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ABSTRACT

ASSOCIATION OF RS228648 AND RS2890565 SINGLE NUCLEOTIDE
POLYMORPHISMS IN UROTENSIN-2 GENE WITH PROSTATE CANCER

Prostate cancer (PCa) is now known as the most frequently diagnosed malignant being
responsible for the cancer-related deaths among men worldwide. The aggressiveness of PCa
is predicted based on the histological examination followed by grading the disease based on
Gleason Score and ISUP Grade. Urotensin Il (U-I1), encoded by UTS2 gene, is a
somatostatin-like cyclic peptide and known to be the most potent vasoconstrictor peptide
identified so far. U-1l and its receptor, UTR, significant affects both physiological and
pathophysiological regulation of many diseases especially cardiovascular and diabetes.
Recently, U-lIl and UTR have been the centre of studies on the cancer pathogenesis
especially breast and prostate cancer through their mitogenic and angiogenic effects. Over
the years, several polymorphic regions are identified in UTS2 gene such as rs2890565
(S89N, 3836C>G/T) and rs228648 (T21M, 143G>A) single nucleotide polymorphisms
(SNPs) that cause amino acid change. Several studies have shown the association of
rs2890565 and rs228648 polymorphisms in UTS2 gene as an important risk factor with the
development of diabetes mellitus (DM) and breast cancer. The purpose of this thesis was to
investigate for first time in the literature the association of both rs2890565 and rs228648
UTS2 polymorphisms with PCa development in Turkish population. To achieve this
purpose, isolated DNA samples of patients and control group were used for genotype
analysis by PCR-RFLP technique using specific primer sets for the detection of UTS2
rs2890565 and rs228648 variants. Following gel electrophoresis, to verify genotype
analysis, specific samples were sequenced, and statistical analysis were performed based on
genotyping with sequence results. Our findings showed that both rs2890565 and rs228648
polymorphisms of UTS2 gene was not associated (p > 0.05) with the risk of development
and progression of PCa compared to healthy controls including Gleason score, tumour stage

and metastatic state of PCa patients in our subject group.
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OZET

UROTENSIN-2 GENINDE BULUNAN RS228648 VE RS2890565 TEK
NUKLEOTID POLIMORFIZMLERININ PROSTAT KANSERI ILE ILISKiSi

Prostat kanseri (PCa) su anda diinya ¢apinda erkekler arasinda kansere bagl dliimlerden
sorumlu olarak en sik teshis edilen kotii huylu kanser olarak bilinmektedir. PCa’nin
agresifligi histolojik incelemeye dayal1 olarak tahmin edilir ve ardindan hastalik Gleason
skor ve ISUP derecesine gore derecelendirilir. UTS2 geni tarafindan kodlanan Urotensin 11
(U-II), somatostatin benzeri siklik bir peptittir ve simdiye kadar tanimlanan en giiclii
vazokonstriktor peptit olarak bilinmektedir. U-II ve reseptérii UTR’nin, basta
kardiyovaskiiler ve diyabet olmak {izere bircok hastaligin hem fizyolojik hem de
patofizyolojik diizenlenmesinde 6nemli etkileri oldugu gdsterilmistir. Son zamanlarda, U-II
ve UTR, mitojenik ve anjiyojenik etkilerinden dolay1r kanser patogenezi ile ilgili
calismalarda o6zellikle de meme ve prostat kanseri ile ilgili ¢alismalarin merkezinde
olmustur. Yillar icinde UTS2 geninde birgok polimorfik bolge tanimlanmistir ve bu gendeki
en cok calisilan tek niikleotid polimorphizmleri (SNP), gen sekansinda amino asit
degisikligine neden olan rs2890565 (S89N, 3836C>G/T) ve rs228648 (T21M, 143G>A
polimorfizmleridir. Cesitli ¢alismalar, UTS2 genindeki 1s2890565 ve 15228648
polimorfizmlerinin diyabet ve meme kanseri gelisimi ile dnemli bir risk faktort olarak
iligkisini gostermistir. Bu tezin amaci, literatiirde ilk kez UTS2 genindeki hem rs2890565
hem de 1s228648 polimorfizmlerinin PCa’nin gelisme riski ile iliskisini Tiirk
popiilasyonunda arastirmaktir. Bu amagla, hasta ve kontrol gruplarina ait izole edilmis DNA
ornekleri, UTS2 rs2890565 ve rs228648 varyantlarinin tespiti i¢in spesifik primer setleri
kullanarak PCR-RFLP teknigi ile genotip analizi i¢in kullanilmistir. Jel elektroforezinin
ardindan, genotip analizini dogrulamak i¢in spesifik 6rnekler sekanslanip, sekans sonuglari
ile genotiplemeye dayali olarak istatiksel analizler yapilmistir. Bulgularimiz, calisma
populasyonumuzda UTS2 geninin rs2890565 ve rs228648 polimorfizmlerinin PCa’nin
gelisme ve ilerleme riski ile bir iliskisi olmadigini gostermistir. Ayrica rs2890565 ve
rs228648 polimorfizmleri ve hastalarinin Gleason skoru, tiimér evresi ve metastatik durumu
arasinda da anlamli bir iligki bulunmadigi (p > 0.05) goriilmistiir. Boylelikle, calisma
populasyonumuzda UTS2 rs2890565 ve rs228648 polimorfizmlerinin PCa gelisimi ve

ilerlemesinde bir risk faktéri olusturmadigi kanisina varilmistir.
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1. INTRODUCTION

1.1. ANATOMY OF PROSTATE GLAND

The human prostate is a “walnut-shaped” glandular organ which is the major gland of the
male reproductive system. It is located inferior to the urinary bladder and anterior to the
rectum [1]. Figure 1.1 represents the location of adult human prostate gland and its
relationship with other pelvic structures. Apart from its description as walnut-shaped, the

shape of human prostate gland is conical, and it wraps around the proximal urethra [2,3].
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Figure 1.1. Location of adult human prostate gland and its relationship with other pelvic

structures [1].

The two main compartments that compose the prostate are stromal and epithelial
compartment of the prostate gland and they have influence on each other to maintain
prostatic development and homeostasis. The epithelial compartment is surrounded by the
stroma in completely differentiated prostate [4]. The stromal compartment provides the
suitable microenvironment and supportive signals to the epithelial compartment. The
epithelial compartment is responsible for the main function of the prostate gland [5]. Its
function is the secretion of a thin, milky/slightly alkaline prostatic fluid which constitutes a

part, approximately 30 percent, of the volume of seminal fluid [2,5,6]. Via secretion of the



prostatic fluid, semen gelation, coagulation and liquefaction which are important for the
survival of sperm cells are provided [7]. The prostatic fluid contains protein and hormones

such as transglutaminase and prostate-specific antigen (PSA) [8-10].

Anatomically, the human prostate consists of three different zones: the peripheral zone,
central zone and transition zone as shown in Figure 1.2 which represents the zonal anatomy
of prostate gland [2,3,5,11]. The peripheral zone has the largest volume of the tissue and
located at the posterior of the gland [3]. It is the principal region where carcinoma and
prostatitis of the prostate arise [2,11]. The central zone is located between the peripheral and
transition zones and it surrounds the ejaculatory ducts [2,5,11]. The transition zone has the
smallest volume of the tissue, and it surrounds the proximal prostatic urethra. It is the
principal region where benign prostatic hyperplasia (BPH) occurs [3,11,12]. The prostate

gland has also non-glandular tissue part called anterior fibromuscular stroma (AFS) [2].

Proximal urethra

Peripheral zone

Central zone

Figure 1.2. Zonal anatomy of the normal prostate gland [2].

As mentioned above, the human prostate possesses three major diseases: BPH, prostatitis
and prostate cancer (PCa). BPH is referred as non-malignant growth of the prostate gland
which causes the nodular enlargement of the transition zone of the prostate [11,13]. The
result of BPH is commonly associated with lower urinary tract symptoms (LUTS) in aging
men [6]. Prostatitis is inflammation of the prostate gland and known as common urologic
condition in all ages in men which causes one of the urinary tract syndromes. It is generally

caused by infection in the urinary tract of the prostate [14].



1.2. PROSTATE CANCER

PCa occurs in the peripheral zone of the prostate gland [11] and now known as the most
frequently diagnosed malignant cancer and the leading cause of cancer-related deaths among
men worldwide in 2021 [15,16]. Based on the data from GLOBOCAN 2020, incidence and
mortality rates of PCa are exceptionally variable throughout the world. The age-standardized
incidence rate of PCa, as seen in Figure 1.3., have shown the highest in Europe, the
Caribbean, and Northern America while Asia and Africa have shown lower incidence rate
than other countries. On the contrary, Caribbean and most region of Africa have shown the
highest mortality rate while Asia have shown the lowest rate [15,17]. In a similar fashion,
African-American and the Caribbean men have the highest incidence and mortality rates of
PCa worldwide compared to other ethnic and racial groups [18,19]. The difference in
mortality and incidence rates between countries and ethnic groups have been associated with
the etiology of PCa, which is yet to be known. The only well-established risk factors in
development of PCa include increasing age, race/ethnicity and family history [20]. Age
appears to be the most significant risk factor of PCa among the race and family history [21].
The incidence of PCa exponentially increases with advancing age [20,22], particularly in
men who are above 50 years of age [23]. The diagnosis age is after 65 in over 80 percent of
cases [23] and the mean age of men with PCa diagnosis is 66 [24]. However, the mortality
of patients who are diagnosed with PCa is only 10 percent [23]. Recent research suggests
that variations in ethnic groups may have an effect on median age of presentation [25]. For
instance, the risk of developing PCa increases after the age of 40 among black men or men
with a positive family history of the PCa while it increases after the age of 50 among white

men without family history of PCa [24].

Another risk factor along age and race/ethnicity for PCa is the family history which is highly
associated with the incidence of the disease [26]. The risk of developing PCa is increasing
as two to three folds among men who have positive history of PCa in their first-degree
relatives such as father, brother, and son. The frequency of PCa among men who have more
than one relative with PCa is higher than men who have not any familial history of PCa or
in the general male population [27,28]. In addition to that, studies show that men with
positive PCa family history are diagnosed at earlier age than men who does not have any

positive first-degree family history [29]. Based on the gene linkage analyses, some genes



which might have link with familial PCa clusters have been identified as PCa susceptibility
genes [30,31]. Some of these genes are HPC1 (hereditary prostate cancer gene 1) [29], PCaP
(predisposing for cancer of the prostate) [32] and CABP (cancer of the prostate and brain)
[33].
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Figure 1.3. World map presenting the age-standardized incidence rates in 2020, among
men including all ages. Adapted from GLOBOCAN 2020 [17].

1.2.1. Hallmarks of Prostate Cancer

Hallmarks of cancer proposed by Douglas Hanahan and Robert A. Weinberg constituted a
basis for a better understanding the rationale behind neoplastic diseases [34,35]. Until to
date, hallmarks of cancer was known to be eight distinct hallmarks and two enabling
characteristics [35]; however, Douglas Hanahan and Robert A. Weinberg proposed new four
parameters (additional emerging hallmarks and enabling characteristics) that may come to
be incorporated into hallmarks of cancer. The latest published article by Hanahan is
confirmed that the two emerging hallmarks discovered in 2011 are incorporated as core
hallmarks [36]. Figure 1.4. represents an illustration of hallmarks of cancer with additional
emerging hallmarks and enabling characteristics. Based on these hallmarks, Human Prostate
Cancer Hallmarks Map (HPCHM) have been developed as an onco-functional atlas of
human prostate tumorigenesis by Datta et al., HPCHM covers thirteen cancer hallmarks that
includes ten classical hallmarks of cancer and three PCa-unique hallmarks. These PCa-
unique hallmarks are known as androgen receptor (AR) mediated signalling, androgen

independence and castration resistance [37].
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Figure 1.4. The hallmarks of Cancer with new additions (modified from [35]) [36].

One of the classical cancer hallmarks is self-sufficiency in growth signalling or sustaining
proliferative signalling. In normal cells, growth-promoting signals are required to be in
proliferative state, thus the production and release of these signals are controlled. However,
cancer cells deregulate these signals, so they are able to control their own destinies. [35]. In
PCa cells, sustaining proliferative signalling can be achieved via hyperactivation of growth
factor receptor mediated signalling [38], aberrant functioning of AR-mediated signalling
[39-41] and stimulation of cell survival, proliferation and growth by an alternative signalling
[42—-44]. Hereby, PCa cells produce their own growth signals in order to promote cell
survival, proliferation and growth which eventually lead to acquire androgen independency

and castration resistance of PCa [45].

Another classical cancer hallmark is insensitivity to antigrowth signals or evading growth
suppressors. Cellular quiescence and homeostasis are maintained within normal tissue by
multiple antiproliferative signals that include soluble growth inhibitors and immobilized
inhibitors. These signals are operated in various ways by tumour suppressor genes which
limit cell growth and proliferation. Thus, negative regulation of cell proliferation is depended
on action of tumour suppressor genes. On the other hand, in cancer cells,

inactivation/suppression of many of these tumour suppressor genes have been discovered in



order to circumvent the negative regulation of cell proliferation [35]. For prostate
tumorigenesis, insensitivity to antigrowth signals is one of the key features and that is
achieved by PCa cells via alterations of tumour suppressors genes in several unfavourable
circumstances. These are loss of expression, deletion, mutation, rearrangement, haplo-
insufficiency and promoter methylation [46]. Besides the inactivation of tumour
suppressors, the hallmark capability of insensitivity to antigrowth signals is achieved by cell
cycle deregulation. Eventually, development of castration resistance is promoted during

prostate tumorigenesis [47,48].

Evading apoptosis or resisting cell death is other acquired capability of cancer cells.
Apoptosis is the natural barrier for development of cancer. It is also called as programmed
cell death and present in each cell type throughout the body. Apoptotic machinery is divided
into two major pathway which are extrinsic and intrinsic [35]. Apoptotic trigger is caused
by various physiologic signals between regulators and effectors that leads to precise series
of action in cell death [49]. The expansion of cancer cell population is not only determined
by the rate of cell proliferation but also the rate of cell attrition via apoptosis, so they acquire
resistance toward apoptosis in order to survive [34]. Moreover, PCa cells acquire resistant
toward apoptosis due to the neutralization of death signals in both apoptotic pathways. The
hallmark of evading apoptosis is the fundamental pathophysiological factor in order to
initiate and progress most of prostate adenocarcinomas [21,50]. In addition, evading
apoptosis contributes various acquired cellular biological features that include anoikis
resistance, autophagy inhibition [51] and pathophenomic features included chemo-resistance

[52] and radiation-resistance [53].

One of the other classical cancer hallmarks is enabling replicative immortality or limitless
replicative potential. Most of normal cells in the body undergo only a limited number of cell
growth and division cycles. The limitation in cell cycles has been associated with senescence
and crisis that includes cell death. However, a number of cells escape from crisis state and
exhibit unlimited replicative potential called immortalization [35]. Therefore, the escape
from crisis enables cell population to generate of macroscopic tumours formation [34].
Telomeres and telomerase have been associated as the key factor in acquisition unlimited
proliferation [54,55]. Furthermore, also PCa cells promote the generation of macroscopic
tumours by acquisition unlimited replicative potential. In prostate tumour cells, reactivation

of the telomerase reverse transcriptase activity and telomere dysfunction that are associated



with telomere maintenance have been found to play major roles in the hallmark capability
of limitless replicative immortality [56]. Although in both normal prostate tissue and BPH
tissue, telomerase activity has not been detected, it has been documented that over 90 percent
PCa cells express higher level of telomerase activity [57]. In a similar fashion with almost
all cancer types, deregulation of replicative senescence contributes to enhance prostate
tumorigenesis [35].

Sustained angiogenesis or inducing angiogenesis is another acquired capability of cancer
cells. Normal tissues require oxygen and nutrient supply and removal of metabolic wastes
and carbon dioxide and these are ensured by the vascularization that is obligatory for cellular
functioning and survival [35]. During embryogenesis, vasculature is developed,
angiogenesis occurs and followed by vasculature largely remains in quiescence. In adult,
angiogenesis is turned off except wound healing and female reproductive cycling.
Conversely, during tumorigenesis, angiogenesis is almost always activated and an
angiogenic switch remains on that causes sprout/formation of new blood vessels continually
[58]. In progression of prostate tumorigenesis, angiogenesis plays significant role and
required in each step that includes tumour outgrowth, metastatic spreading and castration
resistance [59]. Also, enhanced production of pro-angiogenic factors and suppression of

angiogenesis switch mediate angiogenesis in PCa cells [60].

Another classical cancer hallmark is activating invasion and metastasis. This acquired
capability is characterized by distant settlements of tumour cells, metastases, via local
invasion of adjacent tissues. Cancer cells with the ability to invade and metastasize move
from the location of primary tumour mass and colonize into a new place in the body [34].
Cancer cells acquire these abilities by developing alterations in their attachment sites to cell-
cell and cell-matrix binding, especially inactivation of E-cadherins [35,61]. During PCa
metastasis, the early step is local invasion of PCa cells from the primary tumour mass into
the surrounding extracellular matrix (ECM) and tumour associated stomal cell layer. Its
development depends on several coordinated key biological events that are cell adhesion,
cell migration, cell motility, cell invasion and epithelial mesenchymal transition (EMT) [61].
Even though PCa progress slowly, metastatic spreading of PCa primarily cause PCa
associated mortalities [43,62]. For instance, PCa preferably metastasize to bone marrow
stroma and develop bone metastasis that is completely incurable and responsible from
majority of PCa mortality [61].



Genome instability and mutation is one of the characteristics underlying these hallmarks of
cancer. Genomic instability and mutation generate the genetic diversity which accelerate
acquisition of cancer cells for tumour progression [35]. Genetic instability causes not only
the activation of oncogenes but also inactivation of tumour suppressors occurs [63,64]. In
addition, mutation in genotype is acquired in cancer cells that includes inactivation of tumour
suppressor genes, epigenetic modifications, DNA damage and some clonal expansions [35].
On the other hand, a high rate of genomic instability and chromosomal rearrangement have
been shown to be characterized with PCa. Genomic rearrangement in PCa occurs via
multiple mechanisms that lead to the oncogene amplification, deletion of tumour suppressors

and oncogenic gene fusions [63].

The other characteristic underlying classical cancer hallmark is inflammation or tumour-
promoting inflammation. Multiple hallmark functions can be stimulated and supported via
inflammation. Inflammatory agents are used by cancer cells in order to supply bioactive
molecules to the tumour microenvironment for survival and proliferation [35]. On the other
hand, in PCa, the aggressiveness of prostate tumorigenesis is accelerated by prostatic
inflammation and that eventually leads to transformation of PCa into castration resistance
metastatic state. Enhancement of prostatic inflammation is mediated by various factors such
as growth factor mediated signalling, stimulation of reactive oxygen species (ROS)
responses and overproduction of inflammatory mediators [65]. In initiation and
amplification, the prostatic inflammatory, PCa epithelial cells have significant role via
activation of NF-xB (nuclear factor kappa-light-chain-enhancer of activated B cells)
simultaneously. Also, pro-inflammatory cytokines are locally produced that leads immune

cell activation and recruitment such as macrophages to the prostate [66].

One of the emerging hallmarks of cancer is reprogramming of energy metabolism or
deregulating cellular energetics. Cancer cells reprogram their metabolisms and energy
production in order to fuel cell growth and support neoplastic proliferation in most effective
way [35]. In PCa cells, normal energy metabolism in human prostatic epithelium cells is
disrupted via several factor such as metabolic reprogramming, so that it eventually leads
enhancement of prostate tumorigenesis [67]. PCA cell metabolism is promoted most
significantly by metabolic switches which are associated with inactivation of tumour

suppressors such as PTEN (phosphatase and tensin homolog deleted on chromosome 10)



[68], regulation in androgen receptor [69], regulation of lipid metabolism such as AMPK (5-
AMP-activated protein kinase) [70].

Evading immune destruction or avoidance of immune destruction is the last emerging
hallmark of cancer. In normal cells, immune system plays significant role in recognizing and
eliminating the majority of cancer cells as well as tumours. However, cancer cells and solid
tumours manage in somehow to avoid from the interaction with immune system and evading
immunological destruction especially by B and T lymphocytes [35]. In the development and
progression of PCa, evading immune destruction has been suggested to play critical role
[71]. The cell-mediated immune response in PCa cells is significantly altered and observed
in the prostate tumour microenvironment through a variety of immunosuppressive
mechanisms such as inhibition of functioning immune cells and acquisition of immune

properties [71,72].

In addition to the hallmarks of cancer, Douglas Hanahan and Robert A. Weinberg proposed
“tumour microenvironment” which is created by tumours during tumorigenesis. Most solid
tumours contain distinct cell types and subtypes and they constitute tumour function and
progression [35]. Furthermore, tumour microenvironment in PCa is considered as a hallmark
in HPCHM [37]. During early PCa development, reactive stroma initiates and evolves with
the PCa progression. PCa epithelial cells and its surrounding “reactive stroma” display a
complex interaction. The interaction between them has the most influential role on the other
hallmark manifestations including inflammation, angiogenesis, metastasis, and survival. The
characteristic cell components of “reactive stroma” of PCa are cancer associated fibroblasts
(CAF) and myofibroblasts cell populations as well as adipocytes [73]. In addition, some key
regulatory factors such as fibroblast growth factors, interleukin-6 and transforming growth
factor beta have been identified as secreted along with inflammatory adipokines by

adipocytes into prostate tumour microenvironment [73,74].

One of the new additional proposed emerging hallmarks of cancer is unlocking phenotypic
plasticity [36]. Terminal differentiation is associated with a persistent proliferation arrest in
normal cells. However, in cancer pathogenesis, it is a critical component that unlocking of
the normally constrained capacity for phenotypic plasticity to avoid or escape from the state
of terminal differentiation [75]. There are three proposed different classes of mechanism that
cancer cells evade differentiation which are dedifferentiation, blocked differentiation and

transdifferentiation. Nascent cancer cells that are assuming in full differentiation state can
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reverse back and dedifferentiate back to progenitor states. On the other hand, neoplastic cells
originated from an undifferentiated progenitor cell that are destined to follow end-stage
differentiation can arrest from the process and maintain in that partially differentiated which
is progenitor-like state. This is called blocked differentiation. Another alternative way is
transdifferentiation in which cells that were committed into a certain differentiation pathway
may switch to a different developmental program, thus the acquired traits which are not

associated with their normal cells of origin [36].

Another new proposed enabling characteristic is nonmutational epigenetic reprogramming.
It is termed due to the independent mode of genome reprogramming which involves solely
epigenetically regulated changes in gene expression [76—-78]. Its concept is well established
as the central mechanism that mediates embryonic development, differentiation and
organogenesis [79-81]. Gene regulation networks are reprogrammed by cancer cells to alter

gene expression, thereby a favour for the acquisition of hallmarks capabilities [36].

The last newly proposed enabling characteristic in hallmarks of cancer is polymorphic
microbiomes. The microbiomes included resident bacteria and fungi that have profound
influence on both human disease and health [81]. Thereby, it brings the question about the
polymorphically various microbiomes that may the microbiome affect the acquisition of
hallmark capabilities of cancer both positively and negatively? Tumour phenotypes are
modulated the acquisition by multiple tissue microbiomes which are gut, lung, oral, skin,
vaginal and tumour. They modulate tumour via growth, inflammation, immune evasions,
genome instability and therapy resistance. However, their directs effects on other hallmarks

capabilities remain obscure [36].

Senescent cells are the last emerging hallmarks of cancer cells. Because of the evidences
show cancer cells are stimulated to undergo senescence, cellular senescence has been known
as a protective mechanism and anticancer barrier against neoplasia [81]. The tumour
development and malignant progression of cancer are functionally stimulated by senescent
cells of various origin included different stromal cells and cancer cells, hereby they are

proposed to be generic components of tumour microenvironment [36].
1.2.1.1. Androgen Receptor (AR) Mediated Signalling

Androgens are known as steroid hormones, and they are primarily secreted from adrenal

cortex and testes. Testosterone, synthesized and secreted by Leydig cells of the testes, is
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known as the primary androgenic steroid hormone [82]. The most dominant forms of
physiological androgens are testosterone and it’s reduced to derivative form, 5a-
dihydrotestosterone (DHT), the physiological ligand for the AR. Almost 90 percent of free
testosterone when enters prostate cells is converted to DHT, the primary androgen in prostate
tissue, by the enzyme 5a-reductase (SRD5A2). The actions of testosterone and DHT are
mediated via the AR through binding of the androgen-AR complex [82,83]. The AR is a
member of the steroid hormone nuclear receptor (NR) family and it acts as a ligand-
dependent nuclear transcription factor [84]. The primary location of the AR, in the absence
of ligand, is the cytoplasm where it is associated with heat-shock proteins (HSP) and other
chaperones [85,86] that provide modulation of AR conformation [87] and protect AR from
degradation [88]. In the presence of ligand, testosterone or DHT, they bind to the AR which
undergoes a conformational change [89], and the androgen-AR complex translocate into the
nucleus where it regulates gene transcription via binding to the androgen response elements

(ARES) [85]. AR mediated signalling in a prostate cell is illustrated in Figure 1.5.

For the normal prostate tissue development and its secretory function, androgens and their
interaction with the AR are required [83]. Androgen/AR signalling have vital roles in the
development and homeostasis of prostate as well as in PCa initiation and progression [90-
92]. For growth and survival of PCa cells, a pivotal level of androgen stimulation is required
by PCa [39]. Androgen stimulates both the rate of cell proliferation and inhibits the rate of
epithelial cell death within prostate [93]. Almost all PCa are initially androgen dependent,
so that progressive PCa (advanced and metastatic PCa) is treated either by chemically
through androgen deprivation therapy (ADT) or by surgically via castration [39,86,90].
Nevertheless, the effect of ADT is temporarily, and even if it initially inhibits tumour
growth, eventually due to evasion of ADT, the treatment fails [91]. As a result of that, PCa
progresses which is notified by increased prostate specific antigen (PSA) level, tumour size
and new metastatic spread reaching to a hormone refractory state [90,91]. This state of PCa

has been described as castration-resistance prostate cancer (CRPC) [85,94].
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Figure 1.5. Hlustration of androgen receptor (AR) mediated signalling through cytoplasm

into nucleus of a prostate cell with the activation of target genes that result increase in cell

survival, cell growth and PSA [39].

1.2.1.2. Androgen Independence

PCa tumorigenesis is initially dependent on androgen, so that androgen ablation/deprivation

therapy has been performed as the basis for treatment of progressive PCa [95]. However, the

therapy fails eventually and leads to androgen-independent prostate cancer (AIPC), which

is also responsible for the progression of CRPC [39,96]. Besides androgen ablation therapy,

PCa acquires androgen independency as a result of contribution of varied factors and

oncogenic signalling events [39]. It is documented that androgen independent PCa still

express the AR at similar level as the androgen dependent PCa [39,97,98]. In response to an

androgen deprived environment, it is proposed that PCa cells develop several possible

mechanisms in order to activate and enhance AR signalling for growth and survival
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[37,96,99]. These mechanisms that are underlined in the development and progression of
androgen independent PCa can be categorized into five potential cellular pathways as
hypersensitive pathway, promiscuous pathway, outlaw pathway, bypass pathway and lurker
cell pathway [39]. Figure 1.6. summarizes the mechanisms of five potential cellular

pathways in androgen independent PCa.
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Figure 1.6. The five potential cellular pathway that underlie in the progression of androgen
independent PCa cells (a) Hypersensitive pathway, (b) Promiscuous pathway, (c¢) Outlaw

pathway, (d) Bypass pathway, (e) Lurker cell pathway [39].

Hypersensitive pathway is one of the possible mechanisms through which PCa cells
overcome the effect of androgen ablation by decreasing the androgen response threshold to
extremely low levels of androgen [21,39]. Therefore, PCa cells which utilize hypersensitive
pathway in order to overcome the effects of androgen ablation therapy are still androgen
dependent [39]. Hypersensitive pathway involves some proposed mechanisms that clarify

how PCa cells respond to very low levels of androgen [99]. These are AR amplification,
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increased sensitivity of the AR and increased level of androgen. AR amplification, leading
to increase in the AR gene expression, is one of the mechanisms that involved in
hypersensitive pathway [39,100]. Studies show that the unlike the androgen dependent PCa,
AR gene expression is increased in about 30 percent of recurrent tumours that become
androgen independent after the androgen deprivation therapy. The results indicate that
amplification of AR plays a critical role in survival and growth of PCa under very low levels
of androgen [100,101]. Increased sensitivity of the AR is another mechanism of
hypersensitive pathway [39]. According to the study conducted by Gregory et al., high level
of AR expression, increased stability of AR (associated with AR hypersensitive) and nuclear
localization of AR have been shown on LNCaP cells. These changes lead to increased
sensitivity at very low androgen (DHT) levels in recurrent PCa tumours and compared to
androgen dependent PCa. The results suggest that AR gene in recurrent PCa tumours is
transcriptionally active and may promote cell proliferation under very low circulating
androgen levels [102]. Increased level of androgen is the last hypersensitive pathway
mechanism. In this mechanism, PCa cells produce local androgens by increasing the
conversion rate from testosterone to DHT via increasing the activity of 5a-reductase in order
to compensate androgen decline in the tissue [39]. Several evidence have been found to
support the increased level of androgen mechanism in androgen independent PCa. One of
the findings is that although levels of testosterone in serum decrease by 95 percent after
androgen deprivation therapy, DHT concentration decreases by just 60 percent in prostatic
tissue [103]. Another finding based on the epidemiological study showed that the incidence
rate of PCa differ in ethnic groups such as highest in African-Americans and lowest in Asians
[104] due to one common polymorphism (V89L) in Asian population resulting in reduced
activity of 5a-reductase. The results show that the risk of PCa is higher in ethnic groups who
have shown higher 5a-reductase activity [105,106]. Last finding shows that recurrent PCa
can be due to overexpression of some certain genes that are responsible from steroid
biosynthesis [107].

Promiscuous pathway is the second possible mechanism in androgen independent PCa
which involves AR mutations [39]. Unlike hypersensitive pathway, in promiscuous pathway
androgen independent PCa cells circumvent the effects of androgen deprivation therapy by
acquiring some alterations in the AR gene mostly in the form of missense mutations. These

missense mutations in the AR gene cause decreased ligand-binding specificity and also allow
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receptor activation in an inappropriate way by certain AR antagonists and other steroid

hormones resulting in the growth of PCa cell without androgen [108].

The AR gene is located on the chromosome X, and it is not involved in the cell survival. The
structure of AR gene contains four functional regions which are a N-terminal transactivation
domain (NTD), a DNA binding domain (DBD), a hinge region and a ligand-binding domain
(LBD) [109]. The majority of missense mutations that is acquired by PCa cells after the
ablation therapy occurs in LBD of the AR gene [98,110]. One of the most known AR
missense mutations in PCa was described in LNCaP cell line at codon 877 in AR-LBD that
resulted in replacement of threonine to alanine (T877A). PCa cells with T877A mutation
widen the specificity of ligand-binding domain to become promiscuous and allowing the
activation of AR by other steroid hormones like progesterone and oestradiol as well as anti-
androgens like hydroxyflutamide [111,112]. Thereby, PCa tumour cells might be promoted
and progressed into androgen independent growth [89]. There are many other mutations
identified in the AR gene so far, and these mutations are listed and archived in Androgen
Receptor Gene Mutations Database ready be used in the development of new therapies
toward PCa [113].

Outlaw pathway is the third possible mechanism which is seen in androgen independent PCa
[39]. Steroid hormone receptors are described as outlaw receptors and they can be activated
via ligand-independent mechanisms [114]. In this context, AR has been shown to be
activated by ligand-independent mechanism that is known as outlaw pathway in androgen
independent PCa cells [96,99,115]. In this pathway, AR can be activated by some growth
factors, receptor tyrosine kinases, cytokines and other proteins [39]. There are certain growth
factors such as insulin-like growth factor-1 (IGF-1), keratinocyte growth factor (KGF) and
epidermal growth factor (EGF) that have been shown in direct interaction with the AR.
Although these growth factors have been known as ligands for receptor tyrosine kinases and
act through tyrosine kinase receptors, IGF-1, KGF and EGF are also known activate the AR
and promote the AR signalling in the absence of androgen by ligand-independent mechanism
[116]. HER2-/neu is one well-studied receptor tyrosine kinases which has been shown in the
activation of AR in the progression of androgen independent PCa is [117]. It has been shown
that HER-2/neu is overexpressed in androgen independent PCa, so that the AR becomes an
outlaw receptor and AR-dependent genes can be directly activated in the absence of
androgen through a mitogen activated protein kinase (MAPK) pathway [117,118].
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Furthermore, inactivation of PTEN, a tumour suppressor gene, is seen in advanced
metastatic PCa, frequently in androgen independent PCa [119]. PTEN is a lipid phosphatase
and inhibits PI3K (phosphatidylinositol-3-kinase) pathway. Activation of PI3K pathway
stimulates Akt, also known as protein kinase B (PKB), which is an important survival kinase
and protects cells from apoptosis by the inactivation of proapoptotic proteins [120,121].
When PTEN loses its function, PI3K-Akt signalling pathway is activated and leads to the
inhibition of apoptosis [122,123]. Graff and his colleagues suggested that activation of Akt
pathway results in phosphorylation of AR and progression of androgen independent PCa.
Their result relied on their finding showing that the overexpression of Akt was seen in LNAI
(androgen-independent cell line) compared to the androgen-dependent LNCaP cell line
[124].

Bypass pathway is another possible mechanism that plays role in the progression of
androgen independent PCa [39]. Unlike the other possible mechanisms which are described
above, in the bypass pathway AR can be completely bypassed by alternative pathways that
promotes cell growth and survival [125]. The well-known bypass mechanism of the AR
signalling is the inhibition of apoptosis and facilitation of proliferation during androgen
ablation [99] through upregulation of antiapoptotic proteins such as Bcl-2 (B-cell lymphoma
2), a protein, encoded by BCL-2 gene [126]. Overexpression of Bcl-2 protein leads to
inhibition of apoptotic stimuli [127], hence bypass the apoptotic stimuli and protect PCa
cells from apoptosis resulting in progression of androgen independency [126,128-130].
Tumour suppressor PTEN also plays role in bypass pathway. Due to PTEN inactivation,
apoptosis is prevented in androgen independent PCa cells through PI3K/Akt signalling
pathway. This activation might lead to activation of Bcl-2 function even in androgen
withdrawal [122,131]. However, the exact mechanisms underlying the bypass pathway in

progression of PCa require further investigation.

Lurker cell pathway is the last possible mechanism that is involved in the progression of
androgen independent PCa [39]. In normal prostate tissue, the glandular epithelial cells are
dependent on androgen, and they are eliminated by apoptosis after androgen ablation. On
the other hand, the prostatic basal cells are not dependent on androgen, whereas they are
androgen-sensitive [93]. Indeed, a subpopulation of epithelial stem cells within the prostatic
basal cells has been shown to be androgen-independent, so that their proliferation and death

rates are not affected by the androgen ablation [93,132]. It has been postulated by John Isaac
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that these epithelial stem cells have been considered to differentiate and became the
progenitor of prostate cells. Thereby, most of the progeny cells differentiate into androgen
dependent epithelial cancer cells in the presence of androgens, but they would be eliminated
after androgen ablation therapy. In androgen deprived environment, these androgen
independent malignant epithelial stem cells continue to proliferate and leads to the
progression of androgen independent PCa, so that the ablation therapy fails [132]. This
hypothesis is further supported by Craft and his colleagues via clonal expansion of androgen-
independent cells [133]. As a result, it has been concluded that PCa is heterogeneously

composed of androgen dependent and androgen independent epithelial cells [132,133].

These possible multiple mechanisms show how androgen dependent PCa cells progress to
become androgen independent following androgen ablation therapy in order to survive and
proliferate. Other possible mechanisms can be revealed by further research on PCa, and these

findings will be enlightening for searching effective therapies on AIPC.
1.2.1.3. Castration Resistance

As aforesaid, androgen deprivation therapy (ADT) eventually fails and resulted in relapse of
the disease in one or two years depending on the patients. After the initiation of ADT, most
of PCa patients develop a highly aggressive and incurable form of disease which refers to
CRPC [134]. Castration resistance was previously described as hormone-refractory PCa;
however, it is now termed as CRPC due to remaining dependency on AR signalling and
resistance to ADT [135]. Most of CRPC tumours continue to depend on the AR signalling
through several cellular and molecular mechanisms and AR gene alterations [43,98]. In
addition, presence of resident androgen independent cells within primary tumours might also
have role in CRPC development [136]. Thereby, continuous expression of the AR and AR
target genes, such as PSA has been shown in CRPC cells [86]. Mechanisms underlying
CRPC development can lead to develop new therapies that targets AR signalling and prevent
CRPC.

1.2.2. Therapeutic Approaches for Prostate Cancer

PCa is diagnosed under microscopic evaluation of prostate tissue sample from patient via

needle biopsy. The prostate tissue sample is examined by a pathologist followed by grading
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the disease based on Gleason score or known as histologic grade [137]. Gleason grading
which is the current and most common PCa grading system was firstly developed by Donald
Gleason et al. to predict the PCa aggressiveness [138]. Recently, however, the grading
system of PCa has been revised in a consensus conference conducted by International
Society of Urological Pathology (ISUP) and this new grading system has been accepted as
international standards World Health Organization (WHO) [139]. Hereby, it gives the
highest prognostic discrimination of PCa which is graded from grade-1 to grade-5 according
to Gleason score [139,140]. The histological definition of new grading system (ISUP grade)
from Gleason score is given in Table 1.1. Selection of an effective PCa treatment varies
based on the type and Gleason score or ISUP grade of PCa. The options for current PCa
treatments include observation or active surveillance, surgery, radiation therapy,

cryotherapy, hormonal therapy, and chemotherapy.

Table 1.1. Histological Definition of New PCa Grading System (ISUP Grade) that revised

in a consensus conference by ISUP [140].

ISUP Grade Definition

1 Gleason score < 6; Only individual discrete well-formed glands

2 Gleason score 3 + 4 = 7; Predominantly well-formed glands with
lesser component of poorly formed, fused or cribriform glands

3 Gleason score 4 + 3 = 7; Predominantly poorly formed, fused or
cribriform glands with lesser component of well-formed glands
Gleason score 4 +4=8;3 + 5=28; and 5 + 3 = §; Only poorly

4 formed, fused or cribriform glands or predominantly well-formed

glands with lesser component lacking glands
5 Gleason score 9-10; Lacks gland formation (or with necrosis) with or
without poorly formed, fused or cribriform glands

Observation that can be also called as watchful waiting (WW) and active surveillance (AS)
are recommended as observational management strategies or expectant management for
localized PCa patients with low Gleason grade [141]. AS is preferred when an immediate
treatment is not required. Thereby, potential harms from the overtreatment and

overdiagnosis and morbidity that caused by standard active therapies like radiation therapy
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(RT) or radical prostatectomy (RP) are delayed or even avoided [142] while patients’ quality
of life and survival is maintained [143]. The intent of AS is to closely monitor PCa patients
via periodically testing PSA level, physical examinations, prostate imaging and repeated
prostate biopsy [141,144]. Observation or WW is more like passive strategy than active
surveillance and the intent is palliative. Instead of routine testing PSA and prostate biopsies,
WW relies on delaying the intervention until patients display symptomatic evidence in order
to decide the necessary treatment [143]. Hereby, these observational management strategies

are an advantageous approach for patients with the localized low-risk PCa.

Surgery is frequently considered as an effective treatment for patients with localized high-
risk PCa which can be detected via high level of PSA and digital rectal examination (DRE)
of nodules [137]. Surgery is known as clinically removal of the prostate and some nodules
around the prostate. However, it might not be preferrable approach due to the metastatic risk
of disease [145]. Radical prostatectomy (RP) is the main surgical treatment with the intent
to cure the localized high-risk PCa in spite of some patients experiencing side effects such
as urinary incontinence [146]. The conditions for RP have been recommended by European
Urology Association (EAU) [147] and patients who have these conditions have been benefit
from RP [148].

Radiation therapy or radiotherapy (RT) is another major treatment approach for localized
high-risk PCa. RT is similar with prostatectomy when compared their rates of cure, but,
instead, patients who received RT experience less side effects [137,149]. The patients with
localized high-risk PCa can receive RT as external beam radiotherapy (EBRT) and
brachytherapy [149]. EBRT and brachytherapy have been known as non-surgical treatments
and used for treatment of localized high-risk PCa [150]. EBRT delivers radiation via
machine and it has been preferred for patients with more locally advanced PCa [151,152].
In brachytherapy, radiation is delivered from inside the body via placing the source into the
prostate gland. It is divided into two: interstitial or low-dose rate (LDR) and high-dose rate
(HDR). LDR relies on radioactive seeds inside the prostate and radiation is delivered
permanently whereas HDR relies on inserted applicators in the prostate which deliver
radiation temporarily [150]. Moreover, HDR brachytherapy can be combined with EBRT
and applied for the treatment of intermediate and high-risk PCa patients resulting in better

biochemical control [153].
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Cryotherapy is a thermal technique which utilizes extremely cold temperatures in order to
cool and destroy diseased tissues [154]. Cryotherapy (or cryosurgery) has been used in
clinical practice application as an alternative therapeutic option for localized low and
intermediate-risk PCa treatment [155]. In modern cryotherapy procedure, argon gas and
helium have been used for cooling and warming, respectively. Small thermocouple needles
are placed into the prostate gland [156]. Gas exchanging reduces the temperature within the
gland ultimately results in tissue necrosis [157]. The target of cryotherapy might be the entire
prostate gland or some parts of the prostate gland which is also called focal cryotherapy
[156]. During the short term period, cryotherapy has been proven as safe and effective

therapy [158]; however, further studies are required to observe long term effectiveness.

Hormone therapy is still considered as the mainstay of advanced PCa treatment [95,159].
Hormone therapy which is also known as ADT, causes decrease in serum level of
testosterone which resulted in deceleration the growth of PCa [160]. Initially almost all PCa
are dependent on androgen in this case testosterone and DHT, so that the main goal of ADT
is to reduce androgen level in PCa patients [95]. ADT is the primary treatment for locally
advanced and metastatic PCa. The use of only ADT is not effective to treat PCa [161].
However, ADT has been used in combination with other therapies such as radiation therapy
for the treatment of localized advanced PCa [162]. Some side effects of ADT have been
reported such as erectile dysfunction, anaemia and even cardiovascular abnormalities [163].
Despite the effective benefit of ADT on locally advanced and metastatic PCa, PCa cells gain

ability to survive in androgen deprived environment and eventually ADT fails [134,164].

Several different approaches aimed at reducing AR activity have been developed and have
been successful in supressing the PCa growth. These approaches include luteinising-
hormone releasing hormone (LHRH) agonists as medical castration, bilateral orchiectomy
and androgen blockade with antiandrogens [163]. In normal body, LHRH, also known as
gonadotropin releasing hormone (GnRH) is produced by the hypothalamus and that is the
initial step for the production of testosterone by Leydig cells [165]. Therefore, androgen
synthesis from testes is targeted and prevented by the negative feedback in LHRH signalling
[166].

During mid 1900s, chemotherapy was not preferred for the advanced PCa treatment due to
the fact that PCa was considered as a nonresponsive tumour to chemotherapy [167]. Later

on, several chemotherapeutic drugs have been developed and used as a single agent or in



21

combination in order to treat hormone-resistant PCa which is then termed as CRPC [168]. It
has been well-understood that chemotherapy plays role in treatment of CRPC patients who
have symptoms. However, the possibility of reducing patient’s quality of life has been
considered as the major concerned side effect of chemotherapy [169]. The current
chemotherapeutic agents used in treatment of locally advanced and metastatic PCa include
mitoxantrone, doxorubicin, docetaxel, paclitaxel, ketoconazole estramustine and so on. Both
chemotherapeutic agents display different effects against PCa. In addition to that they are
combined with each other and also used in combination with the hormonal therapy [168].
For instance, docetaxel, which have effect on different cellular mechanisms in PCa, has been
used either as monotherapy or combined with other chemotherapy agents such as

estramustine resulted in increased apoptosis [170,171].

1.3. UROTENSIN Il

Urotensin 1l (U-11) was biologically characterized from the urophysis which is a
neurosecretory system of the teleost fish [172] and it was isolated and sequenced to define
as a cyclic dodecapeptide [173]. U-II has been associated in the regulation of cardiovascular
system including vascular and smooth muscle contraction, metabolic system, reproductivity
and osmoregulatory in a variety of fish species [174][175]. U-Il was noted to be partially
both homologous and analogous in structure with somatostatin-14, so that it can be called as
somatostatin-like cyclic peptide [176]. Over the years from its discovery, it has been shown
that U-11 peptide is evolutionally highly conserved across organisms and homologues of U-
I have been identified in assorted vertebrate species including humans [177,178]. The fully
conserved region of U-II peptide is the C-terminal region, a cyclic hexapeptide sequence (-
Cys-Phe-Trp-Lys-Tyr-Cys-) linked by disulfide bridge, has been shared from fish to human
(Figure 1.7.). Unlike N-terminal region which varies in length and composition of sequence

amongst species, C-terminal region is liable for biological activity of U-11 peptide [177,179].
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Figure 1.7. The sequence of mature Urotensin Il peptide amongst various species. The
cyclic (cysteine-linked disulfide bridge shown in yellow) C-terminus region is fully
preserved whereas N-terminus region has diversity in length and sequence. Amino acids

are defined in standard, single-letter code [178].

The mature human U-II is a somatostatin-like cyclic undecapeptide derived from proteolytic
cleavage of a large precursor proprotein, called prepro-U-I1 [180]. The gene encodes U-II
called UTS2 gene located on chromosome 1p36.23 and consist of five exons [178,181].
There are two transcript variants of UTS2 gene that have been identified and they encode
two prepro-U-11 isoforms with 139 (isoform a) and 124 (isoform b) amino acids in length
which only differ in N-terminal region [179,180,182,183]. After post-translational
processing of these two prepro-U-Il isoforms, the same mature U-11 peptide with a molecular
weight of about 14.3 kDa is generated from both isoform a and b via proteolytic cleavage.
This proteolytic cleavage is necessary for biological activity of U-11 and the cleavage of
prepro-U-I1 can be performed/mediated by several enzymes, especially a specific urotensin-
converting enzyme (UCE) which has not been identified yet [179,180,184]. However, there
are some studies reported that serine protease trypsin and furin might act as UCE to form
the mature U-I1 peptide [185,186]. Prepro-U-11 mRNA has been identified in high levels in
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cardiovascular system including cardiac tissue, vascular smooth muscle, and endothelial
cells [180] and central nervous system (CNS) especially in motoneurons of the spinal cord
[187,188] and peripheral tissues including kidney, adrenal gland, heart and placenta
[179,189-191].

As a natural endogenous ligand, U-Il shows a high affinity binding for the rat orphan G-
protein coupled receptor (GPCR), GPR14 [192] which is also named as sensory epithelial
neuropeptide-like receptor (SENR) [193]. After identification of U-II, using the reverse
pharmacology approach [180] the human homologue of seven-transmembrane GPR14
encoded by UTS2R gene on chromosome 17925.3 [194] was identified with 75 percent
similarity to the rat receptor, and later called U-1I receptor (UTR) [180,184,190]. As U-II,
UTR mRNA is widely expressed in cardiovascular system and CNS [180]. Both U-Il and its
receptor are primarily expressed in the cardiovascular system and CNS mainly in the spinal
cord and brainstem [179,180,188,190,195]. Moreover, they have been expressed via
autocrine/paracrine regulatory mechanism throughout the body such as in the kidney, heart
[189,191] and peripheral vasculature [196]. Nevertheless, U-Il and its receptor can be
expressed in different tissues and the precise mechanism of this expression is still not known
[189].

1.3.1. Functions of Urotensin-11 in Biological Systems

In biological systems, U-II circulates in human plasma and exerts significant effects via
binding to its receptor UTR on both physiological regulation of various organ systems in the
body especially within the cardiovascular system and pathophysiological regulation of many
diseases including cardiovascular, diabetes and renal diseases [178,197]. Considering the
significant role of U-II in the regulation of vascular tonus, U-Il possesses being the most
potent mammalian vasoconstrictor peptide title discovered so far because of its greater
vasoconstriction potency than endothelin-1 (ET-1) which is a neurohumoral vasoactive
factor [180]. However, U-II’s vasoactive activity can vary between species and the type of
blood vessel and even in vascular regions within species [198-200]. Despite being the most
potent vasoconstrictor, U-11 is also a potent vasodilator [199]. The vasoconstrictor property
of U-Il causes endothelium-independent contraction or vascular smooth muscle cells

(VSMCs)-dependent contraction and its vasodilator property causes endothelium-dependent



24

relaxation [201] by releasing nitric oxide (NO) which exerts a significant role in vascular
tone and cardiac function regulation [202] from an intact endothelial cell [199]. Thereby, the
balance in vascular homeostasis is maintained via vasoconstriction and vasodilation effect

of U-11. This balance in U-I1 vasoactivity is disrupted in some disease states [203].

Many studies have reported that U-I1 acts as an autocrine/paracrine fashion in the regulation
of cardiovascular and renal systems [204] as well as in metabolic syndrome [205]. Figure
1.8. shows U-Il functions metabolic syndrome with related cardiovascular diseases.
Cardiovascular diseases including congestive heart failure (CHF), coronary artery disease
(CAD), hypertension, atherosclerosis, fibrosis and vascular remodelling have been
associated with the upregulation of U-1I and its receptor as well as elevated plasma U-II
levels [206,207]. In CHF, one of the major independent risk factors is cardiac hypertrophy
which is characterized as increasing in cell size without proliferation of cardiomyocytes as
a result of adaptive response to an increment need for contractile power [208]. Because of
being the most vasoactive peptide and inotropic agent identified to date, U-I1 increases the
contractile force which is known to be beneficial at first whereas sustained contraction
activity can lead to cardiac remodelling adversely which might be identified as cardiac
fibrosis, inflammation, and ventricular hypertrophy [209]. Thereby, the progression of
myocardial contractility dysfunction which might be caused by high level expression of U-
Il and its receptor as well as elevated plasma U-Il concentration is associated with and
contributes to CHF [210]. In addition to CHF, the elevated plasma U-II levels is detected in
patients who diagnosed with CAD and its severity is proportional to the plasma U-II level
[211]. One of the most prominent cause of cardiovascular diseases, such as myocardial
infarction and ischemia, is atherosclerosis which is defined as chronic vascular inflammation
and associated with dysfunction of endothelial cell causing leukocyte and lipid accumulation
in the arterial wall [212]. Recent findings have shown the association of atherosclerosis
progression with the underlying cellular mechanism of U-II and its receptor [213]. As in
CHF, high level expression of U-11 is shown in patients who diagnosed with atherosclerosis.
The upregulation of U-Il expression has been demonstrated in endothelial and medial
smooth muscle cells of atherosclerotic human coronary arteries [214]. In addition to
coronary atherosclerosis, as a potential chemokine U-Il and its receptor in high level
expression may exert significant role in atherosclerotic plaque- development [215]. Thereby,

these findings suggest the potential role of U-1I, its receptor, and its signalling mechanism
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in the pathogenesis of atherosclerosis in an autocrine/paracrine fashion. Moreover, the potent
vasoactive action of U-11 has been suggested to play a potential role in the pathogenesis of
hypertension [216]. In hypertensive patients, elevated plasma U-II concentration positively
correlated with systolic and diastolic blood pressure [217], and also elevated urinary U-II
excretion have been detected in essential hypertensive patients and also in patients who was
diagnosed with hypertensive and renal disease [189]. On this basis, it has been demonstrated
that U-1l is expressed in the kidney [189] and elevated plasma U-I1 concentration is
associated with renal failure in patients on dialysis [191]. Together with these findings, it

has been shown that U-I1 and its receptor are involved in the etiology of hypertension.

Insulin Resistance

Coronary Artery Disease

Figure 1.8. The schematic illustration of the role of U-1I in the metabolic syndrome and

cardiovascular system [218].

U-11 has been further suggested to exert an effect in the development of metabolic syndrome
including diabetes mellitus, insulin resistance and hyperglycaemia [219] as shown in Figure
1.8. In metabolic syndrome, elevated plasma U-II levels may be the result of endothelial
damage as seen in cardiovascular and renal diseases [220]. Hypertension which is one of the
characteristics of metabolic syndrome is developed in about 80 percent of type Il diabetes
mellitus patients which indicates the coexistence of hypertension with diabetes.
Furthermore, in patients diagnosed with hypertension, it has been observed that the risk of
cardiovascular incidents is doubled through diabetes mellitus [221]. Type Il diabetes

mellitus in Japanese population has been demonstrated to be potential associated with one
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of the region of human chromosome 1p36-p32 where UTS2 gene is localized [205]. Recent
studies show that vascular and metabolic actions of insulin is tightly linked [222]. Thereby,
insulin resistance leading to increase in blood pressure and eventually results in
atherosclerosis and renal damage [223]. In addition, it has been reported that insulin release
and response of insulin to glucose are inhibited by U-I1 in rat pancreas via inhibition of
(beta) cell function [224] which proves the presence of U-II and its receptor in human
pancreas [180,224,225]. In patient diagnosed with diabetes mellitus, elevated plasma U-1I
concentrations has been shown [220] and associated with the development of severe diabetic
retinopathy [226]. Moreover, elevated plasma and urinary U-I1 levels are shown in type Il
diabetic patients who have renal dysfunction [227]. In addition, several genetic
polymorphisms in UTS2 gene have been shown to contribute to insulin resistance in type Il
diabetes and thus susceptibility to development of type Il diabetes [205,228]. Taken
together, these evidence indicate that U-Il and its receptor significantly contribute
development of several diseases especially cardiovascular and renal diseases as well as
metabolic syndrome via directly or indirectly. Several U-Il and UTR antagonists have been

developed to be beneficial treatment for these diseases.

1.3.2. Intracellular Signalling Pathways of Urotensin-I1

The biological action of U-11 is mediated via an interaction with its receptor, UTR, and the
system mediated by U-11 and UTR can be referred as U-II/UTR or urotensinergic system
[225]. UTR is activated by binding of U-I1 with high affinity which results in the initiation
of intracellular signalling cascade via coupling and activation of the subtype of
heterotrimeric G proteins, Goga1-mediated signal transduction pathway. The activation of
receptor-Gog11 coupling leads to the activation of phospholipase C (PLC) and an increment
in polyphosphoinositide together with the intracellular calcium (Ca?*) influx [180,190,229].
Moreover, the activation of UTR coupling to Gag/11 proteins can also lead to the activation
of multiple signalling pathway systems which depend on the cell type involved. U-II-
mediated intracellular signal transduction pathways are summarized and shown in Figure
1.9. Based on the cell type, U-I1 displays vasoactive, mitogenic/proliferative, hypertrophic
and angiogenic actions in response to U-ll-induced intracellular signal transduction
pathways [230].
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Figure 1.9. Representative illustration of multiple signal transduction pathways of U-II via
activation of UTR [230].

The majority of studies in the literature carried out for investigating the intracellular
signalling pathways of U-II by focusing on VSMCs. The effects of U-Il on VSMCs have
been identified as contractive and proliferative [231]. In previous studies, it has been
characterized that the signal transduction pathway via UTR is in a relation with the
vasoconstrictor activity of U-11. It was found that induced phasic contraction of rat thoracic
aorta by U-I1 results in movement of extracellular Ca?* through the dihydropyridine (DHP)-
sensitive voltage dependent L-type Ca?* channels [201] and induced tonic contraction of rat
thoracic aorta by U-1l1 might involve protein kinase C (PKC) pathway activation and influx
of extracellular Ca?* [232]. Following studies revealed that the vasoconstrictor activity of
U-I1 involves an increase in the intracellular Ca®* via Gagz1 coupling of UTR on VSMC
[180,190]. The primary signal transduction mechanism of U-11 vasoconstrictor activity has
been identified as phosphoinositide pathway mediated by PLC-dependent increase in
inositol phosphates (IP) [233]. Activated PLC hydrolyses phosphatidylinositol 4,5-
bisphosphate (PIP2) resulting in the formation and release of secondary messengers which
are inositol 3,4,5-trisphospate (IP3) and diacylglycerol (DAG), stimulant of PKC. Generated
IP3 binds to its receptor located on the endoplasmic/sarcoplasmic reticulum (ER/SR), which
acts as a calcium channel and leads to increase in intracellular Ca?* levels by releasing Ca?*

from ER/SR. This action taken together with the extracellular Ca?* influx via L-type Ca**
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channels on the plasma membrane cause contraction of VSMC resulting in vasoconstriction
[233-235]. In addition to PLC-dependent pathway, PKC that is activated via DAG and
intracellular Ca>* mobilization [236], and small GTPase RhoA and its downstream effector,
Rho kinase (ROCK) pathways can mediate contractility through myosin light chain (MLC)
phosphorylation and Ca?* sensitization in VSMCs [237]. Moreover, the contractive effect of
U-I1 in RhoA/Rho kinase-dependent signalling pathway is also responsible for U-I1-induced
actin cytoskeleton organization [237], whereby Ca?* sensitization coupled with calmodulin
(Ca?*-calmodulin) promotes the increase in phosphorylation of regulatory myosin light chain
(MLC-2) by MLC kinase pathway [234,238]. In addition to VSMC contraction, extracellular
signal-regulated kinase 1/2 (ERK1/2) and p38-MAPK pathways are involved in the
modulation of U-II-induced contraction in rat aorta [234]. These signal transduction
pathways, all together, mediate the contraction of VSMCs in response to U-Il stimulation

giving rise to vasoconstriction [236].

On the other hand, the vasodilator property of U-1I is endothelium-dependent which requires
the presence of an intact endothelium. U-I1 causes increase in Ca?* mobilization in vascular
endothelial cells via activation of UTR on the endothelium in the same way as on VSMCs
[199]. The increase in Ca?* level induces activation of nitric oxide synthase (NOS) and that
is resulted NO production. The U-II induced release of NO from endothelium causes the
relaxation in the underlying VSMCs and regulates the vascular tone [239]. In addition to the
NO production, U-I1 by interaction with its receptor on endothelium induces the formation
and release of other relaxation factors such as endothelium-derived hyperpolarizing factor
(EDHF), prostaglandin Ez, or prostacyclin (PGI2) from endothelial cells which all together
results in inducing the relaxation of VSMCs [199]. Consequently, the vasodilation effect of
U-11 is in a balance between its vasoconstriction effect modulates the vascular homeostasis
[240].
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Figure 1.10. Schematic illustration of U-1l-induced intracellular signal transduction
pathways in vascular system involved in vasoactive and mitogenic action caused by U-11

on vascular smooth muscle cells with the presence of an intact endothelium [221].

Besides the vasoactive activity of U-Il in VSMCs, mitogenic/proliferative activity can also
be induced by U-1I/UTR system in VSMCs and endothelial cells [230]. The detailed
illustration of U-Il-induced intracellular signalling pathways as vasoactive and mitogenic
activities in VSMC and endothelium is given in Figure 1.10. As the vasocontraction activity
of U-11, its mitogenic/proliferative activity is also induced via Gogq coupling of UTR which
causes the initiation of several signal transduction mechanisms [240]. Recent studies on U-
I1-induced mitogenesis/ proliferation of VSMC have been suggested to be mediated through
RhoA/Rho kinase pathway [237], c-Src tyrosine kinase/PKC/MAPK [241,242] and ERK1/2
pathways [243] and nicotinamide adenosine dinucleotide phosphate (NADPH) oxidase
pathway [244].

In rat aortic smooth muscle cells, the activation of RhoA/Rho kinase pathway mediates U-
I1-induced cell contraction as well as actin stress fiber formation. Along with the contraction,
U-I1 exerts its mitogenic/proliferative action on arterial smooth muscle cells resulting in cell
proliferation mediated via RhoA/Rho kinase pathway [237]. In similar fashion, U-II-
mediated activation of ERK1/2 pathway in VSMCs leading to mitogenic responses can be

involved in the direct activation of PLC, PKC as well as Ca?* mobilization via Gaq coupling



30

of UTR [241,243,245]. ¢-Src/PKC/ERK pathway has also been suggested to induce cell
proliferation in VSMC through synergistic action of U-ll with some mitogens such as
serotonin or mildly oxidized low density lipoprotein (moxLDL), which is also known as a
risk factor associated with atherosclerosis [241,242]. U-Il induced the phosphorylation of
ERK includes the activation of cell-adhesion mediated integrin signalling pathway, without
involving the focal adhesion kinase (FAK), which normally leads to increase in the level of
ERK phosphorylation through activation of Rho family proteins [243]. A further study has
been indicated that U-Il-induced intracellular Ca?* influx activates calmodulin resulted in
activation of Ca?*/calmodulin-dependent kinase kinase (CaMKK) and subsequently
phosphorylation of ERK1/2 pathway leading to cell proliferation in VSMCs [246]. In
contrast to U-1l-induced Gog coupling, ERK1/2 pathway can be induced via Gairo proteins
coupling of UTR. The Gain coupling stimulates other signalling pathways including
phosphorylation of ERK1/2, via activation of PI3K independently, which also leads to cell
proliferation [247]. Furthermore, the involvement of U-ll-induced ERK1/2 pathway
activation has been suggested to be associated with the cell proliferation and with the
inhibition of cellular apoptosis in HUVECs. U-11 promotes the DNA synthesis while reduces
cellular apoptosis through ERK1/2 signalling pathway in HUVECSs [248]. In addition, U-II
potently induces c-Myc which is a protooncogene related to cell differentiation and growth,
indicating the mitogenic action of U-II in renal epithelial cells through PKC/ERK1/2
pathways [245].

In vasculature, it has been described that NADPH oxidases contribute to the production of
ROS which have a significant role as signalling molecules in vascular cells [249]. U-1I-
induced activation of NADPH oxidase also results in the production of ROS which has a
significant role in signal transduction of U-11. The enhanced levels of ROS as well as U-11-
induced NADPH oxidase-dependent signalling pathways including activation of MAPKSs
and PI3K/Akt pathways are significantly involved and resulted in cell proliferation in
pulmonary artery smooth muscle cells [244]. In rat aortic smooth muscle cells, it has been
suggested that U-Il-induced ROS generation is involved in the trans-activation (tyrosine
kinase phosphorylation) of EGFR, subsequently phosphorylation of ERK which is the
downstream of EGFR trans-activation. This signalling cascades including ERK signalling
promote cell proliferation in aortic smooth muscle cells that shows the mitogenic activity of

U-I1'in VSMCs [250]. Moreover, it has been suggested that ROS production is also involved
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in U-ll-induced EGFR trans-activation, ERK phosphorylation and subsequently cell
proliferation in rat cardiac fibroblasts, so that U-11 exerts its mitogenic action also on cardiac
fibroblasts [251].

On the other hand, U-Il exerts hypertrophic action on cardiomyocytes leading to cardiac
hypertrophy and U-1I induced or hypertrophic growth, which is known as increase in cell
size and protein content without proliferation, has been suggested through the involvement
of multiple signalling mechanisms [252]. The characteristics of hypertrophic response are
consistent with U-I1-induced cellular responses including increasing intracellular Ca?* level,
the protein/DNA ratio and cell size [253]. In addition to mitogenic action of U-1l1 on VSMCs,
U-Il-induced ERK phosphorylation can be seen in cardiomyocytes as a result of activation
of different signal transduction pathways [243]. In cardiomyocytes, it has been reported that
U-I1-mediated activation of ERK1/2 pathway induces cardiomyocyte hypertrophy through
Rho family proteins [252]. Furthermore, another study has been shown that activation of
ERK1/2 and p38-MAPK, which are independent on PKC or Ca?* signalling pathways is
involve in U-ll-mediated hypertrophy in cardiomyocytes via U-ll-induced EGFR trans-
activation [254]. These findings indicate that ERK signalling pathway plays a significant
role in U-lI-mediated mitogenesis and hypertrophy [204]. In further studies, besides ERK
and MAPKSs pathways, the activation of cAMP-dependent protein kinase A (PKA) and
upregulation of its downstream PLN/SERCA [253] and PI3K/Akt signalling pathways are
also shown to be involved in U-ll-induced cardiomyocyte hypertrophy [255]. However,
when cardiomyocytes when treated with doxorubicin, it has been shown that U-I1 protected
cardiomyocytes from doxorubicin induced apoptosis. This protection shows the anti-
apoptotic effect of U-I1 partly through involving Akt and ERK pathways and suggesting U-
Il as a cell survival factor [256].

U-II has been also characterized as one of the “non-classic” pro-angiogenic cytokines that
is expressed in endothelial cells [257]. Recent in vitro and in vivo studies have been
demonstrated that U-I1 exerts a considerable pro-angiogenic action both on rat [257] and
human vascular endothelial cells [258]. UTR has been found to be expressed on human
vascular endothelial cells and in vitro studies have shown that vascular endothelial cells
exhibits a vigorous angiogenic response to U-I1 [258]. The underlying mechanism of pro-
angiogenic action of U-I1 is direct and triggered after binding of U-11 to UTR that activates

the PLC/IP3 pathway and intracellular Ca?* influx. Its downstream signalling pathways
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include the activation of PKC, ERK1/2 (but not p38-MAPK) and PI3K/Akt pathways in the
absence of vascular endothelial growth factor (VEGF) through U-ll-induced self-
organization of human umbilical vein endothelial cells (HUVEC) [259]. In addition to its
direct stimulation of angiogenesis, U-Il can also indirectly induce and delay the enhanced
expression of other pro-angiogenic factors in endothelial cells such as VEGF, ET-1 and
adrenomedullin (AM) [260] that are downstream target of U-Il-induced signalling cascades
[250,261].

1.3.3. Roles of Urotensin-11 in Cancer

It has been shown that several kinds of tumour cells produce and secrete several vasoactive
peptides such as ET-1 and AM and these peptides act as growth-stimulating factors in an
autocrine/paracrine fashion [262]. As previously described, U-1l1 is the most potent
vasoactive peptide, and it has been shown to have mitogenic as well as angiogenic action via
activation of its underlying intracellular mechanisms. The mitogenic action of U-11 has been
suggested the involvement of PKC/c-Src/ERK [241,243,245] and RhoA/Rho kinase
pathways via activation of U-1I/UTR system [237]. In addition to mitogenic action, both in
vivo and in vitro experiments shows the angiogenic effect of U-Il which is carried out via
activation of PLC/PKC/ERK1/2 and PI13K/Akt pathways [259] and including VEGF in some
cases [260]. In addition, anti-apoptotic effect of U-Il has shown in cardiomyocytes that
might be present in cancer cells [256]. Thereby, recent studies have been focused on the
effects of U-I1 in tumour pathogenesis (progression, metastasis and prognosis) [263,264] as
a possible marker for cancers and hence its mitogenic activity have been comprehensively

investigated in a cellular manner in cancer cells [204].

It has been documented that U-1I mRNA is expressed in various tumour cells including
adrenocortical carcinoma, neuroblastoma, glioblastoma [265,266], breast cancer [267],
colon adenocarcinoma [268] and prostate cancer [269-271]. The studies conducted by
Takahashi et al. demonstrated the expression of U-11 and its receptor mRNAS in various
human tumour cell lines such as adrenocortical, glioblastoma, renal cell carcinoma and
neuroblastoma cell lines [265,266]. The obtained results suggest that U-11 stimulate Ca?*
influx and tumour cells growth in an autocrine/paracrine fashion [265]. The expression of

U-1l and its receptor mRNAs in tissues of adrenal tumours stimulated tumour cell
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proliferation of human renal cell carcinoma and human adrenocortical carcinoma cell line,
suggesting that U-I1 act as growth stimulating factor in tumours especially adrenal origin
[266].

Balakan et al. investigated the relationship of U-Il and UTR mRNA expression levels in
breast cancer pathogenesis [267]. In the study, the potential association of expression of U-
Il and UTR with breast cancer was investigated on the clinical and pathological parameters
of healthy control group and breast cancer patients. Their findings are demonstrated that
UTR is strongly and positively correlated with U-I1 and when compared to the
clinicopathological factors of breast cancer patients, U-II and UTR’s level were shown to be
significantly higher in premenopausal group than postmenopausal group. However, no
statistically significant difference was shown in the nodal invasion between the groups in
terms of U-11 and UTR. Thereby, this study is demonstrated for the first time the expression
of U-1l and UTR mRNA in normal and breast cancer tissue and the negative relationship
between U-11 and UTR with the extra-nodal and lymphatic invasion which are negative
prognostic markers in tumour invasion. Their reported findings suggest that U-11 and UTR

might be a good prognostic factor in tumorigenesis of breast cancer [267].

Another study on the expression of U-Il and UTR in human prostate cancer tumorigenesis
was conducted by Grieco et al. [269]. They showed that reduced expression of UTR was
significantly associated with higher grade tumours. Intracellular signalling mechanism of
UTR was also studied on prostate cancer cell line and the findings show that downregulation
of UTR has effects on cell motility and invasion via RhoA activity. The obtained results
from both in vivo and in vitro studies suggest that the expression of UTR in prostate cancer
patients is associated with being prognostic factor in prostate cancer tumorigenesis

Therefore, it is considered as UTR is a prognostic marker in prostate adenocarcinoma [269].

1.3.4. rs228648 and rs2890565 Polymorphisms of UTS2 Gene

Over the years, in UTS2 gene, various polymorphic regions that cover single-nucleotide
polymorphism (SNP) have been identified in UTS2 gene that encodes mature U-II via
proteolytic cleavage of prepro-U-11, which is shown in Figure 1.11. With respect to the
database of US National Center for Biotechnology Information (NCBI), human UTS2 gene

have been identified to possess more than 60 SNPs. Several of UTS2 gene polymorphisms
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have been considered as associated risk factors in development of some diseases [196]. Most
well studied SNPs in UTS2 gene are rs228648 (T21M, 143G>A) and rs2890565 (S89N,
3836C>G/T) polymorphisms (missense variants) that cause amino acid changes in the gene

sequence.

In UTS2 gene, rs228648 polymorphism is one of the most well studied SNPs. It is mapped
on the exon 1 of UTS2 gene and causes a nucleotide substitution from G to A (G>A) in
codon 61. This substitution results in an amino acid transition at position 21 where threonine
(Thr) is exchanged with methionine (Met) in the coding region of prepro-U-11 gene. Thereby,
rs228648 polymorphism is also known as Thr21Met polymorphism. Another well studied
SNP, rs2890565 where mapped on the exon 4 of UTS2 gene causes an amino acid
substitution in the coding region of prepro-U-IlI gene [205]. Rs2890565 polymorphism
occurs at amino acid position 89 where serine (Ser) is exchanged to asparagine (Asn) which
is caused by a nucleotide substitution from C to G or T (C>G/T) in codon 266 in UTS2 gene.
Therefore, rs2890565 polymorphism is also known as Ser89Asn polymorphism.

’ Urotensin Il Genel 143A>G (T21M) 3836T>C

Exon 1‘/ Exon 2 Exon 3 \Exon 4 Exon5 Exon 6 Exon 7

t
-605G>A 206 bp 135 bp 111 bp 44 bp 268 b
(1-206) (3830-3873)
589" s74N

Preprourotensin Il |

IHHI

Isoform A Isoform B
(139 aa) . (124 aa)

Urotensin Il
(11 aa)

Figure 1.11. Post-translational processing of human UTS2 gene including polymorphic

regions [218].

Rs228648 and rs2890565 polymorphisms of UTS2 gene have been the focuse of many
studies so far and they have been associated with the susceptibility of some diseases
including hypertension [272], atherosclerosis, systemic sclerosis [273], Behcet’s disease
[274], type Il diabetes mellitus [205,228] and diabetic retinopathy [275] and cancer
pathogenesis [181,276].
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Due to the possible association of UTS2 region (1p36.32) with type Il diabetes mellitus in
Japanese population, genetic polymorphisms in UTS2 gene have been investigated
[205,228]. Wenyi et al. conducted a study that involved genetic polymorphisms (rs2890565
and rs228648) of UTS2 gene and type Il diabetes. Their study suggests that 89N allele is
more frequent in type Il diabetic patients and associated with higher glucose and insulin
levels in human plasma causing contribution to insulin resistance. Thereby, these evidence
strongly show that this UTS2 gene polymorphism is involved in the development of type II
diabetes mellitus in Japanese population through insulin sensitivity [205]. Suzuki et al. also
investigated the involvement of rs2890565 and rs228648 polymorphisms of UTS2 gene in
the development of type 11 diabetes mellitus in Japanese population. In this study, they found
that diabetic patients with the 89N allele are more insulin-resistant rather than the 89S allele.
Thereby, the S89N in the UTS2 gene is associated with insulin resistance and development
of diabetes in Japanese [228]. None of these studies found rs228648 polymorphism of UTS2
gene to be significantly associated with the risk of diabetes mellitus in Japanese population
[228]. Okumus et al. investigated the association of UTS2 gene rs228648 and rs2890565
polymorphisms with diabetes mellitus and especially diabetic retinopathy in Turkish
population. Similarly, 89N allele is found to be associated with diabetes mellitus and diabetic
retinopathy in Turkish population supporting the data on Japanese population. In addition to
S89N polymorphism, they also suggest that rs228648 polymorphism is associated
developing type Il diabetes and diabetic retinopathy in Turkish population. In addition, they
created a molecular model to show the amino acid change in the structure of U-11. The results
suggest that the amino acid exchange which is 29" Ser to Asn amino acid in UTS2 resulted
in the structure change in U-11 peptide, yielding an immature form of UTS2 that may cause
various pathological conditions [275]. Furthermore, Zhao et al. conducted a meta-analysis
to observe relation between rs228648 polymorphism of UTS2 gene and susceptibility of
diabetes mellitus in different populations due to the inconsistency in results. Their findings
suggest that rs228648 polymorphism of UTS2 gene is associated with the decreased risk of
diabetes mellitus in Chinese population whereas associated with the increased risk of

diabetes mellitus in European population [277].

Urotensinergic system has been demonstrated to be involved in the pathology of
cardiovascular diseases especially hypertension [216]. It has also been postulated that the

underlying intracellular signalling mechanisms of U-II cause cardiac hypertrophy [252].
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Since U-1I plays a significant role in cardiac hypertrophy involved in hypertension, genetic
polymorphism of UTS2 gene have been investigated in this context. On this basis, Zhao et
al. investigated the effect of rs228648 and rs2890565 polymorphisms of UTS2 gene in the
pathogenesis of cardiac hypertrophy in Chinese population [272]. Their result is based on
sex and suggests that S89N polymorphism is associated with hypertension and N89N
genotype is associated with cardiac hypertrophy and hypertension in Chinese female
population. According to this study, it is concluded that S89N polymorphism in UTS2 gene
carries a potential risk for the development of cardiac hypertrophy and hypertension while
the effect of T21M polymorphism in UTS2 gene was found not to be associated with cardiac

hypertrophy and hypertension [272].

The role of urotensinergic system has been demonstrated in the tumour pathogenesis. Thus,
recently many studies have been focused on the role of SNPs in UTS2 gene especially in
breast carcinogenesis [181,276]. In a study conducted by Yumrutas et al., the contribution
of plasma U-II levels and rs228648 and rs2890565 polymorphisms of UTS2 gene were
investigated in breast cancer pathogenesis in Turkish population for the first time. The result
of study suggested that significantly higher frequency of both 21M allele and M21M
genotype were found in breast cancer patient. Thereby, it is suggested that T21M
polymorphism in UTS2 gene is associated with breast cancer and a significant risk factor in
the susceptibility and the development of breast cancer. It has also been indicated that a
significant role of U-I1 in breast cancer pathogenesis is through decreased plasma U-I1 levels
in breast cancer patients especially who has T21M polymorphism. Conversely, no
association was found between S89N polymorphism and breast cancer [276]. Similarly,
Kamal et al. recently conducted an association study between UTS2 gene rs228648 and
rs2890565 polymorphisms and breast cancer in Egyptian population. In contrast to the
results of Yumrutas et al., they found a significant association of S89N polymorphism
especially high 89N allele frequency with breast cancer patients while no significant effect
of T21M polymorphism was found to be associated with breast cancer. As a result, only
S89N polymorphism is found to be associated with breast cancer pathogenesis and
susceptibility in Egyptian population [181]. These studies indicate that genetic
polymorphisms of UTS2 gene are associated with the development of breast cancer while

UTS2 gene variants exert different effect in different populations.
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1.4. AIM OF THE STUDY

Since the discovery of U-II, expression of U-II and UTR mRNAs as well as genetic
polymorphisms (SNPs) of UTS2 gene have been main object in many studies including
cancer. In this present case-control study, rs228648 and rs2890565 polymorphisms of UTS2
gene are chosen due to being significant risk factors in many diseases such as type 11 diabetes
mellitus, insulin resistance and tumour pathogenesis. There are no reports that has been
postulated about the UTS2 gene polymorphisms on prostate cancer pathogenesis. Therefore,
this study for the first time in literature aims to evaluate the association between rs2890565
(S89N) and rs228648 (T21M) polymorphisms of the UTS2 gene with the risk of
development of localised and advanced PCa. For this purpose, human peripheric blood
samples from both healthy volunteer controls and PCa patients is collected and genotyped
through polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)

method.
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2. MATERIALS AND METHODS

2.1. MATERIALS

2.1.1. Samples

In this study, 158 patients diagnosed with PCa including 106 localized and 52 metastatic
PCa, and 141 healthy volunteer controls aged between 49 and 91 years were involved. All
experiments including human peripheric blood samples have been approved by the Ethical
Committee of Istanbul Medeniyet University GOztepe Education and Research Hospital
(Decision No: 2022/0113). This study complies with Declaration of Helsinki and approved
by the Ethical Committee of Istanbul Medeniyet University Goztepe Education and

Research Hospital.

2.1.2. Chemicals

Q5 High Fidelity DNA Polymerase (New England BioLabs Inc. (NEB), #M0491L), Rsal
Restriction Endonuclease (NEB, #R0167L), Nlalll Restriction Endonuclease (NEB,
#R0125L), GelRed® Nucleic Acid Gel Stain (Biotium, #41003), 1 kb DNA Ladder (NEB,
#N3232S), 100 bp Plus Opti-DNA Marker (Applied Biological Materials Inc., #G016), PCR
20 bp Low Ladder (Sigma-Aldrich, #P1598), 6X Gel Loading Dye, Blue (NEB, #B70215S),
SYBR Safe DNA Gel Stain (Invitrogen, #S33102), UltraPure Agarose (Invitrogen, #16500),
Urea (Sigma-Aldrich, #U6504), Absolute Ethyl Alcohol (MERCK, 1.00983.2511),
Ethylenediaminetetraacetic acid (EDTA) (MERCK, 1.08418.0100), TRIS, Ultra-Pure (MP
Biomedicals, #819623), Acetic Acid (Sigma-Aldrich, 27225), Ammonium Chloride (Sigma-
Aldrich, A9434), Potassium Bicarbonate (Sigma-Aldrich, 60339), Sodium Chloride (Isolab,
7647-14-5), Sodium Dodecyl Sulfate (SDS) (Sigma-Aldrich, L3771), Ammonium Acetate
(Sigma-Aldrich, A1542), Isopropanol (Sigma-Aldrich, A9536), TE Buffer (Invitrogen,
Germany).
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2.1.3. Instruments

Nanodrop 2000 Spectrophotometer (Thermo Fisher Scientific-ND200, USA), Centrifuge
(Gyrozen M416, USA), Vortex ZX3 (Velp Scientfica, Italy), Microfuge 16 Centrifuge
(Beckman Coulter A46473, USA) Sprout® Mini-Centrifuge (Heathrow Scientific), Veriti
96-Well Thermal Cycler (Applied Biosystems, Thermo Fisher), Horizontal Electrophoresis
Systems (multiSUB, Cleaver Scientific, The UK and Bio-Rad), Molecular Imager
ChemiDoc ™ XRS+ (Bio-Rad, 1708265, USA), Precision Scale (Shimadzu, TW423L,
Japan), pH-meter Mi 151 (Milwaukee Instruments, USA), Magnetic Hot Plate Stirrer
(Heidolph MR 3004 safety, Germany), MD 553 Microwave oven (Arcelik, Turkey). Multi
Bio RS-24 Programmable Rotator (BioSan, Latvia), Mp Minipure DestUp Distilled Water
(SentezLab, Turkey).

2.1.4. Consumables

PCR tubes (0.2 mL) (Axygen), Polypropylene Eppendorf tubes (2 mL and 1.5 mL) (Isolab,
Germany), Falcon tubes (15 mL, 50 mL) (Axygen, Mexico), Micropipettes (10 pL, 100 uL,
200 pL, 1000 pL) (Thermo Scientific, USA), Serological pipettes (10 mL) (SPL Life
Sciences, USA), Micropipette tips (10 uL, 200 uL, 1000 uL) (CAPP Expell Plus, Denmark),
Graduated cylinder (250 mL) (Isolab, 015.01.250, Germany), Graduated cylinder (1000 mL)
(Isolab, 015.01.901, Germany), Erlenmeyer flask (250 mL).

2.2. METHODS

2.2.1. Collection of Samples and DNA Isolation with Qualitative Analysis

Peripheric blood samples were subjected to a modified ammonium acetate salting-out
procedure for genomic DNA isolation. All experimental step of DNA isolation procedure
was performed at room temperature. 1 mL of peripheric blood samples conserved/preserved
in EDTA-anticoagulated tubes was mixed with 9 mL ACK Blood Lysis Buffer (Ammonium-
Chloride-Potassium, 0.15M Ammonium Chloride (NH4Cl), 0.01M Potassium Bicarbonate
(KHCO:s3), 0.0001M EDTA, pH: 7.4) in a 15 ml-tube. Samples were then incubated at room
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temperature (24°C) for 10 minutes on the rotator at 8 rpm with constant rotation. After the
incubation, the centrifugation was performed at 500 x g for 5 minutes. Supernatant was then
discarded, and red blood cell lysis step was repeated until the white pellet was obtained
clearly (for 3 times in total). Following the centrifugations, 750 uL of SES Buffer (0.676M
Sodium Chloride, NaCl, 0.01125M EDTA, pH: 8.0, 0.035M Sodium Dodecyl Sulfate, SDS)
was used for dissolving of the pellet containing white blood cells and vortexed about 20
seconds. Next, 250 ul of concentrated Ammonium Acetate (7.5M) was placed into the tube
and centrifuged at 13000 x g for 3 minutes. The centrifugation step was repeated to obtain a
clearer supernatant. The supernatant was removed carefully without touching the pellet and
transferred into Isopropanol containing tube and DNA was precipitated in Isopropanol in 1:1
ratio by shaking slowly. Tube was centrifuged at 13000 x g for 1.5 minutes. After
centrifugation, the pellet was washed firstly with 500 pL of chilled Absolute Ethanol and
centrifuged at 13000 x g for 1.5 minutes. After washing with Absolute Ethanol, the
supernatant was discarded, and the pellet was washed twice with 500 uL of chilled 70
percent Ethanol. The supernatant was discarded carefully, and the pellet was air-dried for
approximately 20 minutes to remove excess amount of alcohol. Afterwards, the pellet was
dissolved in appropriate amount of TE Buffer (Invitrogen, Germany) and isolated DNA
sample was stored at -20°C for short term and then at -80°C for long term storage until

further usage.

Quantitative and qualitative analyses of isolated DNA samples from human peripheric blood
were performed by Nanodrop 2000 Spectrophotometer (Thermo Fisher Scientific) and on 1
percent agarose gel electrophoresis, respectively. For integrity analysis, isolated DNA
samples were loaded as 200 ng/well each on 1 percent agarose gel stained with 0.5X SYBR
Safe DNA stain (Invitrogen) and the gel electrophoresis was accomplished at 80 V in an
electrophoretic tank for 60 minutes. Visual images were taken via Chemidoc™ XRS+

Imaging System (Bio-Rad).

2.2.2. Genomic DNA Amplification and SNP Genotyping with PCR-RFLP Method

All isolated DNA samples were stored at -20°C until the PCR amplification of target gene.
Target UTS2 gene containing rs2890565 and rs228648 polymorphism were amplified by Q5
High Fidelity DNA Polymerase (NEB, #M0491L), as described by manufacturer’s protocol
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(given in Table 2.1.), in Veriti 96-well thermal cycler with the following thermocycling
conditions; Initial denaturation at 98°C for 30 seconds, followed by 35 cycles of (a) 30
seconds denaturation at 98°C, (b) 30 seconds annealing at 59°C (for rs2890565) or 58°C (for
rs228648), and (c) 30 seconds of extension at 72°C and final extension at 72°C for 2 min.
Two separate primer sets were used to cover two polymorphic regions of UTS2 gene
(sequence in the NCBI database; NC_000001.11).

Target UTS2 gene containing rs2890565 was genotyped by PCR-restriction fragment length
polymorphism (RFLP) using the following set of primers:

5’- GTGCCTGTCTGTCTGCATTCA -3’ (Forward).
5’- GAGTCCTGTAAAACCAGTACAG -3’ (Reverse).

Target UTS2 gene containing rs228648 was genotyped by PCR-RFLP using the following

set of primers:

5’- GGAAACCAACGTATTTCATC -3’ (Forward).
5’- GCAAAAGAGGCAACTTACAGC -3’ (Reverse).

Table 2.1. The amounts and final concentrations of agents required for one reaction in PCR

amplification.

Components 25 pL Reaction (uL) | Final Concentration
5X Q5 Reaction Buffer 5 1X
dNTPs (10 mM) 0.5 200 pM
Forward Primer (10 uM) 1.25 0.5 uM
Reverse Primer (10 pM) 1.25 0.5 uyM
Template DNA 2 ul ~200 ng
Q5 High-Fidelity DNA Polymerase 0.25 uL 0.02 U/uL
Nuclease-Free H20 to 25 -

The resulting PCR products were subjected to the restriction endonucleases digestion (Rsal,
NEB, #R0167L (for rs2890565) and Nlalll, NEB, #R0125L (for rs228648)) in Veriti 96 well
thermal cycler as described by the manufacturer’s protocol (given in Table 2.2.) with some

modifications.
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Table 2.2. The amounts of components and final concentrations required for one reaction

in restriction digestion valid for both Rsal and Nlalll digestions.

Components Amount (uL) Final Concentration
Rsal or Nlalll .
Restriction Enzyme (10.000 units/ml) 05 10 units
PCR product 12.5 1l
rCutSmart™ Buffer 2.5 1X
dH20 to 25 -

The undigested PCR and digested PCR products were analysed on 2 percent agarose gel,
stained with 0.5X SYBR Safe DNA stain (for rs2890565) with 100 bp Plus Opti-DNA
marker and on 3 percent agarose gel containing 1 M urea, stained with 1X Gel Red Nucleic
Acid Gel stain (for rs228648) with PCR 20 bp low DNA ladder under constant voltage.
Genotype of each subject was estimated according to band pattern visualized on agarose gel

which were given in Figure 2.1. and Figure 2.2, respectively.

Rsal recognition site

5...GGTTAAAAATGTTGGTACTTGAGTCTGAAAA...3’

HOMOZYGOUS (CC) HETEROZYGOUS (CG/CT) HOMOZYGOUS (GG/TT)

245bp s I —
161 bp  e— e ilotpivistvtvivisotgin
840D  m—— I Flintvintviviivivivtiviot |
I8bp  e——— — —

Figure 2.1. Rsal Restriction Endonuclease’s restriction site on DNA sequence and after
restriction digestion for different rs2890565 SNP genotypes, expected DNA band pattern

on agarose gel.
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Nlalll recognition site

5°...GCAAAGAGACGTGGATTTATG...3
3...CGTTTCTCTGCACCTAAATAC...5

HOMOZYGOUS (GG) HETEROZYGOUS (GA) HOMOZYGOUS (AA)
109bp  e— —— Sttt
57bp  rommmmmmmmemem —
52 bp  bvtviivivtvtvtstotvivaree ——
—

32bp  ——

Figure 2.2. Nlalll Restriction Endonuclease’s restriction site on DNA sequence and after
restriction digestion for different rs228648 genotypes, expected DNA band pattern on

agarose gel.

2.2.3. Sanger Sequencing

According to manufacturer’s protocol (PureLink™ PCR Purification Kit, Invitrogen), PCR
purification was performed after performing PCR amplification of the target regions. For
each SNP, the qualitative analysis of purified PCR products was performed on 2 percent
agarose gel. Then, DNA samples were prepared for sequencing based on the manufacturer’s
protocol. Sanger sequencing of undigested PCR products of both rs2890565 and rs228648

polymorphisms analysis was provided by Triogenbio.

2.2.4. Statistical Analysis

In this association study, the statistical analyses were performed by using IBM SPSS
Statistics version 26 (Statistical Package for the Social Sciences). The presented data are
shown for numerical variables as mean + standard deviation (S.D.) and for categorical
variables as frequencies. The association of UTS2 gene rs2890565 and rs228648
polymorphisms with the risk of PCa, Gleason score, tumour stage and metastatic state of
PCa patients in different inheritance models were tested via Chi-Square (x?) test. The
inheritance models are described as dominant (major allele homozygous vs heterozygous +

minor allele homozygous) and recessive (major allele homozygous + heterozygous vs minor
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allele homozygous). Statistical analysis for the age, BMI, and PSA levels were performed
using Z-test and statistical analysis for smoking status including number of packs and
familial history of PCa were performed using Binomial test. Analysis of haplotypes was
performed by using online SHEsis software [278]. Hardy-Weinberg equilibrium (HWE) was
also performed. p < 0.05 is considered as statistically significant.
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3. RESULTS

All healthy volunteers and patients diagnosed with PCa which participated to the study were
informed with written consent form before participation to the study. In addition, this study
is a retrospective study which have been approved by the Ethical Committee of Istanbul
Medeniyet University GOztepe Education and Research Hospital. Overall, 141 control and
158 PCa patients were recruited until May 2022. The diagnosis of PCa was made by
histological examination of biopsy specimens taken from the patients. Anthropometric,
demographic, and clinical characteristics for both control and PCa patients were recorded
including the age, height, weight, body mass index (BMI), smoking status, first degree of
familial PCa history, PSA level, Gleason score, ISUP grades and comorbidity especially
hypertension (HT), diabetes mellitus (DM) and coronary heart disease (CHD). For statistical
analysis, controls and PCa were defined as two separate groups. Based on this, population

characteristics were given in Table 3.1.
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Table 3.1. Comparison of anthropometric, demographic, and biochemical parameters in
healthy control group and patients who diagnosed with PCa. ISUP grading system is

followed as; Grade 1: Gleason Score < 6, Grade 2: Gleason Score 3 + 4, Grade 3: Gleason

Score 4 + 3, Grade 4: Gleason Score 8, Grade 5: Gleason Score 9 and 10.

Clinical Parameters PCa Control p-value
n=158 n=141
Age 69.75 £ 7.92 65.29 + 8.47 0.701
BMI 27.30+7.74 28.00 + 4.03 0.899
Smoking Status 0.006
Smoker 70.3% (111) 56.0% (79)
Non-Smoker 29.7% (47) 44.0% (62)
Number of packs/year 0.056
<20 22.5% (25) 32.91% (26)
>20 77.5% (86) 67.09% (53)
PSA (ng/mL) 57.42 + 174.45 5.67+ 15.17 0.752
Familial History 0.114
YES 12.0% (19) 7.8% (11)
NO 88% (139) 92.2% (130)
Gleason Score
Low Score (<7) 19.6% (31) -
Intermediate (=7) 25.9% (41) -
High Score (> 7) 54.4% (86) -
ISUP Grade*
Grade 1 20.3% (32) -
Grade 2 17.7% (28) -
Grade 3 7.6% (12) -
Grade 4 29.1% (46) -
Grade 5 25.3% (40) -
Stage at diagnosis
T1-2 49.4% (78) -
T3-4 17.7% (28) -
N+ and/or M+ 32.9% (52) -
Hypertension
YES 48.1% (76) 43.3% (61)
NO 51.9% (82) 56.7% (80)
Diabetes Mellitus
YES 26.6% (42) 23.4% (33)
NO 73.4% (116) 76.6% (108)
Coronary Heart Disease
YES 14.6% (23) 12.1% (17)
NO 85.4% (135) 87.9% (124)
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3.1. SAMPLE QUANTITY AND DNA INTEGRITY ANALYSIS

After DNA isolation from the peripheric blood samples of each subject via modified
ammonium acetate salting-out procedure, the quantity of isolated DNA was measured by
Nanodrop 2000 Spectrophotometer and DNA integrity was checked on 1 percent agarose
gel under the constant voltage. The low quality of DNA which was observed from the
measurement via Nanodrop or the presence of high smear on agarose gel was the criteria for
the samples to be excluded from the study. A representative DNA integrity gel result for
subject 1 to 18 was presented in Figure 3.1. and a representative quantitative analysis result

for subject 1 to 18 were presented in Table 3.2.

Based on the quantity analysis by Nanodrop, A260/A280 and A260/A230 ratios give the
purity of isolated DNA samples. A A260/A280 ratio with 1.8 indicates the high purity of
DNA and a A260/A230 value between 2.00 — 2.20 refers to a high purity of nucleic acid.
According to expected values, the purity of isolated DNA samples that were below the
expected A260/A280 ratio of 1.8 and A260/A230 ratio of 2.0 were subjected to reisolation
of DNA from the freshly collected blood sample. Provided that samples did not show any
smear or fragmentation on 1 percent agarose gel, they were included in the study regardless
of A260/A230 values. For example, although DNA samples isolated form subjects 11 and
17 possessed A260/A230 value out of 2.00 — 2.20 range, no smears were observed for the

subjects on the agarose gels (Figure 3.1.).
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Figure 3.1. A representative DNA integrity analysis of samples from subject 1 to 18 on 1
percent agarose gel. 1 kb DNA ladder (indicated as L) was loaded on the left.
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Table 3.2. A Representative Quantitative results of DNA samples from subject 1 to 18.

Subject ID Group | A260/A280 | *A260/A230 | Concentration (ng/ul)
1 Control 1.88 2.23 621.7
2 PCa 1.88 2.13 1255.9
3 Control 1.88 2.31 1186.1
4 Control 1.89 1.99 980.1
5 Control 1.87 2.21 351.2
6 Control 1.92 2.32 748.7
7 Control 1.87 2.30 835.0
8 Control 1.94 2.12 301.3
9 Control 1.87 2.23 463.2
10 Control 1.87 2.07 229.5
11 Control 1.88 2.33 908.5
12 Control 1.86 2.25 632.6
13 Control 1.92 2.24 11374
14 PCa 1.88 2.29 569.1
15 Control 1.87 1.95 785.1
16 Control 1.84 1.95 638.4
17 PCa 1.85 1.86 1212.3
18 Control 1.91 2.10 1020.7

*Purity of DNA samples was determined by A260/A230 ratio while contamination of RNA and protein was
determined by A260/A280 ratio.

3.2. RFLP ANALYSIS OF DNA SAMPLES FOR RS2890565 POLYMORPHISM

After quantity and quality analyses, the appropriate DNA samples were subjected to PCR
amplification followed by RFLP technique and visualisation on 2 percent agarose gel
electrophoresis. Undigested PCR product, which was produced by the amplification of the
target UTS2 gene containing rs2890565 polymorphic region with the specific set of primer,
has the length of 263 bp. When the undigested PCR product was subjected to the restriction
digestion with Rsal restriction endonuclease, the expected length of digested PCR product
with respect to the presence of polymorphic N allele (G/T) in UTS2 gene and the restriction
site of enzyme can be seen in Figure 2.1. When homozygous CC genotype (wild type S
allele) found in the target region, the undigested PCR product is digested into three bands
with the length of 161, 84 and 18 bp. When heterozygous CG/CT genotype found in the
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target region, the undigested PCR product is digested into four bands with the length of 245,
161, 84 and 18 bp. When homozygous GG/TT genotype (polymorphic N allele) found in the
target region, the undigested PCR product is digested into two bands with the length of 245
and 18 bp.

In Figure 3.2., RFLP products with their corresponding PCR products of same subjects for
the first eighteen subjects were presented. Primer dimers which are the nonspecific bands
around 50 bp length were observed under the PCR product in almost each lane. Regardless
of the presence of primer dimers which are different than RFLP products, Subjects 1, 11 and
17 were observed to display heterozygous CT genotype while the remaining subjects were
displayed homozygous CC genotype on 2 percent agarose gel. For the first 18 subjects,
homozygous CC genotype was the most frequent genotype both in control and patient
subjects. On the other hand, no homozygous TT genotype was observed in any lane. The

fragment with the length of 18 bp was too small to be detected on the agarose gels.

-
161 bp .
84 bp e——

[ ——

Figure 3.2. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 1 to 18 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.
On the left, DNA ladder (100 bp) was loaded.
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In Figure 3.3., the homozygous CC genotype was the most frequent genotype observed
which was accounted for sixteen of the subject group. Subjects 22 and 29 represent
heterozygous CT genotype that were observed only in control group while all patients in
sampling group (S23-25 and S27) represented the heterozygous CC genotype. Same as
before no homozygous TT genotype was detected among the subjects. According to gel

results, the corresponding genotypes of each subject from 1 to 36 was predicted and shown
in Table 3.3.

L S8  s29 30 s31 s32 s33 s34 S35 s36
—
-
(o e G e s S e e
P — -

Figure 3.3. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 19 to 36 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.
On the left, DNA ladder (100 bp) was loaded.
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Table 3.3. Predicted genotypes for rs2890565 polymorphism on UTS2 gene for subjects

from 1 to 36.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S1 Control CT S19 Control CcC
S2 PCa CcC S20 Control CcC
S3 Control CcC S21 Control CcC
S4 Control CcC S22 Control CT
S5 Control CcC S23 PCa CcC
S6 Control CcC S24 PCa CcC
S7 Control CcC S25 PCa CcC
S8 Control CcC S26 Control CcC
S9 Control CcC S27 PCa CcC
S10 Control CcC S28 Control CcC
S11 Control CT S29 Control CT
S12 Control CcC S30 Control CcC
S13 Control CcC S31 Control CcC
S14 PCa CcC S32 Control CcC
S15 Control CC S33 Control CC
S16 Control CC S34 Control CcC
S17 PCa CT S35 Control CcC
S18 Control CcC S36 Control CcC

PCR-RFLP result for subjects 37 to 54 were shown in Figure 3.4. The above gel result which

displays the result of subjects from 37 to 45 were carried out in different time due to

nonspecific digestion of PCR product of subject 37-39 (given in Figure C.1. of Appendix

C). The presence of primer dimers on subjects between 37 to 45 were observed heavily.

While homozygous CC genotype were observed with higher frequency in patients, only two

heterozygous CT genotype were observed on PCa patient (S49) and control subject (S43).

Two genotype was distinguished by the presence of RFLP product with the length of 245 bp

in the corresponding lanes of subjects. In addition, only one homozygous TT genotype was

observed in control group (S51). The corresponding genotype prediction was given in Table

3.4.
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Figure 3.4. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
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DNA samples isolated from Subject 37 to 54 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.

RFLP results of subject 55 to 72 with their corresponding PCR products of same subjects

were seen in Figure 3.5. The distorted well formation that affected the band formation on

some lanes. For example, bands for the S56 were observed on above other bands. In addition,

primer dimers were observed on each lane. Even though the sampling group has mixed

population, homozygous CC genotype was observed with the highest frequency among both

control group and patients. Heterozygous CT genotype was observed only for S67 (PCa

patient) and S71 (control subject). Nevertheless, homozygous TT genotype was not observed

on any subjects between 55 to 72. The predicted genotypes are given in Table 3.4.
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Figure 3.5. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 55 to 72 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.

53
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Table 3.4. Predicted genotypes for rs2890565 polymorphism on UTS2 gene for subjects
from 37 to 72.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S37 PCa CcC S55 PCa CC
S38 Control CcC S56 PCa CcC
539 Control CcC S57 PCa CcC
sS40 PCa CcC S58 PCa CcC
S41 PCa CcC S59 PCa CcC
S42 PCa CcC S60 Control CcC
S43 Control CT S61 PCa CC
S44 PCa CcC S62 PCa CcC
S45 Control CcC S63 Control CcC
S46 Control CC S64 Control CcC
S47 Control CC S65 Control CC
S48 PCa CC S66 Control CC
S49 PCa CT S67 PCa CT
S50 PCa CcC S68 PCa CcC
S51 Control TT S69 Control CcC
S52 PCa CcC S70 PCa CcC
S53 PCa CcC S71 Control CT
S54 PCa CcC S72 PCa CcC

In Figure 3.6., PCR-RFLP products of subject 73 through 89 were presented. Results of

subject 73 and 74 with their corresponding PCR products (given in Figure C.1. of Appendix

C) were performed in different time than other subjects, so that their gel result was presented

with the result of subjects between 84 and 89 in the below image given in Figure 3.6. In the

sampling group, PCa patient subjects showed higher CC genotype frequency than the control

subjects whereas heterozygous CT genotype was observed with equal frequency in control

subjects (S77, 82 and 83). Only one heterozygous CT genotype was observed for Subject 78

(PCa patient) and other PCa patients were observed to display homozygous CC genotype
(S73, S79-81 and S84-89).
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Figure 3.6. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 75 to 89 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.
On the left, DNA ladder (100 bp) was loaded.

RFLP results of subjects between 90 to 107 RFLP products with their corresponding PCR
results of the same subjects were given in Figure 3.7. As seen in Table 3.5., number of PCa
patients were higher than control subjects in the sampling group. Only one heterozygous CT
genotype was observed for Subject 95 (PCa patient). The remaining subjects in sampling
group had shown to display homozygous CC genotype (S90-94 and S96-107). Nevertheless,
no homozygous TT genotype was observed in any lanes. Although a ghost band which
seemed to be darker band as 245 bp length appeared in S100, the genotype of Subject 100
had been assigned as homozygous CC and was confirmed by Sanger sequencing. The
corresponding predicted genotypes for the subjects 73 to 107 were presented in Table 3.5.
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Figure 3.7. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 90 to 107 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)

genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.
On the left, DNA ladder (100 bp) was loaded.
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Table 3.5. Predicted genotypes for rs2890565 polymorphism on UTS2 gene for subjects
from 73 t0107.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S73 PCa CcC S90 PCa CC
S74 Control CcC 591 PCa CcC
S75 Control CcC S92 PCa CcC
S76 Control CcC 593 PCa CcC
S77 Control CT S94 PCa CcC
S78 PCa CT S95 PCa CT
S79 PCa CcC S96 PCa CC
S80 PCa CC S97 PCa CC
S81 PCa CcC 598 PCa CcC
S82 Control CT S99 PCa CcC
S83 Control CT S100 PCa CC
S84 PCa CC S101 PCa CcC
sS85 PCa CcC S102 PCa CcC
S86 PCa CcC 5103 PCa CC
S87 PCa CcC S104 Control CcC
S88 PCa CcC S105 Control CcC
S89 PCa CcC S106 Control CcC

S107 Control CcC

PCR-RFLP result of subjects from 108 to 125 were presented in Figure 3.8. PCa patients

were predominantly observed in the sampling group. No heterozygous CT genotype was

observed in this sampling group. However, homozygous CC genotype was predominantly

observed in all lanes. Only one PCa patient subject was observed to display homozygous TT

genotype (S120). The discrimination between homozygous TT genotype and heterozygous

CC genotype was based on the presence of only 245 and 18 bp RFLP products. However,

18 bp product was also too small to detect and observed as faint bands on the gels.
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Figure 3.8. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 108 to 125 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.

In Figure 3.9., RFLP results for subjects between 126 to 143 with their corresponding PCR
products were shown. Although patients and control subjects were seemed to be equally
distributed in the sampling group, all healthy volunteers had shown to display homozygous
CC genotype. Thus, homozygous CC genotype was observed to be predominant in the
sampling group. Only two PCa patients represented by subject number 128 and 133 had
shown to display a heterozygous CT genotype. The length of 18 bp digested products was
also observed as a faint band in RFLP lanes of PCR products towards to bottom of the 50 bp
DNA ladder. The presence of nonspecific primer dimers under PCR products were observed
in only two lanes (S141 and S143) and ignored. Nevertheless, homozygous TT genotype
was not represented by any subject in this sampling group. Genotype predictions for subjects
between 108 and 143 were given in Table 3.6.
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Figure 3.9. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 126 to 143 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.
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Table 3.6. Predicted genotypes for rs2890565 polymorphism on UTS2 gene for subjects
from 108 to 143.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S108 Control CcC S126 PCa CcC
S109 Control CcC S127 Control CcC
S110 Control CcC S128 PCa CT
S111 PCa CcC S129 Control CcC
S112 PCa CcC S130 PCa CcC
S113 Control CcC S131 Control CcC
S114 PCa CcC S132 Control CcC
S115 Control CcC S133 PCa CT
S116 PCa CcC S134 Control CcC
S117 PCa CcC S135 PCa CcC
S118 PCa CcC S136 PCa CcC
S119 PCa CcC S137 Control CcC
S120 PCa TT S138 PCa CcC
S121 PCa CcC S139 PCa CcC
S122 PCa CcC S140 PCa CcC
S123 Control CcC S141 PCa CcC
S124 Control CC S142 PCa CC
S125 PCa CcC S143 Control CcC

In Figure 3.10., RFLP results of subjects between 144 and 161 with their corresponding PCR

products were shown. Number of PCa patients were higher in the sampling group as the

control group was represented with seven subjects. Homozygous CC genotype was

predominant in both control group and patients, while no heterozygous CT genotype was

observed in PCa patients. Only two control subjects (S144 and 148) had shown to display

heterozygous CT genotype in the sampling group. However, no homozygous TT genotype

was observed in any lanes.
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Figure 3.10. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 144 to 161 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.

RFLP results of subjects between 162 and 177 were presented in Figure 3.11. As seen in the
Figure 3.11., the below gel result was obtained with only sixteen subjects which are S171-
176 because of the distorted well formation. In the sampling group, here were only four
healthy volunteers. Homozygous CC genotype was predominantly displayed. Only one PCa
patient that represented by S163 was observed to display heterozygous CT genotype.
Digested 18 bp RLFP product was faintly observed in same lanes such as S172. The

corresponding genotypes of subjects between 144 and 177 were predicted based on the gel

results and given in Table 3.7.
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Figure 3.11. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 162 to 177 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.
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Table 3.7. Predicted genotypes for rs2890565 polymorphism on UTS2 gene for subjects
from 144 to 177.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S144 Control CT S162 Control CcC
S145 Control CcC S163 PCa CT
S146 Control CcC S164 PCa CcC
S147 PCa CcC S165 PCa CcC
S148 Control CT S166 PCa CcC
S149 PCa CcC S167 PCa CcC
S150 Control CcC S168 PCa CcC
S151 Control CcC S169 PCa CcC
S152 PCa CcC S170 PCa CcC
S153 PCa CcC S171 PCa CcC
S154 PCa cC S172 PCa CcC
S155 PCa CcC S173 Control CcC
S156 PCa CcC S174 PCa CcC
S157 PCa CcC S175 Control CcC
S158 PCa CcC S176 PCa CcC
S159 PCa CcC S177 Control CcC
S160 Control CcC
Si61 PCa CcC

In Figure 3.12., PCR-RFLP results of subjects between 178 and 195 were shown. When
looked at the distribution of subjects in the sampling group, the number of PCa patients were

higher while five subjects were belonging to healthy volunteers which represented by S184-
186, S192 and S194. All subjects shown in Figure 3.12. including six PCa patients (S178-
183) and three control subjects (S184-186) were obtained with three RFLP products
represented by 161, 84 and 18 bp. These three bands were referred to be homozygous CC

genotype. Only one representative of heterozygous CT genotype was observed in lane

marked as S190 with four bands while the remining lanes represented homozygous CC

genotype. Same as before, no homozygous TT genotype was observed. 18 bp RFLP product
was observed faintly in lanes marked as S178, S179, S181 and S188.



64

L S178 S179 S180 S181 S182 S183 S184 S185 S186

Figure 3.12. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 178 to 195 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.

PCR-RFLP results for subjects between 196 and 213 were presented in Figure 3.13.
Compared to healthy subjects, higher number of PCa patient were present in the sampling
group. The homozygous CC genotype was observed in fifteen subjects shown in S196-209,
211 and 212 whereas heterozygous CT genotype was observed in only three subjects, two
of which (S205 and S210) were PCa patient, and one was a healthy volunteer (5213). As in
previous sampling group, none of the subjects displayed a homozygous TT genotype. The
prediction of corresponding genotyping for the subjects from 178 to 213 was given in Table
3.8.
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Figure 3.13. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 196 to 213 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.



66

Table 3.8. Predicted genotypes for rs2890565 polymorphism on UTS2 gene for subjects
from 178 to 213.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S178 PCa CcC S196 Control CcC
S179 PCa CcC S197 Control CcC
S180 PCa CcC S198 PCa CcC
Si181 PCa CcC S199 PCa CcC
S182 PCa CcC S200 PCa CcC
S183 PCa CcC S201 PCa CcC
S184 Control CcC S202 PCa CcC
S185 Control CcC S203 Control CcC
S186 Control CcC S204 PCa CcC
S187 PCa CcC S205 PCa CT
S188 PCa CcC S206 PCa CcC
S189 PCa CcC S207 PCa CcC
S190 PCa CT S208 PCa CcC
S191 PCa CcC S209 PCa CcC
S192 Control CcC S210 PCa CT
S193 PCa CcC S211 PCa CcC
S194 Control CcC S212 Control CcC
S195 PCa CcC S213 Control CT

In Figure 3.14., PCR-RFLP results of subjects between 214 and 229 were shown. Samples

of fourteen subjects were loaded on the gel due to distorted well formations. PCa patients

and healthy volunteers were equally distributed in the sampling group, and homozygous CC

genotype was obtained with higher frequency. Only one PCa patient (S219) and two control
subjects (5225 and S227) had shown to display heterozygous CT genotype. 245 bp RFLP
product was clearly seen in S225 which distinguished the polymorphic N allele (T) in UTS2

gene. As in previous sampling group, none of the subjects were observed to display

homozygous TT genotype.
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Figure 3.14. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 214 to 229 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.

In Figure 3.15., PCR-RFLP results of subjects between 230 and 246 were given. The above
gel result of Figure 3.15. was obtained with sixteen subjects because of one distorted well
formation. In the sampling group, only three control subjects were present and represented
by S235, 240 and 241 and PCa patient subjects were observed to be higher in number
represented (S230-S234, S236-S239 and S242-S246). Similar to previous sampling group,
homozygous CC genotype was observed predominantly while heterozygous CT genotype
(5234, S237 and S239) was observed only in PCa patients in this group. All control subjects
were analysed as homozygous CC genotype. No homozygous TT genotype was observed in
both PCa patients and control subjects. In addition, smear bands were also seen for S235,
S241, S243 and S245. 18 bp RFLP product was observed in some samples such as S237,
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S239 and S240. The predicted genotypes of subjects from 214 to 246 were shown in Table
3.9.

Figure 3.15. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 230 to 246 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.
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Table 3.9. Predicted genotypes for rs2890565 polymorphism on UTS2 gene for subjects
from 214 to 246.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S214 Control CcC S230 PCa CcC
S215 PCa CcC S231 PCa CcC
S216 Control CcC S232 PCa CcC
S217 PCa CcC S233 PCa CcC
S218 PCa CcC S234 PCa CT
S219 PCa CT S235 Control CcC
S220 PCa CcC S236 PCa CcC
S221 PCa CcC S237 PCa CT
S222 Control CcC S238 PCa CcC
S223 Control CcC S239 PCa CT
S224 Control CcC S240 Control CC
S225 Control CT S241 Control CcC
S226 Control CcC S242 PCa CcC
S227 Control CT S243 PCa CcC
S228 PCa CcC S244 PCa CcC
S229 PCa CcC S245 PCa CcC

S246 PCa CcC

Subjects from 247 to 263 were analysed by PCR-RFLP method and their gel results were

presented in Figure 3.16. Gel result in the figure was represented by eight wells rather than

nine wells because of the distorted well formation. The sample population was observed to

be distributed almost equally between healthy and patient subjects. Homozygous CC

genotype was predominantly observed, while only one PCa patient was observed as

heterozygous CT genotype (S253). As in previous gel results, smear bands were observed

especially in lanes marked as S254 and S261. 18 bp RFLP product was obtained in some of

the wells.
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Figure 3.16. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 247 to 263 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.

PCR-RFLP results of subjects from 264 to 281 were given in Figure 3.17. Results of subject
272 to 274 with their corresponding PCR products (given in Figure C.2. of Appendix C)
were performed in different time than other subjects, so that their gel result was presented
with the result of subjects between 275 and 281 in Figure 3.17. Unlike the previous gel
results, healthy volunteers were observed to be higher in number in the sampling group,
while there were only two PCa patients which represented by lanes marked as S265 and
S277. These PCa patients had shown to display a homozygous CC genotype. The
homozygous CC genotype was observed more frequently than heterozygous CT genotype
as almost all control subjects were observed to display homozygous CC genotype except the
subject 275 which displayed a heterozygous CT genotype. No homozygous TT genotype
was detected. Nonspecific primer dimer below the PCR product was observed in each lane,
except only in lanes marked as S272-S274 where its presence was negligible. 18 bp RFLP
product was also observed in each lane. Summarized corresponding genotype predictions

for subjects between 247 to 281 were presented in Table 3.10.
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Figure 3.17. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on
DNA samples isolated from Subject 264 to 274 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR
product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.

On the left, DNA ladder (100 bp) was loaded.
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Table 3.10. Predicted genotypes for rs2890565 polymorphism on UTS2 gene for subjects
from 247 to 281.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S247 PCa CcC S264 Control CcC
S248 Control CcC S265 PCa CcC
S249 PCa CcC S266 Control CcC
S250 PCa CcC S267 Control CcC
S251 PCa CcC S268 Control CcC
S252 PCa CcC S269 Control CcC
S253 PCa CT S270 Control CcC
S254 PCa CcC S271 Control CcC
S255 PCa CcC S272 Control CcC
S256 Control CcC S273 Control CcC
S257 PCa cC S274 Control CcC
S258 Control CC S275 Control CT
S259 Control CcC S276 Control CcC
S260 Control CcC S277 PCa CcC
S261 Control CcC S278 Control CcC
S262 Control CcC S279 Control CcC
S263 Control CcC S280 Control CcC

S281 Control CcC

RFLP results of subjects between 282 and 299 with their corresponding PCR products were

given in Figure 3.18. The sampling group was consisted of only control subjects.

Homozygous CC genotype which indicated the wild type allele was observed more frequent

than heterozygous CT genotype indicating the presence of polymorphism on one allele.

Only three representatives of heterozygous CT genotype was analysed in Samples 287, 288

and 291. The remaining subjects were observed to display homozygous CC genotype
represented by S282-286, S289-291 and S292-299. Homozygous TT genotype which

indicated the presence of polymorphism on each allele was not observed in the sampling

group. As in previous gel results, smear bands were observed especially in S294 and S299.

According to gel results, the corresponding genotypes of subjects from 282 to 299 were

predicted and shown in Table 3.11.
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Figure 3.18. For restriction analysis, SNP genotyping of rs2890565 with PCR-RFLP on

DNA samples isolated from Subject 282 to 299 on 2% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism: undigested PCR

product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp; heterozygous (CT)
genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT) genotype: 245 bp and 18 bp.
On the left, DNA ladder (100 bp) was loaded.

Table 3.11. Predicted genotypes for rs2890565 polymorphism on UTS2 gene for subjects

from 282 to 299.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S282 Control CcC S291 Control CT
S283 Control CcC S292 Control CcC
S284 Control CcC S293 Control CcC
S285 Control CC S294 Control CC
S286 Control CcC S295 Control CC
S287 Control CT S296 Control CC
S288 Control CT S297 Control CcC
S289 Control CcC S298 Control CcC
S290 Control CcC S299 Control CcC
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In Figure 3.19., the repeated genotype analysis for subjects between 80 and 167 was
presented. PCa patients were higher in number than control subjects and homozygous CC
genotype (S80-125 and S150-167) was observed with higher frequency while only one
representative of heterozygous CT genotype (S144) was detected. No homozygous TT
genotype was observed. 18 bp RFLP product was also observed faintly in each lane. The

predicted genotypes of subjects between 80 to 267 were given in Table 3.12.
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Figure 3.19. For restriction analysis, repeated SNP genotyping of rs2890565 with PCR-
RFLP on DNA samples isolated from Subject 80 t0o167 on 2% agarose gel. The band
patterns were displayed by PCR-RFLP results of the rs2890565 C>G/T polymorphism:
undigested PCR product: 263 bp; homozygous (CC) genotype: 161 bp, 84 bp and 18 bp;
heterozygous (CT) genotype: 245 bp, 161 bp, 84 bp and 18 bp; homozygous (TT)
genotype: 245 bp and 18 bp. On the left, DNA ladder (100 bp) was loaded.

Table 3.12. Predicted genotypes for rs2890565 polymorphism on UTS2 gene for subjects
from 80 to 167.

Sample ID Group Genotype
S80 PCa CC
S85 PCa CcC

S108 Control CcC
S125 PCa CcC
S144 Control CT
S150 Control CcC
S151 Control CcC
S166 PCa CcC
S167 PCa CcC
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During agarose gel analysis, a darker band that appeared as 245 bp length digested product
was observed on some lanes, therefore, to confirm the results of PCR-RFLP analysis of
samples, random sampling especially where a ghost band appears had been performed within
the population. Sanger sequencing was performed on 263 bp region that comprised the
recognition site of Rsal restriction endonuclease. Forward and reverse spectrum of each
sample was analysed, and it was compared with agarose gel result that shown in Table 3.13.
A representative chromatogram of reverse spectrum of subject 77 obtained by Sanger

sequencing was shown in Figure 3.20.

The genotype of subject that had digested product with 161 bp length that seemed to be
prominent band on gel result has been assigned and confirmed as homozygous CC by
sequencing. The genotype of subject that had digested product with 245 bp length that
seemed to be prominent band on gel result has been assigned and confirmed as heterozygous

CT by sequencing.

CTCTTGGGTTAAAAAT GT T GGTATTTGAGTCT GAAAAACAGT T T

Figure 3.20. Representative reverse spectrum of Subject 77. Each nucleotide is represented

100

by colour codes. Thymine, red; Adenine green; Cytosine, blue; Guanine, black

Table 3.13. The comparison of predicted genotypes for selected subjects with sequence

result.

Sample ID | Predicted Genotype | Sequence Result
S51 1T 1T
S77 CT CT
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3.3. ASSOCIATION ANALYSIS OF RS2890565 POLYMORPHISM WITH PCA
SUSCEPTIBILITY AND GLEASON SCORE

Genotype and allele distribution of UTS2 gene rs2890565 polymorphism was presented in
Table 3.14. based on the frequency in the population. The possible association between
UTS2 gene rs2890565 C>G/T polymorphism and PCa susceptibility and Gleason Score of
PCa patients that shown in Table 3.14. and Table 3.15., respectively was evaluated by
performing Chi-Square (x?) test using IBM SPSS Statistics. Chi-Square analysis was
performed under six different genotype modelling on C>T nucleotide transition. Depending
on the risk allele dominance over healthy allele which indicates the dominance of
polymorphic T allele over native C allele for this analysis, SNP analysis was dichotomized.
The comparison between each individual genotype (CC vs CT vs TT) was performed in an
additive model where the presence of polymorphism was assumed to be conduced in an
additive manner. In dominant genotype model, homozygous CC genotype was compared
with both heterozygous CT and homozygous TT genotype (CC vs CT+TT). In recessive
models, on the other hand, the evaluation of both homozygous CC and heterozygous CT
genotype together with homozygous TT genotype (CC+CT vs TT) was performed to define
the association with PCa susceptibility and Gleason Score of PCa patients. In co-dominant
models, however, homozygous CC genotype was separately compared with the

heterozygous CT genotype (CC vs CT) and homozygous or TT genotype (CC vs TT).
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In Table 3.14., the allele and genotype distribution of rs2890565 polymorphism of UTS2
gene in the study population, based on the frequency, was given together with the minor
allele frequency (MAF) which was calculated by allele counting method. Polymorphic T
allele was found to be the minor allele for both PCa patients and healthy control group in
this population. Control group displayed a relatively higher MAF for polymorphic T allele.
On the other hand, native C allele had been predominantly observed in both groups. With
respect to these findings, the distribution of both patient and control groups was consistent

with Hardy-Weinberg equilibrium (HWE) at the level of significance (p > 0.05).

Table 3.14. Genotype and allele distribution of rs2890565 polymorphism in the study

population. MAF stands for the minor allele frequency.

PCa Control
n= 158 n= 141
Genotype
CC 89.2% (141) 85.8% (121)
CT 10.1% (16) 13.5% (19)
TT 0.6% (1) 0.7% (1)
Allele
C 94.3% (298) 92.6% (261)
T 5.7% (18) 7.4% (21)
MAF 0.057 0.074




78

The association of rs2890565 C>T polymorphism with PCa susceptibility was given in Table
3.15. Chi-Square test analysis showed no significant association (p > 0.05) of rs2890565
C>T polymorphism with PCa susceptibility in the study population using the additive, co-

dominant I and 11, dominant, recessive | and Il genotype models.

Table 3.15. Association between UTS2 gene rs2890565 (C>T) polymorphism and prostate

cancer (PCa) using distinct genotype models.

Models p-value

Additive
CC
CT 0.664
TT
Co-Dominant |
CC
CT
Co-Dominant 1l
CcC
TT
Dominant
CC
CT+TT
Recessive |
CC+CT
TT
Recessive 11
CC+TT
CT

0.367

0.914

0.369

0.936

0.369

The association of rs2890565 C>T polymorphism with Gleason Score was given in Table
3.16. Gleason Score analysis of PCa patients were evaluated in two separate group where
low and intermediate risk factor Gleason Score was taken together (Gleason Score <=7) and
compared with the high-risk factor (Gleason Score > 7). When the association of rs2890565
C>T polymorphism with Gleason Score in PCa patients was analysed under each six
different genotype modelling with Chi-Square test, statistically insignificant association (p
> 0.05) was found between low risk and high-risk Gleason Score under neither of the six

different genotype modelling. In addition, no homozygous polymorphic T allele (TT
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genotype) was detected in PCa patients with low-risk Gleason Score. Age and BMI of

subjects were adjusted in all statistical analysis.

Table 3.16. Association between UTS2 gene rs2890565 (C>T) polymorphism and Gleason

Score of PCa patient using distinct genotype models.

Low-Risk High-Risk Low Risk vs High Risk
Models Gleason Gleason Score |
Score <=7 >7 p-value
Additive
CcC 46.1% (65) 53.9% (76)
CT 43.8% (7) 56.3% (9) 0.646
TT - 100% (1)
Co-Dominant |
CcC 46.1% (65) 53.9% (76) 0.858
CT 43.8% (7) 56.3% (9) '
Co-Dominant Il
CcC 46.1% (65) 53.9% (76) 0.357
TT - 100% (1) '
Dominant
CcC 46.1% (65) 53.9% (76) 0.7
CT+TT 41.22% (7) 58.8% (10) '
Recessive |
CC+CT 45.9% (72) 54.1% (85) 0.359
TT - 100% (1) '
Recessive 11
CC+TT 45.8% (65) 54.2% (77) 0.877
CT 43.8% (7) 56.3% (9) '

3.4. ASSOCIATION ANALYSIS OF RS2890565 POLYMORPHISM WITH PCA
METASTATIC STATE AND TUMOR STAGE

Association of rs90565 C>T polymorphism of UTS2 gene with the metastatic state and
tumour stage of PCa patients was evaluated using the Chi-Square test under the same
genotype models that were used for the evaluation of previous analysis. The association of
rs2890565 C>T polymorphism with metastatic state of PCa patients was given in Table 3.17.
Metastatic state of PCa patients were analysed in two different group where metastatic state
included M+ and/or N+ and non-metastatic state included local (T1-2) and locally advanced
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PCa (T3-T4). No statistically significant association (p > 0.05) of rs2890565 C>T
polymorphism with metastatic state of PCa patients was detected under neither of the six
different genotype modelling that were analysed by Chi-Square test. In addition, no
homozygous polymorphic T allele (TT genotype) was detected in the non-metastatic state

of PCa patients.

Table 3.17. Association between UTS2 gene rs2890565 (C>T) polymorphism and

metastatic state of PCa patients using distinct genotype models.

Metastatic | Non-Metastatic Metastatic vs Non-
Models Metastatic
M+ and/or N+ T1-T4 p-value
Additive
CC 32.6% (46) 67.4% (95)
CT 31.3% (5) 68.8% (11) 0.356
TT 100% (1) -
Co-Dominant |
CC 32.6% (46) 67.4% (95) 0.911
CT 31.3% (5) 68.8% (11) '
Co-Dominant 11
CC 32.6% (46) 67.4% (95) 0.154
TT 100% (1) - '
Dominant
CC 32.6% (46) 67.4% (95) 0.825
CT+TT 35.3% (6) 64.7% (11) '
Recessive |
CC+CT 32.5% (51) 67.5% (106) 0.152
TT 100% (1) - '
Recessive 11
CC+TT 33.1% (47) 66.9% (95) 0.881
CT 31.3% (5) 68.8% (11) '

The association of rs2890565 C>T polymorphism with the tumour stage of PCa patients was
presented in Table 3.18. Tumour stage of PCa patients were analysed in two groups where
the local PCa included T1-T2 and locally advanced PCa included T2-T3 stage. When the
association of rs2890565 C>T polymorphism with tumour stage in PCa patients was
analysed using the additive, co-dominant | and I, dominant, recessive | and Il genotype
models with Chi-Square test, no statistically significant association (p > 0.05) was found

between the local and the locally advanced PCa patients. As in previous evaluation, no
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homozygous polymorphic T allele was detected in both local and locally advanced PCa
patients. Therefore, no statistical analysis could be performed in the co-dominant II,
recessive | and Il genotype models. However, 0.1% was added artificially to prevent

numerical error/problem for statistical analysis for those genotype models.

Table 3.18. Association between UTS2 gene rs2890565 (C>T) polymorphism and tumour

stage of PCa patients using distinct genotype models.

Local vs Locall
Models Local Locally Advanced Advanced y
T1-T2 T3-T4 p-value
Additive
CcC 73.7% (70) 26.3% (25)
CT 72.7% (8) 27.3% (3) 0.970
TT 0.1% (0) 0.1% (0)
Co-Dominant |
CcC 73.7% (70) 26.3% (25) 0.946
CT 72.7% (8) 27.3% (3) '
Co-Dominant 1l
CcC 73.7% (70) 26.3% (25) 0.810
TT 0.1% (0) 0.1% (0) '
Dominant
CcC 73.7% (70) 26.3% (25) 0.946
CT+TT 72.7% (8) 27.3% (3) '
Recessive |
CC+CT 73.6% (78) 26.4% (28) 0.810
TT 0.1% (0) 0.1% (0) '
Recessive 11
CC+TT 73.7% (70) 26.3% (25) 0.946
CT 72.7% (8) 27.3% (3) '
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3.5. RFLP ANALYSIS OF DNA SAMPLES FOR RS228648 POLYMORPHISM

After quantity and quality analyses, the appropriate DNA samples were subjected to PCR
amplification followed by RFLP technique and visualisation on 3 percent agarose gel
electrophoresis. Undigested PCR product, which was produced by the amplification of the
target UTS2 gene containing rs228648 polymorphic region with the specific set of primer
has the length of 141 bp. When the undigested PCR product was subjected to restriction
digestion with Nlalll restriction endonuclease, the expected length of digested PCR product
with respect to the presence of polymorphic allele (A) in UTS2 gene and the restriction site
of enzyme can be seen in Figure 2.2. When homozygous GG genotype (wild type G allele)
found in the target region, the undigested PCR product is digested into two bands with the
length of 109 and 32 bp. When heterozygous GA genotype found in the target region, the
undigested PCR product is digested into four bands with the length of 109, 57, 52 and 32 bp.
When homozygous AA genotype (polymorphic A allele) found in the target region, the
undigested PCR product is digested into three bands with the length of 57, 52 and 32 bp.

PCR-RFLP result of first eighteen subjects were given in Figure 3.21. In the sampling group,
healthy volunteers were higher in number than PCa patients (S2, S14 and S17) and
heterozygous GA genotype (S1-10, S12-15, S17 and S18) was the most frequent genotype
observed in both control and patient subjects. Homozygous GG (S11) and homozygous AA
genotype (S16) were observed in only control subjects whereas PCa patients (S2, S14 and
S17) were observed to display only heterozygous GA genotype. The distinction between two
close bands were slightly observed by the presence of RFLP products with the length of 57
and 52 bp. Some thicker and brighter PCR product of Subjects 15-18 were observed in the

below gel image given in Figure 3.21.
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Figure 3.21. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 1 to 18 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.

RFLP results of subject between 19 and 36 with their corresponding PCR products were
given in Figure 3.22. Similar to previous sampling group, only four PCa patients were
present and represented by S23-25 and S27 and control subjects were observed to be higher
in number represented (S19-22, S26 and S28-36). All three different genotypes were
observed in the sampling group while heterozygous GA genotype was the most frequent
genotype observed which was accounted for thirteen of the subject group. PCa patients (S23-
25 and S27) were observed to display only heterozygous GA genotype. On the other hand,
healthy volunteers were observed to display each genotype, three of which (S20, S21 and
S28) were homozygous AA genotype, two of which (S22 and S30) were homozygous GG
genotype and the remaining subjects (519, S26, S29 and S31-36) were observed to display
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heterozygous GA genotype. Homozygous GG and homozygous AA genotype was
distinguished by the presence of RFLP product with the length of 109 and 32 bp in the
corresponding lanes of subjects. The distinction between two close bands were clearly
observed by the presence of RFLP products with the length of 57 and 52 bp. Summarized

corresponding genotype predictions for subjects between 1 and 36 were presented in Table
3.19.

141 bp
109 bp

57bp
s2bp

32bp

141 bp
109 bp

57bp
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32bp

Figure 3.22. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 19 to 36 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.
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Table 3.19. Predicted genotypes for rs228648 polymorphism on UTS2 gene for subjects

from 1 to 36.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S1 Control GA S19 Control GA
S2 PCa GA S20 Control AA
S3 Control GA S21 Control AA
S4 Control GA S22 Control GG
S5 Control GA S23 PCa GA
S6 Control GA S24 PCa GA
S7 Control GA S25 PCa GA
S8 Control GA S26 Control GA
S9 Control GA S27 PCa GA
S10 Control GA S28 Control AA
S11 Control GG S29 Control GA
S12 Control GA S30 Control GG
S13 Control GA S31 Control GA
S14 PCa GA S32 Control GA
S15 Control GA S33 Control GA
S16 Control AA S34 Control GA
S17 PCa GA S35 Control GA
S18 Control GA S36 Control GA

In Figure 3.23., PCR-RFLP results of subjects between 37 and 54 were shown. As seen in

Table 3.20., the number of PCa patients were higher than control subjects in the sampling

group. Primer dimers were observed under the PCR product in almost each lane in the below

gel image given in Figure 3.23. Regardless of the presence of primer dimers, Subjects 43,

46, 49 and 51 were analysed as homozygous GG genotype which indicated wild type G

allele while Subjects 40, 44, 45, 48 and 53 were observed as homozygous AA genotype

indicating the presence of polymorphic A allele. The remaining subjects in the sampling
group had shown to display heterozygous GA genotype (S37-39, S41, S42, S47, S50, S52

and S54).
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L S46 S47 S48 S49 S50 S51 S52 S53 S54
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Figure 3.23. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 37 to 54 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.

PCR-RFLP results for subjects from 55 to 74 were shown in Figure 3.24. Results of subject
73 and 74 with their corresponding PCR products (given in Figure D.1. of Appendix D) were
carried out in different time than other subjects due to nonspecific digestion, so that their gel
result was presented with the result of subjects between 64 and 72 in the below image given
in Figure 3.24. Primer dimers were observed on each lane. In addition, the smile effect was
slightly observed in the gel result of subjects between 64 and 72 presented in the below
image given in Figure 3.24. was negligible. Only three representatives of homozygous GG
genotypes were analysed in Subject 58, 67 and 69, two of which (S58 and S67) were PCa
patient and one of a control subject (S69). Heterozygous GA genotype indicating the
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presence of polymorphism on one allele was predominantly observed in control subjects
represented by S60, S63, S66, S71 and S74 while only two representatives of homozygous
AA genotype was observed in control subjects (S64 and S65). On the other hand,
homozygous AA genotype was predominantly observed in PCa patients represented by lanes
marked as S55, S61, S62, S68, S70 and S73 whereas only four representatives of
heterozygous GA genotype were analysed in S56, S57, S59 and S72 (PCa patient).
According to gel results, the corresponding genotype predictions for subjects between 37

and 74 were presented in Table 3.20.

L S5 $56 $57 S58 S59 S60 S61 S62 S63

Figure 3.24. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 55 to 74 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.
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Table 3.20. Predicted genotypes for rs228648 polymorphism on UTS2 gene for subjects
from 37 to 74.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S37 PCa GA S55 PCa AA
S38 Control GA S56 PCa GA
S39 Control GA S57 PCa GA
S40 PCa AA S58 PCa GG
S41 PCa GA S59 PCa GA
S42 PCa GA S60 Control GA
S43 Control GG S61 PCa AA
S44 PCa AA S62 PCa AA
S45 Control AA S63 Control GA
S46 Control GG S64 Control AA
S47 Control GA S65 Control AA
S48 PCa AA S66 Control GA
S49 PCa GG S67 PCa GG
S50 PCa GA S68 PCa AA
S51 Control GG S69 Control GG
S52 PCa GA S70 PCa AA
S53 PCa AA S71 Control GA
S54 PCa GA S72 PCa GA

S73 PCa AA
S74 Control GA

Subjects from 75 to 92 were analysed by PCR-RFLP method and their gel results were
presented in Figure 3.25. Similar to previous gel result, the smile effect was slightly observed
in the gel result of subjects from 75 to 83 presented in above gel image given in Figure 3.25.
In addition, smear bands were observed especially in lanes marked as S86-91 where its
presence was negligible. The amount of DNA ladder presented on the left of above gel image
given in Figure 3.25. was faintly observed especially after 200 bp product to make
comparison between band sizes of products. Therefore, Figure 2.2. was taken basis for the
analysis as theoretically presents the band pattern of digested products. The number of PCa
patients were higher than healthy volunteer which were represented by S75-77, S82 and S83
and heterozygous GA genotype (S75, S76, S79-88 and S90-92) was the most frequent
genotype observed which was accounted for fifteen of the subject group. The remaining
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subjects were observed as homozygous GG genotype represented by S77 (control subject),
S78 and S89 (PCa patient). However, homozygous AA genotype which indicated the

presence of polymorphism on each allele was not observed in the sampling group.

S77

Figure 3.25. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 75 to 92 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.

PCR-RFLP results of subjects from 93 and 110 were shown in Figure 3.26. As in previous
gel result given in Figure 3.25., the smile effect was observed in the below image given in
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Figure 3.26. where its presence was negligible. PCa patients were higher in number than
control subjects which were represented by S104-109. Two PCa patient (S95 and S98) were
observed to display homozygous GG genotype whereas none of control subjects had shown
to display homozygous GG genotype. Heterozygous GA genotype was observed with higher
frequency. Five representatives of homozygous AA genotype were observed in three control
subjects (S105, S106, S108) and one PCa patient (S103). The predicted genotypes of
subjects from 75 and 110 were given in Table 3.21.

L $93 $94 $95 $96 $97 $98 §$99  S1

141tp
109bp
S7bp
s2bp
2ty

Figure 3.26. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 93 to 110 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.
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Table 3.21. Predicted genotypes for rs228648 polymorphism on UTS2 gene for subjects
from 75 to 110.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S75 Control GA S93 PCa GA
S76 Control GA S94 PCa GA
S77 Control GG S95 PCa GG
S78 PCa GG S96 PCa GA
S79 PCa GA S97 PCa GA
S80 PCa GA S98 PCa GG
S81 PCa GA S99 PCa GA
S82 Control GA S100 PCa GA
S83 Control GA S101 PCa GA
S84 PCa GA S102 PCa GA
S85 PCa GA S103 PCa AA
S86 PCa GA S104 Control GA
S87 PCa GA S105 Control AA
S88 PCa GA S106 Control AA
S&9 PCa GG S107 Control GA
S90 PCa GA S108 Control AA
S91 PCa GA S109 Control GA
S92 PCa GA S110 Control GA

PCR-RFLP results of subjects between 111 and 128 were given in Figure 3.27. Although

bands were not obtained as in straight line because of uneven heating of the gel, it was

negligible for the genotype analysis. Similar to previous sampling group, PCa patients were

predominantly observed while control group was represented with five subjects (S113, S115,

S123, S124 and S127). PCa patient subjects were observed to display all three genotypes

while control subjects were observed to display only homozygous AA and heterozygous GA

genotype. Only three PCa patients (S111, S117 and S120) had shown to display homozygous

GG genotype. Heterozygous GA genotype was observed in eight PCa patients (S114, S116,
S118, S119, S121, S122, S126 and S128) and two control subjects (S123 and S127).
Homozygous AA genotype was observed in only five subjects, two of which (S112 and
S125) were PCa patients and three of which (S113, S115 and S124) were control subjects.
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109 bp =

Figure 3.27. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 111 to 128 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.

In Figure 3.28., PCR-RFLP result of subjects 129 through 145 were given. As seen in Figure
3.28., the below gel result was obtained with sixteen subjects which are S138-145 because
of one distorted well formation. The sample population was observed to be distributed
almost equally between healthy and patient subjects. Homozygous AA genotype was
predominantly observed in eight subjects shown in S129, S131, S133, S134, S138, S140,
S143, and S145 whereas homozygous GG genotype was observed in only three subjects,



93

two of which (S135 and S141) were PCa patient, and one was a healthy volunteer (5144).
The remaining subjects were observed to display heterozygous GA genotype indicating the
presence of polymorphism on one allele represented by S130, S132, S136, S137, S139 and

S142. The prediction of corresponding genotyping for subjects from 111 and 145 was given
in Table 3.22.

141 bp

109 bp

57bp

52bp

32bp

141 bp

109 bp

57bp
52bp

32bp

Figure 3.28. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 129 to 145 on 3% agarose gel. The band patterns were

displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.
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Table 3.22. Predicted genotypes for rs228648 polymorphism on UTS2 gene for subjects
from 111 to 145.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S111 PCa GG S129 Control AA
S112 PCa AA S130 PCa GA
S113 Control AA S131 Control AA
S114 PCa GA S132 Control GA
S115 Control AA S133 PCa AA
S116 PCa GA S134 Control AA
S117 PCa GG S135 PCa GG
S118 PCa GA S136 PCa GA
S119 PCa GA S137 Control GA
S120 PCa GG S138 PCa AA
S121 PCa GA S139 PCa GA
S122 PCa GA S140 PCa AA
S123 Control GA S141 PCa GG
S124 Control AA S142 PCa GA
S125 PCa AA S143 Control AA
S126 PCa GA S144 Control GG
S127 Control GA S145 Control AA
S128 PCa GA

PCR-RFLP results of subjects between 146 and 162 were shown in Figure 3.29. Compared

to healthy subjects, higher number of PCa patient were present which were represented by
S146, S148, S150, S151, S160 and S162. Only two representatives of homozygous GG

genotype were observed in Subject 148 and 150 (control group) whereas none of PCa

patients was observed to display homozygous GG genotype in this sampling group.

Heterozygous GA genotype was predominant in control subjects represented by S146, S151

and S162 while homozygous AA genotype was predominantly displayed in PCa patient
subjects represented by S149, S152-156, S159 and S161. Only one control subject (S160)
had shown to display homozygous AA genotype and three PCa patient subjects (S147, S157

and S158) had shown to display heterozygous GA genotype.
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Figure 3.29. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 146 to 162 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.

In Figure 3.30., RFLP results of subjects between 163 and 178 with their corresponding PCR
products were presented. The results of Subject 172 and 177 with their corresponding PCR
products (given in Figure D.2. of Appendix D) were carried out in different time than other
subject 178, so that its gel result was presented with the result of subject 178 in the below
image given in Figure 3.30. PCa patients were observed predominantly whereas only three

control subjects were observed represented by S173, S175 and S177 in the sampling group.
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Two representatives of homozygous GG genotype were observed in control subjects (S175
and S177). None of PCa patients had shown to display homozygous GG genotype while
homozygous AA genotype (S163, S165, S166, S168, S169, S171, S172, S174, S176 and
S178) was obtained with higher frequency in PCa patients. Heterozygous GA genotype was
observed only for S164, S167 and S170 (PCa patient) and S177 (healthy volunteer). Two
genotype was distinguished by the presence of RFLP product with the length of 109 bp in
corresponding lanes of subjects. Summarized corresponding genotype predictions for
subjects between 146 and 178 were presented in Table 3.23.

L S163 S164 S165 S166 S167 S168 S169 S170 S171
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Figure 3.30. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 163 to 177 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.
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Table 3.23. Predicted genotypes for rs228648 polymorphism on UTS2 gene for subjects
from 146 to 178.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S146 Control GA S163 PCa AA
S147 PCa GA S164 PCa GA
S148 Control GG S165 PCa AA
S149 PCa AA S166 PCa AA
S150 Control GG S167 PCa GA
S151 Control GA S168 PCa AA
S152 PCa AA S169 PCa AA
S153 PCa AA S170 PCa GA
S154 PCa AA S171 PCa AA
S155 PCa AA S172 PCa AA
S156 PCa AA S173 Control GG
S157 PCa GA S174 PCa AA
S158 PCa GA S175 Control GG
S159 PCa AA S176 PCa AA
S160 Control AA S177 Control GA
S161 PCa AA S178 PCa AA
S162 Control GA

RFLP results of subjects between 179 and 196 with their corresponding PCR products were

given in Figure 3.31. Compared to healthy subjects, higher number of PCa patient were

present in the sampling group. All three genotype was equally observed in PCa patients, four

of which Subjects 179, 186, 191 and 195 were observed to display homozygous GG

genotype, four of which Subjects 182, 183, 188 and 190 were observed to display

heterozygous GA genotype, and the remaining four of which Subjects 180, 181, 189 and 193

were observed to display homozygous AA genotype. However, none of control subjects had

shown to display homozygous GG genotype, but homozygous AA (5185, S192 and S194)

and heterozygous GA genotype was observed equally (S184, S186 and S196) in control

subjects.
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Figure 3.31. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 179 to 196 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.

In Figure 3.32., PCR-RFLP results of subjects from 197 to 214 were shown. Similar to
previous sampling group, the number of PCa patients were higher than control subjects
represented by S197, S203, S212-214. All three genotypes were observed in both patients
and control subjects. In control group, Subject 203 was observed to display homozygous GG
genotype, Subjects 197 and 214) were observed to display heterozygous GA genotype and
the remaining two control subjects (S212 and S213) had shown to display homozygous AA
genotype. Homozygous AA (S198, S199, S206, S208 and S209) and heterozygous GA
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genotypes (5200, S202, S207, S210 and S211) were equally observed in PCa patients while
only three representatives of homozygous GG genotype was observed in PCa patients

represented by S201, S204 and S205. The prediction of corresponding genotyping for
subjects from 179 and 214 was given in Table 3.24.

L S197 S198 S199

S2 S201

$202 203
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Figure 3.32. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 197 to 214 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.
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Table 3.24. Predicted genotypes for rs228648 polymorphism on UTS2 gene for subjects
from 179 to 214.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S179 PCa GG S197 Control GA
S180 PCa AA S198 PCa AA
S181 PCa AA S199 PCa AA
S182 PCa GA S200 PCa GA
S183 PCa GA S201 PCa GG
S184 Control GA S202 PCa GA
S185 Control AA S203 Control GG
S186 Control GA S204 PCa GG
S187 PCa GG S205 PCa GG
S188 PCa GA S206 PCa AA
S189 PCa AA S207 PCa GA
S190 PCa GA S208 PCa AA
S191 PCa GG S209 PCa AA
S192 Control AA S210 PCa GA
S193 PCa AA S211 PCa GA
S194 Control AA S212 Control AA
S195 PCa GG S213 Control AA
S196 Control GA S214 Control GA

PCR-RFLP results of subjects between 215 and 229 were given in Figure 3.33. As seen in

the Figure 3.33., the above gel result was obtained with only twelve subjects which are S215-

220 because of distorted well formation. The sample population was observed to be

distributed almost equally between healthy and patient subjects. Homozygous AA genotype

was predominantly observed in six subjects, three of which (S217, S220 and S229) were
PCa patient, and three were healthy volunteers (S222, S225 and S226). Heterozygous GA
genotype was observed in lanes marked as S215, S216, S218, S219 and S228. On the other
hand, homozygous GG genotype were observed only for Subject 221 (PCa patient), Subjects
223, 224 and 227 (control subject).
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Figure 3.33. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 215 to 229 on 3% agarose gel. The band were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.

In Figure 3.34., RFLP results of subjects between 230 and 246 with their corresponding PCR
products were shown. The smile effect was slightly observed in the gel result of subjects
between 238 to 246 that presented in the below image given in Figure 3.34. where its
presence was negligible. The heterozygous GA genotype was the most frequent genotype
observed which was accounted for twelve of the subject group represented by S230, S231,
S234-236, S239-245 while only two homozygous GG genotype (S237 and S246) and three
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homozygous AA genotype (5232, S233 and S238) were observed. All three control subjects
represented by S235, S240 and S241 had shown to display only heterozygous GA genotype.
However, PCa patient subjects were observed to display all three possible genotypes. The
corresponding genotype prediction for the subjects from 215 to 246 was presented in Table
3.25.

Figure 3.34. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 230 to 246 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.
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Table 3.25. Predicted genotypes for rs228648 polymorphism on UTS2 gene for subjects
from 215 to 246.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S215 PCa GA S230 PCa GA
S216 Control GA S231 PCa GA
S217 PCa AA S232 PCa AA
S218 PCa GA S233 PCa AA
S219 PCa GA S234 PCa GA
S220 PCa AA S235 Control GA
S221 PCa GG S236 PCa GA
S222 Control AA S237 PCa GG
S223 Control GG S238 PCa AA
S224 Control GG S239 PCa GA
S225 Control AA S240 Control GA
S226 Control AA S241 Control GA
S227 Control GG S242 PCa GA
S228 PCa GA S243 PCa GA
S229 PCa AA S244 PCa GA

S245 PCa GA
S246 PCa GG

PCR-RFLP results of subjects between 247 and 263 were given in Figure 3.35. Results of
subject 256 and 257 with their corresponding PCR products were (given in Figure D.3. of
Appendix D) performed in different time than other subjects due to nonspecific digestion,
so that their gel result was presented with the result of subjects between 258 to 263 in the
below image given in Figure 3.35. The sampling group was consisted of nine of PCa patients
and eight of control subjects. Heterozygous GA genotype indicating the presence of both
wild type and polymorphic allele was observed most frequently in both patient and control
subjects. Seven representatives of heterozygous GA genotype were observed on PCa patients
represented by S247, S249, S250, S252-255 and four of them was observed on control
subjects represented by S248, S258-260. Homozygous AA genotype which indicated
polymorphic allele was observed in only three subjects, two of which (S251 and S257) were
PCa patient, and one was a healthy volunteer (S262). No homozygous GG genotype
indicating the presence of wild type allele was observed in PCa patients in this group while
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three of control subjects (S256, S261 and S263) were observed with homozygous GG
genotype.

Figure 3.35. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 247 to 263 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.

In Figure 3.36., PCR-RFLP results for subjects between 264 and 280 was given. The two
close bands, RFLP products with the length of 57 and 52 bp, were faintly observed but
directly distinguished on the gel image. Unlike the previous gel results, healthy volunteers
were observed to be higher in number in the sampling groups while there were only two PCa
patient subjects. PCa patients represented by S265 and S277 had shown to display only

heterozygous GA genotype whereas all three genotype was observed in control subjects.
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Heterozygous GA genotype was the most frequently observed genotype presented in lanes
marked as S264, S267-270, S273, S274 and S276. Five representatives of homozygous AA
genotype were observed only in control subjects (S266, S271, S272, S278 and S279).
Homozygous GG genotype was the least observed genotype represented by S275 and S280.

According to gel results, the corresponding genotypes of each subject from 247 and 280
were predicted and shown in Table 3.26.

L S264 S265

141 bp

109 bp

57bp.
52bp

32bp

Figure 3.36. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 264 to 280 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.
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Table 3.26. Predicted genotypes for rs228648 polymorphism on UTS2 gene for subjects
from 247 to 280.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S247 PCa GA S264 Control GA
S248 Control GA S265 PCa GA
S249 PCa GA S266 Control AA
S250 PCa GA S267 Control GA
S251 PCa AA S268 Control GA
S252 PCa GA S269 Control GA
S253 PCa GA S270 Control GA
S254 PCa GA S271 Control AA
S255 PCa GA S272 Control AA
S256 Control GG S273 Control GA
S257 PCa AA S274 Control GA
S258 Control GA S275 Control GG
S259 Control GA S276 Control GA
S260 Control GA S277 PCa GA
S261 Control GG S278 Control AA
S262 Control AA S279 Control AA
S263 Control GG S280 Control GG

In Figure 3.37., RFLP results of subjects between 281 and 299 with their corresponding PCR
products were shown. Result of subject 299 with its corresponding PCR product (given in
Figure D.4. of Appendix D) was performed in different time than other subjects, so that its
gel result was presented with the result of subjects between 290 to 298 in the below image
given in Figure 3.37. Smear bands were observed especially in lanes marked as S282 and
S283 where its presence was negligible. The amount of DNA ladder presented on the left of
above gel image given in Figure 3.37. was faintly observed especially after 200 bp product
to make comparison between band sizes of products. Therefore, Figure 2.2. was taken basis
for the analysis as theoretically presents the band pattern of digested products. The sampling
group was consisted of only control subjects. All three genotypes were observed while
homozygous AA genotype (S283, S288-290, S294, S295 and S297-299) was observed most
frequently than other genotypes. Only two representatives of homozygous GG genotype

were observed in lanes marked as S286 and S296. The remaining subjects were observed as
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heterozygous GA genotype indicating the presence of polymorphism on one allele. The

predicted genotypes were given in Table 3.27.

S282 S283 S284 285

S$291 $292 $293 $294

Figure 3.37. For restriction analysis, SNP genotyping of rs228648 with PCR-RFLP on
DNA samples isolated from Subject 281 to 299 on 3% agarose gel. The band patterns were
displayed by PCR-RFLP results of the rs228648 G>A polymorphism: undigested PCR
product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp; heterozygous (GA)
genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA) genotype: 57 bp, 52 bp and
32 bp. On the left, DNA ladder (20 bp) was loaded.
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Table 3.27. Predicted genotypes for rs228648 polymorphism on UTS2 gene for subjects

from 281 to 299.

Sample ID | Group | Genotype Sample ID | Group | Genotype
S281 Control GA S290 Control AA
S282 Control GA S291 Control GA
S283 Control AA S292 Control GA
S284 Control GA S293 Control GA
S285 Control GA S294 Control AA
S286 Control GG S295 Control AA
S287 Control GA S296 Control GG
S288 Control AA S297 Control AA
S289 Control AA S298 Control AA

S299 Control AA

In Figure 3.38., the repeated genotype analysis for subjects between 110 and 279 was

presented. The heterozygous GA genotype and homozygous AA genotype were observed

equally in this sampling group. All control subjects represented by S110, S248 and S279

were observed to display homozygous AA genotype. Only one representative of

homozygous AA genotype was observed in PCa patient (S249) while the remaining PCa

patients were observed to display only heterozygous GA genotype represented by S187-244.

No homozygous GG genotype which indicated the wild type allele was obtained. The

predicted genotypes of subjects between 110 and 179 were given in Table 3.28.



S244 S248

109

Figure 3.38. For restriction analysis, repeated SNP genotyping of rs228648 with PCR-
RFLP on DNA samples isolated from Subject 110 to 279 on 3% agarose gel. The band

patterns were displayed by PCR-RFLP results of the rs228648 G>A polymorphism:
undigested PCR product: 141 bp; homozygous (GG) genotype: 109 bp and 32 bp;
heterozygous (GA) genotype: 109 bp, 57 bp, 52 bp and 32 bp; homozygous (AA)
genotype: 57 bp, 52 bp and 32 bp. 20 bp DNA ladder was loaded on the left.

Table 3.28. Predicted genotypes for rs228648 polymorphism on UTS2 gene for subjects
from 110 to 279.

Sample ID | Group | Genotype
S110 Control AA
S187 PCa GA
S202 PCa GA
S247 PCa GA
S244 PCa GA
S248 Control AA
S249 PCa AA
S279 Control AA
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To confirm the results of PCR-RFLP analysis of samples, random sampling had been
performed within the population. Sanger sequencing was performed on 141 bp region that
comprised the recognition site of Nlalll restriction endonuclease. Forward and reverse
spectrum of each sample was analysed, and it was compared with agarose gel result that
shown in Table 3.29. A representative chromatogram of reverse spectrum of subject 11

obtained by Sanger sequencing was shown in Figure 3.39.

TGGCCAAAGCAAAGAGACGT GGATTTAT GAGTCCGAC(

GG Genotype

Figure 3.39. Representative reverse spectrum of Subject 11. Each nucleotide is represented

by colour codes. Thymine, red; Adenine green; Cytosine, blue; Guanine, black.

Table 3.29. The comparison of predicted genotypes for selected subjects with sequence

result.

Sample ID | Predicted Genotype | Sequence Result
S11 GG GG
S20 AA AA

3.6. ASSOCIATION ANALYSIS OF RS228648 POLYMORPHISM WITH PCA
SUSCEPTIBILITY AND GLEASON SCORE

Genotype and allele distribution of UTS2 gene of rs228648 polymorphism is shown in Table
3.30. based on the frequency in the population. The possible association between UTS2 gene
rs228648 G>A polymorphism and PCa susceptibility and Gleason Score of PCa patients that
shown in Table 3.31. and Table 3.32., respectively was evaluated by performing Chi-Square
(x?) test using IBM SPSS Statistics. Chi-Square analysis was performed under six different
genotype modelling on G>A nucleotide transition. Depending on the risk allele dominance

over healthy allele which indicates the dominance of polymorphic A allele over native G
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allele for this analysis, SNP analysis was dichotomized. The comparison between each
individual genotype (GG vs GA vs AA) was performed in additive model where the presence
of polymorphism was assumed to conduced in an additive manner. In dominant genotype
model, homozygous GG genotype was compared with both heterozygous GA and
homozygous AA genotype (GG vs GA+AA). In recessive models, on the other hand, the
evaluation of both homozygous GG and heterozygous GA genotype together with
homozygous AA genotype (GG+GA vs AA) was performed to define association with PCa
susceptibility and Gleason Score of PCa patients. In co-dominant models, however,
homozygous GG genotype was separately compared with heterozygous GA genotype (GG
vs GA) and homozygous AA genotype (GG vs AA).

In Table 3.30., the allele and genotype distribution of rs228648 polymorphism of UTS2 gene
in the study population, based on the frequency, was given together with MAF which
calculated by allele counting method. Native G allele was found to be minor allele for both
PCa patients and healthy control group in this population. Both control and patient group
displayed approximately similar MAF for native G allele. On the other hand, polymorphic
A allele has been predominantly observed in both groups. With respect to these findings, the
distribution of both patient and control groups was consistent with HWE at the level of

significance (p > 0.05).

Table 3.30. Genotype and allele distribution of rs228648 polymorphism in the study

population. MAF stands for the minor allele frequency.

PCa Control
n= 158 n=141
Genotype
GG 13.3% (21) 17% (24)
GA 53.8% (85) 51.8% (73)
AA 32.9% (52) 31.2% (44)
Allele
G 40.2% (127) 42.9% (121)
A 59.8% (189) 57.1% (161)
MAF 0.40 0.43
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The association of rs228648 G>A polymorphism with PCa susceptibility was given in Table
3.31. Chi-Square test analysis showed no statistically significant association (p > 0.05) of
rs228648 G>A polymorphism with PCa susceptibility in this study population using the

additive, co-dominant I and 11, dominant, recessive | and Il genotype models.

Table 3.31. Association between UTS2 gene rs228648 (G>A) polymorphism and the risk

of PCa using distinct genotype models.

Models p-value

Additive
GG
GA 0.666
AA
Co-Dominant |
GG
GA
Co-Dominant Il
GG
AA
Dominant
GG
GA + AA
Recessive |
GG + GA
AA
Recessive 11
GG + AA
GA

0.398

0.406

0.368

0.752

0.726

The association of rs228648 G>A polymorphism with Gleason Score was given in Table
3.32. Gleason Score analysis of PCa patients were evaluated in two separate group where
low and intermediate risk factor Gleason Score was taken together (Gleason Score <= 7) and
compared with high-risk factor (Gleason Score > 7). When the association of rs228648 G>A
polymorphism with Gleason Score in PCa patients was analysed under each six different
genotype modelling with Chi-Square test, statistically insignificant association (p > 0.05)
was found between low-risk and high-risk Gleason Score under neither of the six different

genotype modelling. Age and BMI of subjects were adjusted in all statistical analysis.



Score in PCa patients using distinct genotype models.

Low Risk High Risk Low Risk vs High Risk
Models Gleason Gleason Score
Score <=7 >7 p-value
Additive
GG 42.9% (9) 57.1% (12)
GA 43.5% (37) 56.5% (48) 0.735
AA 50.0% (26) 50.0% (26)
Co-Dominant |
GG 42.9% (9) 57.1% (12) 0.956
GA 43.5% (37) 56.5% (48) '
Co-Dominant Il
GG 42.9% (9) 57.1% (12) 0.580
AA 50.0% (26) 50.0% (26) '
Dominant
GG 42.9% (9) 57.1% (12) 0.789
GA + AA 46.0% (63) 54.0% (74) '
Recessive |
GG + GA 43.4% (46) 56.6% (60) 0.434
AA 50.0% (26) 50.0% (26) '
Recessive 11
GG + AA 47.9% (35) 52.1% (38) 0.578
GA 43.5% (37) 56.5% (48) '
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Table 3.32. Association between UTS2 gene rs228648 (G>A) polymorphism and Gleason

3.7. ASSOCIATION ANALYSIS OF RS228648 POLYMORPHISM WITH PCA
METASTATIC STATE AND TUMOR STAGE

Association of rs228648 G>A polymorphism of UTS2 gene with metastatic state and tumour
stage of PCa patients was evaluated by using the Chi-square test under the same genotype
models that were used for the evaluation of previous analysis. The association of rs228648
G>A polymorphism with metastatic state of PCa patients was given in Table 3.33. Metastatic
state of PCa patients were analysed in two different group where metastatic state included
M+ and/or N+ and non-metastatic state included local (T1-2) and locally advanced PCa (T3-
T4). No statistically significant association (p > 0.05) of rs228648 G>A polymorphism with
metastatic state of PCa patients was detected under neither of the six different genotype

modelling that were analysed by Chi-Square test.



Table 3.33. Association between UTS2 gene rs228648 (G>A) polymorphism and
metastatic state of PCa patients using distinct genotype models.

Metastatic Non- _ Metastatic vs_Non-
Metastatic Metastatic
Models M+ and/or
N+ T1-T4 p-value
Additive
GG 38.1% (8) 61.9% (13)
GA 30.6% (26) 69.4% (59) 0.767
AA 34.6% (18) 65.4% (34)
Co-Dominant |
GG 38.1% (8) 61.9% (13) 0.509
GA 30.6% (26) 69.4% (59) '
Co-Dominant 1l
GG 38.1% (8) 61.9% (13) 0.779
AA 34.6% (18) 65.4% (34) '
Dominant
GG 38.1% (8) 61.9% (13) 0.587
GA + AA 32.1% (44) 67.9% (93) '
Recessive |
GG+ GA 32.1% (34) 67.9% (72) 0.750
AA 34.6% (18) 65.4% (34) '
Recessive 11
GG + AA 35.6% (26) 64.4% (47) 0.502
GA 30.6% (26) 69.4% (59) '

The association of rs228648 G>A polymorphism with tumour stage of PCa patients was
presented in Table 3.34. Tumour stage of PCa patients were analysed in two group where
local PCa included T1-T2 and locally advanced PCa included T2-T3 stage. When the
association of rs228648 G>A polymorphism with tumour stage in PCa patients was analysed
using the additive, co-dominant | and Il, dominant, recessive | and 1l genotype models with
Chi-Square, statistically insignificant association (p > 0.05) was found between the local and

locally advanced PCa patients.
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Table 3.34. Association between UTS2 gene rs228648 (G>A) polymorphism and tumour

3.8.

stage of PCa patients using distinct genotype models.

Local Locally Local vs Locally
Models Advanced Advanced
T1-T2 T3-T4 p-value
Additive
GG 84.6% (11) 15.4% (2)
GA 72.9% (43) 27.1% (16) 0.611
AA 70.6% (24) 29.4% (10)
Co-Dominant |
GG 84.6% (11) 15.4% (2) 0.376
GA 72.9% (43) 27.1% (16) '
Co-Dominant 11
GG 84.6% (11) 15.4% (2) 0.324
AA 70.6% (24) 29.4% (10) '
Dominant
GG 84.6% (11) 15.4% (2) 0.336
GA + AA 72.0% (67) 28.0% (26) '
Recessive |
GG + GA 75.0% (54) 25.0% (18) 0.631
AA 70.6% (24) 29.4% (10) '
Recessive 11
GG + AA 74.5% (35) 25.5% (12) 0.854
GA 72.9% (43) 27.1% (16) '

HAPLOTYPE ANALYSIS OF RS2890565 AND RS228648 POLYMORPHISMS

IN UTS2 GENE

Haplotype frequencies of CA (SM), CG (ST), TG (NT) and TA(NM) in both patients and

control groups were presented in Table 3.35 and Table 3.36. Haplotype analysis was

performed both by allele counting method which was given in Table 3.35. and using online

SHEsis software which was shown in Table 3.36. The obtained estimated results by using

those two methods were similar. In Table 3.36, when the haplotype analysis was performed
on UTS2 gene S89N and T21M polymorphisms using online SHEsis software, CG (ST), TG

(NT) and TA (NM) haplotype frequencies were found approximately similar in both groups

except for the CA (SM) haplotype. Although, an increase was observed in CA (SM)
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haplotype frequencies in PCa patient subjects, the results were statistically insignificant and
could not be associated with PCa as the p-value was greater than the significance level.
Considering the CA (SM) haplotype as a reference group, no significant difference (p > 0.05)
was found between PCa patients and control healthy control subjects regarding UTS2 gene

haplotype distribution.

Table 3.35. Estimated haplotype frequencies of UTS2 gene rs2890565 and rs228648

polymorphisms in PCa patients and control group by allele counting method.

Sgﬂi.p'_"#yzpfw. rT ?5;; Pr?F;(iCOe/E)ts Cr?r(‘f,/g‘;' OR (95% CI)? | p-value
CA(SM) | 675 (56.4%) (53260 ) (52%% ’ 1%
CG(ST) | 443 (37.0%) (32.34%@ (35.18%/0) (0.72'7?1.2159) 0.450
TG(NT) | 53(44%) | 24(3.8%) |29 (5.1%) 0’6?2(205';)’98' 0.211
TANM) | 25@21%) | 12(1.9%) | 13 (2.3%) 0’771?7%:;’50' 0.541

20R and ClI represents the odds ratio and confidence interval, respectively.

*: Reference value

Table 3.36. Estimated haplotype frequencies of UTS2 gene rs2890565 and rs228648

polymorphisms in PCa patients and control groups by using SHEsis software.

PCa
Haplotype Total . Control o al n
S8ON — T21M n (%) Patients n (%) OR (95% CI)? | p-value
n (%)
345 0 158 1.137 (0.822 -
CA (SM) (57.7%) 187 (59.1%) (56.0%) 1.574) 0.436
214 0 103 0.94 (0.673 -
CG (ST) (35.8%) 111 (35.1%) (36.5%) 1.315) 0.721
TG (NT) 34 (5.7%) | 16 (5%) | 18 (6.3%) 0'7§25é%39 "~ | 0.486
TA (NM) 5 (0.8%) 2 (0.6%) 3 (1.0%) 0'59:2,) (507;) %8 - 0.563

20R and CI represents the odds ratio and confidence interval, respectively.
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4. DISCUSSION

Urotensin Il (U-1l) is a somatostatin-like cyclic undecapeptide encoded by UTS2 gene
[178,180,181]. U-1l has been known to be the most potent mammalian vasoconstrictor
peptide identified so far that exerts its biological effects via binding with high affinity to its
receptor called Urotensin-2 Receptor (UTR) [180,184,190,279]. Recent studies have shown
that U-1l and UTR have significant effects not only in the physiological regulation of various
organ system such as renal, cardiovascular and metabolic systems [204,205], but also
pathophysiological regulation of many diseases such as CHF, CAD and hypertension [205]
and insulin resistance [219]. Besides its physiological and pathophysiological regulation, U-
Il possesses vasoactive, mitogenic, hypertrophic and angiogenic actions in response to U-11-
induced intracellular signal transduction pathways based on the cell type [230]. Numerous
studies have been established a link between U-I1, UTR and cancer because of its mitogenic
action that is mediated through PKC/c-Src/ERK [241,243,245] and RhoA/Rho kinase
pathways, and its angiogenic action which is mediated by the activation of
PLC/PKC/ERK1/2 and P13K/Akt pathways [259] and expression of VEGF [260]. Therefore,
U-I1and UTR have been the focus of studies on cancer pathogenesis such as adenocarcinoma
glioblastoma [265,266], breast [267] and prostate cancer [269-271].

Prostate cancer (PCa) is known being the most common diagnosed malignant cancer in men.
According to recent studies, it is the leading cause of cancer-related deaths among men
worldwide in 2021 [15,16]. In the development of PCa, the only well-known established
risk factors were identified as demographic factors included age [21], race/ethnicity [18,19]
and genetic factors including the family history of PCa [26]. Unlike established risk factors,
many putative risk factors in the development of PCa such as smoking [280] and obesity
[95] have been implicated, but their role in PCa etiology are still inconclusive [20]. Patients
with PCa are diagnosed via biopsy of the prostate tissue followed by grading the disease
based on Gleason score and ISUP grade which helps to predict the aggressiveness of PCa
and serum levels of PSA [137-140]. As the number of PCa-related deaths increases, the need
for new therapies and treatments against PCa are arising. Most of PCa patients have being
treated with ADT which is known as the basis and the most convenient treatment of
progressive PCa [95]. Nevertheless, the failure of ADT in some cases is the major limitation

of therapy and eventually leads to the development of CRPC in patients [39,96] which then
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brings about the need for profound investigation in genome analysis and molecular
mechanisms to comprehend and treat the progression of PCa. In this manner with the help
of genome-wide association studies (GWAS), more than two dozen SNPs are discovered in

the genomes of PCa patients that associated with the risk of PCa development [281,282].

As stated before, UTR has been the centre of a few studies as a prognostic marker in PCa
[269-271]. The first data presented in literature was conducted by Grieco et al. showing a
significant association of high-grade tumours (high Gleason score) and more advanced stage
PCa with the reduced expression of UTR. As such, UTR was proposed as a prognostic
marker in human prostate adenocarcinoma patients that can be used together with Gleason
score [269]. De Cobelli et al. also reported a significant association (p < 0.05) between high
UTR expression and high Gleason score and clinical-T stage in PCa patients who undergo
radical prostatectomy (RP) [270].

According to NCBI database, over 60 SNPs are identified in human UTS2 gene and some
of which are reported to be possible risk factors for the progression of many diseases [196].
Over two decades, rs2890565 (S89N, 3836C>G/T) and rs228648 (T21M, 143G>A)
polymorphisms which are missense variants of UTS2 gene have been widely studied and
shown to be possible risk factors in the development of diseases such as type Il diabetes
mellitus and cancer [181,196,205,228,275-277]. A molecular modelling study showed that
the amino acid exchange in both S89N and T21M polymorphisms resulted in a change in
the 3D structure of U-II peptide that may yield an immature form of UTS2 [275]. There are
only two studies that have investigated the effects of UTS2 gene rs2890565 and rs228648
polymorphisms in the breast cancer development [181,276]. Until to date, there is not any
research conducted about rs2890565 and rs228648 polymorphisms of UTS2 gene on the

progression of PCa.

In the current study, the association of both rs2890565 C>G/T and rs228648 G>A
polymorphisms of UTS2 gene was investigated on the progression of PCa with the
comparison of Gleason score, tumour stage (T1-T2 and T3-T4) and metastatic state (N+
and/or M+) under different genotype models. Our results demonstrated no significant
difference (p > 0.05) between PCa patients and healthy control subjects with respect to age,
BMI, PSA levels and familial history in the study population. In contrast, we found an
association (p < 0.05) between PCa patients and smoking status which may be considered

as a risk factor for PCa in this study. In agreement with our findings, Huncharek et al.,



119

showed that smoking has been shown to be associated with PCa incidence and mortality
[283].

When rs2890565 polymorphism was investigated, polymorphic G allele was not found in
the genome of the subjects in this study. In that, our results showed that rather than Cytosine
to Guanine nucleotide substitution in rs2890565 C>G polymorphism was present in our
subject group. When the association between UTS2 gene rs2890565 polymorphism and
progression of PCa including Gleason score, tumour stage and metastatic state of patients
was analysed under each genotype models, no significant difference in the frequency of
UTS2 S89N variant was observed between healthy controls and PCa patients under neither
of tested genotype models. In addition, no significant association (p > 0.05) of rs2890565
polymorphism was detected with upgrading of Gleason score and tumour stage as well as
the metastatic state of PCa patients. Only one of the metastatic PCa patient showed TT
genotype in our study population. Our results are consistent with previous study by
Yumrutas et al. as an insignificant association (p > 0.05) between rs2890565 polymorphism
and the development of breast cancer was found in Turkish population [276]. In contrast
Kamal et al., reported a significant association with the risk of breast cancer development

and S89N polymorphism of UTS2 in Egyptian patients [181].

As rs228648 SNP on UTS2 gene was also associated with breast cancer, here we investigate
whether there is any correlation of this polymorphism with the risk of progression of PCa by
comparing of Gleason score, tumour stage and metastatic state of PCa patients using
different statistical genotype models. Rs228648 polymorphism causes the substitution of
Guanine with Adenine resulting replacement of amino acid Thr21 residue by Met in UTS2
gene [205]. Our findings suggest that although the polymorphic A allele frequency was
found more than half of the controls and PCa patients’ genome, the presence of polymorphic
A allele rather than native G allele was indicated no significance association (p > 0.05) with
PCa susceptibility compared to control group in any genotype models. When the association
between UTS2 gene rs228648 polymorphism and Gleason score, tumour stage and
metastatic state of PCa patient subjects were investigated, statistically insignificant
association (p > 0.05) was found under neither of the tested genotype models. Similarly,
Kamal et al. showed that UTS2 gene rs228648 polymorphism was not significantly
associated (p > 0.05) with breast cancer development in Egyptian population [181]. On the

other hand, Yumrutas et al. demonstrated a significant association (p < 0.05) between breast
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cancer and rs228648 polymorphism such that both M21M genotype and 21M allele was a
significantly higher in breast cancer patients than the control healthy group in Turkish
population. Additionally, they reported significantly decrease in the plasma U-I11 level (p <
0.05) in breast cancer patients with UTS2 T21M variant [276].

Although haplotype analysis which provides powerful data in association studies was
performed to investigate two SNPs in UTS2 gene, significant association was not found
between PCa patients and control groups. Our results are consistent with the report of Kamal
et al. that was shown to be statistically insignificant association of MS, TS and MN
haplotypes with breast cancer [181]. On the other hand, Yumrutas et al. reported haplotype
analysis and found significant association of increased SM and decreased ST haplotypes

with breast cancer [276].

To sum up, our results suggested that both rs2890565 and rs228648 polymorphisms of UTS2
gene was not associated (p > 0.05) with the risk of development and progression of PCa
compared to healthy controls including Gleason score, tumour stage and metastatic state of
PCa patients using different statistical genotype models in our subject group. There are some
limitations of the current study which requires to be addressed. One of the limitations is that
the number of sample size especially in patients was relatively small. In addition, the
previous study with breast cancer have shown the association between plasma U-Il with
UTS2 polymorphisms in breast cancer [276]. However, U-I1 plasma level was not measured

in our study population which stands for another limitation in this study.
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5. CONCLUSION AND FUTURE PERSPECTIVES

This is the first study in the literature which investigated the association between rs2890565
and rs228648 polymorphisms in UTS2 gene and progression of prostate cancer in Turkish
population. Unlike the data presented in for breast cancer in literature, no significant
association of both rs2890565 and rs228648 UTS2 gene polymorphisms with the risk of PCa
development or metastasis as well as Gleason score and tumour stage upgrading was found.
In fact, none of the subjects has displayed polymorphic G allele caused by nucleotide
substitution in rs2890565 polymorphism in their genome. Our findings showed that
rs2890565 and rs228648 polymorphisms in UTS2 gene are not a risk factor in the

development and progression of PCa.

Consequently, in order to overcome the limitations that took place in our study, further
studies are required to investigate both rs2890565 and rs228648 polymorphisms in UTS2
gene with a larger sample scale size and also different ethnic groups. Furthermore, the
measurement of expression levels of U-I1l1 and UTR in both serum and prostate cancer tissues
can be of great interest for the future studies. It may enlighten the future search for the
possible association of UTS2 rs2890565 and rs228648 polymorphisms and U-1I/UTR
expression with the development of PCa.
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APPENDIX B: DNA QUANTITY ANALYSIS OF SUBJECTS VIA

NANODROP

Table B.1. DNA quantity analysis of subjects using nanodrop.

Subject No. | A260/A280 | A260/230 | Concentration (ng/pl)

1 2.23 1.88 621.7
2 2.13 1.88 1255.9
3 2.31 1.88 1186.1
4 1.99 1.89 980.1
5 2.21 1.87 351.2
6 2.32 1.92 748.7
7 2.30 1.87 835

8 2.12 1.94 301.3
9 2.23 1.87 463.2
10 1.87 2.07 229.5
11 1.88 2.33 908.5
12 1.86 2.25 632.6
13 1.92 2.24 1137.4
14 1.88 2.29 569.1
15 1.87 1.95 785.1
16 1.84 1.95 638.4
17 1.85 1.86 1212.3
18 1.91 2.10 1020.7
19 1.84 1.93 1789.7
20 1.86 1.66 391.1
21 1.91 1.82 102.1
22 1.85 2.03 2197.5
23 1.87 2.23 455.6
24 1.82 2.20 697.6
25 1.87 2.24 1403.8
26 1.85 2.01 352.8
27 1.87 2.12 437.7
28 1.85 1.96 584.7
29 1.87 2.05 519.5
30 1.86 2.02 376.1
31 1.85 1.63 548.6
32 1.87 2.08 483.0
33 1.86 1.78 332.0




34 1.86 2.12 596.2
35 1.86 1.91 407.6
36 1.85 2.17 1124.1
37 1.86 2.11 1195.4
38 1.88 2.32 1375.5
39 1.85 2.20 589.8
40 1.88 2.39 855.8
41 1.86 2.27 1018.1
42 1.88 2.02 215.9
43 1.87 2.18 755.4
44 1.88 2.25 232.0
45 1.88 2.47 1036.0
46 1.89 2.22 791.0
47 1.86 2.25 929.0
48 1.86 2.10 573.1
49 1.87 2.10 1027.8
50 1.86 2.24 632.9
51 1.87 2.19 604.9
52 1.84 2.07 1177.2
53 1.85 2.04 950.3
54 1.85 2.19 973.1
55 1.84 2.10 1267.1
56 1.85 2.23 1064.2
57 1.81 1.91 875.1
58 1.88 1.90 171.2
59 1.89 2.17 1027.3
60 1.86 1.81 254.9
61 1.91 2.18 709.3
62 1.90 2.14 1045.3
63 1.84 2.15 1604.1
64 1.86 231 398.8
65 1.85 2.29 755.2
66 1.84 2.21 234.9
67 1.85 2.15 1088.1
68 1.85 2.14 746.3
69 1.86 2.25 409.0
70 1.87 2.22 948.4
71 1.89 2.26 1804,9
72 1.87 2.07 691.2
73 1.89 2.21 1069.5
74 1.89 2.29 966.2
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75 1.87 1.79 323.5
76 1.86 2.04 295.2
77 1.86 2.05 247.8
78 1.88 2.11 470.4
79 1.88 1.95 274.1
80 1.86 2.29 829.9
81 1.87 2.09 245.8
82 1.88 2.05 402.4
83 1.87 2.21 411.2
84 1.89 2.02 345.5
85 1.88 1.96 273.5
86 1.88 1.94 2359
87 1.88 2.09 451.6
88 1.89 1.96 365.8
89 1.85 2.03 426.7
90 1.88 1.83 278.9
91 1.87 1.84 240.8
92 1.88 2.05 434.7
93 1.87 1.87 248.3
94 1.86 1.87 189.7
95 1.89 1.89 272.1
96 1.87 1.94 433.4
97 1.86 1.88 256.4
98 1.89 1.88 249.6
99 1.88 1.99 385.4
100 1.85 1.82 250.8
101 1.88 1.85 291.5
102 1.89 1.90 221.4
103 1.89 1.92 2374
104 1.90 2.10 327.8
105 1.89 2.00 399.6
106 1.89 1.90 226.2
107 1.89 2.01 271.2
108 1.88 2.12 325.8
109 1.86 1.88 272.9
110 1.91 2.06 402.7
111 1.95 2.16 624.6
112 1.92 2.02 431.9
113 1.90 1.98 393.4
114 1.90 1.98 237.2
115 1.90 2.11 368.6
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116 1.90 2.08 323.2
117 1.90 2.08 448.8
118 1.89 2.01 363.8
119 1.92 1.91 315.7
120 1.90 2.01 332.3
121 1.90 2.09 356.5
122 1.90 1.98 431.0
123 1.88 2.18 598.4
124 1.86 1.98 204.4
125 1.87 2.14 608.1
126 1.88 2.17 320.7
127 1.88 1.99 303.9
128 1.89 2.03 231.6
129 1.89 2.01 597.3
130 1.85 1.92 468.2
131 1.89 2.12 452.8
132 1.88 2.00 217.9
133 1.89 1.96 226.1
134 1.90 2.17 385.2
135 1.88 2.13 441.4
136 1.90 2.10 462.7
137 1.89 1.85 311.0
138 1.90 1.98 318.0
139 1.88 2.12 814.4
140 1.89 2.00 317.8
141 1.89 2.12 797.5
142 1.85 1.98 522.2
143 1.87 2.23 853.4
144 1.86 2.07 491.1
145 1.88 2.02 388.1
146 1.86 1.85 243.4
147 1.86 2.11 624.7
148 1.87 1.84 218.6
149 1.86 1.86 295.7
150 1.84 2.05 633.7
151 1.86 2.14 662.9
152 1.87 2.01 686.4
153 1.87 1.97 554.0
154 1.83 1.97 506.0
155 1.85 1.95 604.3
156 1.88 2.14 1331.7

153



157 1.89 2.17 790.2
158 1.90 1.87 684.1
159 1.86 1.85 1172.8
160 1.92 2.13 559.5
161 1.87 2.02 1096.1
162 1.90 2.20 1250.0
163 1.87 1.87 635.9
164 1.90 1.85 312.0
165 1.89 1.93 411.7
166 1.87 1.89 664.0
167 1.85 1.94 625.7
168 1.88 2.06 916.4
169 1.85 2.00 811.1
170 1.88 2.02 376.3
171 1.88 2.05 1205.1
172 1.85 1.97 374.1
173 1.89 2.02 594.7
174 1.86 2.09 815.3
175 1.89 1.76 199.7
176 1.90 1.72 191.1
177 1.86 1.88 437.6
178 1.87 1.81 624.7
179 1.89 2.06 382.3
180 1.86 2.02 397.3
181 1.89 1.80 270.0
182 1.87 2.05 593.7
183 1.89 1.94 287.8
184 1.90 1.98 396.1
185 1.88 1.90 362.8
186 1.88 1.84 224.6
187 1.89 2.02 385.3
188 1.89 1.91 301.7
189 1.89 1.99 2284
190 1.89 2.03 284.8
191 1.87 2.04 893.3
192 1.87 2.02 218.5
193 1.82 2.22 212.1
194 1.88 1.93 253.5
195 1.90 1.89 198.5
196 1.85 2.09 286.8
197 1.90 1.80 170.7
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198 1.89 2.34 222.1
199 1.89 2.06 437.3
200 1.89 1.96 475.2
201 1.87 1.98 657.7
202 1.89 1.92 398.2
203 1.89 2.00 498.4
204 1.88 1.90 339.2
205 1.69 1.83 267.6
206 1.89 1.99 537.0
207 1.87 1.98 498.0
208 1.88 2.01 416.6
209 1.90 1.92 396.5
210 1.90 2.03 582.5
211 1.91 2.05 772.6
212 1.86 1.95 252.8
213 1.87 1.89 312.7
214 1.90 2.15 895.0
215 1.87 2.08 570.7
216 1.88 1.96 351.3
217 1.88 1.80 131.3
218 1.88 1.95 331.7
219 1.86 2.18 388.0
220 1.87 2.00 161.7
221 1.91 1.92 275.4
222 1.88 1.85 349.4
223 1.88 1.84 361.7
224 1.90 1.91 479.6
225 1.87 1.86 521.6
226 1.91 1.92 350.4
227 1.85 2.00 469.1
228 1.87 1.89 482.5
229 1.88 1.81 304.9
230 1.86 2.01 489.0
231 1.89 1.80 261.5
232 1.87 1.86 465.3
233 1.89 1.94 373.6
234 1.90 1.82 551.2
235 1.88 2.00 755.4
236 1.89 1.82 417.5
237 1.89 1.92 363.1
238 1.89 2.01 570.6
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239 1.89 1.92 413.9
240 1.90 1.90 826.8
241 1.89 2.06 1417.9
242 1.89 1.91 201.4
243 1.90 1.89 1246.2
244 1.90 1.95 903.0
245 1.92 2.03 793.3
246 1.92 1.83 423.9
247 1.89 2.17 2246.1
248 1.92 1.94 721.9
249 1.90 1.80 549.1
250 1.85 1.85 824.4
251 1.86 1.81 672.2
252 1.87 1.97 2013.1
253 1.88 2.10 2887.7
254 1.86 2.17 3365.8
255 1.88 2.01 974.7
256 1.88 2.12 1491.7
257 1.85 1.87 1270.6
258 1.84 2.08 488.1
259 1.86 2.03 896.4
260 1.88 2.01 2593.5
261 1.82 1.97 887.2
262 1.79 1.85 889.1
263 1.87 2.04 864.1
264 1.87 2.05 247.2
265 1.86 1.98 238.4
266 1.83 1.91 306.1
267 1.88 2.26 775.7
268 1.82 1.96 520.1
269 1.86 2.28 1009.1
270 1.84 1.84 384.0
271 1.88 2.18 840.4
272 1.89 1.89 905.9
273 1.87 2.01 390.5
274 1.84 2.09 722.7
275 1.88 2.10 206.7
276 1.86 2.10 878.5
277 1.86 2.04 575.9
278 1.86 1.95 147.0
279 1.87 1.95 371.4
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280 1.82 1.80 260.1
281 1.85 2.04 188.8
282 1.87 2.20 2457.8
283 1.89 2.15 865.4
284 1.88 2.20 342.6
285 1.87 2.16 1896.5
286 1.88 1.96 381.0
287 1.91 1.85 598.5
288 1.82 2.07 828.8
289 1.87 1.92 594.2
290 1.87 2.01 393.9
291 1.87 1.86 258.1
292 1.86 2.07 664.0
293 1.88 2.14 1279.9
294 1.86 2.09 628.2
295 1.88 2.05 882.4
296 1.86 2.12 348.7
297 1.87 1.94 420.9
298 1.85 1.83 834.8
299 1.90 2.11 1193.5
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APPENDIX C: REPEATED AGAROSE GEL IMAGES OF RS2890565
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Figure C.1. For restriction analysis, repeated SNP genotyping of rs2890565 with PCR-
RFLP on DNA samples isolated from Subject 37-39, 73 to 74 on 2% agarose gel.

18 bp

Figure C.2. For restriction analysis, repeated SNP genotyping of rs2890565 with PCR-
RFLP on DNA samples isolated from Subject 272 to 274 on 2% agarose gel.
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APPENDIX D: REPEATED AGAROSE GEL IMAGES OF RS228648
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Figure D.1. For restriction analysis, repeated SNP genotyping of rs228648 with PCR-
RFLP on DNA samples isolated from Subject 73 to 74 on 3% agarose gel.

Figure D.2. For restriction analysis, repeated SNP genotyping of rs228648 with PCR-
RFLP on DNA samples isolated from Subject 172 to177 on 3% agarose gel.
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141 bp
109 bp

57bp
52 bp

32bp

Figure D.3. For restriction analysis, repeated SNP genotyping of rs228648 with PCR-
RFLP on DNA samples isolated from Subject 256 to 2570n 3% agarose gel.

141 bp =
109 bp ==
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Figure D.4. For restriction analysis, repeated SNP genotyping of rs228648 with PCR-
RFLP on DNA samples isolated from Subject 299, 110, 187, 202, 247, 244, 248, 249 to
279 on 3% agarose gel.
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