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Abstract

Abstract

Background

Prostate cancer is the second most common non-cutaneous cancer in men and a
leading cause of death. Prostate cancer is in fact very heterogeneous and potentially

multifocal.

Androgen receptor (AR) has a role in the normal growth and development of the
prostate gland, in prostate carcinogenesis and androgen-dependent (AD) or

androgen-independent (Al) progression of the disease.

Androgens play critical roles in prostate carcinogenesis as well as prostate cancer
progression. Dihydrotestosterone synthesis in prostate cancer from adrenal
DHEA/DHEA-sulfate requires enzymatic conversion in tumor tissues. 3B-
hydroxysteroid dehydrogenase-1 is an absolutely necessary enzyme for such

dihydrotestosterone synthesis and is encoded by the gene HSD3B1

Objectives

The pathogenesis of prostate cancer (CaP) involves alterations in a gene structure
of the androgen receptor (AR). The single nucleotide polymorphism AR-E211 G>A
localized in exon 1 of the AR gene (G1733A) was detected using direct polymerase
chain reaction and restriction digestion (PCR-RFLP) method on blood. The genetic
polymorphism in HSD3B1 encoding 3-hydroxysteroid dehydrogenase-1 has been
shown to be associated with oncological outcome and develop of CaP.

Subjects and method

Blood samples were obtained from 90 healthy group and 90 patients at the 5488
ages diagnosed with histopathological confirmed prostate cancer (CaP). The CaP
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patients were recruited from Department of Urology and archived in Department of
Clinical and Molecular Pathology of the Imam Hussein (peace be upon him)
Teaching Hospital in the Holy Karbala Governorate and Merjan Medical City in

Babylon Governorate/ Iraq.

PCR-RFLP directly from blood. Agarose gel electrophoresis showing 416 bp PCR
products detected after PCR where blood was used as a template. A 416 bp DNA
fragment indicates the presence of the allele A. The allele G is determined a presence
of the 329 bp and 87 bp DNA fragments.

Genome DNA was obtained from patient whole blood samples, and genotyping on
HSD3B1 (rs1047303, 1245C) was performed by sent the samples to Macrogen Inc.

Geumchen, Seoul, South Korea company.
Results

The statistical analysis showed significant differences between the healthy
and patient group for the age groups (60-64), (65-69), and (70-74) years, while no
significant difference appeared between the age group (55-59) and the healthy and
sick groups, as well as for the age group (> 75) while the statistical analysis showed
a high significant among all age groups studied between patients and healthy

subjects.

The results of the statistical analysis indicated that there is no significant
relationship appeared between cancer and healthy people living in rural and urban

areas.

There was a highly significant relationship, and there were also high
significant differences between the group of patients as well as in terms of the

presence or absence of history between the healthy group and the injured group.
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The results of the statistical analysis showed that there were significant
differences between smokers for the two groups of patients and healthy people.
The statistical results also high statistical signs were recorded between smokers

and non-smokers in patients and control group.

There was no significant difference in AR serum level between patients and
control group, the mean value in both groups were compared using t test (p value
=0.42) which is not significant at p value<0.05 (mean AR serum level in patient

=9.709, mean AR serum level in control=9.05).

The genotypes association of AR. The model codominant was non-significant

change with (P = 0.7) when compared with healthy control.

The model dominant was shown non-significant change with (P = 0.7) when
compared with healthy control according to the percentage of A/G —-G/G is
genotypes response and related with disease RA. The recessive model was shown

non-significant change with (P = 0.7) when compared with healthy control.

The present study measures the serum level of HSD3B1 in PCa patient and
noted if change and has role in disease or change with gene mutation. The mean
value of HSD3B1 serum level in the patients was 5.91 ng/ml. The mean serum value
of HSD3B1 in control is 6.20 ng/ml. although the mean serum level of HSD3B in
patients group seems to be less than that of the control group but he difference

was not statically significant (P value 0.82).

There was significant difference in expression of SNP between patients group
and control group. where it was expressed more often in patients than in control.

P value 0.015 which is significant at p value <0.05.
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Conclusion:

Prostate cancer is more commune in elderly men than middle and young
men. Also this cancer is distributing in rural areas more than in urban areas as
shown in result and discussion. The genetic factors have main role in development
of CaP in HDS3B1 and many other genes. The smoker is one of the important and
influencing factors on the incidence of prostate cancer. The AR play important role
in CaP progression, there was no significant difference in AR serum level between
patients and control group. Frequency of alleles of the AR-E211 G>A polymorphism
in blood samples. The genotypes association of AR the model codominant was non-
significant change when compared with healthy control. The all AR polymorphism
not significant with CaP. The study measures the serum level of this enzyme in PCa
patient and noted if change and has role in disease or change with gene mutation.
Although the mean serum level of HSD3B in patients group seems to be less than
that of the control group but the difference was not statically significant. HSD3B1
(rs1047303) genotyping was performed by sequencing technology. There was
significant difference in expression of SNP between patients group and control

group where A allele changes to C allele.
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Chapter one Introduction and Literature Review

1. Introduction and Literature Review
1.1. Prostate:

1.1.1. Definition and structure:

The prostate is both an accessory gland of the male reproductive system and
a muscle-driven mechanical switch between urination and ejaculation. The
prostate gland is of the male reproductive system. In adults, it is about the size of
a walnut (1) and it is an average weight of about 11 grams, usually ranging between
7 and 16 grams (2). The prostate is located in the pelvis. It sits below the urinary
bladder and surrounds the urethra. The part of the urethra passing through it is called
the prostatic urethra, which joins with the two ejaculatory ducts (1). The prostate is

covered in a surface called the prostatic capsule or prostatic fascia figure (1-1) (3).

The internal structure of the prostate has been described using both lobes and zones
(4)(1). Because of the variation in descriptions and definitions of lobes, the zone

classification is used more predominantly (1).

The prostate has been described as consisting of three or four zones (1)(3). Zones
are more typically able to be seen on histology, or in medical imaging, such
as ultrasound or MRI (1)(4).

The prostate gland divides anatomically into five lobes: anterior and
posterior lobes, two lateral lobes, and one median lobe. This description isin
many anatomical textbooks. In clinics, it is described as having two lateral
lobes right and left and a median lobe. The prostate gland is composed of
histologically different zones; based on these, the gland divides into three

anatomical zones [5]
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Figure (1-1) Side View of the Prostate (3)

About 20,000 protein coding genes are expressed in human cells and
almost 75% of these genes are expressed in the normal prostate (6)(7). About
150 of these genes are more specifically expressed in the prostate, with about
20 genes being highly prostate specific (8). The corresponding specific
proteins are expressed in the glandular and secretory cells of the prostatic
gland and have functions that are important for the characteristics of semen,
including prostate-specific proteins, such as the prostate specific antigen
(PSA), and the Prostatic acid phosphatase (9).

Normally, the prostate reaches its mature size at puberty, between ages 10

and 14. Around age 50, the size of the prostate and the amount of its secretions


https://en.wikipedia.org/wiki/Semen
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Prostate-specific_antigen
https://en.wikipedia.org/wiki/Prostate-specific_antigen
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commonly decrease. Enlargement of the prostate in size after midlife, often

making urination difficult, may occur as a result of inflammation or malignancy (9).

It contains a system of branching ducts comprising pseudo-stratified epithelium
surrounded by a fibromuscular stroma. The prostate is a male sex accessory gland
that functions by producing and secreting fluids that contribute to the ejaculate, and
thereby significantly enhances male fertility. Intriguingly, the prostate is highly
susceptible to oncogenic transformation at a frequency significantly greater than that
of other male secondary sexual tissues, such as the seminal vesicles. Indeed,
approximately one in seven men will be diagnosed with prostate cancer during their
lifetime (Siegel et al., 2016) (10).

1.1.2.Development of prostate:

The prostate gland starts to develop laterally as epithelial buds from the
urogenital sinus wall. These buds branch into solid cords which canalize to form the
ducts and acini. The surrounding urogenital sinus mesenchyme forms the inter
fascicular fibroblasts and the smooth muscle of the prostate (11). With androgenic
stimulation of the androgen receptor expressed in prostatic Mullerian mesenchyma,
the prostate start to forms (12). In development, androgen secretion by Leydig cells

Is the chief regulator of prostate growth (13).

In the developing embryo, at the hind end lies an in pouching called the cloaca.
This, over the fourth to the seventh week, divides into a urogenital sinus and the
beginnings of the anal canal, with a wall forming between these two inpouchings
called the urorectal septum (14). The urogenital sinus divides into three important
parts, with the middle part forming the urethra; the upper part is largest and becomes
the urinary bladder, and the lower part then changes depending on the biological sex
of the embryo (14).


https://www.britannica.com/science/urination
https://www.britannica.com/science/inflammation
https://en.wikipedia.org/wiki/Embryo
https://en.wikipedia.org/wiki/Cloaca
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The prostatic part of the urethra develops from the middle, pelvic, part of the
urogenital sinus, which is of endodermal origin (15). Around the end of the third
month of embryonic life, outgrowths arise from the prostatic part of the urethra and
grow into the surrounding mesenchyme (15). The cells lining this part of the urethra
differentiate into the glandular epithelium of the prostate (15). The associated
mesenchyme differentiates into the dense connective tissue and the smooth

muscle of the prostate (16).

Condensation of mesenchyme, urethra, and Wolffian ducts gives rise to the adult
prostate gland, a composite organ made up of several tightly fused glandular and
non-glandular components. To function properly, the prostate needs
male hormones (androgens), which are responsible for male sex characteristics. The
main male hormone is testosterone, which is produced mainly by the testicles. It
Is dihydrotestosterone (DHT), a metabolite of testosterone, that predominantly
regulates the prostate. The prostate gland enlarges over time, until the fourth decade
of life (17).

1.1.3.Function of prostate:

The prostate secretes fluid which becomes part of semen or seminal fluid. Semen
is the fluid emitted (ejaculated) by males during the sexual response The prostate
secretes fluid that nourishes and protects sperm. During ejaculation, the prostate
squeezes this fluid into the urethra, and it’s expelled with sperm as semen
(18).) When sperm is emitted, it is transmitted from the vas deferens into the
male urethra via the ejaculatory ducts, which lie within the prostate gland.
Ejaculation is the expulsion of semen from the urethra (18). Semen is moved into
the urethra following contractions of the smooth muscle of the vas deferens and
seminal vesicles, following stimulation, primarily of the glans penis. Stimulation

sends nerve signals via the internal pudendal nerves to the upper lumbar spine; the

4
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nerve signals causing contraction act via the hypogastric nerves. After traveling into
the urethra, the seminal fluid is ejaculated by contraction of the bulbocavernosus
muscle (18). The secretions of the prostate include proteolytic enzymes, prostatic
acid phosphatase, fibrinolysin, zinc, and PSA (prostate specific antigen), which can
be raised in patients who have an enlarged prostate gland (BPH), prostate cancer,
urinary tract infection, or following recent surgery or instrumentation (eg: putting in
a catheter) to the lower urinary tract (19). Together with the secretions from the

seminal vesicles, these form the major fluid part of semen (19).

It is possible for some men to achieve orgasm solely through stimulation of the
prostate gland, such as via prostate massage (20)(21). This has led to the area of
the rectal wall adjacent to the prostate to be popularly (yet inaccurately) referred to
as the "male G-spot" (22). The prostate's changes of shape to do it function, which
facilitate the mechanical switch between urination and ejaculation, are mainly driven
by the two longitudinal muscle systems running along the prostatic urethra. These
are the urethral dilator (musculus dilatator urethrae) on the urethra's front side, which
contracts during urination and thereby shortens and tilts the prostate in its vertical
dimension thus widening the prostatic section of the urethral tube (23)(24), and the
muscle switching the urethra into the ejaculatory state (musculus ejaculatorius) on
its backside (25).

In case of an operation, e.g. because of benign prostatic hyperplasia (BPH),
damaging or sparing of these two muscle systems varies considerably depending on
the choice of operation type and details of the procedure of the chosen technique.

The effects on postoperational urination and ejaculation vary correspondingly (26).
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1.1.4. role of androgen in development of prostate:

The prostate is completely dependent on testicular androgens for both its
development and the maintenance of its structural and functional integrity. In
humans this is reflected in the natural history of the organ. The prostate is small in
boys during childhood, weighing around 2 g. At puberty it undergoes a phase of
exponential growth, increasing in size to about 20 g. This corresponds to the rise in
serum testosterone to adult levels. The human prostate reaches its normal adult size
by 18e20 years of age and subsequently halts growth despite sustained circulating
levels of androgen. This transition from prostatic growth to a steady-state phase is
maintained by a balance of cell proliferation/death and is controlled by AR signaling
in both the stroma and epithelium. After puberty, mean prostatic weight stabilizes
and remains fairly constant until the end of the fifth decade of life. At this point,
mean prostatic weight in the population begins to rise slowly, predominantly
reflecting the incidence of BPH as men age (27). The AR is a transcription factor
that mediates the effects of androgens in concert with a number of, often tissue
specific, co-factors (28,29). The AR is expressed early in prostatic development
and androgens are essential for development of the prostate gland and other
reproductiveorgans in males in utero (30). The AR is expressed in the mesenchyme
of the fetal urogenital sinus and androgen action on these stromal receptors is
necessary to induce the initiation of prostatic buds in the epithelium of the sinus.
AR expressionin the epithelium lags that of the mesenchyme but can be detected in
mice as epithelial prostatic buds start to form around embryonic Day 18 (31).
Throughout development, epithelial AR signaling increases during epithelial bud
protrusion and extension (32,33). Deletion and mutations of the AR leading to a
nonfunctional receptor result in the lack of a prostate, showing the AR is critical
for prostatic cell growth and development (34). Work by Cunha and others

demonstrated that stromal
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AR is required for epithelial cell proliferation and differentiation during normal
development, while epithelial AR expression is essential for the differentiated
functions of the gland (35,36). The primary source of androgens, namely
testosterone, is from testicular secretion. Once androgens reach prostatic tissue, three
5a-reductase isozymes (produced by the SRD5A1, SRD5A2, and SRD5A3 genes)
convert testosterone to dihydrotestosterone (DHT), which binds the receptor with
two-to five-fold higher affinity in prostate cells and elevates AR signaling 10-fold
compared to testosterone (37,38). In the prostate the dominant 5a-reductase is
iIsozyme 2. Individuals without functional 5a-reductase 2 (SRD5A2) have small or
undetectable prostates in addition to ambiguous genitalia throughout childhood, but
at the time of puberty increased testosterone production induces masculinization of
the external genitalia. These individuals maintain small prostates throughout
adulthood but treatment with DHT can increase prostate size. Together, these data
indicate that DHT is required for complete development of the adult prostate (39).
Androgen availability, AR expression, and 5a-reductase activity all serve critical

roles in prostate development.
1.1.5 Conditions of prostate:

1.1.5.1 Benign Prostatic Hyperplasia:

Benign Prostatic Hyperplasia (BPH) is an age-related and progressive
neoplastic condition of the prostate gland (40). BPH may only be defined
histologically. BPH in the clinical setting is characterized by lower urinary
tract symptoms (LUTS). There is no causal relationship between benign and

malignant prostatic hypertrophy (41).
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1.1.5.2 Prostatitis:

Prostatitis is a common urinary tract condition that many doctors find problematic
to treat effectively. It is estimated that half of all men suffer from symptoms of
prostatitis at some stage in their lives (42). It is the 3rd most commonly found urinary
tract disease in men after Benign Prostate Hyperplasia (BPH) and prostate cancer
(43,44). Prostatitis may account for 25% of all office visits made to the urological
clinics complaining about the genital and urinary systems all over the world and up
to 15-25% of visits to the clinics of urology in Korea (45). Contrasting to prostate
cancer and Benign Prostate Hyperplasia (BPH), which are predominantly diseases
of elder men, prostatitis affects men of all ages, especially high impact on the middle
age group. In more recent studies, it has shown that the occurrence of prostatitis
ranges from 3 to 16% in Europe, North America and Asia (46), of which half have
repeated episodes (47) highlighting that prostatitis is an important universal health

problem.

Classification of prostatitis by the National Institutes of Health (NIH) has
classified prostatitis into new categories. According to this classification, acute and
chronic bacterial prostatitis remains the same. There is a formation of a new group
called chronic nonbacterial prostatitis/ chronic pelvic pain syndrome (CNP/CPPS).
This new group is a combination of chronic nonbacterial prostatitis and prostadynia

prostatitis. The fourth and final category is the asymptomatic prostatitis (48).
1.1.5.3 Prostate cancer:

Prostate cancer is the second most common non-cutaneous cancer in men
and a leading cause of death, with an estimated 174,650 new cases and 31,620 deaths

in the United States in 2019 (49). Age and family history are key risk factors for
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prostate cancer, and black men have a higher risk of prostate cancer incidence and

death compared to men from white or Asian backgrounds (50).

The majority of cases of prostate cancer are diagnosed in men from western
countries in the Americas and Europe, and this has largely been driven by the
introduction of prostate-specific antigen (PSA) for prostate cancer detection in the
1990s. The widespread use of PSA has proven controversial as the evidence for
benefit as a screening test in asymptomatic men is still subject to debate, and PSA is
prone to false positives and false negatives in men with symptoms suggestive of a
possible diagnosis of prostate cancer (51). Work is ongoing to find better ways to
risk stratify men for further investigation, and more accurate methods to differentiate
between clinically significant and clinically insignificant prostate cancer to inform

treatment decisions.

Most prostate cancer diagnoses are made in symptomatic men. Prostate cancer
should be suspected in men over 50 years old presenting with lower urinary tract
symptoms (LUTS), visible haematuria or erectile dysfunction (52). LUTS are also a
common presenting symptom of benign conditions affecting the prostate, such as
benign prostatic hyperplasia (BPH) and prostatitis, creating a diagnostic challenge.
There is no strong evidence of association between the severity of LUTS and the
likelihood of prostate cancer or the stage at diagnosis (54). Digital rectal examination
(DRE) is recommended in many countries alongside PSA to aid decision-making
about referral for diagnostic testing. A recent systematic review suggests that DRE
has a high specificity and positive predictive value (PPV) for prostate cancer in
symptomatic patients. Many prostate cancers are detected on the basis of elevated
plasmatic levels of prostate-specific antigen (PSA > 4 ng/mL), a glycoprotein

normally expressed by prostate tissue. However, because men without cancer have
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also been found with elevated PSA, a tissue biopsy is the standard of care to confirm

cancer’s presence (54).

In light of the limitations of PSA, a number of other tests have been
investigated to aid the diagnosis of clinically significant prostate cancer. PSA is a
kallikrein serine protease, and other related biomarkers have been assessed for a
potential role in prostate cancer detection (55). Genome-wide association studies
(GWAS) have identified more than 100 single nucleotide polymorphisms (SNPs)
related to risk of prostate cancer (56). Multiparametric magnetic resonance imaging
(mpMRI) has gained much interest in recent years, both as a diagnostic test for
prostate cancer and for monitoring men with localised prostate cancer on active

surveillance for signs of disease progression (57).

Prostate cancer may be asymptomatic at the early stage and often has an
indolent course, and may require minimal or even no treatment. However, the most
frequent complaint is difficulty with urination, increased frequency, and nocturia, all
symptoms that may also arise from prostatic hypertrophy. More advanced stage of
the disease may present with urinary retention and back pain, as axis skeleton is the
most common site of bony metastatic disease. Diet and physical activity play an
Important role in prostate cancer development and progression. Dietary factors are
mainly associated with the observed worldwide and ethnic differences in the

incidence rates of prostate cancer (55,57).

Although the AR is involved in diverse activities, its primary functions are
related to male physiology, such as sex differentiation and sex-specific pathology
(58). Defects in the AR gene can prevent the normal development of both internal
and external male structures in 46, XY individuals and result in androgen
insensitivity syndrome, which is the partial or complete inability of cells to respond
to androgens (59,60). Defects in the AR gene can be caused by four types of

10
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mutations: (i) Single point mutations resulting in substitutions or premature stop
codons, (ii) nucleotide insertions and deletions resulting in frameshifts, (iii)
complete or partial deletion of the gene, or (iv) intronic mutations that affect AR
RNA splicing (61). The 1029 distinct mutations have been identified in the human
AR gene and are distributed predominantly over the AR DBD- and LBD-coding
regions. These mutations are well documented in the Androgen Receptor Gene
Mutations Database World Wide Web Server at the Lady Davis Institute for Medical
Research (62). Several investigations have associated the polymorphic
polyglutamine repeats in the NTD with Kennedy's Disease, also known as
spinobulbar muscular atrophy, a progressive neurodegenerative condition
(63,64,65). There are an increasing number of studies relating the action of the AR

to breast (66), larynx (67), liver (68), and testicular cancers (69).
1.1.6. Risk Factors of Prostate Cancer:

Causal factors to cause cancer usually fall into two categories, environmental
and genetic. The 90-95% are environmental factors or lead to them, while the 5-10%

of cancer has been genetic factors (70) as shown in figure 1-2(71).

11



Chapter one Introduction and Literature Review

Abcohal
16%

Environment
90-95%

Genes 5-10%

Figure 1-2. The Function of risk factor in the Growth of Cancer (71).

Age, ethnicity and family history of PCa are widely recognized risk factors. There
were also unknown factors affecting PCa risk, including education, workplace, fat,
meat, smoking habits, alcohol consumption, marriage problems, vasectomy, sexual
behavior, diabetes mellitus, and the like. In addition, the probable risk factors were

described, such as the sex steroid hormones and the insulin-like growth factor (72).
1.1.6.1. Age

The incidence of prostate cancer rises with age; thus, the prevalence of PCa
in people over 65 years of age can still rise. Prostate cancer is the most prevalent
disease among older men (73). About 64% of new United States PCa cases in men
older than 65 years and 23% in men older than 75 years of age have been

diagnosed (74).
12
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While the prevalence of disease in the elderly has been expected to increase, most
studies investigating optimal treatment regimens have focused on men under 75
years of age (75).

1.1.6.2. Ethnicity:

Ethnicity is one of the PCa risk factors (76). Data of PCa incidence in England
indicate that Black men (Black Caribbean, Black African, and Other Black) are
significantly more likely, and Asian men (Pakistani, Bangladeshi, Indian, and Other
Asian) significantly less likely, to be diagnosed with the disease compared to white
men (77). The Prostate Cancer in Ethnic Subgroups study (PROCESS) (78), and
others (79,80), calculated Black men are 2 to 3 times more likely to be diagnosed
with PCa compared to white men of the same age in the UK. In addition, the
PROCESS study showed black men may be diagnosed 5 years younger than white
men (81,82), despite equal access to diagnostic services between ethnic groups

(82).

1.1.6.3. Genetic Changes:

Prostate cancer is in fact very heterogeneous and potentially multifocal. Age
and ethnicity are among the most important risk factors (83). In addition to these
factors, a well-established risk factor is genetic predisposition. Throughout most of
the years, several essential inherited elements in PCa susceptibility have been
identified in genetic-epidemiological studies (84). This type of cancer is tissue-
dependent on androgen; PCa etiopathological investigation tend to be targets most
promising for genes along the steroid hormone pathways (85). In addition, there
are studies that have also detected a connection between PCa risks and

polymorphisms through androgen's metabolism in several genes, including the

13
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androgen receptor (86). and 5—reductase, that catalyze dihydrostosterone (DHT) as

its active form (87), as shown in figure 1-3(88).

Figure 1-3. The Androgen Signaling Pathway Promotes Terminal Differentiation of
Normal Prostate Cells (88).

1.1.6.4. Inflammation:
Inflammation is a basic physiological process that can occur for disease, after

ischemic, toxic or autoimmune damage in any tissue.

Inflammation causes damage to cells and genomes, and promotes cellular
transformation liked to a sustained inflammatory microenvironments providing a
constant supply to a wide range of reactive nitrogen and oxygen species,

chemokines, reactive aldehydes, cytokines, and growth factors that may influence

14



Chapter one Introduction and Literature Review

essential biological processes responsible for maintaining normal cell homeostasis
(89).

Inflammation is an adaptive and innate immune response after the
infection or injury. Innate human immune system begins an inflammation
response with the production of a wide range of cytokine, reactive oxygen
species (ROS), as well as reactive nitrogen species (RNS) (90). Continuous
cytokine, ROS, and RNS supplies can, over time, cause genomic instability in
a microenvironment with continuous inflammation; and tumor development
after that (91).

1.1.6.5 Smoking:

Smoking is significant for many cancers and an association between PCa and
cigarette smoking has not been shown by most studies (92). Cigarette smoking can
stimulate carcinogenesis in the prostate and may result in increased exposure to
carcinogenic compounds such as nitrosamines, heterocyclic aromatic amines and
polycyclic aromatic hydrocarbons (93).

The effects of environment play a role in PCa development as the probability
of PCa has risen five times with environmental change as migration studies by
Japanese immigrants to the United States have shown. Cigarette smoking is a

significant potential risk factor (94).

1.1.6.6. Obesity:

In addition, there has been accumulation of evidence that obesity is a
significant risk for many malignancies, including aggressive PCa (95). Adipose tissue
dysfunction activity was widely recognized as a major cause for cancer, which is

often seen in obesity (96). The prostatic gland has a capsular structure and adipose
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tissue surrounds it. Sometimes, prostate tumor cells enter the fat pad by
transposition or penetration of the capsule, leading to immediate proximity to the
fat tissue. Once cancer cells extend beyond the capsule, the per prostatic adipose
tissue—secreted factors, extracellular matrix components or direct cell-cell contact

may influence the phenotypic behavior of malignant cells (97).

1.1.6.7. Hormones:

1.1.6.7.1. Insulin-Like Growth Factors:

Insulin-like growth factors (IGF) and their associated binding proteins
(IGFBP) are involved in the regulation of cell proliferation, differentiation, and
apoptosis, and there has been a considerable interest in their role in the development
of prostate cancer. Previous individual prospective studies and our 2008 pooled
analysis of individual participant data from 3,700 men with prostate cancer in the
Endogenous Hormones and Prostate Cancer Collaborative Group (EHPCCG) have
indicated that men with high IGF-1 concentrations have an elevated risk for the
disease (98). However, insufficient data were available to provide accurate risk
estimates for increased prostate cancer (both from the case number and the number
of tests studied), either individually or combined, with the concentrations for other
IGF biomarkers of the axis (IGF-Il, IGFBP1 and IGFBP -2). Further, previous
research failed to check out whether circulating IGF concentration affects prostate
initiation or development, or whether both, of the advanced or of high-grade diseases
(99,100).

The potential role of reverse causalities in understanding the relation between
IGF-1 and prostate cancer risk also needs further study, with the preclinical tumors
potentially influence the IGF levels at the blood drawing level in both cross-sectional

and prospective research, especially with short lag between blood collection and a
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relatively short period of time between diagnosis and blood collection. The
EHPCCG (now extended as the Endogenous Hormones, Nutritional Biomarkers and
Prostate Cancer Collaborative Group, EHNBPCCG) was developed to conduct
cooperative reanalyses of data collected on the association between prediagnostic

circulating sex hormone and IGFs concentrations and risk for prostate cancer (101).

1.1.6.7.2. Testosterone:

In men, most (approximately 90 percent) testosterone is synthesized by
Leydig cells in the testes and about 10 percent more are generated in the adrenal
glands. Testosterone is irreversibly transformed by 5 alpha- reductase enzyme into
primary effector androgen, 5 a -dihydrotestosterone (DHT). DHT binds to the
cytoplasmic receptor and the DHT androgen receptor complex moves into the cell
nucleus where it activates the androgen- gene transcription (102). Normal gene
expression is required to balance proliferative signals with apoptotic signals to
support healthy prostatic tissue and to produce PSA and other prostate proteins
(103).

The levels of testosterone go up and down, and for each point there are typical
values. As a result, people change in childhood, adolescence, teens and adulthood.
As an older adult, these changes may be linked to their testosterone levels. All these
variations in testosterone levels during life influence the behavior and health of men.
The rise in testosterone levels is linked to a concern for sex and high sperm count in
puberty and youth (104).

A link between testosterone and PCa is that, PCa is a major concern in men
with symptoms of lower urinary tract, especially if they suffer from their family
history. Testosterone levels in men have basic facts that raise the risks of prostate
cancer, but this theory is valid when Huggins and Hodges published their study

evaluating castration, estrogens, and androgen injections on prostate cancer in 1941.
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They concluded that development and growth of prostate cancer are directly related
to androgenic activity (105).

However, several studies find the correct opposite years later in the evaluation
of testosterone replacement therapy (106). behind this discrepancy, Huggins and
Hodges have still the original androgen theory, and prostate cancer can be treated
usefully. However, there are many side effects which hormone therapy may have.
Testosterone contributes in vitro to prostate cancer cell proliferation and tumor
development. Cancer cells undergo apoptosis (cell death) because they have no
testosterone (107).

In fact, the experiments are only in vitro, in optimal laboratory conditions
which a living human probably doesn't follow. In reality serum testosterone levels
are not representative of intra prostatic levels (those in the blood). In other words,
there may be a significant rise in free blood testosterone in patients that undergo
testosterone therapy. Nevertheless, the testosterone levels do not change
considerably in the prostate tissue (108).

Additionally, the problem seems to have led to the production of androgens
in cancer cells and their surrounding tissue, which added to the problem
independent of their levels of serum testosterone. Through that view, we can look
at a Miyoshi et al. analysis. The prostate and testosterone levels in 196 prostate
cancer patients were examined by researchers. Higher levels of testosterone were
associated with higher Gleason scoring for advanced or aggressive prostate cancer.
However, they also found that testosterone levels remain the same in both, when

evaluating the benign and malignant portions of each biopsy (109).

1.2 AR and prostate cancer:

AR activity is intimately linked to prostate cancer, which is far the most

commonly diagnosed cancer among American men and the second leading cause of
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cancer death (110,111). In 2010, direct medical costs for prostate cancer were
projected to reach $12 billion and are expected to further increase by 2020 (112). Of
the 1029 mutations found in gene that encodes the AR, 159 mutations predispose
males to prostate cancer (62). Previous work has suggested that the length of the
repeats in the NTD influences prostate cancer risk in men (113,114). A meta-analysis
of 19 studies including Caucasian, African-American and Asian subjects predicted
an increased risk of prostate cancer in men with shorter (<21) CAG repeats.
However, a Swedish study suggests that men with shorter AR CAG lengths (eg, <22
repeats) are at a greater risk of developing prostate gland cancer. Other studies found
no association between the AR CAG repeat length and prostate cancer risks (115).
Although evidence that mutations in the AR predispose men to prostate cancer is
undisputed, AR NTD CAG repeat length association with prostate cancer risk thus

remains controversial.

Prostate cancer cells, like normal prostate cells, require androgens to grow
and survive. Growth of prostate cancer depends on the ratio of the rate of cell
proliferation to the rate of cell death (116). In prostate cancer, the rate of proliferation
Is higher than that of death, resulting in continuous net growth. Androgens and the
AR are the main regulators of this ratio. More than 70 years ago, Charles HUGGINS
demonstrated that androgen deprivation by orchiectomy (removal of the testes)
caused regression of prostate cancer (117,118). Increased serum levels of PSA
suggest that AR activity is elevated in prostate cancer patients. According to the
American Cancer Society, a PSA level above 4 ng/mL has been recognized to be

abnormal, and these patients are advised to undergo a biopsy (111,119).

The initiation of prostate cancer can be attributed to the activation of distinct

growth-promoting pathways. One prominent example is the androgen-dependent
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upregulation of members of the E-twenty-six (ETS) family of transcription factors
by gene fusions between the AR-regulated TMPRSS2 gene promoter and the coding
region of the ETS family members erythroblast transformation-specific (ERG) and
ETS variant 1 (ETV1), that have been estimated to occur in ~50% of prostate tumors
(120,121,122). These fusions confer androgen responsiveness to ETS transcription
factors, that lead to cell-cycle progression. The induction of this fusion is itself
dependent on the DHT/AR-stimulated recruitment of three DNA-directed enzymes,
activation-induced cytidine deaminase (AID), LINE-1 repeat-encoded ORF2
endonuclease, and topoisomerase Il beta (TOP2B), that trigger chromosomal
translocation (123,124). Other signaling pathways shown to be involved in prostate
cancer initiation and progression include the PI3K and RAS/RAF pathways;
dysregulation of these pathways in both early and late stage prostate cancer was
implicated through genomic profiling (125). In this study, analysis of the AR
signaling pathway revealed a greater alteration compared with the other pathways,
indicating that the AR is still the “master regulator” of prostate cancer.AR pathway
perturbation is the mechanistic rationale for the use of androgen suppression
methods to treat prostate cancer. Initial treatment includes androgen suppression via
castration through surgical (orchiectomy) or chemical (gonadotropin-releasing
hormone (GnRH) analogues such as leuprolide and goserelin) means (126). GnRH
agonists desensitize the GnRH receptor by interrupting its physiological intermittent
stimulation, whereas the GnRH antagonist degarelix blocks GnRH stimulation
directly (127). Patients are then placed on androgen deprivation therapy, which is

usually combined with leuprolide for total androgen blockade (128,129).
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1.2.1 Androgen receptor:

Androgen receptor (AR) has a role in the normal growth and development of
the prostate gland, in prostate carcinogenesis and androgen-dependent (AD) or
androgen-independent (Al) progression of the disease. Functional AR is expressed
during various stages of prostate carcinogenesis from the very early stage of prostate
intraepithelial neoplasia to organ-confined or locally invasive primary tumors, in
metastatic tumor and before or after androgendeprivation therapy (ADT) (130 _134).
When activated by the endogenous androgenic ligands, testosterone (T) and
dihydrotestosterone (DHT), AR becomes phosphorylated and the ligand-receptor
complex translocates into the nucleus, and in association with coregulatory factors,
binds to specific genomic DNA (gDNA) sequences in the regulatory regions of
ARtarget genes (135).

1.2.2. AR structure and function in prostate cells:

The AR is a member of the steroid receptor and nuclear receptor family of
transcription factors which contains an N-terminal domain (NTD), DNA-binding
domain (DBD), hinge region, and a C-terminal ligand-binding domain (LBD) as
show in figure 1-4. The NTD contain an activation function (AF)-1 region and can
promote transcriptional activity of the AR in the presence or absence of the LBD.
The DBD contains two zinc-finger domains that recognize androgen-response
elements for DNA-binding and transcriptional activation but also to dimerization
(136). The hinge region allows flexibility between domains of the protein but also
contains a nuclear localization signal that is exposed upon the ligand binding to AR
(137). The last on, LBD contains the androgen binding site and an AF-2 region
which is necessary for binding of AR coactivators (138,139). Throughout the last

decade, the discovery of AR variant, which is produced from alternative splicing of
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the full-length AR mRNA transcript has complicated our perception of androgenic
signaling. Numerous splice variants have been discovered to-date, most of it
maintain the NTD and DBD, but contain truncated, missing, or variable C-termini
(140,141). AR variants have been discovered in normal tissues, and one example has
been shown to have a regulatory role of full-length AR in PCa cells (141,142).
Without the LBD, AR variants can dimerize without ligand (either homodimerize
with one another or heterodimerize with full-length of AR) and promote activation
of AR target gene (143). When unbound to ligand, the inactive AR resides in the
cytoplasm in complex with other proteins. In this inactive state, AR is bound to the
chaperone proteins heat shock protein (HSP) 70 and HSP40 along with co-
chaperones (144) to form a mature apo receptor complex maintaining the AR in a
conformation suitable to binding of DHT (145,146). In the absence of ligand, the
AR degrades quickly to end the chaperone cycle and the chaperones become free
and available to form new complexes in an ATP-dependent process (133). Binding
of ligand, such as DHT, induces a conformational change in the ligand-binding
domain of AR causing release of the chaperone complex and stabilization,
phosphorylation, and dimerization of AR (145). HSP27 binding to the AR
homodimer prompts translocation to the nucleus and facilitates transcriptional
activity of AR figure (1-4) (146). In the nucleus, AR acts as a transcription factor by
recognizing sequence-specific regions of DNA, AREs, where it can bind and

promote transcription of specific gene (147).

Other transcription factors have been demonstrated to associate with
AR, such as it direct interaction with fork head box Al (FOXA1) or FOXO1, with
further complex formation with nuclear factor IB (NFIB) (148,149). The targets of

AR-driven transcription are dependent upon the profile of transcription factors
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expressed in a cell. This profile varies between organs and tissues resulting in

different target genes being activated on a cells type-specific basis (150).

Prostatic epithelial cell express the androgen receptor (151). From the
beginning of embryonic differentiation life to pubertal maturation and beyond,
androgens are a prerequisite for the normal development and physiological control
of the prostate gland (152). Androgens also help maintain the normal metabolic and
secretory functions of the prostate gland. They are also implicated in the
development of abnormal condition for prostate such as BPH and prostate cancer.
Androgens do not act in isolation and other hormones and growth factors are being
investigated (153). Androgen also interact with prostate stromal cell which release
soluble paracrine factors that are important for the growth and development of the

prostate epithelium (154)
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Figure (1-4) | The unigue molecular features of the androgen receptor and its coregulator

recruitment.
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These paracrine pathways may be critical in regulation of the balance between

proliferation and apoptosis of prostate epithelial cells in the adult (153) (22).

The appropriate balance between testosterone and its 5 alpha reduced metabolites is
key for the normal prostate physiology. The metabolism of testosterone to
dihydrotestosterone (DHT) and its aromatization to estradiol are recognized as the
key events in prostatic steroid response. Testosterone, to be maximally active in the
prostate gland, must be converted to DHT by the enzyme 5-alpha reductase as shown
in figure 1-5(155) as show in figure 1-5. DHT has a much greater affinity for the
androgen receptor than does testosterone which allows it to accumulate in the
prostate gland even when circulating levels of testosterone are low (156,157). DHT
Is about twice as potent as testosterone in studies of rats at equivalent androgen
concentrations (158). Therefore, DHT concentrations may remain similar to those in
young men in the prostate of elderly men, despite the fact that serum testosterone
levels may decline with age (159). In the prostate gland, the total level of testosterone
Is about 0.4 ng/g and the total of DHT is 4.5 ng/g (119). The total concentration of
testosterone in the blood 18.2nnmol/L (160), is approximately 10 times higher than
that of DHT. Circulating DHT, by virtue of its low serum plasma concentration and
tight binding to plasma proteins, is of diminished importance as a circulating
androgen affecting prostate growth (161). Indeed, intra-prostatic androgens appear
remarkably independent of serum levels (162) and circulating androgen levels are

not necessarily reflected within the prostate (163).
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Figure 1-5 Pathway of steroid biosynthesis and the conversion of T to DHT by 5-AR. C21 precursors
(pregnenolone and progesterone) are converted to C19 adrenal androgens (DHEA and androstenedione) by

sequential hydroxylase and lyase activities.

1.2.3 AR function in the adult prostate
In the adult prostate, the AR continues to be critical for maintenance of the
organ. Unlike in the developing prostate, AR in the adult organ is primarily
expressed in the prostatic luminal epithelial cell rather than stromal cell. At any age,
depletion of testosterone through surgical or chemical castration causes the prostate
to involute and decrease in size due to loss of secretory luminal epithelial cell. The
prostate has incredible self-renewal potential, since many cycles of involution
followed by restoration with androgen supplementation demonstrated that the organ
can continuously regenerate for its original size (164). This ability reflects cyclic
changes in androgen levels and prostate size that occur in many seasonally-breeding
mammals (165,166). In vivo modeling suggests that involution of the prostate,

25



Chapter one Introduction and Literature Review

consistent with development, is a function of loss of androgen action on stromal
rather than on epithelial cells (167,168). Initial cellular changes following castration
in rodent models are first seen in the endothelial cells sub-adjacent to the epithelium,
with epithelial apoptosis apparently occurring as a secondary consequence (169).
Circulating androgen is primarily bound by proteins in the serum, but only
androgens which are “free” of association with proteins are presumed to be capable
of diffusing into the cells of target tissue, allowing for a cellular response to
circulating hormones (170). However, androgens, primarily testosterone or DHT,
bound to sex hormone binding globulin (SHBG) secure increased half-life and allow
serum androgen levels to rise while simultaneously preventing hypertrophy of
reproductive organs (171). Circulating testosterone levels have been demonstrated
to decrease with age while SHBG levels increase with age, meaning that free
testosterone becomes less available (172,173). On the other hand, prostatic diseases
become more prevalent with age and both BPH and PCa utilize androgens for their
development and progression, indicating that prostatic cells in these diseased states
are still able to function in the environment of lower circulating testosterone in aged
men. Nonetheless, both androgens and the AR are required for proper development
and function of the adult prostate and there is an ongoing research effort to
understand the mechanisms involved in androgen availability, transport, and AR

activity in the prostate.
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1.2.4. Generalized function of AR in prostate diseases:

AR plays important role in multiple cellular processes such as differentiation,
secretory function, metabolism, morphology, proliferation, and survival. AR
activity is heavily involved in maintaining prostate function; in one analysis,
researchers found that almost one-half of androgen-regulated genes are involved in
synthesis and modification of secretory proteins (174). Ligand occupancy of AR in
luminal epithelial cells was determined to promote cellular quiescence and induce
the completion of differentiation into secretory cells detectable by expression of PSA
and other prostate luminal-secretory differentiation markers (175). Toivanen &
Shen, 2017 (176) demonstrated that when wild-type urogenital mesenchyme (UGM)
was recombined with AR-null urogenital epithelium (UGE), the resulting prostatic
tissues lacked fully differentiated luminal cells expressing secretory proteins.
Similarly, selective deletion of luminal AR using targeted Cre recombinase
expression resulted in poorly differentiated and hyper-proliferative epithelial
structures (177). Proteins involved in apoptosis were also determined to be regulated
by AR activity, namely p53 regulator MDM?2, caspase-2, and c-FLIP (178-180).
Mechanistically, luminal cell AR signaling induces GO arrest by inhibiting c-MYC
and RB function, while promoting p21 and p27 expression (181). AR is recognized
as a growth suppressor for a variety of other normal human epithelial cell types, such
as thyroid and adrenocortical epithelial cells, where ligand-dependent endogenous
AR signaling suppresses growth (182,183). Further, Chua et al. (184) demonstrated
that expression of AR suppressed the growth of murine prostate epithelial cells using
an in vivo prostate regeneration system. These observations demonstrate an
important growth suppressive and pro-differentiation role for AR in the normal
prostate, particularly as it reaches adult steady-state size and function (185). In
contrast, studies of AR in PCa have clearly demonstrated that AR signaling acquires

an oncogenic gain-offunction that drives cancer proliferation and tumor progression.
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The vast majority of prostate tumors express AR, and androgen-deprivation therapy
Is the predominant therapeutic strategy to reduce tumor burden and block cancer
progression. Furthermore, AR remains a critical oncogenic driver in castration-
resistant PCa (186). Castration-resistant PCa cells do not undergo apoptosis when
androgens are depleted or androgen antagonists are used (187); however,
mechanistic studies in cell lines demonstrated that such cells stop proliferating and
activate cell death if the AR protein level is reduced below a critical level both in
vitro and in vivo (188-190). Thus, both clinical and mechanistic studies have
documented an oncogenic dependency of cancer cells to AR signaling and have
justified continued development of novel anti-androgens targeting AR. In BPH, AR
function within luminal cells mimics that of a tumor suppressor, and there is little
evidence of AR converting to a driver of cell proliferation such as in PCa. Thus,
luminal epithelial cells in BPH remain differentiated and proliferatively quiescent.
This supports a model whereby AR signaling within the prostate epithelium retains
its normal adult function in BPH but instead inflammation and fetal reprogramming
disrupt normal stromal/epithelial paracrine signaling. Such changes to the prostate
microenvironment enable prostate epithelial cells to exit a steady-state of
proliferation/death and enter into an abnormal growth phase leading to cellular

overexpansion (164).

1.3. 3p-hydroxysteroid dehydrogenase-1:

Androgens play critical roles in prostate carcinogenesis as well as prostate
cancer progression. Since 1941, androgen-deprivation therapy (ADT), which
reduces testosterone production and inhibits androgen action in prostate cancer cells,
has been the criterion standard therapy for metastatic prostate cancer. Although

initially most prostate cancers respond well to ADT, most patients eventually
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progress to castration-resistant prostate cancer (CRPC), which is mainly thought to
be because androgen receptor reactivation is induced by several mechanisms (191).
One of those mechanisms have been identified to be intratumoral androgen synthesis
mostly from adrenal precursor steroids and at least in part due to de novo synthesis
from cholesterol (192,193,194) which is supported by increased expression of
several genes encoding steroidogenic enzymes including HSD3B, HSD17B, and
SRD5A in CRPC (195). Among them, HSD3B1 encodes 3[p-hydroxysteroid
dehydrogenase-1, which is mainly expressed in peripheral tissues including the
prostate, breast, skin, and placenta (another isoform, 3p-hydroxysteroid
dehydrogenase-2was mainly expressed in adrenal gland and gonad in human) and is
a rate-limiting enzyme required for all pathways of dihydrotestosterone synthesis
(196).

Dihydrotestosterone synthesis in prostate cancer from adrenal DHEA/DHEA-
sulfate requires enzymatic conversion in tumor tissues. 3p-hydroxysteroid
dehydrogenase-1 is an absolutely necessary enzyme for such dihydrotestosterone
synthesis and is encoded by the gene HSD3B1 which comes in 2 functional inherited
forms described in 2013. The adrenal-permissive HSD3B1(1245C) allele allows for
rapid dihydrotestosterone synthesis. The adrenal-restrictive HSD3B1(1245A) allele
limits androgen synthesis (197). Studies from multiple cohorts show that adrenal-
permissive allele inheritance confers worse outcomes and shorter survival after
castration in low-volume prostate cancer and poor outcomes after abiraterone or

enzalutamide treatment for castration-resistant prostate cancer (198).

The upfront abiraterone in combination with primary ADT has been shown to
improve survival for metastatic hormone-sensitive prostate cancer (HSPC) (199). It
remains unclear who is suitable for upfront abiraterone therapy tometastatic HSPC.

Intriguingly, it has been reported that abiraterone is converted by 3B-hydroxysteroid
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dehydrogenase to A4-abiraterone (D4A), which blocks multiple steroidogenic
enzymes and antagonizes the androgen receptor, providing an additional explanation
for clinical activity by abiraterone (200). Therefore, tumors in men carrying variant
genotype in HSD3B1 showing higher enzymatic activity of 3B-hydroxysteroid
dehydrogenase-1may be vulnerable to abiraterone owing to higher concentration of
D4A. The studies have demonstrated that genetic polymorphism in HSD3B1 is
associated with oncological outcome among residents in the United States treated

with ADT, where men carrying variant alleles showed worse prognosis (201-203).
Aim:
The main aim of study is found if there are relationship between two gene involve in

development of androgen receptor and HSD1B3 enzyme which has role in the production of

androgen hormones function and synthesis in male and development of CaP.
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2. Materials, Methods:
2.1 Samples:

2.1.1. Patient group:

In this case control study the blood samples were obtained from 90 patients at
the 54-88 ages diagnosed with histopathological confirmed prostate cancer (CaP).
The CaP patients were recruited from Department of Urology and archived in
Department of Clinical and Molecular Pathology of the Imam Hussein (peace be
upon him) Teaching Hospital in the HolyKarbala Governorate and Merjan Medical
City in Babylon Governorate/ Irag. The CaP patients were divided into two groups
of patients with Gleason grade<7 who had histopathologically designed well
moderately differentiated CaP (Grade 1 and 2), and in patients with Gleason
grade<7 who had poorly differentiated or undifferentiated CaP (Grade 3 and 4).
2.1.2. Control

Ninety candidates of this group have neither symptoms nor signs of essential
PCa by doing PSA serum level with per rectal examination of prostate and they are
healthy otherwise.
2.1.3. Inclusion and exclusion Criteria

Data was collected by ways of a personal interview for every individual to
obtain information about their smoking status and about their age, ethnicity and
family history. Included all patient with CaP newly diagnosis or receive therapy
and excluded patient who had another type of cancer or any chronic autoimmune
disease.
2.1.4. Ethical Issues

The ethical issues in the present study were depended on the following:
a) Approval by Biochemistry Department and Scientific Committee of College of

Medicine at University of Babylon.
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b) Approval of the Research and Development Department of the Babylon Health
Directorate in Babylon Province.

¢) The goals and methods of this study were explained to all participants in the
present study through a verbal agreement from all the patients involved in the

research before sampling.

2.1.5. Specimen Collection

Almost 10 ml venous blood was drawn from each candidate when visit the
oncology center for treatment. Two ml of this sample were collected in EDTA tube
for DNA extraction and PCR. The remaining was transferred into a clean plain tube,
and left at room temperature for nearly thirty minutes for clotting, then centrifuged.

Serum was divided into two parts one for AR.

2.2. Materials:

2.2.1. Instruments

Table 2-1 shows the used laboratory equipment and supplies.
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Table 2-1 The laboratory equipment and supplies used in this study, the

manufacturing company and the origin.

Number The name of the device or Manufacturer and Origin
accessory
1| Cosmoplast EDTA tube UAE
2 | )ReliaPrep™Binding Columns Geneaid ( Korea)
(50/pack)
3 | Laminar flow cabinet Biobse (China)
4 | Collection Tubes (40/pack) Geneaid ( Korea)
5 | Gel electrophoresis apparatus Drawell ( China)
6 | Photo documentation system Cleaver scientific (USA)
7 | Thermal cycler DNA incubator Biobase (China)
8| Cooling Centrifuge Biobase (China)
9 | Centrifuge Biobase (China)
10| UV light transillminator YUV Transilluminator China)
11 | Water bath Biobse (China)
12 | Vortex Biobse (China)
13 | Automatic Micropipettes Bio Basic (Canada)
14 | Deep Freezer Japan
15 | Microwave oven Samsung( Korea)
16 | Micropipettes tips Bio Basic Canada
17 | Electrophoresis constant power Cleaver scientific (USA)
supply
18 | Electrical sensitive balance Biobse (China)
19 | Gel tube UAE
20 | ELISA UK
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2.2.2. Chemical Materials:

Table (2-2) chemical and biological materials used in the research

NUNBER | NAME OF MATERIAL MANUFACTURER AND
ORIGIN
1 Agarose Marliju ( Korea)
2 Bstul Restriction enzyme Bioneer (Korea)
3 Ethidium Bromide BI1O BASIC (Canada)
4 Primers ( Korea) Bioneer
5 DNA loading Dye (Korea) Bioneer
6 gsync™ Blood DNA Geneaid ( Korea)
Extraction Kit
Deionized water (Canada) Aquarama
8 Acetylated BSA Promega (USA)
9 PCR PreMix (Korea) Bioneer
10 10 X AccCut TM Red Buffer| Bioneer(Korea)
11 1X Dilution Buffer Bioneer(Korea)
12 10X TBE Buffer Solution BI1O BASIC (Canada)
13 10X NE Buffer BioLabs (New ENGLAND
14 10X RE Buffer Promega (USA)
15 Cell Clean Solution Germany
16 Cell Pack Solution Germany
17 Stromato lyser-WH Solution | Germany
18 Vidas,25(0H)2D3 BioMrieux ® sa. France
19 DNA ladder Marker(100- (Korea) Bioneer
2000 bp)
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20 Standard Solution (64ng/ml) Bioassay technology laboratory china

21 Standard Diluent Bioassay technology laboratory china

22 Streptavidin-HRP Bioassay technology laboratory china

23 Stop Solution Bioassay technology laboratory china

24 Substrate Solution A Bioassay technology laboratory china
Substrate Solution B

25 Wash Buffer Concentrate (25x) | Bioassay technology laboratory china

26 Biotinylated Human HSD3B1 Bioassay technology laboratory china
Antibody

2.3. Methods:

2.3.1. Molecular Analysis:

2.3.1.1 Genomic DNA Extraction Protocol:

a) Twenty ul of Proteinase K (obtained from 25mg Proteinase K dissolved in 1.25ml

nuclease-free water) added to a clean 1.5 ml tube.

b) Two hundred ul of whole blood applied to the tube containing proteinase K

¢) Two hundred pl of Binding buffer (GC) added to the sample and mix immediately

by vortex mixer.

d) Incubated at 60°C for 10 min.

e) One hundred pl of Isopropanol added and mixed well by pipetting

f) The lysate carefully transferred into the upper reservoir of the Binding column

tube (fit in a 2 ml tube)
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g) The tube centrifuged at 8,000 rpm for 1 min
h) The Binding column tube transferred to a new 2ml tube for filtration

1) Five hundred pl of Washing buffer 1 (W1) added and centrifuge at 8,000 rpm for

1 min
J) The solution poured from the 2 ml tube into a disposal bottle

K) Five hundred pl of Washing buffer 2 (W2) was added and centrifuged at 8,000
rpm for 1 min.

I) Centrifuged once more at 12,000 rpm for 1 min to completely remove ethanol

m) The Binding column tube transferred to a new 1.5 ml tube for elution add 100 pl
of Elution buffered onto Binding column tube, and wait for 5 min at RT (15~25°C)

until EL is completely absorbed into the glass fiber of Binding column tube
n) Centrifuged at 8,000 rpm for 1 min to elute.

0) Then a measurement of the obtained DNA concentration and purity done by

NanoDrop technique.

2.3.1.2 Polymerase Chain Reaction:
The AR-E211 G>A polymorphism was detected by amplification of a 416 bp
fragment using forward primer 416 and reverse primer as shown in table 2-3:
5'- CAC AGG CTA CCT GGT CCT GG-3' Forward primer
5-CTG CCT TAC ACAACT CCTTGG C -3’ reverse primer
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2.3.1.2.1 Polymorphism Detection for AR-E211:

The G1733A single nucleotide polymorphism of the AR-E211 gene (UCSC
code: rs6152), designated the G and A allele is a synonymous change. The presence
of the G allele at nucleotide 1733 abolished a Stul restriction enzyme recognition

site, which is recognized on the A allele.

Amplification Reaction Mixture for AR-E211 rs6152 two primers were used
in single PCR reaction. The PCR mixture is prepared by mixing 1ul from each
primer (pl, p2) of 10 pmol/ul primers with 5 pl of extracted DNA were mixed in
total volume of 20 pl. Then the mixture was added to lyophilize PCR premix

formula.

The reaction mixture has been incubated and the following program is used to

amplify the mixture.

a) 95°C for 7 minutes (initial denaturation)

b) 95°C for 45 seconds (denaturation, 35 cycles)

c) 58°C for 45 seconds (annealing, 35 cycles)

d) 72°C for 45 second (extension, 35 cycles)

e) 72°C for 7 minutes (Final extension) and 4°C (hold phase)

Bands for the required product sizes were obtained shown in figure (2-3).
2.3.1.2.2 Agarose Gel Electrophoresis

a) Agarose gel was prepared by dissolving 2 g of agarose powder in 100 ml of 10%
Tris Borate EDTA (TBE) buffer solution and boiling by electric heater.

b) The solution was cooled to 50°C.
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¢) Two microliters of ethidium bromide solution were added.

d) The comb was fixed at one end of the tray for making wells used for loading the

PCR products samples.

e) The agarose was poured gently into the tray, and allowed to solidify at room

temperature for 30 min.
f) The comb was removed gently from the tray.

g) The tray was fixed in electrophoresis chamber. The chamber was filled with TBE
buffer 10%.

h) Ten microliters of each PCR products sample were loaded into the wells in

agarose gel.

1) The voltage of the electrophoresis apparatus was fixed at 100 volts to ensure an
electrical field adjusted with (5-8) v.cm-1 for 16cm distance between cathode and

anode.

J) At the end of the run about (1:30 min) ultraviolet trans-illuminator was used for

bands detection.
k) The gel was photographed using digital camera.

The PCR-RFLP (Restriction Fragment Length Polymorphism) assay
was performed from blood samples for sample collection. In the first step,
genomic DNA was amplified directly from 2 pl whole blood using, the AR-
E211 G>A polymorphism was detected by amplification of a 416 bp fragment
using forward primer 416/F 5'- CAC AGG CTA CCT GGT CCT GG —3" and
reverse primer 416/R 5'- CTG CCT TAC ACA ACT CCT TGG C — 3’ [203]
on high-speed Piko® Thermal Cycler (Finnzymes, Espoo, Finland) by initial
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denaturation at 98 °C for 7 min, followed by 30 cycles of denaturation at 98
°C for 45 s, annealing at 58 °C for 45 s, elongation at 72 °C for 45s, and the
final extension at 72 °C for an additional 7 min after the last cycle. After PCR,
the reactions were centrifuged at 2,500 rpm for 3 min and the supernatants were
collected for restriction digestion. The digestions were prepared from 5 ul of
supernatants by addition of 10 units of Stul (New England Biolabs, Ipswich, MA)
and incubated at 37 °C over night. Digested products were electrophoresed through
a 3 % agarose gel and visualized by ethidium bromide staining. The band size 416

represent A allele while band size 329 represent G allale as shown in picture:

2.3.1.2.3 Polymorphism Detection for HSD3B1 (rs1047303):

The primers that have been used to detect this polymorphism are shown in
table (2-4).

Forward primer | 5'-GTCAAATAGCGTATTCACCTTCTCTTAT-3’

reverse primer | 5-GAGGGTGGAGCTTGATGACATCT-3’

2.3.1.2.4 Amplification Reaction Mixture

The PCR mixture is prepared by mixing 1ul from each primer (p1, p2) of 10
pmol/pul primers with 5 pl of extracted DNA were mixed in total volume of 20 pl.
Then the mixture was added to lyophilize PCR premix formula. The reaction mixture

incubated and the following program was used to amplify the mixture:

a) 95°C for 5 minutes (initial denaturation)
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b) 95°C for 30 seconds (denaturation, 30 cycles)

c) 60°C for 30 seconds (annealing, 30 cycles)

d) 72°C for 30 second (extension, 30 cycles)

e) 72°C for5 minutes (Final extension) and 4°C (hold phase)

Then we used Agarose Gel Electrophoresis to detect the polymorphism for
HSD3B1 (rs1047303). The bands for the required product sizes were obtained 215

bp and the gel was photographed using digital camera as shown in picture.

After performing the PCR assay, 4 samples were selected for each gene (3
samples from patients versus 1 control sample), those samples with their primers
were sent to Macrogen Corporation in Korea (Macrogen Inc. Geumchen, Seoul,
South Korea) specialized in analyzing the sequencing products of those samples.
The PCR products of the HSD3B1 (rs1047303) polymorphism gene were
dependent on the lengths (bp 215), the result of the sequences was compared with
those of the DNA sequences of the previously mentioned and globally registered
genes, from which the reference was extracted. https://www.ncbi.nlm.nih.gov PCR
sequencing products were analyzed, purified, lined up and analyzed along with
NCBI samples using BioEdit 6 GenBank (DNASTAR reference database)
software, Madison. Sequence Alignment Editor Software Version 7.1

www.ncbi.nlm.nih.gov (https://www.ncbi.nlm.nih.gov/) National Center for

Biotechnology Information.
2.3.2 Biochemical assay:

2.3.2.1. Determination of Human Androgen Receptor:

Determination of Human Androgen Receptor was done using ELISA Kit for
BT LAB Bioassay Technology Laboratory/China
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2.3.2.1.1 Reagent Preparation:
All reagents should be brought to room temperature before use.

Standard Reconstitute the 120ul of the standard (80ng/ml) with 120ul of standard
diluent to generate a 40ng/ml standard stock solution. Allow the standard to sit for
15 mins with gentle agitation prior to making dilutions. Prepare duplicate standard
points by serially diluting the standard stock solution (40ng/ml) 1:2 with standard
diluent to produce20ng/ml, 10ng/ml, 5ng/ml and2.5ng/ml solutions. Standard
diluent serves as the zero standard (0 ng/ml). Any remaining solution should be
frozen at -20°C and used within one month. Dilution of standard solutions suggested

are as follows:

40ng/mi Standard No.5 120ul Original Standard + 120ul Standard Diluent
20ng/mi Standard No.4 120ul Standard No.5 + 120ul Standard Diluent
10ng/ml Standard No.3 120ul Standard No.4 + 120ul Standard Diluent
5ng/ml Standard No.2 120ul Standard No.3 + 120ul Standard Diluent
2.5ng/ml Standard No.1 120ul Standard No.2 + 120ul Standard Diluent

120 ul 120 ul 120 ul 120 ul 120 ul

/—\ /\ /—\ /‘\ /‘\ Zero Standard

sesul s
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2

1.

CStandard | Standard | Standard | Standard | Standard | Standard
oncentrati

on No.5 No.4 No.3 No.2 No.1

80ng/ml 40ng/ml 20ng/mi 10ng/ml Sng/ml 2.5ng/ml

.3.2.1.2 Assay Procedure:

All reagents, standard solutions and samples were prepared as instructed. All
reagents were brought to room temperature before use. The assay is performed
at room temperature.

The number of strips required for the assay were determined. The strips in the
frames for use were insert. The unused strips should be stored at 2-8°C.

A volume of 50ul standard to standard well was added.

Note: Don’t add antibody to standard well because the standard solution
contains biotinylated antibody.

A volume of 40ul sample to sample wells and then added 10ul anti-AR
antibody to sample wells was added, then 50ul streptavidin-HRP was added to
sample wells and standard wells (Not blank control well). The plate was mixed
well and covered with a sealer, and incubated for 60 minutes at 37°C.

Removed the sealer and washed the plate 5 times with wash buffer. Soak wells
with at least 0.35 ml wash buffer for 30 seconds to 1 minute for each wash. For
automated washing, aspirate or decant each well and wash 5 times with wash
buffer. Blot the plate onto paper towels or other absorbent material.

We were added 50ul substrate solution A to each well and then added 50ul
substrate solution B to each well. Incubated plate covered with a new sealer for
10 minutes at 37°C in the dark.

Added 50ul Stop Solution to each well, the blue color was change into yellow
immediately.
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8. Determined the optical density (OD value) of each well immediately using a
microplate reader set to 450 nm within 10 minutes after adding the stop

solution.
2.3.2.1.3 Calculation of Results:

The standard curve is draw by PTPT LOG LUN by used the stander
concentration.

Figure 2-1 standard curve for elisa assay to AR serum level
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2.3.2.2. Determination of Human 3 Beta-Hydroxysteroid
Dehydrogenase Type 1 ELISA Kit:

Determination of Human 3 Beta-Hydroxysteroid Dehydrogenase Type 1 was
done using ELISA Kit for BT LAB Bioassay Technology Laboratory/China.

2.3.2.2.1 Reagent Preparation

All reagents should be brought to room temperature before use.
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Standard Reconstitute the 120ul of the standard (64ng/ml) with 120ul of standard
diluent to generate a 32ng/ml standard stock solution. Allow the standard to sit for
15 mins with gentle agitation prior to making dilutions. Prepare duplicate standard
points by serially diluting the standard stock solution (32ng/ml) 1:2 with standard
diluent to producel6ng/ml, 8ng/ml, 4ng/ml and2ng/ml solutions. Standard diluent
serves as the zero standard (0 ng/ml). Any remaining solution should be frozen at -
20°C and used within one month. Dilution of standard solutions suggested are as

follows:

32ng/ | Standard No.5 120ul Original Standard + 120ul Standard Diluent
16ng/ | Standard No.4 120ul Standard No.5 + 120ul Standard Diluent
8ng/ | Standard No.3 120ul Standard No.4 + 120ul Standard Diluent
4ng/ | Standard No.2 120ul Standard No.3 + 120ul Standard Diluent
2ng/ | Standard No.1 120ul Standard No.2 + 120ul Standard Diluent

120 nl 120 ul 120 ul 120 pul 120 ul

vasu b

&

Standard Standard Standard Standard Standard Standard
Concentration | No.5 No.4 No.3 No.2 No.1
64ng/ml 32ng/ml 16ng/ml 8ng/ml 4ng/ml 2ng/ml
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® Wash Buffer Dilute 20ml of Wash Buffer Concentrate 25x into
deionized or distilled water to yield 500 ml of 1x Wash Buffer. If crystals have

formed in the concentrate, mix gently until the crystals have completely dissolved.

2.3.2.2.2 Assay Procedure:

1. All reagents, standard solutions and samples were prepared as instructed.
All reagents were brought to room temperature before use. The assay is performed
at room temperature.

2.The number of strips required for the assay were determined. The strips in

the frames for use were insert. The unused strips should be stored at 2-8°C.

3. Added 50ul standard to standard well. Note: Don’t add antibody to

standard well because the standard solution contains biotinylated antibody.

4. A volume of 40ul sample to sample wells and then added 10ul anti-
HSD3BI1 antibody to sample wells, then added 50ul streptavidin-HRP to sample
wells and standard wells (Not blank control well). Mix well. Cover the plate with a

sealer. Incubate 60 minutes at 37°C.

5.We were Removed the sealer and washed the plate 5 times with wash
buffer. Soak wells with at least 0.35 ml wash buffer for 30 seconds to 1 minute for
each wash. For automated washing, aspirate or decant each well and wash 5 times

with wash buffer. Blot the plate onto paper towels or other absorbent material.

6. Added 50pl substrate solution A to each well and then add 50pl substrate
solution B to each well. Incubate plate covered with a new sealer for 10 minutes at
37°C in the dark.

7. Added 50ul Stop Solution to each well, the blue color will change into

yellow immediately.

45



Chapter Two Materials, Methods

8. Determined the optical density (OD value) of each well immediately
using a microplate reader set to 450 nm within 10 minutes after adding the stop

solution.

2.3.2.2.3 Calculation of Results:

The standard curve is draw by PT/PT LOG LUN by used the stander
concentration.

Figure 2-2 standard curve for elisa assay to HSD3B1 serum level
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2.4. Statistical Analysis

Statistical analysis was done by SPSS statistical software (SPSS 22 for
Windows, standard version). The results were presented as mean + standard
deviation (SD). Continuous variables were tested by T-test and for genetic analysis
we performed it by using chi square to compare the results. The correlation analysis
was done using the Pearson test, a P value of <0.05 was considered statistically

significant.
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3. Result:

3.1. Demographic Comparison between Prostate Cancer and Control
groups

Through the information collected from 90 patients with prostate cancer and
90 healthy as a control group, it became clear the effect of some important factors
on the incidence of prostate cancer, including residence, smoking, family history of

the disease and age.

3.1.1. Age:

Table 3-1 shows there are no different in age group between patient group
were mean equal 69.79 and control group effect mean equal 7.463 with p value

0.281.

Table 3-1 The relation of age between two groups

N. Mean SD+ P value
patient 920 69.79 10.907 0.281
control 90 70.31 7.463

The statistical analysis showed no significant differences association
between the age and biochemical marker for AR and HSD1B3 serum level in
patient group, also not association with smoking as risk factor and gleason of

disease as shown in table of correlation 3-2.

47




Chapter Three Result

3.1.2. Gleason
The Gleason grading system refers to how abnormal your prostate cancer cells look

and how likely the cancer is to advance and spread. A lower Gleason grade means that
the cancer is slower growing and not aggressive.

« Grade group 1: Gleason score 6 or lower (low-grade cancer)

« Grade group 2: Gleason score 3 + 4 = 7 (medium-grade cancer)

. Grade group 3: Gleason score 4 + 3 = 7 (medium-grade cancer)

. Grade group 4: Gleason score 8 (high-grade cancer)

. Grade group 5: Gleason score 9 to 10 (high-grade cancer)

Higher numbers indicate a faster growing cancer that is more likely to spread.

When compared the severity of cancer with AR level and HSD3B1 level there
are no significant relationship p value equal 0.206 and 0.684 respectively. Also no relation with
age p=0.374 and smoking p=0.424. Gleason score was grouped into low grade (Gleason score <
8) and high grade (Gleason score 8-10). The most prostate cancer cases were Gleason score 9
(44,64%), histopathological grading poorly differentiated/ undifferentiated (76,78%), grade
group 5 (48,21%).
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Table 3-2 The correlation
Age Receptor | enzyme | smoking gleason
Age pearson correlation | 1 -0.075 |-0.10 0.151 0.096
P 0.488 0.925 0.164 0.374
N 90 90 90 90 90
Receptor pearson correlat | -0.075 |1 0.322 0.091 -0.136
P 0.488 0.002 0.397 0.206
N 90 90 90 90 90
Enzyme pearson correlat | -0.01 0.322 1 0.072 0.044
P 0.925 |0.002 0.506 0.684
N 90 90 90 90 90
Smoking pearson correlat | 0.151 0.091 0.072 1 0.086
P 0.164 |0.397 0.506 0.424
N 90 90 90 90 90
Gleason pearson correlat | 0.096 -0.136 0.044 0.086 1
P 0.374 |0.206 0.684 0.424
N 90 90 90 90 90
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3.1.3 Family history:

The family history of the disease is one of the most important risk factors
affecting the incidence of prostate cancer. As the results of Table 3-3 and in the
field of the impact of the family history of the disease on the incidence of prostate
cancer show that 16 (18%) of patients with prostate cancer have a family history
compared to patients without a family history by 74 (82%). However, in the healthy
group, none of them had a family history of the disease, and the results of the
statistical analysis indicated that there were high significant differences between

the two groups of patients and healthy people who had prostate cancer.

Table 3-3 Distribution of Patient and Control Groups According to Family

History
Family History Number and Ratio P value
Control Patient
Not found 90 74 0.00002
(100%) (82%)
Found 0 (0%) 16
(18%)

There was a highly significant relationship, and there were also high
significant differences between the group of patients as well as in terms of the
presence or absence of history between the healthy group and the injured group,

there were high moral differences as shown in figure 3-3.
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3.1.4 Smoking:

Smoking is one of the important and influencing factors on the incidence of
prostate cancer. The results of distributing samples according to smoking and non-
smoking in Table 3-4 showed that the highest incidence of the disease was 65 (72%)
in smoking patients compared to 25 (28%) in non-smokers. While the healthy group
had 74 (82%) non-smokers, higher than 16 (18%) healthy smokers.

While in table of correlation there are no significant relationship between
severity of disease and smoking. Also on relation between serum level of receptor

and enzyme with the smoking, so only has relation with cancer..
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Table 3-4 Distribution of Patient and Control Groups According to Smoking

Smoking Number and Ratio P
Control Patient | value
Not smoking 74 25 0.00
(82%) (28%)
Smoking 16 65
(18%) (72%)

The results of the statistical analysis showed that there were significant
differences between smokers for the two groups of patients and healthy people.

The statistical results also high statistical signs were recorded between smokers

and non-smokers in patients and control group.
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3.2. Androgen Receptor (AR)
3.2.1. Androgen Receptor Level

AR remains one of the most import nuclear transcription factor from the
steroid hormone receptor superfamily of genes. Normal prostate growth and
development, prostate carcinogenesis and Al progression of PCa are mainly
dependent on AR expression and function. As a brief and oversimplified statement,
the prostate gland at any state of normal or neoplastic growth is addicted to the
AR. Alterations in AR structure, expression and signaling could have a determining
role in PCa progression toward an incurable Al state. These alterations which occur
could be secondary to somatic or germline mutations, presence or absence of non-
androgenic ligands, cytoplasmic signaling crosstalk with other kinases or cross-
modulation by other nuclear transcription factors. This review provides a
concentration of AR in serum with development of CaP. There was no significant
difference in AR serum level between patients and control group as show in table
3-5, the mean value in both groups were compared using t test (p value =0.42)
which is not significant at p value<0.05 (mean AR serum level in patient =9.709,

mean AR serum level in control=9.05).

AR level

Table 3-5 comparison of AR serum between patient and control groups
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3.2.2. Androgen Receptor ROC Curve

A receiver operating characteristic curve, or ROC curve, is a graphical figure
that shows how a binary classifier system's diagnostic capacity changes as the
discrimination threshold is changed. Starting in 1941, the approach was created for
operators of military radar receivers, hence the name. Plotting the true positive
rate (TPR) against the false positive rate (FPR) at various threshold levels yields the
ROC curve. Sensitivity, recall, and chance of detection are all terms used to describe
the true-positive rate. The likelihood of false alarm, commonly known as the false-

positive rate, can be expressed as (1- specificity).
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Figure 3-1 Predictive Value Section for Patient Using the Empirical ROC
Curve for AndrogenReceptor Level
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Table 3-6 values of ROC curve to AR serum level

specificity 75%

Sensitivity 25%

AUC 0.5168

P.Value 0.42

95% ClI (0.42209-0.60042)
Cut-off point 210 (ng/ml)
positive predictive value 0.51220

negative predictive value 0.48387
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3.2.3. Genetic Result for AR-E211 G>A Polymorphism

It is still studied by the assumption that the minor allele A is associated with
higher risk of prostate cancer [204]. Our finding indicates that the minor allele A
could be associated with transformation-induced changes of the modified
androgen receptor gene or induced another changes caused by tumor
transformation. Frequency of alleles of the AR-E211 G>A polymorphism in blood
samples. Since the AR gene is located on the X chromosome, males have only one
allele on their one X chromosome and females have two alleles on their two X
chromosomes [205]. The PCR-RFLP assay was performed from blood samples
without examine DNA purification. In the first step, genomic DNA was amplified
directly from 2 ul whole blood, the AR-E211 G>A polymorphism was detected by
amplification of a 416 bp fragment using forward primer 416/F 5’- CAC AGG CTA
CCT GGT CCT GG -3’ and reverse primer 416/R 5’- CTG CCT TAC ACA ACT CCT TGG
C-3'(Fig. 3-2).

Figure 3-2 showing Electrophoresis. For pcr production to the AR gene on

70 volts for 1 hr 3% agaros.

500bp
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Figure 3-3 PCR-RFLP of AR-E211 G>A Polymorphism after Addition of

restriction enzyme.
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Comparison of allele frequencies between the groups of CaP patients and

between the groups of control were analyzed by x2 — tests.

The genotypes association of AR is shown in Table 3-8. The model
codominant was non-significant change with (P =0.7) when compared with healthy
control.

The model dominant was shown non-significant change with (P = 0.7) when

compared with healthy control according to the percentage of A/G —-G/G is

genotypes response and related with disease RA.

The recessive model was shown non-significant change with (P = 0.7) when

compared with healthy control.
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Table 3-7 Allelic Association of AR Gene Polymorphism in Prostate

Cancer Males Cases and Controls Males

Model Genotype| Case |Control| OR (95% CI) | P-value
Codominant A/A 8 7 1.15(0.401-3.33
(8.8%) | (7.7%)
AlG 0 (0%) | 0 (0%) 0.7
G/G 82 83
(91.1%) | (92.2%)
Dominant A/A 8 7(7.7%) 0.7
(8.8%)
AIG-G/G 82 83 1.15(0.401-3.33)
(91.1%) | (92.2%)
Recessive A/A-AIG 8 7(7.7%) 0.7
(8.8%)
G/G 82 83 1.15(0.401-3.33)
(91.1%) | (92.2%)
Overdominant | A/A-G/G 90 90
(100%) | (100%)
AlG 0 (0%) | 0 (0%)

3.3 B-Hydroxysteroid Dehydrogenase Isoenzyme-1 (HSD3B1)
3.3.1. B-Hydroxysteroid Dehydrogenase Isoenzyme-1 Levels

The enzyme 3b-hydroxysteroid dehydrogenase isoenzyme-1 (3b-HSD1,
encoded by HSD3B1), which catalyzes the rate-limiting step of potent androgen
synthesis from adrenal precursor steroids in peripheral tissues. The present study
measures the serum level of this enzyme in PCa patient and noted if change and
has role in disease or change with gene mutation. The mean value of HSD3B1 serum
level in the patients was 5.91 ng/ml. The mean serum value of HSD3B1 in control is

6.20 ng/ml. although the mean serum level of HSD3B in patients group seems to be
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less than that of the control group but he difference was not statically significant

(P value 0.82) as show in Table 3-8.

Table 3-8 comparison between patient and control groups for HSD3B1.

HSD3B1

3.3.2. HSD3B1 ROC Curve

A receiver operating characteristic curve, or ROC curve, is a graphical figure
that shows how a binary classifier system's diagnostic capacity changes as the

discrimination threshold is changed. Starting in 1941, the approach was created
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for operators of military radar receivers, hence the name. Plotting the true
positive rate (TPR) against the false positive rate (FPR) at various threshold levels
yields the ROC curve. Sensitivity, recall, and chance of detection are all terms used
to describe the true-positive rate. The likelihood of false alarm, commonly known

as the false-positive rate, can be expressed as (1- specificity).

Table 3-9 values of ROC curve to HSD3B1 serum level

specificity 94%

Sensitivity 7.5%

AUC 0.58360

P.Value 0.82

95% ClI (0.48903-0.66462)
Cut-off point 210 (ng/ml)
positive predictive value 0.51948

negative predictive value 0.54545
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Figure 3-4 Predictive Value Section for Patient Using the Empirical ROC Curve for
HSD3B1
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3.3.3. Genetic result for HSD3B1 (rs1047303) Genotyping

Genomic DNA was extracted from patient whole blood samples. HSD3B1
(rs1047303) genotyping was performed by sequencing technology by sent the
samples to Macrogen Inc. Geumchen, Seoul, South Korea company. Briefly,
pathologic complete response amplification was performed using special PCR
Master Mix kit. The primers, annealing temperature, and cycle numbers were as
follows: 5'-GTCAAATAGCGTATTCACCTTCTCTTAT-3' and 5'-
GAGGGTGGAGCTTGATGACATCT-3', annealing temperature: 65°C, 35 cycles,
respectively. The pathologic complete response products were purified and
sequenced using the BigDye Terminator version 3.1 Cycle Sequencing Kit (Applied
Biosystems) on a Genetic Analyzer 3130XL (Applied Biosystems). Sequence data

were visualized using Sequence Scanner Software version 1.0 (Applied Bio edit) as
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shown in fig. 3-5.

Figure 3-5 Electrophoresis for pcr production to the HSD3B1 gene on 70 volt for 1 hr.

2% agaros.

215bp

The result of gene sequencing shows the change A allele with C allele at site of

SNP as show in figure 3-6
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Figure 3-6 show site of A __ Csnp for HDS3B1 gene.
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There was significant difference in expression of SNP between patients group
and control group. where it was expressed more often in patients than in control.

P value 0.015 which is significant at p value <0.05 as show in below table 3-10
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Table 3-10 Allele Frequency of HDS3B1 gene

Cdominant A dominant Marginal
N N Row Totals
% %
SD SD
Patients 87 (96.66) (10.3) | 3(3.33)[1.7] 90
Control 72 (80) [9.45] 18 (20) [4.12) 90
Marginal 159 21 180
Column Totals

Table 3-11 The chi-square statistic is 12.129. The p-value is .0004. Significant at p<

.05. The chi-square statistic with Yates correction is 10.566.

Chi-square 12.129
p-value 0.000496
Yates' chi-square 10.566
Yates' p-value 0.001151
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4. Discussion:

4.1. Demographic Comparison between Prostate Cancer and Control

groups
4.1.1. Age:

The results of the current study are in agreement with the findings of (Deuker
et al. 2021) (206) which indicated that the age factor is one of the most important
risk factors affecting prostate cancer. This has a close relationship with the disease,
and that infection before the age of 40 is very rare. (Cunningham et al., 2021) (207)
reported that about 75% of patients diagnosed with prostate cancer ranged
between 60 and 80 years old, with the possibility of prostate cancer occurring in
young people and even in children and adolescents in a small way (Cunningham et
al., 2021) explaining the increased incidence. Prostate cancer with advancing age
leads to aging of cells and loss of their important metabolic capabilities such as
removal of toxins and carcinogens and the occurrence of geneticimbalance in them
in addition to an increase in the period of exposure to carcinogens. The incidence
of some diseases such as chronic inflammation in the prostate gland or benign
enlargement increase with age, which may develop into a cancerous infection for
these gland (Freeland et al., 2021) (208).

4.1.2 Gleason

The Gleason grading system is the main method used to stage prostate
cancer (209). This system mainly considers the histological pattern of cells in H&E-
stained sections of prostate tissue. The strength of the Gleason grading system is that
it is useful for follow-up of a large variety of patients. The Gleason system has five

grades (1 to 5) based on the morphology of the most common cell type, and another
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five grades (1 to 5) based on the morphology of the second-most common cell type.
Thus the total histological score ranges from 2 to 10. The common practice is to
consider a Gleason score of 2-4 as well-differentiated carcinoma, 5-7 as moderately
differentiated carcinoma, and 8-10 as poorly differentiated carcinoma. However, a
Gleason score of 7 usually has characteristics of high-grade carcinoma. The AR has a
critical role in regulation of the proliferation of androgen-refractory prostate cancer
cells, even in the absence of androgens (210). Some studies reported same results as
Park et al. (211) and Husain et al. (212) which found statistically insignificant
correlation with Gleason score.

Our findings indicate that Gleason score had no relationship with AR level and

HSD1B3 level. Also no relation between other physical singe like age and smoking

with Gleason score as shown in table 3-2.
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4.1.3 Family history:

The risk of prostate cancer increases with the presence of a family history of
prostate cancer, as the results of the current study agreed with the results of
studies (Taha et al., 2020) (213) and (Ni, Raghallaigh and Eeles, 2021) (214) which
indicated an increase in the incidence of this type of cancer with a family history of
this disease. And (Ledo, and James, 2018) (215) pointed out in his study the
possibility of prostate cancer due to the inheritance of mutation-carrying genes

that cause prostate cancer. (Increased chance of have disease with relatives)
4.1.4 Smoking:

The smoking is one of the main causes of prostate cancer because cigarettes
contain carcinogenic substances such as aromatic cyclic amines and free radicals,
which can damage the DNA, where the risk of prostate cancer causing higher risk
among smokers (Deuker et al. 2021) (216), also indicated (Factors, 2020) (217) the
difference in the effect of the smoking factor on prostate cancer incidence
according to the amount of smoking, increase and decrease, and this is in
agreement with the results of the current study, while (Jiménez - Mendoza et al.,
2018) (218) indicated that moderate smoking has no association with prostate

cancer rates other than excessive smoking, which is a very important risk factor.
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a. Androgen Receptor (AR):

Androgen acts on its target cells by binding to AR, causing transformation
into a DNA-binding form that can interact with hormone responsive genes (219).
The AR gene is located on the X chromosome and is composed of 8(A—H) coding

exons.

Several studies on mutations in the AR gene in human prostate cancer have
already been reported. Yang et al. (220) found that 25% of advanced lesions had a
mutation at codon 877, which lies within the hormone-binding domain. This was
the same as that detected in LNCaP. Further, Estébanez-Perpifid et al. (221),
detected a high rate of AR gene mutation in primary stage C and stage D prostate
cancer prior to initiation of hormone therapy, 50% of these mutations being in exon
A. The concept of androgen dependence of prostate cancer is based on the fact
that a dramatic reduction in tumor mass is achieved after surgical castration or
estrogen therapy. The development and progression of cancer in the prostate
therefore appear to be androgen dependent. However, after androgen deprivation
treatment, this androgen dependence is lost in most cases and progression to a
more malignant status occurs. Qualitative and/or quantitative abnormalities in the
AR gene may be involved in this phenomenon, hence information relating to AR

expression levels and genetic alterations in prostate cancer is important.

Many studies have suggested that polymorphisms of the AR gene could
influence the risk of prostate cancer development and progression in patients
[222-223]. However, the CAG and GGC polymorphic repeats e nucleotide in the AR
gene have been studied extensively as markers of prostate cancer susceptibility,

with inconclusive results [224-226].
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Given the AR gene is highly conserved, with only a single dimorphic marker
reported in Caucasian populations, we investigated the role of this polymorphism
on androgen related prostate cancer and risk factors for prostate cancer (age,
country of birth, family history. As for the number of CAG repeats in the AR gene.
Rutkowski, (227) reported a contraction of CAG repeats in a prostate cancer case
which showed a paradoxical agonistic response to hormone therapy with an anti-

androgen flutamide.

Guilherme et al. has been reported that an expansion of CAG repeats causes
a linear decrease in the transactivation function of the AR protein, even though

they are not included in the DNA-binding domain (228).

The E211 G>A is in partial linkage disequilibrium with both CAG and GGC
repeats (229), its used as the genetic marker has been limited. It is well established
that nucleotide repeat sequences are highly polymorphic that can be reflecting a
high rate of mutation (230), whereas dimorphic polymorphisms are more stable
that can be reflecting lower rates of mutation (231), and thus ideal markers in
association studies. We therefore utilized the E211 marker to ascertain association

with prostate cancer and known risk factors.

Result of the genetic analysis of the AR-E211 G>A polymorphisms of patients
that confirmed with histological study has prostate cancer was association of the A
genotypic variant we found no overall association between the presence of the A
allele and CaP patients with Gleason grades. So many far studies have been carried
out searching for a relationship between the AR-E211 G>A polymorphism detected
in blood and various degrees changes in tumor prostatic tissue [232]. Although, we

analyzed only a small sample of patients, in several cases we have repeatedly
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identified in non-tumor and tumor tissues, both alleles of the AR-E211 G>A
polymorphism. It is still studied by the default that the minor allele A is associated
with higher risk of prostate cancer [233]. Our finding indicates that the minor allele
A could be associated with transformation-induced changes of the modified
androgen receptor gene or induced another changes caused by tumor

transformation.

In our study, the A allele is not associated with overall prostate cancer risk,
but decreases the risk of metastatic disease. Shorter CAG repeats have been

reported to be more common in prostate tumors and older age at diagnosis.

The author of currant of the study opinion there are no change in serum level
of AR (p value =0.42) which is not significant at p value<0.05. (Lolli et al., 2019)
discuss the serum level of AR in CaP and show no significant change in its level

association with extend of cancer (234)
b. B-Hydroxysteroid Dehydrogenase Isoenzyme-1 (HSD3B1):

There are several enzymes that convert adrenal androgens to testosterone
and/or DHT have increased expression in castration-resistant disease (235). One
such enzyme is 3b-hydroxysteroid dehydrogenase isoenzyme-1 (3b-HSD1, encoded
by HSD3B1), which catalyzes the rate-limiting step of potent androgen synthesis
from adrenal precursor steroids in peripheral tissues (e.g., prostate, breast, skin,
placenta) (236, 237). Here, the study discusses the impact of an A>C missense-
encoding single nucleotide polymorphism (SNP) in HSD3B1 nucleotide position
1245 (clustered refSNP ID 1047303) to augment potent androgen synthesis from

adrenal precursors.

The study discusses the impact of an A->C missense-encoding single
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nucleotide polymorphism (SNP) in HSD3B1 nucleotide position 1245 (clustered
refSNP ID 1047303) to augment potent androgen synthesis from adrenal
precursors. We and others researchers have referred to the HSD3B1(1245C) allele
as the variant allele because it is minor allele. However, HSD3B1(1245C) is also the

allele in the HSD3B1 reference sequence (238, 239)

In agreement with HSD3B1 function is convert DHEA to D4 -androstenedione
(AD), piling up of 3bHSD1(367T) from HSD3B1(1245C) resulted to increased
production of AD and ultimately DHT from the adrenal precursor DHEA, resulting
in an adrenal-permissive phenotype that warrant more rapid development of CRPC.

In contrast, the HSD3B1 (367N) protein from HSD3B1(1245A) was readily degraded

71



Chapter Four Discussion

and thus incapable of strongly producing potent androgens from adrenal

precursors, leading to an adrenal-restrictive phenotype (240).

Shiota et al. (241) again study the relationship between the adrenal-
permissive genotype and worse postADT clinical outcomes in 104 Japanese men
treated with AD for metastatic disease. Men possessing one or two copies of the
adrenal-permissive allele had a higher HR of progression compared with
homozygous wild-type men. Similarly, in a cohort of 44 Spanish men with PCa
treated with ADT, Gil et al. (242) discover the adrenal-permissive genotype to be

associated with inferior PFS compared with the adrenal-restrictive one.

Further, a post hoc analysis of 197 patients in a randomized phase 3 clinical
trial (243) shows that inheritance of one or two copies of the adrenal-permissive
allele is associated with more rapid development of CRPC and shorter OS in men

with low-volume metastatic PCa treated with ADT 6 docetaxel (244).

The adrenal-permissive genotype occurs in CRPC as either a germline variant or a
somatic mutation. The frequency of the germline 1245C allele varies widely with
ancestry (34% European, 20% American, 16% South Asian, 9% African, and 8% East
Asian) (245). Remarkably, the HSD3B1(1245C) allele was found to be selected for
following androgen deprivation; 3/11 (27%) tumors from patients with CRPC with
germline heterozygosity exhibited loss of heterozygosity with loss of
HSD3B1(1245A) after ADT, and 3/25 (12%) of germline homozygous
HSD3B1(1245A) CRPC tumors acquired the somatic mutation (246).

Previous studies investigating the effect of HSD3B1 on oncological outcome
have demonstrated higher risk of progression and all-cause mortality in men

carrying the variant allele (247,248). Although ethnic distribution in the study by
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Agarwal et al. (250) is not presented, the study by Hearn et al (249) included mainly
white men. In contrast to these US reports, (Huang et al., 2021) (251) showed
significant risk of CRPC in men carrying variant allele but failed to show significant
differences in progression-free survival PFS and overall survival OS. Thus, to our
knowledge, for the first time in Asian individuals, the current study clearly shows
significant detrimental PFS associated with variant allele. Superior quality of the
sample origin might contribute to the successful demonstration of the significant
results in this study, contrary to the results of (Huang et al., 2021) that used
samples obtained from formalin-fixed archival tissues, which may cause errors in
sequencing and may contain tumor-derived DNA. In addition, an imbalance in
patients with no metastasis and metastasis between genotypes may explain the

reason of failure to show prognostic significance (252).

Shiota et al. (253) found that the heterozygous genotype is associated with
a lower HR of treatment failure (HR, 0.35; P 5 0.01) and all-cause mortality (HR,
0.40; P 5 0.04) compared with the homozygous adrenal restrictive genotype in 99
Japanese metastatic CRPC patients (254).The study confirmed the finding that
HSD3B1 genetic variation may be associated with detrimental outcomes of ADT on
prognosis done on Japanese men with prostate cancer, augmenting the robustness
of previous findings and suggesting universal significance among different

ethnicities (255).

This study done on Iragi men with CaP to show if there are relationship
present between AR gene mutation at rs6152 and HSD3B1 (rs1047303) with

development of tumor. NO significant difference of AR gene between patients and
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control (P value = 0.241) which is significant at p < 0.05 AR Dominant alleles. The

analysis showed no association between prostate cancer and the A allele.

There was significant difference in expression of SNP between patients group and
control group. where it was expressed more often in patients than in control. P

value 0.015 which is significant at p value <0.05 where A allele changes to C allele.

Also the mean value of HSD3B1 serum level in the patients was 5.91 The
mean value of HSD3B1 Serum Level in control 6.20. although the mean serum Level
of HSD3B (mean 5.91) in patients group seems to be Less than that of the Control

group (mean= 6.20) but the difference was not statically significant (P value 0.82).
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212,

Conclusions and Recommendations

a. Conclusions

From all data and correlations of different variables in the present study, it

Conclusions and Recommendations

couldbe concluded that: -

. Prostate cancer is more commune in elderly men than middle and young

men.

. Also this cancer is distributing in rural areas more than in urban areas as

shown in result and discussion.

. The genetic factors of HDS3B1 have main role in development of CaP.
. The smoker is one of the factors that incidenceprostate cancer.

. There was no significant difference in AR serum level between patients and

control group.

. Frequency of alleles of the AR-E211 G>A polymorphism in blood samples.

The genotypes association of AR the model codominant was non-significant
change when compared with healthy control. The all AR polymorphism not

significant with CaP.

. This study measures the serum level of HDS3B1 in PCa patient and noted if

change and has role in disease or change with gene mutation. Although the
mean serum level of HSD3B in patients group seems to be less than that of

the control group but the difference was not statically significant.

. HSD3B1 (rs1047303) genotyping was performed by sequencing technology.

There was significant difference in expression of SNP between patients group

and control group where A allele changes to C allele.
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b. Recommendations:

1. This research study AR gene only at one snp AR-E211 gene (UCSC code:

rs6152) for Iragi men, so main other research need to different snp

2. There are many theories discuss the change that occur in AR will progress

CaP in men, so main other study need to discuss these theories.

3. This study show the effect of HSD3B1 (rs1047303) on CaP, there are
many other enzymes involve in prostate development and disease, many studies

need to done on these enzymes for Iragi men.
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