs3088442 and 1s2292334), the process started by searching the NCBI database
(https://www.ncbi.nlm.nih.gov/snp) to retrieve the SLC22A1, SLC22A2 AND SLC22A3

genes sequence containing these four SNPs. The flanking region for each four SNPs were
recognized, allowing the precise primer design by using online primer 3 software
(https://primer3.ut.ee/). The primer was design to amplify DNA fragments of 150 bp and 250
bp in length for four SNPs, this will ensure the accurate amplification of the target region
for subsequent analysis. The primer sequence forward and reverse and Expected PCR size/bp

are shown in table 2.1

Table 2.1 the sequence of the primers used for PCR amplification of SLC22A1, SLC22A2
and SLC22A3 genes.

Gene | SNP Forward primer Reverse prime Expected
PCR
size/bp

OCT1 | rs628031 GCCTTCATAGCCCTCATCAC | ACACTTTCCCCACACTTCGA | 244

OCT2 | rs145450955 | AGCCTATTAACCAGCCTGCT | GCTATCAGTCTGTGCCTCCT | 363

OCT3 | rs3088442 TGTTCTCTGCTCACCTTGGT | ATCTGTGGCTCTAGGTGTCC | 317

1s2292334 TTTTCATCTCGGGCGTGGT CCTAAGAACAAGTGGCTCCC | 303
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All primers will be modified with over hanged Illumina adapter sequences at the 5’ ends of
the forward (5'-CGTCGGCAGCGTCAGATGTGTATAAGAGACA-3’) and reverse
primers (5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-3'), so they will attach the

machine flow cell for sequencing.

2.4.3 DNA amplification

The DNA library was done by using two stage PCRs. The 1% stage PCR assay was carried
out using 2 pL of DNA sample, 0.3 uL of forward and reverse primers (10 pmol each),
12.5 uL of PCR master mix (PCRBIO HS Taq Mix Red), and 9.4 pL of double distilled water.
The PCR amplification condition done as followed: initial denaturation of DNA at 95°C for
5 min, followed by 28 cycles of denaturation at 95°C for 30 s, an annealing at 59°C for 30s,
and extension at 72°C for 30 s and final extension at 72°C for 6 min. All PCR products was
cleaned using the Agencourt AMPure XP system (X1, cat. no. A63881; Beckman Coulter
Genomics) and subjected to a second round of amplification (2" stage PCR) for barcoding
using Nextera XT Index Kit (Illumina) for samples barcoding. Then they were pooled and
cleaned in one tube using the Agencourt AMPure XP system. Prepared samples were
sequenced on a NextSeq 500/550 machine using the 150-cycle Mid Output Kit (Illumina,

Inc.).

2.4.4 Gel Electrophoresis

The PCR products were subsequently loaded on a 2% agarose gel four bands Crosseponding
to DNA fragments for the OCT1, OCT2 and OCT3 genes were observed, indicating
successful amplification. For the 2% agarose gel preparation, approximately 2g of agarose
was put to 100 ml Tris-acetate-EDTA (TAE) buffer, after that the mixture was boiled for 2
minutes in microwave, after cooling to room temperature, the addition of 2-3 drops
(10mg/ml) ethidium bromide. The ready mixture was transferred into an agarose gel casting
system (Bio Rad, SUBCELL®GT) for solidification. Posteriorly, 5 L of every PCR product

into the well of the 2% soiled agarose gel. Electrophoresis was conducted for 45 minutes at
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120 °C, then the amplified DNA fragments was observed on gel documentation system

(GelDoc).

2.5 Bioinformatics Analysis

The DNA sequences was collected via Next Generation Sequencing (NGS) were analyzed

and processed by the Galaxy platform_(https://usegalaxy.eu/). Four SNPs were successfully

identified using single reacted tube within NGS approach, the raw sequence data available
as Fast-Q files were striped default parameters of the platform to insure only the reads of
highest quality were returned. Thereafter, the filtered sequence was then mapped to their
appointed SNPs by using virtual probes designed for their detections. The step-by-step

workflow identification and detections is presented in figure 2.1.

Figure 2.1 NGS Workflow

The workflow pipelines available on galaxy platform ((https://usegalaxy.org.au) tool up

for overall approach to analyzing Fast Q files from NGs.

2.6 Statistical Analysis

All of statistical data was analyzed using IBM SPSS software (version 27.0, SPSS Inc.,
Chicago, USA). Categorical variables were compared by the chi-square test, that the normal

continuous variables analyzed through the student’s t-test and one-way analysis of variance
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(ANOVA). Logistic regression analysis was performed to determine the association between
OCT1 (rs628031), OCT2 (rs145450955), and OCT3 (rs3088442 and rs2292334) gene

polymorphisms with glycemic control in addition.
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Chapter3.

3. Results

3.1 Biochimical and Demographic characteristics of the study groups

A total of 337 Palestinian participants were recruited between Jun to September 2024 from
the Jericho Health MOH Center and/or from AL-Ahili health care center, Palestine. 240 of
them are case (T2DM) and 97 control (without T2DM). the female to male ratio in diabetic
group (137: 103) VS. (23:74) in control. Also, there was significant relationship between
gender of T2DM patients compared to those in control group (P=0.000), also significant
relationship in the mean age among case and control groups was observed (P = 0.0001) The
higher proportion of females in the diabetic group (137 females vs. 23 in controls) suggests
anotable gender difference in diabetic prevalence within this specific study populations. The
mean age of diabetic patients (59.76 years) is significantly higher compared to those in

controls (53.83 years), as shown in table 3.1.

Table 3.1: the Number and age of the study participants

Variable Type 2 diabetic Non-diabetic Total P-value
Patients n=240 Controls n=97

Gender

Female 137 23 160 .0001

Male 103 74 177

Total 240 97 337

Age Mean+SD) 59.76 £ 10.521 53.83+£12.63 .0001

P-value < 0.05 is considered to be significant, (obtained by y2 — test for categorical variables).
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The table below (3.2) shows a comparison of biochemical and clinical characteristics
between case and control groups, the results show that systolic blood pressure was higher in
case group compared to control group (P- value = 0.001) whole the diastolic blood pressure
was higher in control group compared to cases with P- value is 0.002. In addition, significant
differences in the mean values of HbAlc and FBS were higher (P-vale = 0.0001) in diabetic
patients. However, BMI, Cholesterol, TG, LDL and HDL showed no significant differences
between diabetic and healthy groups P- value> 0.05.

Table 3.2: Biochemical and chemical characteristics mean value comparison between case

and control groups

Variable Type 2 diabetic Non-diabetic P-value
Patients n=240 Controls n=97

Mean (£ SD)
BMI 31.3£6.3 30.5+16.2 0.516
Systolic blood 136.421 +£22.297 128.402 + 14.8448 | 0.001

pressure (SBP)

Diastolic blood 75.171 £ 15.388 80.722+ 13.451 0.002

pressure (DBP)

HbA1C 7.995+ 1.971 5.437 +0.4398 0.0001
Cholesterol 169.271 + 38.73 172.70+ 43.806 0.479
TG 148.01 +109.66 173.737 + 134.217 | 0.069
LDL 100.563 +33.239 | 112.503 +£40.5016 | 0.005
HDL 4221 £11.316 40.46 £17.773 0.282
FBS 174.137+79.310 83.631 £9.527 0.0001

P < 0.05 was considered significant (from t — tests), data are shown as mean +

standard deviation.

3.1.1 Purity and concentration amusement of DNA samples

DNA concentration and purity were assessed by using the Nanodrop 1000 spectrophotometer.
The Concentration values were given as ng/pul. However, purity was assessed by the 260/280
and 260/230 absorbance ratios. The samples analyzed given concentrations between 50 to
200 ng/ul, which reflecting valid DNA extraction. The 260/230 ratio considered an indicator
of DNA sample purity, indicating ideal range between 2.0 and 2.2. Deviations from this
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range due to contaminants such as phenol that absorb at a wavelength of 230 nm, propose

that the DNA extraction protocol couldn’t have been properly done.

DNA purity can be evaluated by using 260/280 ratio because proteins commonly absorb
at 280 nm. A ratio of around 1.8 is a good indication of pure DNA. Any variation

from the approximate value of 1.8 suggests contamination with protein and can

be corrected by the addition of proteinase K, which digests and thus removes the proteins.

Table 3.3 shows the concentration and purity for 5 samples.

Table 3.3: Representative DNA sample concentration and purity for five random samples

measured using nanodrop spectrophotometer 1000 (ND-1000).

DNA sample ng/pl 260/280 260/230
1 162.28 1.98 1.23
2 56.95 2.50 1.71
3 44.67 1.84 1.92
4 35.95 1.99 1.07
5 107.14 1.03 1.66

3.1.2 Amplification of OCT1, OCT2 gene polymorphisms and OCT3 and Gel
Electrophoresis

The PCR products appeared four distinct bands, approximately 240 - 370 bp in size, identical
to the targeted fragments of the OCTI1, OCT2, and OCT3 gene. Figure 3. shows

representative samples visualized through agarose gel electrophoresis.

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 Neg MW bp

- (o]
"—._E—————— - —————— 308

Figure 3.1 Agarose gel electrophoresis

Agarose gel electrophoresis results exhibiting Multiplex-PCR products of the OCTI
(rs628031), OCT2 (rs145450955), and OCT3 (rs3088442 and rs2292334) gene
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polymorphisms. Lane L represents the 100 bp DNA ladder, whilst —ve arrow the negative
control. Visualized PCR products using the Tapestation machine and the High Sensitivity
D100 kit (Agilent) provided by Macrogen.

3.1.3 Genotyping of OCT1, OCT2 and OCT3 variants by next generation sequencing
Galaxy program

Genotypes were specified by accounting the input ratio of read counts for every allele in

individual samples. as mentioned in table 3.4 and 3.4b

Table 3.4-A Genotyping of OCT1, OCT2 and OCTS3 variants along with count reads

analyzed Galaxy program.

Sample Variants G A ratio Variant
Numbers Allele | Allele Genotype
1 OCT1 383286 | 5044 76.0 GG
(rs628031)
OCT2 199474 | 236 0.001183 | GG
(rs145450955)
OCT3 126928 | 122158 | 1.0 GA
(rs3088442)
OCT3 153725 | 152460 | 0.991771 | GA
(rs2292334)
2 OCT1 236445 | 240796 | 1.9 GA
(rs628031)
OCT2 164238 | 169 0.001029 | GG
(rs145450955)
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Table 3.4-B Genotyping of OCT1, OCT2 and OCT3 variants along with count reads

analyzed Galaxy program.

OCT3 227931 4516 0.0 GG
(rs3088442)
OCT3 151511 152460 | 0.990951 GA
(rs2292334)
100 OCT1 13936 13185 1.1 GA
(rs628031)
0OCT2 11598 23 0.001983 GG
(rs145450955)
OCT3 9919 8948 0.0 GA
(rs3088442)
OCT3 13340 11210 0.84033 GA
(rs2292334)
150 OCT1 9548 9842 1.0 GA
(rs628031)
OCT2 9490 16 0.001686 GG
(rs145450955)
OCT3 6807 6285 0.9 GA
(rs3088442)
OCT3 1451 15826 10.90696 AA
(rs2292334)
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3.1.4 Multiple Sequence Alignment

The genotype findings were validated by applying multiple alignment for the reference genes

using the MultAlin platform available online at http://multalin.toulouse.inra.fr/multalin/.

Sample G A Ratio Genotype
Number
3 430595 6667 64.6 GG
1w 2 £ @ a0 b0 " 4 TS TSNS ¢ (N T R« |
I 3 3 " . . i b 4 4 3 | | I
1-6544  GCCTTCATAGCCCTCATCACCATTGACCGCGTGGGCCGCATCTACCCCATGGCCATGTCARATTTGTTGGCGEGGGCAGCCTGLCTCGTCATGATTTTTATCTCACCTGGTARGTTGETARGTTGTCTGL

1-17
Consensus

1-6544
1-17
Consensus

GCCTTCATAGCCCTCATCACCATTGACCGCGTGGGCCGCATCTACCCCATGGCCGTGTCARATTTGTTGGCGRGGGCAGCCTGCCTCGTCATGATTTTTATCTCACCTGRTARGTTGGTARGTTGTCTGL
GCCTTCATAGCCCTCATCACCATTGACCGCGTGGGCCGCATCTACCCCATGGCCATGTCARATTTRTTGGCGGGAGCAGCCTGCCTCGTCATGATTTTTATCTCACCTGGTARGTTGGTARGTTGTCTGE

131 140 151
| mmmm——— pmmmmm——— +|
TTTCATCATTTCCCAGGCAAT
TTTCATCATTTCCCAGGCAAA
TTTCATCATTTCCCAGGCAAa

Figure 3.2 the Multiple Sequence Alignment for represented homozygous sample (3)

Sample G A Ratio Genotype
number
37 9499 9701 1.0 GA
} 10 20 30 a0 50 60 70 80 90 100 110 120 13?
1-23 GCCTTCATAGCCCTCATCACCATTGACCGCGTGGGCCGCATCTACCCCATGGCCATGTCARATTTGTTGGCGGGGGCAGCCTGCCTCGTCATGATTTTTATCTCACCTGGTARGTTGTCTGCTTTCATCA

1-10595
Consensus

1-23
1-10595
Consensus

GCCTTCATAGCCCTCATCACCATTGACCGCGTGGGCCGCATCTACCCCATGGCCGTGTCARATTTGTTGGCGGGGGCAGCCTGCCTCGTCATGATTTTTATCTCACCTGGTARGTTGTCTGCTTTCATCA
GCCTTCATAGCCCTCATCACCATTGACCGCGTGGGCCGCATCTACCCCATGGCCATGTCARATTTGTTGGCGGGEGCAGCCTGCCTCGTCATGATTTTTATCTCACCTGGTARGTTGTCTGCTTTCATCA

TTTCCCAGGCARTCGARGTGT
TTTCCCAGGCARTCGARGTGT
TTTCCCAGGCARTCGAAGTGT

Figure 3.3 the Multiple Sequence Alignment for represented heterozygous sample (37)
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http://multalin.toulouse.inra.fr/multalin/

.
Sample G A Ratio Genotype
number
1 10 20 30 50 60 80 90 110 120
I 1
1-25563 GCCTTCHTHGECCTCHTCﬂCCﬂTTﬁﬂCCGCGIGEGCCGCRIETRCCCCHIGGCEHTGTCRHRIITGTTGGCGGGGGCRGCCIGCEIEGTERTGRTTTTTRTETCHCETGGTHRGTTGETRRETTGTCTGC
1-27519 GCCTTCATAGCCCTCATCACCATTGACCGCGTGGGCCGCATCTACCCCATGGCCGTGTCARATTTGT TGGCGGEEGCAGCCTGCCTCGTCATGATTTTTATCTCACCTGGTAAGTTG-mmmmmm
Consensus GCCTTCATAGCCCTCATCACCATTGACCGCGTGGGCCGCATCTACCCCATGGCCATGTCARATTTGTTGGCGGGEGCAGCCTGCCTCGTCATGATTTTTATCTCACCTGGTARGTT . v0esaas
131 140

150 159
|

|
1-25563 TTTCATCATTTCCCAGGCAAT
1-27519 TTTCATCATTTCTCAGGCAATCGARGTGT
Consensus TTTCATCATTTCeCAGGCAAT ..ssusss

Figure 3.4 the Multiple Sequence Alignment for represented homozygous sample (84)

3.2.2.1 Distribution of OCT1, OCT2 and OCT3 genotype between T2DM and Control

All genotype distributions and Minor Allele Frequences (MAF) for all variants between
cases and controls are shown in table 3.5, the genotype in four SNPs show no significant
difference between the two groups case and control P- value > 0.05. In OCT1 rs628031
SNPs case shows a MAF of 0.204, which is slightly lower than controls of 0.235. While
the MAF in OCT3 rs3088442 SNPs case higher than control (0.168 vs 0.113) respectively.

In addition, the MAF of OCT3 rs2292334 SNPs in case of 0.295 higher than MAF in

control at 0.202.

Table 3.5-A: genotype frequency for

variants between case and control.

rs628031, rs145450955, rs3088442 and rs2292334

rs628031 SNPs Case Control All Subjects P-value
Genotype GG 151 (74.9%) 52 (73.3%) 203 (73.3%) 242
GA 80 (39.6%) 39 (44.0%) 119 (44.0%)
AA 9 (4.5%) 6 (5.6%) 15 (5.6%)
MAF 0.204 0.235 0.990
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Table 3.5-B: genotype frequency for rs628031, rs145450955, rs3088442 and rs2292334

variants between case and control.

rs145450955 Case Control All Subjects P-value
SNPs
Genotype GG 240 (100%) 97 (100%) 337 (100%)
GA 0 0 0
AA 0 0 0
rs3088442 Case Control All Subjects P-value
SNPs
Genotype GG 176 (87.6%) 79 (84.9 %) 255 (85.3%) 279
GA 59 (28.9%) 17 (23.0%) 76 (27.5%)
AA 5(2.5%) 1 (1.4%) 6 (2.2%)
MAF 0.168 0.113 0.990
rs2292334 SNPs Case Control All Subjects P-value
Genotype GG 133 (65.6%) 62 (61.2%) 195 (62.5%) 213
GA 94 (46.3%) 33 (44.6%) 127 (47.0%)
AA 13 (6.4%) 2 (2.7%) 15 (5.6%)
MAF 0.295 0.202 0.982
P < 0.05 was considered significant

Additional analysis was applied to determine if there is an association between rs628031,
rs145450955, rs3088442 and rs2292334Variants and clinical/ biochemical parameters in
patients with T2DM groups. The study data was stratified according to genotype within
T2DM group. The finding for rs628031 variant, rs3088442 variant and 1s2292334 variant
are presented in table 3.6, 3.7 and 3.8, respectively. As 100% of cases and controls had the
GG genotype of the rs145450955 variant, this SNP was excluded from any further
analysis. However, our findings revealed no significant differences between rs628031,
rs3088442 and rs2292334 variants and the mean values HbAlc, FBS, BMI, age, lipid
profile, SBP and DBP.
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Table 3.6: Differences between rs628031 Variant and age, BMI, blood pressure, FBS, lipid
profile and HbA1C in T2DM.

Parameters | rs628031 SNPs P-
value
GG GA | AA
Age 59.1 60.2 | 664 |0.117
BMI 31.0 31.8 | 31.1 |0.704
SBP 136.5 137.5 | 126.3 | 0.364
DBP 75.4 754 |70.3 |0.632
FBS 176.4 170.8 | 166.6 | 0.844
HbAlc 8.1 7.9 7.5 0.681
Cholesterol | 167.9 171.5 | 172.0 | 0.787
TG 140.7 163.4 | 133.0 | 0.301
HDL 43.5 40.1 |39.7 |0.084
LDL 100.6 100.6 | 99.0 | 0.990

Table3.7: Differences between rs3088442 Variant and age, BMI, blood pressure, FBS,
lipid profile and HbA1C in T2DM.

Parameters | rs3088442 SNPs P-
value
GG GA | AA
Age 59.3 60.7 | 66.8 | 0.665
BMI 31.1 31.6 | 334 |0.211
SBP 135.9 137.5 | 142.0 | 0.763
DBP 75.3 749 | 73.0 |0.932
FBS 177.5 164.9 | 164.6 | 0.559
HbAlc 8.0 7.9 7.4 0.758
Cholesterol | 171.1 165.5 | 150.4 | 0.349
TG 152.8 138.0 | 97.4 | 0.390
HDL 423 422 1407 |0.953
LDL 101.6 98.5 | 86.8 |0.532

Table3.8 : Differences between rs2292334 Variant and age, BMI, blood pressure, FBS,
lipid profile and HbA1C in T2DM.

Parameters 1s2292334 SNPs P-
value
GG GA AA
Age 59.9 59.1 36.3 0.385
BMI 31.2 31.3 31.3 0.994
SBP 136.2 136.5 | 137.8 | 0.971
DBP 75.7 74.1 77.2 0.668
FBS 173.7 175.1 | 171.5 | 0.985
HbAlc 8.0 8.0 7.4 0.490
Cholesterol 173.9 164.6 | 154.8 | 0.077
TG 161.1 130.1 | 143.2 | 0.109
HDL 41.7 43.5 37.6 0.162
LDL 104.4 96.6 90.2 0.110
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3.2.2.2 The genotype distribution frequency for rs628031, rs145450955, rs3088442
and rs2292334 variants according to HbAlc level.

The diabetic group was stratified based on glycaemic control as presented by HbAlc levels
(>6.5 vs. <6.5). The genotype distribution of the rs628031, rs3088442, and rs2292334
variants is presented in Table 3.11-a, 3.11-b, which showed no significant association
between the genotypes of all variants and HbA 1¢ categories (>6.5 and <6.5). Among the 240
patients (case) included in the study, only 10 were receiving a combination therapy of insulin
and metformin (0.04). Therefore, subgroup analysis for this specific treatment group could

not be conducted due to the limited sample size.

Table 3.9 : The genotype distribution for rs62803 1, rs3088442 and rs2292334 Variants
between HbAlc > 6.5 vs HbAlc < 6.5

rs628031 SNPs HbAlc>6.5 HbAlc<6.5 P-value
Genotype GG 114 37 .639
GA 56 24
AA 7 2
rs3088442 HbAlc>6.5 HbAlc<6.5 P-value
SNPs
Genotype GG 45 131 758
GA 16 43
AA 2 3
rs2292334 SNPs HbAlc>6.5 HbAlc<6.5 P-value
Genotype GG 98 35 .561
GA 71 23
AA 8 5
P < 0.05 was considered significant

31




Chapter4.

4.1 Discussion

Our study adds to the increasing amounts of research investigating the genetic determinants
of Type 2 Diabetes Mellitus (T2DM) by studied the polymorphisms in OCT1, OCT2, and
OCT3 genes. Although significant progress in understanding the complex pathophysiology
of T2DM has been made, it essentially involves a multifactorial interplay of genetic,
environmental, and lifestyle factors, the exact role of OCTs in modifying disease

susceptibility remains incompletely understood (Koepsell, 2020).

Over the years, genome-wide association studies (GWAS) have advanced achievements to
explore genetic variants joined to raised risk of type 2 diabetes (T2D). These results have
paved the way for the progression of polygenic risk scores (PRSs), that quantify the genetic
contribution to an individual’s disease risk. PRSs are measured as a weighted total of the risk
alleles an individual carries, with each allele’s weight Cross ponding its effect size as
governed by GWAS data. PRSs exhibit valuable insights into both absolute and relative
disease risk parallel to a wider population. Substantially, PRSs applications spread three key
domains: enhancing the accuracy and timeliness of predicting disease onset and progression,
optimizing therapeutic planning to manage, or treat the disease, and given critical directions
for genetic counseling and family planning. This application hold promises for more
personalized and proactive approaches in healthcare (Boecker & Lai, 2020; Torkamani et al.,
2018). In this context, we investigated the relationship between OCT1 (rs628031), OCT2
(rs145450955), and OCT3 (rs3088442 and rs2292334) gene polymorphisms and their

associations with T2DM risk in Palestine. A total of 337 subjects were recruited for this
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study, including 250 subjects with T2DM and 97 control subjects. To our knowledge, this is
the first study reporting the frequency of OCT1, OCT2 and OCT3 gene polymorphisms

among Palestinian population.

In this study, the number of females who’s affected in T2DM higher showed higher
proportion than those in control (P=0.000), the mean age of diabetic patients (59.76 years)
is higher compared to those in controls (53.83 years), this may suggest the influence of
gender and age in risk and management for diabetes disease. This result agree with Health
Annual Report Palestine 2023, also There is studies agree with the and with present study
(Ciarambino et al., 2022; Manicardi et al., 2016). However, another study showed the higher
proportion in male of T2DM than women(Kumar et al., 2023), emphasizing that gender-
related differences impact psychosocial and cultural consideration like distinct behaviors,
lifestyles, also their style toward prevention and treatment, contribute to differences in both
gender tendency to the progression of type 2 diabetes (Ciarambino et al., 2022). Moreover,
the age increases are the important risk factors in the onset and progression T2DM (Yan et

al., 2023).

The recognized elevation in HbAlc, FBS, and systolic blood pressure in T2DM patients
compared to controls coordinates with the clearly established in pathophysiological interplay
between hyperglycemia, vascular dysfunction, and hypertension studies (Ambelu & Teferi,
2023; Rabizadeh et al., 2021; Shaphe et al., 2024). Chronic hyperglycemia aggravates
endothelial dysfunction, increased oxidative stress, in addition to elevate systemic
inflammation, resulted to increased arterial hardness and systolic pressure. Moreover, insulin
resistance a marker of T2DM, exacerbate the regulation of glucose and blood pressure,
promoting their chronic elevation in a half patient with T2DM (Tatsumi & Ohkubo, 2017).
However, our present study showed higher DBP value in non-diabetic group (P- value =
0.002), this result aligns with previous study finding that diabetic patients tend to have high
systolic blood pressure (SBP) and somewhat reduced DBP versus non-diabetic
counterparts(Atmaca et al., 2022). Another finding by Ocher et al demonstrated in a related
study (Osher & Stern, 2008) that the diabetic patient have a tendency to higher systolic blood
pressure (SBP) and slightly lower diastolic blood pressure (DBP).

This can be partially explained by that healthy individuals mostly have more elastic arterial
walls, letting better diastolic function. Although, diabetes related to vascular damage

frequently leads to raised arterial stiffness and reducing the elasticity in ordered to maintain
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higher DBP levels. Also, arterial stiftness primarily effects systolic blood pressure, leaving
diastolic pressure relatively lower in diabetic patients. In addition to this reason, lifestyle
factors such as physical activity, diet, and hypertension management drugs could contribute

to these differences (Azimi et al., 2016; Huang et al., 2017; Osher & Stern, 2008).

In our case control study, the Minor Allele Frequency of OCT1 (rs628031) in case vs control
(0.204) Vs. (0.235). Whereas, the OCT2 (rs145450955) frequency are 100% GG in both case
and control. However, OCT3 (rs3088442) variant MAF between case and control
respectively (0.168) VS (0.113). In addition, OCT3 (rs2292334) MAF in case Vs control
(0.295) vs (0.202). The OCT1 (rs628031), OCT2 (rs145450955), and OCT3 (rs3088442 and
rs2292334) variants were studied among various populations. A study reported in Sudi
Arabian populations, the G allele frequency in OCT1 (rs628031) was (0.69) in T2DM VS
(0.71) in control. While, MAF of the same variant (0.31) in T2DM and (0.29) in control
group, in this study, the allele frequency is similar to our allele frequency findings (Altall et
al., 2019). However, a study among Iranian populations conflict with our results of OCT1
(rs628031) showed, The G allele frequency was 0.32 in T2DM and 0.33 in control. The A
allele was 0.68 among diabetic patients. While, 0.66 (A) in control (Shokri et al., 2016).

The OCT3 rs3088442 variant was studied among Japanese populations showed equal allele
frequency for G and A allele, G= 0.51 and A= 0.49 (Ghaffari-Cherati et al., 2016). While,
the OCT?3 rs2292334 variant was studied among Jordanian population reported that the G
allele frequency was 0.86 and A allele was 0.14 (Hakooz et al., 2017b) .

When we investigated the potential role of the OCT1 (rs628031), OCT2 (rs145450955), and
OCT3 (rs3088442 and rs2292334) gene polymorphisms with risk of T2DM, we found no
significant difference in the genotype distribution of all these variants between the T2DM
patients and control group. These results suggest that these variants could not play important
role in the T2DM pathogenesis among Palestinian populations and may be the relatively

small sample size was unable to reveal such association.

Moreover, this study included additional analysis to explore if the OCT1 (rs628031), OCT2
(rs145450955), and OCT3 (rs3088442 and rs2292334) gene polymorphisms can explain
some differences in HbA1c level which may reflect the response for Metformin treatment,
the diabetic subject was stratified into 2 groups according to HbAlc level (more than 6.5 vs
less than 6.5). Our results show no significant differences in all these variants and the level

of glycated hemoglobin. This result has implicit meaning, which is these variants no affect
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metformin responses. In this regard, a lot of researches have also revealed conflicting
findings regarding the link between OCT1, OCT2, and OCT3 gene variations and diabetes

in different ethnic groups.

A lot of research have also revealed conflicting findings regarding the link between OCT1,
OCT2, and OCT3 gene variations and diabetes in different ethnic groups (Aladhab et al.,
2023; Peng et al., 2023d; Rizvi et al., 2024).

Several studies investigated OCT1 (rs628031) polymorphism with diabetes and having
variation in their results. Study in al Iraq agree with presents study, showed no significant
associations between rs628031 genotypes and the metformin efficiency (Aladhab et al.,
2023), another study in Iranian population showed no significant in metformin responses
(P=0.47) (Shokri et al., 2016b) , In addition, study conducted in AL-KIWAT showed the
same result which is no significant association between this polymorphism and metformin
response (P = 0.3) (Alawadhi, 2013). However, study in Saudi Arabia showed The G allele
in OCT1 rs628031 polymorphisms identified as a possible risk factor, showing evidence
suggesting that patients carrying the G/G genotype in OCT1 (rs628031) tend to demonstrate
higher levels of HbA1c and fasting blood sugar (FBS) versus individual carrying the A/G or
A/A genotypes in the same variant (Altall et al., 2019).

In OCT2 (rs145450955) polymorphism, among Iranian population, there is a study showed
the patients carry A minor allele has higher glycated hemoglobin and fasting blood sugar
(Kashi et al., 2015b), although (Ghasan Abood Al-Ashoor et al., 2021) showed no significant
association between r1s145450955 in genotype and allele frequency in rs145450955
polymorphisms between T2DM and control groups (P > 0.05).

In our presented study, when we stratified the T2DM data according to genotypes to
determine the association between all variants (OCT1 (rs628031), OCT2 (rs145450955), and
OCT3 (rs3088442 and rs2292334) and the mean value of HbAlc, FBS, BMI, age, lipid
profile, SBP and DBP, we found no significant differences in the all-mean value of clinicals

and biochemical parameters.

OCT3 (rs3088442) is another variant was investigated between diabetic patients, A study
conducted by Hosseyni-Talei and colleagues showed that individuals who is carrying GG

genotype had lower level of HbAIC than those carrion A allele after three month of
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metformin therapy (Hosseyni-Talei et al., 2017). Also, another study found this variant has
a protective effect against T2DM progression which can decrease the diabetes susceptibility
and increased the clinical efficacy of metformin responses in patients(Mahrooz et al., 2017),
also in Pakistan population, a study found the A allele in OCT3 (rs3088442) may considered

as a protective allele for metformin responses (Moeez et al., 2019).

OCT3 (rs2292334) variant have shown variability in result between different ethnic groups.
In north India, a study showed a significant association betweenOCT3 (rs2292334) variant
and metformin response, considered the AA genotype of rs2292334 enhanced efficiency of
metformin clearance. While G allele in the same variant was associated with decreased
metformin respond in T2DM (Rizvi et al., 2024). Although, a systemic review and meta-
analysis study showed no statistical association was found between the OCT3 (1s2292334)
variants and metformin response and intolerance (Peng et al., 2023). The differences in
results regarding OCT1 (rs628031) and OCT2 (rs145450955) polymorphisms and their
association with glycemic control or metformin response across various studies can be
attributed to factors such as ethnic variations, genotyping accuracy, and methodological
differences. Ethnic diversity significantly influences the distribution of genetic
polymorphisms and their phenotypic effects. These inconsistencies may also stem from
differences in genotyping methods, as variations in techniques (e.g., PCR-based assays
versus sequencing) can influence accuracy, while small sample sizes and limited statistical
power may obscure significant findings. Additionally, variations in study design, inclusion
criteria, and adjustment for confounding factors such as BMI, age, or lipid profile further
complicate comparisons. In the current study, we utilized a newly introduced assay based on
next-generation sequencing (NGS), which effectively ruled out any genotyping errors. The
NGS assay successfully detected all four targeted SNPs across three fragments in a single-
tube reaction, with FAST-Q files ensuring high detection accuracy through thousands of
sequencings reads per SNP. This method is not only highly specific but also less labor-
intensive, cost-effective, and suitable for individual-level SNP quantification, making it
superior to traditional genotyping techniques. In our analysis, stratification of T2DM data
based on OCTI1 (rs628031), OCT2 (rs145450955), and OCT3 (rs3088442 and rs2292334)
genotypes revealed no significant differences in HbAlc, FBS, BMI, age, lipid profile, SBP,
or DBP, aligning with several previous findings. These results emphasize the need for future

large-scale studies, leveraging accurate and advanced methods like NGS, to clarify the role
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of these polymorphisms in glycemic control and metformin response across diverse

populations.

4.2 Study limitations

The main limitation of the current study was the relatively small sample size, which may
have affected the ability to detect significant associations. Future research with larger cohorts
could provide a deeper understanding of the role of OCT1 (rs628031), OCT2 (rs145450955),
and OCT3 (rs3088442 and rs2292334) gene polymorphisms in T2DM and their interactions
with other clinical parameters. This is particularly important for understanding variability in
drug pharmacokinetics, pharmacodynamics, efficacy, and toxicity profiles, including
potential risks such as nephrotoxicity. Another limitation is that the study focused on specific
genetic variants within the OCT1, OCT2, and OCT3 genes, while other potential
polymorphisms within these genes, which could also have significant functional roles, were

not explored.

4.2.1 Study recommendations

Given the lack of association between the OCT1 (rs628031), OCT2 (rs145450955), and
OCT3 (rs3088442 and rs2292334) gene polymorphisms and T2DM observed in Palestinian
patients, future research should focus on exploring additional factors such as other
medications, detailed clinical information that contribute to T2DM in this population to
enhance the comprehensiveness of future analyses. Long-term studies are needed to assess
the effects of OCT1, OCT2, and OCT3 polymorphisms on metformin response and the
development of T2DM over time. Furthermore, implementing personalized medicine
strategies tailored to patients' medical histories and lifestyles, including smoking cessation
support, regular screenings, and periodic check-ups, is essential to prevent complications
and improve patient outcomes. Functional validation studies would also be highly beneficial
in providing a comprehensive understanding of interindividual variability in drug
pharmacokinetics, pharmacodynamics, efficacy, and toxicity profiles, particularly with

regard to risks such as nephrotoxicity.
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4.3 Conclusion

In conclusion, the current study is the first in Palestine that examines the effect of the OCT1
(rs628031), OCT2 (rs145450955), and OCT3 (rs3088442 and 1s2292334) gene
polymorphisms and T2DM. The study results showed no association the OCT1 (rs628031),
OCT2 (rs145450955), and OCT3 (rs3088442 and rs2292334) gene polymorphisms and
T2DM. In addition, there is a variation was observed in age, gender, systolic and diastolic

blood pressure between T2DM and control.
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Appendices

Appendix 1:Research approval by research ethics committee at Al-Quds University.

Al-Quds University eddl] Aaals
Faculty of Medicine hall @S
Ll — gl

Abu-Dies, Jerusalem

Date:28/4/2024
Research Ethics subcommittee of Faculty of medicine

Letter of Ethical approval

Date:28/4/2024
Ref#: Re2-28-24

Dear Applicants: Dr, Abdelmajeed Nasceddin and Miss. Duaa Fakhouri

Biochemistry and Molecular Biology master program

The Research Ethics subcommittee of faculty of medicine has recently reviewed your
proposal entitled “Association of OTC1, OTC2 and OTC3 gene polymorphisms with the risk
of Type 2 Diabetes Mellitus in Palestine™

Your proposal is deemed to meet the requirements of research ethics subcommittee at Al-
Quds University. This approval does not substitute for any administrative or other approvals
that may be necessary.

Note: This letter can be used to apply for the central Al-Quds University research ethics
committee if needed

Best of luck,

Dr. Suheir Ereqat

Head of research et]“ijs_'ﬁ;j heommittee

Biochemistry and Molecitlar Biology master program

s University
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Appendix 2: Consent form

2024
Al Quds University
Faculty of Graduate Studies
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Dear Participant,

You are mwited to participate In a ressarch study conducted by student of zraduate
studies from Al-Chuds University i order to fulfill master's degras of Biochemiztry and
Molecular bielogy. This study aims to determine the genotvpe and allele fraquencies of
OCTL (re628031), OCT2 (r=143430955), and OCT3 (rz3088442 and r=2292334) zane
polymorphizms and datect their association with T2DM rsk in Palestine at Jancho
hiealth center and Al-Ahli haalth centar,

The purpose of this research 15 to enhance our understandimg of genetic factors that may
contribute m mdividuzals with type 2 diabetaz mellitns. By participatmg m this stody,
vou can help us advancs kmowledze m this area and potentially contributa to mproved
dizbetes managemeant stratagies m the fiture. Takimg permizzion will be part of the
dizgnosis and follow-up which could lead to mmproved freatments.

PBarficipation 1 thiz study 1= enbirely voluntary. You have the night to withdraw vour
conzant and discontmue ba.rt[nipatiun 2t any tome wathout penalty. Your decision to
participate or not will not affect vour medical care or treztment m any way. All data wall
be recorded and kept confidential. Data wall ke anomvmizad by 2 coding system and
mzy ba nzad 1n other rezearch studiaz.

The procadures will ke meludms:

1. Your blood zample will be taken after completing routne tests for DINA extraction
and genetic analyz=is,

2. We wall collect relevant clinical and medical data from your medical records.

3. Your participztion will mvolve no cost to vow
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Facuolty of Graduate Studies
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» Filling out this form means accephng to participate in this research

I have read and undsrstocd the mformation provided m this Informed Consent Form. [
hzwe had the opportunity to azk questions and have recerved zatiz=factorvy answers. [
voluntanly agres to participate in this research study.

[Farticipant's Signature]: Diata-

Eesearcher: Dioaa Falkhoury £ Al-Chuds University - College of Graduate Studies

[The razearcher]: Data
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Appendix 3: DNA Extraction Method Protocol

10.

11

12.

13.

14.

. A 900 pL cell lysis were pipetted into a sterile 1.5ml microcentrifuge tube.

. After gently rock the blood tube until mixed, 300 uL of blood transferred into the

tube congaing cell lysis.

Mixture incubated for 10 minutes at room temperature, then centrifugated at 15,00
x g for 20 second.

The supernatant was removed as much as possible without disturbing the visible
white pellet.

The tube was vortexed vigorously until the white blood cells were resuspended (10
— 15 seconds)

300 pL nuclei lysis was added to the tube containing the resuspended cells, then
pipetted the solution 5-6 times to lyse white blood cells and the solution became very
viscous.

300 uL RNase solution was added and mixed 2 — 5 times, then allowed the mixture
incubated at 37 °C for 15 minutes.

100 pL protein precipitation solution was added to the nuclear lysate, then vortexed
vigorously fo 10 — 20 seconds until small protein clumps were visible

Centrifuged at 13,000 — 16,000 x g for 3 minutes at room temperature.

The supernatant was transferred to a clean 1.5 ml microcentrifuge tube containing

300 pL of room temperature isopropanol.

. The solution was gently mixed by inversion until the white thread-like strands of

DNA formed a visible mass

The solution was centrifugated at 13,000 — 16,000 x g for 1 minute at room
temperature.

Decanted the supernatant and one sample volume of 70% ethanol was added to the
DNA, then the tube was gently inverted several times to wash the DNA after that the
solution centrifugated 13,000 — 16,000 x g for 1 minute.

The ethanol was carefully aspirated, and the tube was inverted on clean absorbent

paper and air-dried the pallet for 10 — 15 minutes.
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15. 100 uL DNA rehydration solution was added then incubated the tube at 65°C for 1
hour

16. DNA was stored at 2 — 8 °C

56



4lay) ;hig OCT3 §OCT2 3 OCT1 wilisall & JIS&] aaad (s A8Mall
Ol (8 AU £odl) (e (g8l

Gl " avia e Cayd eled talae)

Glaye a2 1))

Ol pals amall e Lo Bl Caydal)

sadld

& Ol Gt pxe e puaall Al Levie w08 digje Ala s S gl e (S e
phall e lgud) 5)08 aae L POV [ S S| VST el A Sl Sligice
152 oy (3 Al A V) Ciligasgl) aal asl e Cploas) ey Gun (Jlad J<a aillag,
Jas b Ia (g Cigan Gl 5aally il e g I (e JS IR Jiail) pulas b Laga
o2 pal aal s B gall e (@Sl Gagay S JEal clblaca) Y535 Gsesed) 1
oV Slieladl) o sl ) (5358 Aiahe Aish il pal) Sl gLyl Ll L)
vap Y sl e %95 s G gl e (oSl (e Jing L8lagl I (5255 Layen
daall Byl aiyds i AT Gy Cpinlacddl) cpibalgall Gu %15.3 dowty g (oSl
il Jalgall 038 JSg coyskai gl oyl Hseds B ald Sl dalgall (e aaal) cllia L didanil
B S g5l Ga @Sl e sels gt oalelall cpda g Dl S At o) L )
cailieLae yshaiy SN g sl e (gSall (i pes Aol 8 Aaiiall lisall e LIS Slia )5S,
(o il Bay a8 ) (SLC22A3  [SLC22A1, SLC22A2) :cliall sy (ses
lein e o L) Ml celdad) e ) )il alats (AR yaliall aliaial :lgad

(e siiaall

o6 S obos el Om (A Awball o Glily pen O calpdmdlls duhy o duball sl aan
Alal) degene cul€ V) degenall (fic sana dalall duhall ciiecs 2024 aladl (e Jsbd

57



Sl —aalsil) —Anll) desanally ¢ SE gsll e (HSu) ayer Gulaadl (alasd
ae Gl Lin 240 aeaxe S gl e (5=ull Guladl) salldY) ae K celaaY)
153185 (358 Wb 40 el ilS (yiic ganall (3 el pues LISl 97 el (€Ll
(e Aegana shal o5 oalands — Al 8 AaY) sy syl daa e (B maball e
pandy ¢ oS Sl and Crieca ol daay oY) adiaall 8 CpSlia) paead il
oY sSlaY) o S cpall sl dabaall Julas oha) & . 0gall dallasy aileall Sl
OCT1 (rs628031), OCT2 (rs145450955), and OCT3 _a; dum JI
Jsl (& Aubal) sda s caalsdilly YA s 235 (rs3088442 and rs2292334)
Omtlanddl) IS e cugal daly
Gl 8 sl 5 el e sdle il adine b dial) JISEY) paes S35 auid &
rs3088442) OCT3; «OCT2 (rs145450955) OCT1 (rs628031) Zuall JKaY!
dase Y a4l Al =il jelal | elaal - aalgdlly ¢ (o)<l o ye —e ) 3 (152292334 4
ADle s i€ .0.05 <-P salsally Alall o hriall gaes 3 Shsll haatll (g S Lals))
el lassia b ABDle Cilangl WS ((P=0.000) slacal) desanas d3lhe (oinpally puind) oy
e desana b el LY s cil€y (P=0.0001) )5l de ganag Alall Cile sana p
Cpeinll on Jasale cdaa) ) s o oSa o(slaa) degena 823 il Sl 137 (5Su)
0.05 (o il 25 P=0.001 bV pal) Jarin b Lilian) 858 Liagf dadjall 3l <yl
dadl Caaly G dalpdlly Ay Jalead ] aall daia b dilas) i) il o ekl LS
LAYl oSl gulad) e A g el IS hles¥) aall bia s p =0.0002
dad ma FBS s HDAIC s 8 (ficsane O Aflas] AN il (g llia el celly )
aall AES jd5e el Al el aag oSl ape cul€ eV dadlly P = 0.0001
G Saalls laal) Cilegenall o dilas] AN culd (3558 (I HDL 5 LDL 5 TG 5 Jg sl o<V
.0.05 <P dai claaYls
OCT2 (OCT1 (rs628031) duall JK&Y) saad o 3Dl gem ball
2 g5l e oSull gla s (152292334 5 rs3088442) OCT3 5 «(rs145450955)
@Sl (myag cibiall 3a G Blil a9y axe Uil Cayglal . Addall 48l Cile sanall
b astl jsdne e cluhall e aiall el i - aidacddl) Gl 3 S8 g5l
) )

58



