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Abstract

The prostate gland is part of the male reproductive system and can be affected by several
conditions including benign prostatic hyperplasia (BPH), prostate cancer (PCa), prostatitis and
cysts. The domestic dog (Canis familiaris) is considered a good animal model for studying
prostatic diseases because, in addition to the morphological and functional similarities between
the canine and human prostate glands, these animals spontaneously develop BPH and PCa. In
this context, the study of the genetic basis of the canine prostatic diseases might contribute to a
better understanding of these diseases and to the development of new diagnostic tools.

The present work included a population of 20 adult male dogs presenting different prostatic
conditions. The clinical diagnosis was made by rectal palpation and ultrasonography and
confirmed by cytological examination of prostatic fluid. Different biological samples (blood,
urine and prostatic fluid) were collected and processed using optimized protocols.

Odelis®CPSE assay was performed in all plasma samples in order to test its validity in the
prostatic diseases detection. The results revealed that CPSE plasma concentrations are higher in
pathological conditions than in normal control dogs. Nevertheless, it was not possible to
differentiate BPH from the other prostatic diseases.

Following DNA and RNA extraction procedures, four different genetic approaches were
implemented. Due to its role as a promising diagnostic tool, the CPSE gene expression was
analyzed in dogs with different prostatic conditions but it was not possible to associate the
expression profile of this gene with a specific condition. In the second approach, canine PCA3
gene was characterized due to its central role in human PCa detection. The assembled canine
PCA3 gene was located in dog chromosome 1 and presented 79% of identity with human PCA3
sequence. PCA3 was not expressed in this population, indicating that this gene expression might
be associated with neoplasic prostatic condition. In the third approach, two regions of the IL-6
gene were analyzed, allowing the identification of two gene variants: one located in the coding
region of exon 5 (I/5_g105G>A) and another in the untranslated region of exon 5
(I/5_g440G>A). 1/5_g105G>A and [/5_g440G>A gene variants were not correlated with
susceptibility to develop a specific prostatic disease. However, the 1/5_g105G>A polymorphism
affected the encoded amino acid and may have damage effects for the IL-6 protein; the
1/5_g440G>A polymorphism may influence the susceptibility to develop prostatic diseases by
affecting the regulatory elements of IL-6 gene. In order to systematically summarize the existing
data concerning the /L-6 influence in human PCa susceptibility, the fourth approach included a
systematic review and a meta-analysis based upon case-control studies. Overall, there was no
significant association between I[L-6 -174G>C polymorphism and PCa increased risk.
Nevertheless, concerning the IL-6 -636G>C polymorphism, the CC and GC genotypes were

statistically significantly associated with PCa decreased risk in an Asian population.
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It is essential to complement this research with new approaches, in order to improve
0Odelis®CPSE applicability; accomplish more information about candidate genes and clarify the

role of gene variants in prostatic diseases susceptibility.



Resumo

A glandula prostatica faz parte do sistema reprodutor masculino e pode ser afectada por
varias condig¢des incluindo a hiperplasia prostatica benigna (HPB), o cancro da préstata (CaP), a
prostatite e quistos. O cdo (Canis familiaris) é considerado um bom modelo animal para o estudo
destas doencas porque, para além das semelhancas morfolégicas e funcionais entre as glandulas
prostaticas do homem e do cdo, estes animais desenvolvem HPB e CaP de forma espontanea.
Neste contexto, o estudo da base genética das doengas prostaticas caninas podera contribuir
para o melhor conhecimentos destas patologias e para o desenvolvimento de novas ferramentas
de diagnéstico.

O presente trabalho incluiu uma populacdo de 20 cdes machos adultos apresentando
diferentes condi¢des prostaticas. O diagnédstico clinico foi realizado através do exame do toque
rectal e ultrassonografia e confirmado pela andlise citolégica do fluido prostatico. Foram
recolhidas e processadas diferentes amostras biolégicas (sangue, urina e fluido da préstata)
utilizando protocolos optimizados.

O teste Odelis® CPSE foi analisado em todas as amostras de plasma de forma a testar a sua
validade na deteccdo de doengas prostaticas. Os resultados revelaram que as concentracdes
plasmaticas de CPSE sdo mais elevadas em condigdes patologicas do que em condigdes normais.
No entanto, ndo foi possivel diferenciar a HPB de outras doencas prostaticas.

Apo6s os processos de extracdo de ADN e ARN, foram implementadas quatro abordagens
genéticas diferentes. Devido ao seu papel promissor como ferramenta de diagnéstico, a
expressdo de gene CPSE foi analisada em cdes com diferentes condi¢des prostaticas mas nao foi
possivel associar um perfil de expressdo deste gene com uma condi¢do prostatica especifica. Na
segunda abordagem, o gene PCA3 canino foi caracterizado devido ao seu papel central na
deteccdo do CaP no homem. O gene PCA3 canino, localizado no cromossoma 1 do céo,
apresentou 79% de identidade com a sequéncia humana do gene PCA3. O PCA3 nao foi expresso
nesta populacdo, indicando que a sua expressdo génica poderd estar associada apenas com
condi¢des neoplasicas. Na terceira abordagem, foram analisadas duas regides do gene IL-6,
permitindo a identificacdo de duas variagdes genéticas: uma localizada na regido codificante do
exdo 5 (I5_g105G>A) e outra na regido nao codificante (15_g440G>A). As variacdes 15g_105G>A e
[5_g440G>A ndo foram correlacionadas com a susceptibilidade para desenvolver uma
determinada doenga prostatica. No entanto, o polimorfismo 15g_105G>A altera o aminodacido
codificado e podera ter efeitos prejudiciais para a proteina IL-6; o polimorfismo 15_g440G>A
pode influenciar a susceptibilidade para desenvolver doengas prostaticas, através da regulacao
dos elementos reguladores do gene IL-6. De forma a sistematizar a informacao existente sobre a
influéncia do gene IL-6 e a susceptibilidade para o homem desenvolver CaP, a quarta abordagem

incluiu uma revisio sistematica e uma meta-analise com base em estudos de caso-controlo. Em
Xi



geral, ndo houve nenhuma associagdo significativa entre o polimorfismo IL-6 -174G>C e o risco
para desenvolver CaP. No entanto, tendo em conta o polimorfismo IL-6 -636G>C, os gen6tipos CC
e GC foram significativamente associados com o risco diminuido para desenvolver CaP numa
populacdo asiatica.

E essencial complementar este trabalho com novas abordagens, de forma a melhorar a
aplicabilidade do teste Odelis® CPSE; obter mais informagdes sobre genes candidatos e clarificar

o papel das variantes genéticas na susceptibilidade para desenvolver doencas da proéstata.
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Chapter | - Introduction

Chapter I - Introduction
1.1 - Relevance of prostatic diseases

Prostatic diseases are very frequent and can have infectious, hormonal, anatomical or
embryological origin. Common prostatic disorders include benign prostatic hyperplasia (BPH),
prostatitis, cysts and prostate cancer (PCa) (Mayenco-Aguirre and Sadnchez de-la Muela, 2007).

In men, PCa is the second most common cancer diagnosed and the sixth most common
cause of cancer deaths (Baade et al., 2009). It is rare in younger males but its incidence increases
continuously with age (LeRoy and Northrup, 2009). The International Agency for Research on
Cancer (GLOBOCAN) estimates that in 2008, there were 5140 new cases of prostate cancer
diagnosed in Portugal and 2021 deaths related to this disease (Ferlay et al., 2010).

BPH is the most common disease of canine prostate gland, affecting 95% of dogs with nine
years of age (Gobello and Corrada, 2002). Due to the high frequency of diseases affecting this
gland, new studies focused on the development of diagnostic methods and new therapeutic
approaches are needed.

Understand the epidemiology, natural history and genetics of a disease should contribute to

the appropriate diagnosis and to the development of new therapeutic strategies.

1.2 - Animal models for prostatic diseases

Animal cancer models have proven to be useful for studying oncogenesis, the molecular
mechanisms of initiation, promotion, angiogenesis and the development of metastasis (LeRoy
and Northrup, 2009).

To become accepted as an animal model for human medicine, diseases must be similar at
clinical, pathological and molecular levels (Brinkhof et al, 2006). Besides that, there are some
challenges in the use of animal models including the significant anatomical, histological and
metastatic potential differences that exist between species (Lamb e Zhang, 2005).

The use of animal models in the study of prostatic diseases is an essential tool for defining
the molecular basis of these pathologies, as well as to the development of new diagnostic
methods and therapies (Lamb e Zhang, 2005).

In the early part of the 20th century, due to the anatomical similarities between the canine
and human prostate glands and the paucity of spontaneous prostatic carcinomas in other
animals, dogs were the primary species examined in retrospective studies of PCa in companion

animals (LeRoy and Northrup, 2009).

Genetic analysis of prostatic diseases in Canis familiaris 1



Chapter | - Introduction

1.2.1 - Canis familiaris as an animal model

The dog (Canis familiaris) may represent a unique animal model for studying human
prostatic diseases because it spontaneously develops BPH and PCa. It also has other relevant
characteristics such as the frequent access to qualified medical care and the fact that the dog co-
habits with humans, minimizing the differences caused by environmental factors (Winkler et al.,
2005).

Canis familiaris also shows an age-dependent development of malignant prostatic lesions as
well as a similar metastatic pattern (Fork et al., 2008). Additionally, specific types of canine
malignancies are similar to their human counterparts in histopathological appearance, biological
behavior, and response to therapy, giving an enormous advantage to the canine model over
many existing popular animal models (Starkey et al., 2005).

The publication of the canine genome and the position of the dog within the mammalian
evolutionary tree, make it an important guide for comparative analysis of the human genome
(Lindblad-Toh et al., 2005).

An extensive genetic study of canine prostatic diseases should provide valuable insight into
the similar disorders in men and could also contribute to develop screening and diagnosis

strategies for canine prostatic disorders in veterinary clinical context.

1.3 — Anatomy, physiology and histology of healthy prostate glands

The human male reproductive system consists of gonads called testes, a series of ducts:
epididymis, vas deferens, ejaculatory duct and urethra and accessory sex glands: prostate,
seminal vesicles and bulbourethral glands.

The human prostate gland (Figure 1) encircles the urethra just inferior to the urinary
bladder and it is located in front of the rectum (Mader, 2004). The normal donut-shaped gland is
about 4 cm across, 2 cm thick and 3 cm in length; it is spongy in texture (Graff, 2001) and
contains four sub-regions: peripheral zone (~70%), central zone (~20%), transition zone
(~5%) and a small periurethral gland region (LeRoy and Northrup, 2009).

This gland is enclosed by a fibrous capsule and divided into two lobes formed by the urethra
and the ejaculatory ducts that extend through the gland. The thin, alkaline and milky-colored
prostatic secretion (90% of semen volume) is rich in zinc, citric acid, antibiotic-like molecules,
fructose and enzymes that are important for sperm function (Robinson, 2002).

The prostatic growth and secretion are mediated by androgens. Testosterone is the main
male sex hormone produced by the Leydig cells of the testes and it is converted by the enzyme
5-alpha-reductase to dihydrotestosterone, a much more active form that regulates the growth

and secretion of the gland (Memon, 2007). Furthermore, androgens also promote differentiation

Genetic analysis of prostatic diseases in Canis familiaris 2



Chapter | - Introduction

of the primitive prostatic epithelium into the three mature cell types: basal, luminal and
neuroendocrine cells. Prostatic basal cells are located in the base of the epithelium and they are
the stem cell component of the prostate. The luminal cells, which are the functionally active
prostatic secretory cells, secrete the prostatic acid phosphatase (PAP) enzyme and prostate
specific antigen (PSA) that is often measured clinically to assess prostate function. Prostatic
neuroendocrine cells express markers such as chromoranin-A and serotonin (Graff, 2001 and

LeRoy and Northrup, 2009).
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Figure 1 - Normal human prostate gland. Adapted from the National Cancer Institute - Visuals On-

line (http://visuals.nci.nih.gov/details.cfm?imageid=7226).

The canine prostate gland (Figure 2) shares common embryonic development and many
morphological and functional similarities with the man’s gland. It is also an ovoid-shaped bi-
lobed gland that surrounds the neck of the urinary bladder and the first part of the urethra and,
as well as in man, the main purpose of this gland is to produce fluid that provides the optimum

environment for sperm mobility and survival (Williams and Niles, 1999).
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Figure 2 - Normal canine prostate gland. Adapted from the Atlas of Veterinary Clinical Anatomy.
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The position and size of canine prostate gland varies with age: it is small and lies within the
pelvic canal until sexual maturity, it gradually enlarges as a result of androgenic stimulation and
may move cranially over the pelvic brim and into the abdomen (Williams and Niles, 1999).
Additionally, its secretion is also androgen dependent (LeRoy and Northrup, 2009).

Nevertheless, the canine prostate gland has some significant differences to the human
counterpart: it is the only accessory gland; it does not exhibit the zonal anatomy; its secretion
does not contain fructose; the luminal cells do not secrete PSA but rather a related kallikrein
family member called canine prostatic specific esterase (CPSE) and there is conflicting evidence
whether or not neuroendocrine cells exist (Williams and Niles, 1999; Graff, 2001 and LeRoy and

Northrup, 2009).

1.4 - Screening and diagnosis of human and canine prostatic diseases

1.4.1 - General health examination and transrectal digital palpation

Prior to the specialized urological examination, a general health evaluation including a
medical history interview and general examination tests must be done.

During the medical history interview, men must mention any complaints or concerns about
their health and symptoms. The physician quizzes about important behaviours (smoking,
excessive alcohol use, diet and others), surgical history and medication in use. In general
examination, the blood pressure, heart and respiration rates and the body temperature are
checked. An abdominal examination is performed to check if the bladder is increased and the
penis and testicles are also examined. Finally, the digital rectal exam (DRE) is done (Kirk, 2004).

In veterinary medicine, the general health, common habits and some detected pathological
manifestations of the animal are questioned to the pet’s owner in order to perform the medical
history. In general clinical examination, the hydratation score, temperature, cardiovascular and
respiratory status are checked (Paclikova et al., 2006). Finally, the DRE procedure is performed.

DRE is considered a non-invasive screening method and the best one for physical
examination of the canine prostate gland (Smith, 2008). It is a quick and simple exam in which
the physician inserts a gloved and lubricated finger into the animal’s rectum and feels the
prostate through the rectal tissue. This test is used to examine some aspects (volume,
consistency, nodules, limits, sensivity) in order to look for abnormal conditions or signs of
prostatic disease (Mayenco-Aguirre and Sanchez de-la Muela, 2007). The effectiveness of this
procedure depends on the ability of physician/veterinarian finger to detect abnormalities. In
case of any doubt and depending on the findings of these examinations, more specific exams

should be performed (Kirk, 2004).
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1.4.2 - Diagnostic imaging — radiography and ultrasonography

Radiography and ultrasonography are diagnostic imaging techniques useful for the
diagnosis of men and dogs’ prostate disorders.

Radiography has been used to evaluate the position, size and outer surface of prostate gland
and to detect prostatic cysts and metastasis in bony structures, pelvic lymph nodes and lungs
(Paclikova et al., 2006). In veterinary clinical context, the prostate is considered enlarged when
its size is greater than 50% of the width of the pelvic inlet on a ventrodorsal radiograph (Smith,
2008).

Ultrasonography is more precise and accurate than X-rays and provides images of the gland
and its surrounding tissue in real time. This technique has been successfully used to determine
the width and length as well as to visualize the internal architecture and external texture of
prostate gland. It is also used to detect and evaluate the size of prostatic cysts and for guidance
when biopsy or aspiration procedures are performed (Smith, 2008). Normal prostate condition
should have a homogeneous echodense pattern; hyperplasia, inflammation or neoplasia can
result in hyperchogenic foci and cysts and abscesses can present anechoic and hypoechoic areas
(Paclikova et al., 2006).

DRE and ultrasonography can detect prostate abnormalities. However, further procedures,

such as cytological examination and biopsy, are needed to achieve the definitive diagnosis.

1.4.3 - Cytological examination

Cytological examination of urine samples has been extensively used to detect cancer and
inflammatory diseases of the urinary tract. Urine specimens include many exfoliative cells from
urinary system but few exfoliative cells from the prostate. So, in order to evaluate and
differentiate prostatic disorders, cytological examination of prostatic fluid or semen should be
done (Chen et al., 2006).

Cytological samples may be obtained by effective collection techniques such as ultrasound-
guided fine needle aspiration and urethral catheterisation with prostatic massage. The type of
sample (prostatic fluid or semen) and the collection technique used influence cytological
features (Kraft et al., 2008).

In normal conditions, prostate fine needle aspirates contain differentiated cuboidal to low
columnar prostatic epithelial cells that are organized in small or medium clusters. The nucleus is
usually round to oval and the cytoplasm is finely granular, basophilic and may be vacuolated
(Mayenco-Aguirre and Sanchez de-la Muela, 2007).

Ejaculate samples in normal conditions may contain a few erythrocytes, leukocytes,

squamous epithelial cells, contaminant organisms (bacteria) and numerous spermatozoa. On the
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other hand, prostatic fluid samples may include erythrocytes, leukocytes, spermatozoa,
transitional epithelial cells and squamous epithelial cells but no bacteria or other contaminant
organism (Kraft et al., 2008).

When BPH is present, the epithelial cells are differentiated and arranged individually or in
clusters with acinar-like arrangement and indistinct cytoplasmic borders. The cytoplasm is
slight granular and basophilic and the nuclei present finely reticulated or stippled chromatin.
There may be an increase in cell size and the nucleus-cytoplasm ratio is increased compared
with normal cells (Kraft et al., 2008).

Cytological evaluation of acute prostatitis reveals the presence of a large number of
degenerate neutrophils sometimes with detectable intracellular bacteria. Chronic prostatitis is
characterized by large number of macrophages, lymphocytes and neutrophils (Mayenco-Aguirre
and Sanchez de-la Muela, 2007).

In case of prostatic cysts, the fluid contains a small number of epithelial cells, some
neutrophils and cellular debris or a moderate number of slightly hyperplastic epithelial cells.
Sometimes the fluid is acellular (Paclikova et al., 2006).

Aspirate smears of prostatic carcinomas reveal abnormal epithelial cells arranged in
variably sized clusters. There is an increase in cell size and number, nuclear enlargement and the
cytoplasm is deeply basophilic (Kraft et al., 2008).

The results of cytological examinations should be interpreted with clinical findings, blood

examination tests and urinalysis.

1.4.5 — Prostatic biomarkers

A biomarker is a biological molecule that can be found in blood, body fluids or tissues and
its measurement and evaluation can be indicative of normal or pathological processes (Madu
and Lu, 2010).

The different prostatic conditions may present similar clinical signs which difficult the
definitive diagnosis. Therefore, the validation of already existing biomarkers and the
discovery/development of new markers for prostatic diseases screening and detection are
emergent issues.

Human prostatic acid phosphatase (PAP), discovered in 1930 by Gutman and colleagues,
was the first reported serum biomarker for PCa progression and reaction to androgen
deprivation therapy of PCa that had metastasized (Madu and Lu, 2010). Some years later, with
the discovery of a more sensitive and specific marker - serum prostate specific antigen (PSA),

PAP measurement was gradually replaced.
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PSA is a member of human Kkallikrein proteases and was purified from prostate extracts in
1970. Initially, PSA was used for monitoring prostate cancer patients but was subsequent
implemented for screening because several studies demonstrated that its measurement
provided a useful adjunct to DRE in PCa detection (Makarov et al., 2009). In 1994, FDA officially
approved PSA test, defining 4,0 ng/mL as the upper limit of normal conditions (Madu and Lu,
2010).

Over time, some limitations in the use of PSA for PCa screening became evident and, in
order to improve its specificity, several variations on the basic test have been proposed
including the rate of PSA change over time (PSA velocity), the ratio of PSA concentration to
prostate volume (PSA density), the time necessary for the serum PSA level double (PSA doubling
time), age specific PSA intervals, precursor forms of PSA (proPSA) and the ratio of free to total
PSA (fPSA) (Makarov et al., 2009). Nowadays, PSA test is used in conjunction with DRE and it is
considered an important biomarker for detecting, staging and monitoring human PCa.
Nevertheless, this test is not specific because common pathological conditions such as BPH and
prostatitis can increase PSA levels from a normal low level to an elevated state in the blood,
leading to a high rate of false positives and to unnecessary biopsies (Schilling et al., 2009).

In 1999, Bussemakers and his colleagues identified a novel biomarker - prostate cancer
antigen 3 (PCA3 or DD3). They used differential display analysis to examine differences in mRNA
expression levels in benign versus malignant prostate tissue and they reported that PCA3 gene
was highly overexpressed in PCa tissues (Schalken, 2009). Further studies using quantitative
research tests led to the development of PCA3 urine assay.

PCA3 urinary test has a lower sensivity than blood PSA test but it has higher specificity. This
assay measures PCA3 and PSA mRNA levels in urine collected following DRE and the final output
is a ratio of PCA3/PSA mRNA multiplied by 1000 (Schalken, 2009). In the last recent years,
several studies have supported the usefulness of this test as a specific biomarker for the
diagnosis of PCa stage and grading and confirmed its utility to guide a decision for a biopsy
(Schilling et al., 2009). The PCA3 test is already available in some commercial laboratories
(Tuma, 2010); however, further investigation and validation studies are necessary to better
understand the potential clinical utility of this test.

In veterinary medicine, the definition of prostate canine specific biomarkers is scarce. In
1995, Bell and colleagues measured PAP, PSA and canine prostate specific arginine esterase
(CPSE) serum and seminal plasma concentrations in dogs with different prostatic conditions
(Gobello and Corrada, 2002). They verified that PSA was not detected in canine serum or plasma
and PAP concentrations did not differ significantly between normal dogs and those with

prostatic diseases. On the other hand, they verified that CPSE serum concentrations in dogs with
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BPH were significantly higher than in normal control dogs (Bell et al., 1995). These results
suggested that CPSE, the major secretory product of canine prostatic epithelial cells, could be a
promising biomarker for BPH detection. There is a commercially available assay for CPSE serum
concentration measurement (Odelis® from Virbac); however there is no sufficient evidence on
this potential biomarker. In this context, further studies are needed to define the exact role of

CPSE and its usefulness as a diagnostic tool for non-neoplasic canine prostatic disorders.

1.4.6 - Prostatic biopsy

Prostatic biopsy is a procedure that removes a small piece of prostate tissue that will be
cytological examined for the presence of abnormal cells. It provides information about the
cellular nature and the stage it has reached.

In men, a biopsy may be recommended if the results of DRE and PSA test suggest PCa
condition (Schilling et al., 2009). Despite the diagnostic imaging techniques and the clinical
evaluation of PSA, prostatic biopsy is the most definitive diagnostic tool for PCa (Shariat and
Roehrborn, 2008). There are different types of prostatic biopsies such as the transrectal, the
transurethral and the transperineal. Transrectal ultrasound (TRUS)-guided biopsy using a 12-
core scheme is the most reliable method to ensure accurate sampling of prostatic tissue in men
with suspected PCa (Shariat and Roehrborn, 2008). During a biopsy, many men experience
anxiety, pain and discomfort. This is an invasive procedure and can induce complications such as
hematuria, rectal bleeding and urinary tract infections (Schilling et al., 2009). Following biopsy,
cytological and histological examinations are performed and the Gleason score is established
based on tumor architectural differentiation patterns that are classified from 1 to 5. This tumor
scoring system is a result of the sum of the score of the two most common patterns. Higher
scores are associated with more aggressive tumors (Shen and Shen, 2010).

In the last decades, the number of taken biopsies has significantly increased because of the
widespread use of PSA test. Due to the significant proportion of negative biopsies, additional
diagnostic tests are necessary to reduce the number of unnecessary and uncomfortable biopsy
procedures (Schilling et al., 2009).

In veterinary clinical context, the decision to take a biopsy is done when the less invasive
diagnostic methods do not render a diagnosis; when a case has been unresponsive to initial
therapy or when an immediate diagnosis is required (Smith, 2008). There are two basic methods
to perform a prostatic biopsy - percutaneous (perirectal or transabdominal approach) and

excisional. Excisional biopsy is performed during surgery and is the most reliable method.
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1.5 — The prostatic diseases in clinical context

Prostate gland can be affected by several conditions including BPH, prostatitis, cysts and
PCa. The clinical signs of these different prostatic diseases are similar due to the fact that all
these conditions cause some degree of prostatic enlargement or inflammation (Williams and
Niles, 1999; Mayenco-Aguirre and Sanchez de-la Muela, 2007). The pathogenesis, clinical signs,
diagnosis and the available therapies for each single prostatic disorder will be described in the

following section.

1.5.1 - Benign Prostatic Hyperplasia (BPH)

BPH is the most common disease of human and canine prostate glands (Gobello and
Corrada, 2002). It is a spontaneous disease and is part of an aging process that includes an
increase in cell number (hyperplasia) and in cell size (hypertrophy) (Smith, 2008).

BPH pathogenesis is not completely understood, although it is clear that it begins with an
alteration of the androgen:estrogen ratio by the testes (Gobello and Corrada, 2002; Smith, 2008).
Estrogens induce dihydrotestosterone (DHT) receptors, increasing the sensitivity of the gland to
DHT. An overexpression of DHT is the primary mediator of BPH because it enhances growth,
stimulating the enlargement of prostate (Smith, 2008; LeRoy and Northrup, 2009).

In men, as prostate gland enlarges, it squeezes the urethra causing urine to back up into the
bladder (Figure 3), then into the ureters, and finally, into the kidneys. This pathological

condition occurs in both men and dogs but there are some differences between species.

Normal prostate Enlarged prostate/BPH

Bladder g

Urethra

Figure 3 - Enlargement of man’s prostate gland causing urine to back up into the bladder. Adapted

from the National Cancer Institute - Visuals On-line (http://visuals.nci.nih.gov/details.cfm?Imageid=71 37).

In dogs, BPH cases are not usually associated with clinical signs. However, constipation,

sanguineous fluid dripping from the urethra, hematuria and hemospermia occur in some dogs.
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Canine BPH affects mostly epithelial cells in a diffuse fashion (Paclikova et al., 2006) and there is
no breed predisposition for this condition. This non-neoplastic disease is initiated between
sexual maturity and 4 years of age and it appears as an intra-alveolar increase in papillary
proliferations of prostatic secretory epithelium (diffuse glandular BPH). The next alteration is
the increase of the stromal component that appears approximately at 6 years of age (diffuse
complex BPH). Canine prostate in this state commonly contain additional pathology including
cystic or atrophied glands with chronic inflammation (Memon, 2007; LeRoy and Northrup,
2009).

In humans, clinical signs include impaired bladder emptying, difficulty urinating, and
hematuria (Memon, 2007). BPH is rare in men with less than 30 years old, but is present in more
than half of men in their 60s and as many as 90% of those over 90 years old. This condition takes
place more frequently within the stroma of the gland and it is characterized by a nodular
expansion of proliferating stromal and glandular elements (Paclikova et al., 2006).

Diagnosis of BPH is based on the presence of typical clinical signs and exclusion of other
prostatic disorders. Hematological and serum biochemical analysis are unaffected, while urine
and semen analysis may be normal or contain blood without pyuria (Gobello and Corrada,
2002). Prostate size and other characteristics can be evaluated by transrectal palpation,
radiography and ultrasonography. A presumptive diagnosis is made based on a thorough
history, physical examination findings, prostate imaging and examination of prostate fluid but
the definitive diagnosis can only be made after biopsy (Smith, 2008).

After diagnosis, the choice of the appropriate treatment is based on the severity of
symptoms, the extent to which they affect lifestyle and the presence of other medical conditions.
In dogs, the treatment of BPH is only recommended if related abnormal signs are present. The
most effective treatment is castration but sometimes owners refuse it. There are other medical
options that can include antiandrogenic, progestagens or antiestrogenic compounds that
promote the decrease of prostatic size, which alleviates related signs (Gobello and Corrada,
2002; Smith, 2008). In men with only a slightly enlargement of the prostate gland, it is
recommended regular check-ups and lifestyle changes. When men have moderate symptoms, it
is usually used a combination of drugs including alpha-blockers, 5-alpha reductase inhibitors
and anticholinergic. If the symptoms are more severe, the treatment can include minimally
invasive therapies: holmium laser enucleation of the prostate, laser photovaporization,
transurethral microwave thermotherapy, needle ablation, transurethral resection (TURP) or
incision (TUIP) of the prostate. In cases of extreme prostate enlargement it is recommended a

traditional surgery called prostatectomy (Chapple, 2004; Burnett and Wein, 2006).
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1.5.2 — Prostatic Cysts

Prostatic cysts are cavitating lesions formed when canaliculi become obstructed, leading to
accumulation of prostatic fluid (Smith, 2008). Based upon their location, these cysts can be
classified as intra-prostatic, retention or paraprostatic cysts (Memon, 2007). Intra-prostatic
cysts are usually observed as a result of BPH and are the most common cysts. Retention cysts are
present within the prostatic parenchyma whereas paraprostatic cysts are outside the prostatic
parenchyma and have been associated with remnants of the uterus masculinus (Paclikova et al,,
2006; Smith, 2008).

Prostatic cysts are usually asymptomatic and typically detected during transrectal
ultrasound and computed tomography scans (Lee et al, 2010). These techniques help to
establish the size, margins, location, consistency and the number of prostatic cysts.

When present, clinical signs can include urinary obstruction, bloody urethral discharge,
tenderness, lethargy, dysuria and straining during defecation (Memon, 2007; Kraft et al., 2008).
In dogs, current treatment includes surgical procedures such as debridement and
omentalization, insertion of surgical drains, cyst drainage by aspiration, cyst resection and
partial prostatectomy. In addition, treatment with finasteride or castration is also recommended
(Parry, 2007; Smith, 2008). For men, there are multiple treatment choices including transrectal
aspiration or sclerotherapy, marsupialization with a transurethral technique and open surgery

(Lee etal., 2010).

1.5.3 — Prostatitis

Prostatitis is an inflammatory process of the prostate gland. There are four forms of
prostatitis: acute bacterial prostatitis, chronic bacterial prostatitis, chronic prostatitis/chronic
pelvic pain syndrome and asymptomatic inflammatory prostatitis (Krieger et al., 2008).

The acute prostatitis occurs due to bacterial urinary tract infection. The most common
pathogen is Escherichia coli but there are other responsible organisms like Staphylococcus
aureus, Klebsiella spp. Proteus mirabilis, Mycoplasma spp. Pseudomonas aeruginosa,
Enterobacter spp., Streptococcus spp. and others (Paclikova et al., 2006). The clinical signs in
men include high fever, difficulty urinating, painful urination, urgency, pain in the pelvis and
bloody urine. Dogs present signs of systemic disease (fever and depression) as well as vomiting,
caudal abdominal pain, stiff or stilted gait, preputial discharge and possibly unwillingness to
breed. The diagnosis is usually based on the history, physical examination, transrectal
examination, urinalysis, semen and prostatic fluid analyses, bacterial cultures and hematology.
DRE reveals a tender and tense prostate gland; urine culture identifies the bacteria and its

sensivity to antibiotics; blood tests show a high white blood cells count and elevated levels of
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PSA as a consequence of increased vascular permeability and disrupted epithelium of the gland.
The treatment involves the administration of bactericidal antibiotics that can be combined with
alpha-blockers and antipyretics (Ludwig, 2008; Kraft et al., 2008).

Chronic bacterial prostatitis is the result of recurrent urinary tract infections usually caused
by the same bacterial strain. It can be asymptomatic or present symptoms including urethral
discharge in dogs and pelvic pain, irritative symptoms during micturition and a variable degree
of voiding and sexual dysfunction in men (Krieger et al., 2008; Smith, 2008; Wagenlehner et al.,
2009). Treatment includes long duration antibiotic therapy selected based on sensivity of
bacteria cultured from inflammatory exudates and on the pharmacokinetics of the antibiotic
(Wagenlehner et al., 2009). It is also important a frequent follow-up in an attempt to prevent
another recurrence. For dogs, it is also recommended castration as an adjunct to the medical
treatment (Smith, 2008).

Chronic prostatitis/chronic pelvic pain syndrome is characterized by chronic pelvic pain
symptoms without evidence of urinary infection. It may be inflammatory or non-inflammatory
(Wagenlehner et al., 2009). In the inflammatory form, urine, semen and prostatic fluid contain
leukocytes whereas in the non-inflammatory form there is no evidence of inflammation (Krieger
et al., 2008). No bacterial infection can be found in the both forms. There are no diagnostic tests
neither established treatments for this prostatic condition. The diagnosis is done by the
exclusion of the other forms of prostatitis and treatment is based on symptomatic therapy like
the management of the pain with anti-inflammatories, antianxiolytics and analgesics
(Wagenlehner et al., 2009; Strauss and Dimitrakov, 2010).

Asymptomatic inflammatory prostatitis occurs when there is no pain or discomfort but
there is inflammation in prostatic tissue and seminal fluid. This form of prostatitis is commonly
found in men and dogs when looking for causes of infertility or when biopsies are done to

evaluate possible PCa condition (Krieger et al., 2008).

1.5.4 - Prostate Cancer (PCa)

PCa is one of the most commonly diagnosed malignancies in men. It occurs when the rate of
cell division surpasses cell death leading to uncontrolled growth (Madu and Lu, 2010). Its
pathogenesis is complex and likely multifactorial and several genetic and environmental factors
have been identified (LeRoy and Northrup, 2009).

Its incidence increases continuously with age and varies worldwide. The highest incidence
rates are in North-Western Europe and Northern America and the lowest are in South-East Asia
(Figure 4-A). Mortality rates are high in African descents, intermediate in Caucasian and low in

Asian descents (Figure 4-B) (Schulz et al.,, 2003).
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Figure 4 - Estimated prostate cancer incidence (A) and mortality (B) worldwide in 2008. Adapted from
GLOBOCAN, International Agency for Research on Cancer.

Prostatic carcinomas are usually highly dependent on androgens mediated through the
androgen receptor. The androgen receptor is a member of the nuclear receptor superfamily and
regulates gene expression in response to ligands in target cells (Culig et al., 1994). In its inactive
state, it is associated with heat-shock proteins but upon binding of androgens, it undergoes a
conformational change, dissociates from the proteins, forms homodimers and translocate to the
nucleus. When activated, it acts as a transcription factor and modulates the activity of various
key molecules involved in proliferation, apoptosis, invasion and metastasis of PCa
(Koochekpour, 2010).

Several studies have demonstrated differences in gene expression and single nucleotide
polymorphisms (SNPs) in genes related to the androgen receptor, growth factors, DNA damaged,
tumor suppressors, cell cycle control and inflammatory genes (Schulz et al., 2003; Hughes et al,,
2005; Ahmed, 2010). Gene fusions and chromosomal rearrangements have been also described
(Kumar-Sinha et al., 2008).

Early PCa usually causes no symptoms. Advanced PCa clinical symptoms can include slow or
weaken urinary stream, haematuria, loss of bladder control and when cancer metastasis have
spread to bones it can result in weakness or numbness in legs (Schulz et al., 2003; Hughes et al,,
2005).

A presumptive diagnosis is made based on two common early detection tests: DRE and PSA
blood test but the definitive diagnosis can only be made after biopsy (LeRoy and Northrup,
2009). When PCa is diagnosed, conventional treatment options include watchful waiting,
surgical excision of the prostate (radical prostatectomy), implantation of radioactive implants
(brachytherapy) and irradiation through external beam therapy, cytotoxic chemotherapy and
androgen depletion and receptor blockade therapies (Smith, 2008; LeRoy and Northrup, 2009).

Many cases of PCa grow slowly and do not become clinical relevant in a lifetime of an older
man. The aggressive cancers usually metastasize to bone structures and other organs (Smith,

2008; LeRoy and Northrup, 2009). In bone metastases, there are intense epithelial-mesenchymal
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interactions and the neoplasic cells stimulate maturation and activity of bone cells (osteoblasts
and osteoclasts), which in turn produce growth factors that stimulate growth, and survival of
neoplasic cells (Schulz et al., 2003).

There is an urgent need to develop new diagnostic tools to better understand the molecular
basis of PCa initiation in order to distinguish between indolent and aggressive forms of this
prostatic condition (Shen and Shen, 2010).

In dogs, PCa is uncommon occurring only in 5-7% of dogs with prostatic disease (Smith,
2008). This condition has an age dependency: it is rare below 10 years old but occurs in older
dogs. In addition to the incidence rate, canine prostatic tumors have another important
difference with human PCa, they are androgen independent and do not express androgen
receptors (Smith, 2008; LeRoy and Northrup, 2009).

The most diagnosed canine prostatic tumors are adenocarcinoma and transitional cell
carcinomas. Other forms include adenoma, leiomyoma, fibroma and sarcoma (Gobello and
Corrada, 2002). Regardless of type, canine prostate tumors are aggressive and highly invasive.

Clinical signs can include anorexia, weight loss, haematuria, tenesmus, difficult or painful
bowel movements (dyschezia), ataxia, rear limb weakness and stranguria. A more advanced
stage includes metastasis to lymph nodes and bones leading to pain, myelopathy, neurological
deficits in the pelvis limbs and lameness (Gobello and Corrada, 2002; Smith, 2008).

The histological examination of biopsy samples confirms the suggestive diagnosis made by
DRE, radiographic and ultrasound findings.

Due to the aggressive nature of canine prostate cancer, effective treatment options are
limited. Transurethral prostatectomy is indicated for early-stage lesions or tumors with no
evidence of metastasis; surgical or pharmacological castration and intraoperative radiotherapy
are often used to reduce prostate size (Smith, 2008; LeRoy and Northrup, 2009).

The development of biomarkers or other diagnostic methods that aid in the detection of

early-stage disease and improvement of treatment options are emergent issues.

1.6 - Genetic research in prostatic diseases

In the last decades, there have been numerous advances in the basic genetic research on
prostatic diseases. Defining the molecular bases of these conditions may contribute to the
development of new diagnostic and prognostic methods as well as for the discovery of new
targets for therapies (Lamb and Zhang, 2005).

Cancer cells typically contain multiple alterations in number and structure of genes and

chromosomes, presenting defects in genome stability. Genetic changes can result in altered
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patterns of gene expression and altered gene products that can lead to defects in fundamental
cell regulatory mechanisms (Schulz, 2003).

Genome-wide association studies (GWAS) have identified multiple common SNPs that
contribute to susceptibility to PCa and revealed that the risk variants vary in frequency across
racial/ethnic populations (Waters et al., 2009; Chang et al., 2011).

Both genetic and environmental factors are probably involved in the variability of PCa
aggressiveness. Using BAC-based array comparative genomic hybridization (aCGH), oligo-based
aCGH and gene expression array, Rose and colleagues (2010) identified distinct regions of DNA
copy number gain and loss in African-Americans versus (vs) Caucasians tumors suggesting that
molecular differences may contribute to PCa health disparities.

Advanced PCa usually metastasize to bone structures and several molecular mechanisms
that underlie the bone metastasis have been proposed. These molecular analyses have
implicated several signaling pathways in mediating epithelial to mesenchymal interactions
involved in prostate morphogenesis and PCa organogenesis (Shen and Shen, 2010).

The widespread use of PSA test has led to an overdiagnosis of patients presenting indolent
tumors that may not require treatment (Albertsen et al., 2005). Consequently, understanding the
molecular basis of cancer initiation should lead to the identification of specific biomarkers that
distinguish between indolent and aggressive tumors.

Combining the existing information on human prostatic diseases with the usefulness of
Canis familiaris as an animal model, the implementation of different genetic approaches should

contribute to a deeper knowledge of these disorders.

1.6.1 — Canine Prostate Specific Esterase (CPSE) as a diagnostic tool for prostatic diseases in

Canis familiaris

The most common prostatic disorders affecting canine prostate gland may present similar
clinical signs which difficult the definitive diagnosis. Therefore, the development/ improvement
of efficient diagnostic tools is urgently required.

The CPSE is the major secretory product of canine prostatic epithelial cells and it seems to
be a promising biomarker for BPH detection.

The canine CPSE gene is comprised of five exons, spans 5510 kb and is located at
chromosome 1 (GenBank: M63669.1; Gene ID: 403967, updated on 22-Dec-2011). It is a
member of the kallikrein gene family and has approximately 60% of similarity with human PSA
at the amino acid level (Lundwall and Lilja, 1987). The encoded protein has two polypeptide
chains of 14 kDa and 15 kDa linked by disulphide bonds and according to its degree of

glycosylation, its native form has a molecular weight between 29 and 31 kDa (Chapdelaine et al.,

Genetic analysis of prostatic diseases in Canis familiaris 15



Chapter | - Introduction

1998; Mussel et al., 2010). CPSE secretion is regulated by androgens and its production can be
inhibited by anti-androgen treatment or surgical castration (Gobello and Corrada, 2002).

Bell and colleagues (1995) verified that CPSE serum concentration in dogs with BPH were
significantly higher than in normal dogs. Recently, Virbac Company provided an ELISA type
immunoassay for CPSE serum concentration measurement called Odelis® CPSE. In a French
multicentre study (2009), the CPSE serum concentration was measured in 34 dogs presenting
clinical signs of BPH and in 55 normal control dogs and the results demonstrated that with a
clinical threshold of 61 ng/mL (54 ng/mL - 67 ng/mL), the Odelis® CPSE assay enables the
diagnosis of BPH with a sensitivity of 97.1% and a specificity of 92.7% (Lévy and Mimouni,
2009). Besides this study, there are no scientific publications associated to this potential ELISA
type immunoassay. Consequently, there is a considerable interest in testing the validity and
applicability of Odelis® CPSE assay in order to develop and improve non-invasive diagnostic

tools for canine prostatic disorders.

1.6.2 — Characterization of Prostate Cancer gene 3 (PCA3) in Canis familiaris

The current information regarding the genes involved in the initiation and progression of
prostatic diseases in Canis familiaris is scarce (LeRoy and Northrup, 2009). Consequently, there
is an evident lack in the definition of prostate specific biomarkers to be used in the diagnosis of
the different prostatic diseases.

In human medicine, new diagnostic methods have been developed and improved using
specific mRNA-based biomarkers. One such new marker is prostate cancer gene 3 (PCA3). PCA3
is highly over-expressed in PCa tissues compared with benign and normal tissues (Bussemakers
et al., 1999). Consequently, a non-invasive quantitative urinary assay for PCA3 messenger RNA
(mRNA) was developed and was made available for clinical use (Loeb and Partin, 2010). Several
studies have demonstrated the usefulness of this assay for PCa screening in conjunction with
PSA serum test and other clinical information (Kirby et al., 2009; Schilling et al., 2009).

The human PCA3 gene is located on chromosome 9q21-22 and has no open reading frame,
suggesting that this gene encodes a non-coding RNA (Day et al,, 2011). In 1999, Bussemakers
and colleagues revealed that PCA3 gene consisted in four exons, showing alternative splicing of
exon 2 and three alternative polyadenylation sites in exon 4. Twenty years later, Clarke and
colleagues (2009) identified a new genomic structure for PCA3, involving four new transcription
start sites, two new differentially spliced exons and four new polyadenylation sites (Figure 5).
Additionally, they described novel PCA3 splice variants with more specific expression in PCa
tissues and metastases. Using comparative genomic analyses, they demonstrated that PCA3 gene

is located within intron 6 of the BMCC1 gene (also called PRUNEZ) in an anti-sense orientation
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and they verified that BMCC1 gene was also upregulated in PCa tissues, suggesting that PCA3

transcription may influence the transcription of this gene during PCa development.
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Figure 5 - The PCA3 gene is located at chromosome 9q21-22 and was originally described by
Bussemakers and colleagues, as consisting of four exons (red boxes 1, 2c, 3 and 4) and three
polyadenylation sites in exon 4 (orange boxes 4a, 4b, and 4c). In 2009, Clarke and colleagues described a
new genomic structure comprising two new exons (2a and 2b), four new polyadenylation sites (vertical
lines in exon 4), and four new transcription start sites (exon 1, pink and light pink boxes). Adapted from

Day et al., 2011.

Due to the relevance of PCA3 in human PCa detection, the characterization of canine PCA3
gene and the analysis of its expression in normal and diseased canine prostate glands could be
interesting to determine the usefulness of this gene for screening and diagnosis in veterinary

clinical context.

1.6.3 - Interleukin-6 (IL-6) gene variants and prostate cancer susceptibility

Different forms of prostate specific inflammation have been frequently associated to human
PCa. Numerous oxidants produced by inflammatory cells may cause cellular or genomic damage
in the prostate, enhancing cell proliferation and stimulating angiogenesis (Hughes et al., 2005;
Shen and Shen, 2010).

SNP is a single nucleotide variant of DNA sequence and the SNP sites contain typically two
alternative bases, where the less frequent is a variant or mutant or minor allele. The minor allele
frequencies vary according to ethnicity, gender and disease status (Chang et al., 2011; Haiman et
al., 2011; Lindstrom et al., 2011). For these reasons, SNPs genetic analysis is widely used for
disease association studies. Recent studies shows that SNPs may explain differences in
incidence, clinical manifestations, response to treatment and prognosis of many cancer types
(Zabaleta et al., 2009 and Shao et al, 2011). Therefore, inflammatory gene variants might

predispose individuals to PCa risk.
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The human interleukin-6 (IL-6) gene (Figure 6) is located on chromosome 7p21-14, consists
of six exons and contains 10 transcripts (ID: ENSG00000136244; Gene ID: 3569, updated on 27-
Nov-2011). It encodes a multifunctional cytokine that activates the STAT (signal transducer and
activator of transcription) and MAPK (mitogen activated protein kinase) signalling pathways.
The activation of these pathways leads to the transcription of target genes and to the regulation

of cell growth, differentiation and survival (Hughes et al., 2005).
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Figure 6 - Representative scheme of human [L-6 gene. It is mapped to chromosome 7p21-14 and

consisted of 6 exons (purple boxes).

[L-6 values are raised in tissues and serum from patients with PCa, the IL-6 receptor
expression has been detected in PCa cell lines and several studies demonstrated its influence in
the interaction between epithelial and stromal cells in PCa condition (Hughes et al., 2005).
Accordingly, this cytokine may play a role in PCa initiation, progression and metastasis (Sun et
al,, 2004). IL-6 gene promoter region enclose a variety of regulatory elements and two common
polymorphisms, -174G>C and -636G>C, that have been implicated in PCa susceptibility by
altering gene regulation and/or protein expression (Morgan et al., 2006; Pierce et al, 2009).

Multiple studies have investigated the association between these polymorphisms and PCa
risk. Whereas some studies revealed no significant increased or decreased PCa risk among men
carrying IL-6 sequence variants (Sun et al., 2004; Michau et al., 2006; Zabaleta et al., 2009 and
others), the study of Bao and colleagues (2008) found a significant association between GG and
GC genotypes of IL-6-636 G/C polymorphism and PCa increased risk in an Asian population. In
this context, a meta-analysis of case-control studies may be an important strategy to derive a
more precise estimation of the relationship between IL-6 polymorphisms and human PCa risk.

In addition to amplify the knowledge about the genetic basis of canine prostatic diseases,
the detection and characterization of IL-6 gene variants in Canis familiaris may also reveal useful

information about the influence of inflammation in human cancer initiation.
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Chapter II - Objectives

In order to contribute to a deeper knowledge of the genetic basis of the canine prostatic
diseases, to the development of efficient strategies to diagnose these disorders and with the aim
of reaching useful information about similar disorders in men, the main objectives of the
present work were to:

= Perform a detailed literature review concerning the different human and canine prostate
conditions using comparative genomic tools;

» Test the validity and applicability of Odelis® CPSE assay as a specific diagnostic tool for
non neoplasic canine prostatic disorders;

= Characterize PCA3 gene in Canis familiaris;

= Analyze the expression of candidate genes (PCA3, CPSE) in animals with different
prostatic conditions;

= Detect and characterize IL-6 gene variants in Canis familiaris;

= Perform a meta-analysis to estimate the putative association between IL-6 promoter

polymorphisms and human PCa.
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Chapter III - Material and Methods
3.1 - Biological material

In the present study, a population of 20 adult male dogs (age range, 2-12 years) with
different stages of prostate development was analyzed. All animals were subjected to a general
clinical examination (Annex I) after obtaining a detailed medical history.

All medical procedures were performed at the Veterinary Teaching Hospital of the
University of Tras-os-Montes and Alto Douro (HVUTAD) and at Veterinary Clinics of ICBAS-
University of Porto (UPVET) by a team of veterinary doctors with the consent of the animal
owners (Annex II) and meeting all the standards of animal welfare. The cytological analyses
were performed at the Laboratory of Histology and Anatomical Pathology of the University of
Tras-os-Montes and Alto Douro by a veterinary pathologist.

The prostate size, shape, symmetry, consistency were evaluated by rectal palpation. Besides
these characteristics, the internal architecture and the echogenicity of the prostate gland and
testicles were evaluated by ultrasonography.

The biological samples included in this study were total blood, urine and prostatic fluid.
These samples were collected and processed using optimized protocols.

Blood (1,2mL) was collected by venipuncture to two vacuum tubes with the anticoagulant
EDTA. After collection, it was homogenized at room temperature for 30 minutes to prevent
clotting. Plasma was separated from total blood by centrifugation at 2500 rpm for 15 minutes
and stored in aliquots at -80°C. The other portion of the total blood was stored in the centrifuge
tube at -20°C.

Urine was aseptically collected by ultrasound-guided cystocentesis and it was processed
using two different methods. In method I, the urine was collected to an eppendorf tube (2mL)
previously prepared with 0,75mL of RNA latter, a stabilizing solution that optimizes the
performance of RNA extraction. The content was divided into three aliquots and stored at -20°C.
In method II, the urine was collected to two eppendorf tubes (2mL) without RNA latter, which
were subsequently centrifuged at 7000 rpm for 10 minutes. After removing the supernatants,
the pellets were ressuspended in 500 mL of PBS and the contents of the two tubes were mixed
and subsequently centrifuged at 13000 rpm for 10 minutes. The supernatant was removed, the
pellet was ressuspended in 450 pL of RNA latter and stored at -20°C.

Prostatic fluid was collected by aspiration using a sterile urinary catheter (Buster®). A

syringe was attached to the end of the catheter and aspirated after 1 minute of prostate

transrectal massage. A portion of prostatic fluid was used to perform the cytological analysis.
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The remaining content was collected to an eppendorf tube (2mL) previously prepared with 0,75

mL of RNA latter. The content was divided into three aliquots and stored at -20°C.

3.2 — Odelis® CPSE ELISA kit

In order to measure CPSE plasma concentration, an enzyme-linked immunosorbent assay
(ELISA) (Odelis® CPSE kit from Virbac Animal Health) was optimized.

In the first step, the vials of calibrator and control were reconstituted and the dilutions of
the stock solution were performed in order to obtain the different calibrator solutions (20, 10, 5,
2.5 and 0 ng/mL). The washing buffer solution was diluted 100 times and the samples were
diluted 10 times before being assayed.

After preparation, 100 pL of each component (calibrator solution, control and sample) were
placed in the corresponding wells. The microwell was covered with an adhesive film and it was
incubated for 1 hour at 37°C. During this period, a first antibody (fixed to the microwell)
captured CPSE proteins found in calibrators and samples.

The content of the wells was aspirated and 300 pL of washing solution were added to each
well. The washing cycle was repeated four more times and after washing, a second antibody that
recognizes the bounded proteins and 100 uL of ready-to-use Horse Radish Peroxidase - HRP
conjugate were added to each well.

Following a second period of incubation (1 hour at 37°C), the proteins and reagents that
were not specifically bound were washed (four washing cycles) and 100 pL of a substance
containing the enzyme’s substrate (3,3”,5,5”, Tetramethyl benzidine - TMB) were added to
each well.

With the addition of TMB, a colorimetric reaction begun and after 10 minutes in the dark at
room temperature, 50 uL of the stop solution were added to each well.

In the final step, the optical density (OD) was read at 450 nm and CPSE plasma and
calibrator’s concentrations were determined by comparison with a standard curve with known
concentrations. Analysis of data was performed using the statistical software SPSS (version
19.0.1). The Mann-Whitney U test was used to test the equality of the two distributions and the
independent samples T-test, with 95% confidence interval, was used to compare the CPSE

means concentrations in normal dogs and in dogs presenting signs of BPH.

3.3 — DNA extraction from blood samples

There are several methodologies for DNA isolation and purification. The extraction method

is dependent on several factors: the amount of sample available, the number of samples to
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extract, the availability of laboratory equipment, and in some cases, the end use of DNA (Austin
etal, 1996).

Regardless of the protocol used, DNA extraction from any eukaryotic cell involves three
essential steps: lysis of cellular and nuclear membranes, protein degradation and DNA
precipitation.

Commercial kits for DNA extraction are an alternative to manual protocols. Although the
DNA concentrations obtained with these protocols can be slightly lower and sometimes with a
slight degradation of DNA, they have great advantages such as speed and ease of implementation
and the fact that there is no need to use reagents such as phenol and chloroform (Santella,
2006).

In the present study, the DNA was extracted from the buffy coat layer of blood samples
using the QuickGene DNA Whole Blood kit S (Fujifilm). In the first step, a mixture containing 30
uL of protease, 250 pL of sample and 250 pL of lysis buffer was prepared. After mixing the
content by pipetting and vortexing for about 15 seconds, the tube was centrifuged briefly at
maximum speed and then incubated for 5 minutes at 56°C. 250 pL of absolute ethanol were
added and the tube was centrifuged briefly at maximum speed.

The following steps were performed on the Fujifilm Mini-HQ 80 equipment. The columns
were placed in the washing position, 750 pL of the mixture previously obtained were
transferred to the column and the liquid was pressed into the collection tube. This was followed
by the addition of 750 pL of wash buffer and then, the liquid was pressed out of the column. This
step was repeated two more times. The columns were placed in the elution position, 100 pL of
elution buffer were added and after 2 minutes at room temperature the liquid was pressed out
of the column. A second elution was obtained repeating the last procedure. The DNA obtained in

the two elutions was stored in aliquots at -20°C.

3.4 — RNA extraction from prostatic fluid and urine samples

The RNA quality is of critical importance to the success of downstream applications
including reverse transcription polymerase chain reaction (RT-PCR). The RNA molecule is less
stable than DNA and ribonucleases are very stable, efficient, do not require cofactors for their
proper functioning and they are very difficult to inactivate (Kingston, 2002). Consequently, to be
successful, the RNA extraction procedure should take into account some precautions: the use of
new gloves, the micropipettes’ tips must have filters and the work surface should be clean and
exclusive for RNA extraction.

There are several manual and commercialized protocols to isolate RNA from different types

of samples. In this study, the RNA extraction was performed from prostatic fluid and urine
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samples using QlAamp viral kit (Qiagen®) with some specific changes that were previously
optimized.

Before starting the protocol, RNA carrier was prepared by the addition of 310 uL of Buffer
AVE. Then, 16,8 uL of RNA carrier+Buffer AVE mixture were added to 1680 pL of Buffer AVL.

For each sample, three eppendorf tubes (2mL) were prepared by the addition of 560 pL of
the prepared buffer AVL with RNA carrier and 140 pL of sample to each tube. After vortexing for
about 15 seconds, the tubes were incubated for 10 minutes at room temperature and then, they
were briefly centrifuged to remove possible drops in the cap. 560 pL of absolute ethanol were
added to each tube, they were mixed on the vortex for 15 seconds and centrifuged briefly.

The next step was the addition of 630 pL of the solution obtained in the previous step to a 2
mL collection tube with a column provided by the kit. The collection tube was centrifuged at
8000 rpm for 1 minute, the column was transferred into another collection tube, the filtrate was
discarded and this step was repeated until the contents of the three tubes were completely
transferred to the column.

This was followed by two washing cycles where the contaminants were efficiently washed
away. 500 pL of wash buffer 1 were added to the column, the tube was centrifuged at 8000 rpm
for 1 minute, the filtrate was discarded and the column was transferred into another collection
tube. In the second washing cycle, 500 pL of wash buffer 2 were added, the tube was centrifuged
to maximum speed (14,000 rpm) for 3 minutes, the filtrate was discarded and the column was
transferred into another collection tube that was centrifuged at the maximum speed for 1
minute.

In the next step, RNA was eluted in a special RNase-free buffer by the addition of 60 pL of
Buffer AVE. After one minute of incubation at room temperature, the tube was centrifuged at
8000 rpm for 1 minute and the eluted RNA was stored in aliquots at -80°C.

To eliminate possible DNA contaminant molecules, subsequent treatment with the enzyme
DNase [ was performed using RNase-Free DNase Set kit (Qiagen®). In this treatment, 1 to 2 pg of
RNA sample, 2 pL of RDD buffer, 0,5 puL of DNase I enzyme and nuclease free water to a volume
of 20 puL were mixed in an eppendorf (1,5 mL). The mixture was incubated at 37°C for 30
minutes. After this, 2 pL of 25 mM EDTA were added and the mixture was incubated at 65°C for

5 minutes. The treated RNA samples were stored in aliquots at -80°C.

3.5 — In silico analysis and primer design

In primers selection, conditions such as primer size, nucleotide content, salt concentration
and annealing temperature must be taken into account. The length of the primers should be

between 18 to 24 nucleotides with a guanine (G) and cytosine (C) content between 40-60% of

Genetic analysis of prostatic diseases in Canis familiaris 27



Chapter Il - Material and Methods

the total bases. The melting temperature (Tm) of primers should be in the range of 52-60°C and
the Tm of the two primers of a set should not differ more than 5°C. More than 3 G's or C's should
be avoided in the last five bases at the 3" end of the primer to prevent nonspecific bindings in GC-
rich regions. The primers should not form secondary structures such as self-pairing or dimers
(intermolecular interactions between two primers in the same sense), cross-dimers
(intermolecular interaction between sense and antisense primers) and hairpins (intramolecular
interaction within the primer). To be specific, primers must only form a stable duplex with the
specific site of the target DNA.

For genetic analysis, three genes (CPSE, PCA3 and IL-6) were selected and suitable primers
were designed wusing the Primer3Plus software (http://www.bioinformatics.nl/cgi-
bin/primer3plus/primer3plus.cgi). For CPSE gene, two sets of primers were selected for the
region that includes the exons 1-2 and exons 3-4 respectively (Annex III). Due to the absence
information about dog PCA3 gene, the Basic Local Alignment Search Tool (BLAST-NCBI)
database for Canis familiaris was used and the human PCA3 sequence (AF103908.1) was entered
as query sequence. After the selection of an optimized program for highly similar sequences
(megablast), a significant alignment was achieved and eight sets of primers, specific to the
region of the alignment, were selected (Annex IV). Regarding the IL-6 gene, two sets of primers
were selected for two regions homologous to highly polymorphic regions in human IL-6 gene

(Annex V).

3.6 — Polymerase chain reaction (PCR)

Polymerase chain reaction (PCR), a method that amplifies a desired DNA fragment in order
to increase the number of DNA target molecules to detectable levels, was developed by Kary
Mulis in 1983 (Pestana et al., 2010).

To perform a PCR reaction, several components are needed: the DNA template, primers,
deoxyribonucleotides (dNTP’s), magnesium chloride (MgCl;), polymerase buffer and DNA
polymerase. PCR is performed following three steps: melting, annealing and elongation. Prior to
the first step, PCR reaction mixture is melted to ensure the complete denaturation of DNA
template. In the first step, melting, PCR mixture is heated to 94-96°C for 0,5-2 minutes in order
to denature the target DNA. In the second step, annealing, the temperature is lowered 3-5°C
below the melting temperature of primers (45-65°C) for 0,5-2 minutes, allowing primers to
anneal to their complementary sequences in the DNA template. In the third step, elongation, the
temperature is raised to the optimum temperature for DNA polymerase activity (70-80°C)
during 0,5-2 minutes. As a consequence, a new DNA strand complementary to the DNA template

is synthesize by the addition of ANTP’s to the template in 5’ to 3’ direction. These three steps are
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repeated in a series of 20-40 cycles. After the last amplification cycle, a final extension step for 5-
15 minutes is usually done to fill-in the protruding ends of newly synthesized PCR products.

The amplification of candidate genes to prostatic diseases (CPSE, PCA3 and IL-6) were
optimized using the Dream Taq PCR master mix kit (Fermentas) in a Biometra Uno II
thermocycler. PCR was carried out in a total volume of 25 pl, containing 12,5 ul of Dream Taq
master mix (2x), 1 pl of MgCl; (25mM), 1 ul of each primer (100 ng/pl), 1 pl of genomic DNA
(100ng) and 8,5 pl of H20. The amplification reaction was performed with an initial denaturation
at 95°C for 5 minutes followed by 40 cycles of 95°C for 45 s, 55°C (the annealing temperature
varies depending on the set of primers - Annex VI) for 45 s, 72°C for 45 s and a final extension at
72°C for 10 minutes. For CPSE_Ex1-2; CPSE_Ex3-4 and IL-6_Cf_ex2 sets of primers the number of
cycles was reduced for 35 cycles and when using PCA3_Cf_2 and PCA3_Cf_5 sets of primers no

MgCl; was added to the reaction mixture.

3.7 — Reverse transcription polymerase chain reaction (RT-PCR)

Reverse transcription polymerase chain reaction (RT-PCR) is a variant of PCR that enables
RNA to be used as a template. In the first step of RT-PCR, the RNA is converted into single-
stranded complementary DNA (cDNA) using the enzyme reverse transcriptase. Once this
preliminary step has been carried out, the resulting cDNA is amplified using a standard PCR
technique.

In order to evaluate the expression of candidate genes (PCA3, CPSE and IL-6) in dogs with
different prostatic conditions, a RT-PCR was performed using Revert Aid Reverse Transcriptase
kit (Fermentas) in a Biometra Uno II thermocycler. The reverse transcription reaction was
carried out in a total volume of 20 pl, containing 4 ul of buffer (5x), 2 ul of ANTP’s (10mM), 1 pl
of RNase inhibitor (20 U/ul), 1 pl of Oligo T (100 uM), 1 pul of RevertAid reverse transcriptase
(200 U/ul), 3 pl of RNA and 8,0 pl of RNase free water. The cDNA synthesis was performed at
42°C for 1 hour followed by an enzyme inactivation step at 70°C for 5 minutes. All cDNA samples
were stored at -20°C.

Prior to the amplification of candidate genes, a PCR amplification of a housekeeping gene,
the glyceraldehyde-3-phosphate dehydrogenase (GAPDH), was optimized using the primers
GAP_Cf_F and GAPDH_Ctrl_R.

PCR amplifications were carried out in a total volume of 25 pl, containing 12,5 pl of Dream
Taq master mix (2x), 1 ul of MgCl; (25mM), 1 ul of each primer (100 ng/ul), 2 pl of cDNA
(100ng) and 7,5 pl of H;0. The amplification reactions were performed according to the

amplification parameters referred above (point 3.6 of the present study).
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3.8 — Electrophoresis

Agarose gel electrophoresis is a common technique that determines the size and purity of
nucleic acids (Videira, 2001). By applying an electric field defined by the potential difference and
the distance between the electrodes (V/cm), the DNA molecules migrate towards the positive
electrode due to its negatively charged phosphate groups. The applied voltage, buffer
composition, concentration of agarose and the DNA size and conformation influence its
migration. The smaller DNA fragments move faster than the larger fragments through the
agarose gel. The result of different migration in the gel will lead to different band patterns. Using
this technique, PCR products can be identified by its size by comparing it with a DNA ladder that
contains DNA fragments of known size. To make the amplification products visible in the
agarose gel, the molecules can be stained using ethidium bromide that fluoresces under
ultraviolet light when intercalated into the DNA major groove.

In order to confirm the specificity of the PCR product and determine the size of amplicons, a
gel with 1,5% agarose concentration with 0,5 pg/mL of ethidium bromide was performed. For
each sample, 5 pL of PCR product and 2 pL of loading dye were loaded into each well of the gel.
In the last well, 2,5 uL of Gene Ruller 100 bp - DNA Ladder Plus molecular weight marker
(Fermentas) was loaded. The agarose gel ran for 50 minutes at 85 V. After electrophoresis, the

gel was visualized using the transilluminator Gel Doc™ Molecular Imager® (BIORAD).

3.9 — Purification of sequencing reaction products

PCR products were purified using ExoSAP-IT kit (GE Healthcare Bio-Sciences). This kit
provides two hydrolytic enzymes, Exonuclease I and Shrimp Alkaline Phosphatase that remove
the unconsumed dNTP’s and primers from PCR mixture.

The first step consisted in adding 12 pL of PCR product to 2 pL of ExoSAP-IT. This mixture
was incubated at 37°C for 15 minutes for the enzymes’ activity and then, the hydrolytic enzymes
were inactivated by heating to 80°C for 15 minutes. These two incubations were performed in a

Biometra Uno Il thermocycler.

3.10 — DNA Sequencing

DNA sequencing is one of the most important techniques available to the molecular
biologist. This technique entails several techniques and methods that are used to determine the
precise order of the nucleotides in a DNA molecule.

The automated DNA sequencing is carried out by the chain termination procedure using

fluorescent labels. To perform a single sequencing reaction, a different fluorochrome is used for
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each of the four dideoxynucleotides. The reaction products are loaded into a single tube of a
capillary electrophoresis system and then passed in a detector that identifies the fluorescent
signal of each band (Brown, 2006).

After the purification procedure, PCR products were sequenced at STABvida DNA
laboratory, Caparica (http://www.stabvida.net). The chromatograms and the output sequences
in FASTA format were visualized and analyzed with Chromaspro program (version 1.5;
Technelysium Pty Ltd); the forward and reverse sequences were aligned using ClustalW2 tool
(http://www.ebi .ac.uk/Tools/msa/clustalw2/) and the GeneDoc software (version 2.6.003)
was used to edit the sequences. Each sequence was checked manually and nucleotide

arrangements at ambiguous positions were clarified using both primer direction sequences.

3.11 — Meta-analysis and systematic review

Publication search

A literature search of two online electronic databases (PubMed and HighWire) was
conducted using the search terms: “interleukin-6" or “IL-6”, “polymorphism” or “prostate cancer
risk” (last search was update on 31 July, 2011). In the initial screening, all the studies that
reported results for the association of the IL-6 polymorphisms and prostate cancer were
considered. In addition, the references of the candidate articles were examined in an effort to
identify eligible studies that may not have been identified in the initial search. Abstracts or

unpublished reports were not included and only the studies published in the English language

were considered.

Inclusion and exclusion criteria

For inclusion in the present meta-analysis, the identified articles had to provide all the
following criteria:

(1) evaluation of IL-6 -174G>C or -636 G>C polymorphisms with calculation of prostate
cancer odds ratios;

(2) case-control design study;

(3) clear information of genotype frequencies;

(4) genotype distribution of the control population, to allow calculation of Hardy-Weinberg
equilibrium (HWE).

The exclusion criteria included:

(1) no control population;

(2) no usable data reported;

(3) duplicates.
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Data extraction

The qualitative information and quantitative data of all eligible studies were extracted
according to the inclusion criteria and using a standardized form.

For each study, the information was collected pertaining to: the first author’s last name,
year of publication, study population, study design and numbers of genotyped cases and
controls. Populations were categorized according to the ethnic background. For studies that

included more than one ethnic descent, data were extracted separately.

Statistical analysis

Allelic frequencies were calculated from genotype distributions and HWE analysis in control
populations was calculated with Chi-square test.

In order to compare the distribution of alleles and genotypes between cases and controls
for the two common IL-6 promoter polymorphisms, a meta-analysis stratified by ethnicities was
performed.

The fixed effects model was chosen to combine the results of the individual studies because
the publications were clinically and methodologically similar. For each polymorphism (-174G>C
and -636 G>C), the association between allele C and PCa risk, as well as homozygous comparison
(CC versus (vs) GG); heterozygous comparison (GC vs GG); dominant genetic model (CC/GC vs
GG) and recessive genetic model (CC vs GG/GC) were explored.

0Odds ratios (ORs) and corresponding 95% confidence intervals (Cls) were calculated and a
P-value below 0,05 was considered statistically significant. Heterogeneity assumption was
checked by Q-statistic test and quantified by 12 metric value (12 = 0-25%, no heterogeneity; 12 =
25-50%, moderate heterogeneity; 12 = 50-75%, large heterogeneity; 12 = 75-100%, extreme
heterogeneity).

All statistical analyses were performed using the Comprehensive Meta Analysis statistical

software (version 2.2.0048, November 7, 2008).
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Chapter IV - Results

In the present study, 20 adult male dogs with different prostatic conditions were analyzed.
The clinical diagnosis was made by rectal palpation and ultrasonography.

Figure 7a reveals an ultrasonography image obtained in a transversal plane, indicating the
width (1,65 cm) and height (1,46 cm) of a normal prostatic condition with a homogeneous
echodense pattern. Figure 7b shows two ultrasonography images obtained in longitudinal (left)
and transversal (right) planes, indicating the length (6,37 cm), width (6,45 cm) and height (3,52

cm) of a BPH case and the presence of an intra-prostatic cyst (arrow).
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Figure 7 - Ultrasonography images of two different animals, revealing a normal prostatic condition (a) and a BPH
case (b) with a small intra-prostatic cyst (arrow). The width, height and length of prostate gland were measured in

transversal and longitudinal planes.

In order to confirm the clinical diagnosis, a cytological examination of prostatic fluid was
performed. Figure 8 reveals a cluster of epithelial cells from a normal prostate (a) and a cluster

of prostatic epithelial cells from an older dog presenting signs of BPH (b).
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Figure 8 - Epithelial cells from a normal prostate (a) and a cluster of prostatic epithelial cells from an older dog with

BPH (Wright-Giemsa stain, original magnification 40x).

The epithelial cells in the normal condition (Figure 8a) were organized in medium clusters,

their nuclei were round and the cytoplasm was finely granular and vacuolated. In the BPH case,
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(Figure 8b) the epithelial cells had larger nuclei with reticulated chromatin pattern and their
cytoplasm was slight basophilic and had indistinct borders.

After obtaining the clinical and cytological diagnoses, an ELISA-type immunoassay
(Odelis®CPSE) was performed in order to measure CPSE plasma concentration in eight dogs
presenting signs of BPH, three revealing signs of BPH and prostatitis, three dogs with prostatitis,

one with squamous metaplasia and in five normal control dogs (Table I).

Table I - Association between the clinical-cytological diagnoses and the Odelis®CPSE results. (The nomenclature “V”

was used for the animals observed in HVUTAD and “P” for the animals observed in UPVET).

CPSE plasma

Clinical-Cytological Di
inical-Cytological Diagnoses concentration (mean)

Diagnosis (0delis®CPSE)

Vi BPH 250,00 ng/mL BPH
V2 BPH 109,69 ng/mL BPH
V4 BPH 176,94 ng/mL BPH
V7 BPH 266,37 ng/mL BPH
V10 BPH 73,86 ng/mL BPH
V12 BPH 69,26 ng/mL BPH
V13 BPH 158,57 ng/mL BPH
P4 BPH 181,30 ng/mL BPH
Mean concentration: 160,75 ng/mL
V5 BPH and prostatitis 181,30 ng/mL BPH
V9 BPH, chronic prostatitis and bacteria 196,86 ng/mL BPH
V19 BPH and prostatitis 241,59 ng/mL BPH
Mean concentration: 206,58 ng/mL
V8 Prostatitis 143,65 ng/mL BPH
V15 Prostatitis 36,60 ng/mL No BPH
V17 Prostatitis 47,47 ng/mL No BPH
Mean concentration: 75,90 ng/mL
V14 Squamous metaplasia 127,48 ng/mL BPH
V6 Normal 9,16 ng/mL No BPH
V1ie Normal 36,60 ng/mL No BPH
V18 Normal 24,16 ng/mL No BPH
P1 Normal 47,47 ng/mL No BPH
P6 Normal 11,27 ng/mL No BPH
Mean concentration: 25,73 ng/mL

Stratifying by prostate conditions, the CPSE mean concentration in pathological conditions
was higher than in normal state. Additionally, the mean concentration in dogs presenting signs
of BPH (160,75 ng/mL) was higher than the expected values (54-67 ng/mlL) indicated in
Odelis®CPSE assay brochure.
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Using SPSS program, the independent samples T-test was used to compare CPSE plasma
concentration between normal control dogs and BPH cases. These two groups were significantly
different (P-value=0,001) confirming that dogs presenting signs of BPH have higher CPSE

plasma concentration than normal dogs (Figure 9).

160,75
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Figure 9 - The independent samples T-test was used to compare CPSE plasma concentration between normal control
dogs and BPH cases. These two groups were significantly different (P-value=0,001,*P-value<0,05; statistical analyses

were performed using SPSS program).

The next step consisted in the analysis of two regions of CPSE gene (exonl-exon2 and
exon3-exon4 - Annex III) at DNA and RNA levels. After selecting specific primers, these two
CPSE gene regions were amplified by PCR using DNA extracted from the buffy coat layer of blood
samples and the PCR products were analyzed by electrophoresis on a 1,5% agarose gel. Using

CPSE_Ex1-2 set of primers, the expected 416bp fragment was seen in all DNA samples (Figure
10).

Vi3 Vi4 Vi5 Vie V17 V18 VI9 P1 RINSR6 M

Figure 10 - Gel electrophoresis analysis of PCR products of CPSE exonl-exon2 region (~416 bp) from DNA extracted

from blood samples of 20 male dogs (M-molecular marker).

A similar result, where it was possible to observe the expected 575 bp fragment in all DNA

samples (Figure 11), was achieved for CPSE_Ex3-4 set of primers.
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Figure 11 - Gel electrophoresis analysis of PCR products of CPSE exon3-exon4 region (~575 bp) from DNA extracted

from blood samples of 20 male dogs (M-molecular marker).

In order to evaluate the expression of these two regions of CPSE gene in animals presenting
different prostatic conditions, a RT-PCR using RNA extracted from prostatic fluid samples was
performed. Initially, PCR amplification of a housekeeping gene (GAPDH) was optimized and the
PCR products were analyzed by electrophoresis on a 1,5% agarose gel. Using the primers
GAP_Cf F and GAPDH_Ctrl_R, the expected 176 bp fragment was seen in all cDNA samples
(Figure 12).

Vi3 Vi4 vi5 Vié Vi7 V18 V19 Pl P4y B6l

Figure 12 - Gel electrophoresis analysis of RT-PCR products of GAPDH gene (~176 bp) from RNA extracted from

prostatic fluid samples of 20 male dogs (M-molecular marker).

Following the gel electrophoresis analysis of RT-PCR products of the housekeeping gene,
the two regions of CPSE gene were amplified by PCR and the amplicons were analyzed by
electrophoresis. Using CPSE_Ex1-2 set of primers, the expected 218 bp fragment was seen in all

cDNA samples with the exception of V1, V2 and V18 cDNA samples (Figure 13).
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Figure 13 - Gel electrophoresis analysis of RT-PCR products of CPSE exonl-exonZ region (~218 bp) from RNA

extracted from prostatic fluid samples of 20 male dogs (M-molecular marker).

Use of CPSE_Ex3-4 set of primers revealed the expected 400 bp fragment in all cDNA
samples with the exception of V1, V2, V4 and V18 cDNA samples (Figure 14).
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Figure 14 - Gel electrophoresis analysis of RT-PCR products of CPSE exon3-exon4 region (~400 bp) from RNA

extracted from prostatic fluid samples of 20 male dogs (M-molecular marker).

In addition to the analysis of these two regions of CPSE gene, another candidate gene - PCA3
- was also analyzed at DNA and RNA levels. The genome electronic databases (NCBI, Ensembl
and others) do not have information about PCA3 gene in dogs. Consequently, it was of interest to
determine its locus in the canine genome. Using BLAST database for Canis familiaris, PCA3 Homo
sapiens sequence (AF103908.1) was aligned with canine chromosome 1 (12.198.500 to
12.204.228 positions) presenting 79% of identity (1565/1975). To enlarge the knowledge of
this genomic region, eight specific sets of primers were selected (Annex IV) and PCR was
performed using the DNA of a normal control dog. The amplicons were analyzed by
electrophoresis on a 1,5% agarose gel and eight fragments with the expected length (600, 632,
605, 645,602,772,814 and 511 bp respectively) were observed (Figure 15).

M PCA3_1 PCA3_2 PCA3_.3 PCA3_4 PCA3_5 PCA3_.6 PCA3 PCA3 M
Ex3-4 HsCf

Figure 15 - Gel electrophoresis analysis of PCR products of Canis familiaris chromosome 1 identified region from

DNA extracted from blood of normal control dog using eight specific sets of primers (M-molecular marker).

PCR products observed in Figure 15 were purified and sequenced in both directions and the
output sequences were analyzed and edited. The next step consisted in the prevision of the
different exonic regions in the assembled sequence, comparing with the existing information on
Homo sapiens. The different human PCA3 exonic sequences were aligned with the assembled
sequence and the sequence identity (%) was calculated by the number of identical nucleotides in
the alignment divided by the length of human exon sequence (Table II), following the strategy
described by Clarke and colleagues (2009).

Table II - Sequence identity (%) of PCA3 exons between human and dog.

Exon 2 Exon 3 Exon 4a Exon 4b Exon 4c Whole exon 4
(165bp) (183bp) (537bp) (1061bp) (1856bp) (3454bp)
Assembled sequence 69 77 75 78 77 77
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Additionally, PCA3 gene expression was analyzed in dogs presenting different prostatic
conditions using the eight specific sets of primers (Annex IV). PCR was performed using the
cDNA of all animals and the PCR products were analyzed by electrophoresis on a 1,5% agarose
gel. The expected fragments were not observed using PCA3_1 (Figure 16) neither the other sets

of primers, indicating a lack of expression of PCA3 for all cDNA samples.

Figure 16 -Gel electrophoresis analysis of RT-PCR products of PCA3 gene from RNA extracted from prostatic fluid of
14 dogs (V1-V16) using PCA3_1 set of primers (M-molecular marker).

Another important purpose of the present work was to conduct a molecular analysis of two
regions (5°-UTR region to exon 2 and exon 5 to 3’'UTR region - Annex V) of dog IL-6 gene, in
order to identify genetic variations and verify its association with different prostatic disorders.

After selecting specific primers, these two IL-6 gene regions were amplified by PCR and the
amplicons were analyzed by electrophoresis, revealing the expected 431bp (Figure 17) and

630bp (Figure 18) fragments in all DNA samples.

Figure 17 - Gel electrophoresis analysis of PCR products of IL-6 5-UTR to exon 2 region (~431 bp) from DNA

extracted from blood samples of 20 male dogs (M-molecular marker).

Vi3 Vi4 Vvi5 Vie Vi7 V18 V19 P1 P4 P6 M

Figure 18 - Gel electrophoresis analysis of PCR products of IL-6 exon 5 to 3'UTR region (~630 bp) from DNA

extracted from blood samples of 20 male dogs (M-molecular marker).

Genetic analysis of prostatic diseases in Canis familiaris 40



Chapter IV — Results

All amplified fragments were purified and sequenced in both directions. The output
sequences were analyzed, edited and aligned (Annex VII and Annex VIII). In the first fragment
(5-UTR region to exon 2) no genetic variations were detected. On the other hand, concerning
the fragment from exon 5 to 3’-UTR region, two single nucleotide variations were identified
(Table III). The genetic variation located in the coding region of exon 5 (I/5_g105G>A) was
characterized by the transition of guanine to adenine, which affects the encoded amino acid
(arginine to glutamine). Additionally, a transition of guanine to adenine (I/5_g440G>A) was also
detected in the untranslated region of exon 5. The frequencies of genotypes were 88,9% to GG
and 11,1% to GA for I/5_g105G>A variation and 94,4% to GG and 5,6% to GA regarding

1/5_g440G>A variation. The genotype AA was not observed in any of these genetic variations.

Table III - Location and description of IL-6 genetic variations identified in the present study.

Gene Variation Location Codon Amino acid
IL-6 1/5_g105G>A Exon 5 CGG/CAG Arg (R)/ GIn(D)
1/5_g440G>A Exon 5 UTR -

In the last approach of the present work a meta-analysis of case-control studies was
performed in order to derive a more precise estimation of the relationship between IL-6
polymorphisms and human PCa risk.

The initial PubMed and HighWire search identified a total of 77 entries but only seven met
the criteria to be included in the present meta-analysis. Additionally, one study of interest was
found in the references of the seven previously selected studies. Consequently, eight eligible
studies (Sun et al, 2004; Michau et al, 2006; Bao et al, 2008; Moore et al, 2009; Pierce et al,
2009; Wang et al, 2009; Zabaleta et al, 2009; Dossus et al, 2010,) were included (Figure 19).

PubMed search HighWire search
n=53 n=24

Total search
n=77

Duplicate articles
n=4

Associations between
IL-6 polymorphisms and
Pca risk not reported

n=59
No usable data reported
n=7

Potentially relevant
articles
n=7

References of
original studies
n=1

Publications included in
meta-analysis
n=8

Figure 19 - Flow diagram showing the selection process of the publications included in the present meta-analysis.
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The main characteristics of studies are summarized in Table IV. There were seven studies
composed of 11277 PCa cases and 13672 controls concerning the IL6 -174G>C polymorphism
and four studies composed of 1941 PCa cases and 3357 controls regarding the IL-6 -636G>C

polymorphism.

Table IV - Main characteristics of studies included in the present meta-analysis.

Number of Cases

Number of Controls

Study Ethnicity  Study design
(GG/GC/CC) (GG/GC/CC)
IL-6 -174G>C
Dossus etal.,, 2010 Caucasian Case/Control 3594/3218/1125 3832/3402/1274
Michau et al, 2006  Caucasian Case/Control 170/223/91 230/293/90
Moore et al., 2009 Caucasian Case/Control 191/485/281 196/401/250
Pierce et al., 2009 Caucasian  Case/ Control 48/96/31 696/901/336
Pierce et al., 2009 African Case/ Control 34/5/1 250/48/2
Sun et al., 2004 Caucasian Case/Control 350/667/328 205/389/167
Wang et al., 2009 Caucasian Case/Control 91/116/43 84/128/40
Zabaleta et al, 2009 Caucasian Case/Control 19/34/21 126/163/112
Zabaleta et al., 2009 African Case/Control 10/2/3 41/10/6
IL-6 -636G>C
Bao etal, 2008 Asian Case/Control 47/39/50 28/27/65
Pierce et al., 2009 Caucasian Case/Control 156/19/0 1740/192/2
Pierce et al., 2009 African Case/Control 37/2/1 253/46/1
Sun et al., 2004 Caucasian Case/Control 1226/109/2 675/74/4
Wang et al., 2009 Caucasian Case/Control 233/19/1 225/25/0

In the overall analysis, IL-6 -174G>C polymorphism was not associated with PCa risk. As
indicated in Table V, the IL-6 -174G>C genotypes were not statistically significantly associated
with PCa risk in all genetic models. However, in the stratified analyses by ethnicity, the CC and
CG genotypes were found to be associated with increased risk of PCa (P=0,015; OR=1,442) in the

dominant genetic model of African descents.
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Table V - Analysis of IL-6 -174G>C polymorphism and PCa risk.

Genetic model

Main effects of IL-6 -174G>C polymorphism and prostate cancer

(number of studies) OR (95% CI) P-value Pheterogeneity
Overall (9)

CvsG 1,009 (0,971 - 1,048) 0,657 0,337
CCvs GG 1,012 (0,937 - 1,093) 0,764 0,219
GCvs GG 1,030 (0,972 - 1,091) 0,312 0,261
CCvs GG+GC 0,992 (0,925 - 1,064) 0,831 0,318
CC+CG vs GG 1,021 (0,968 - 1,078) 0,446 0,270
Ethnic groups

African (2)

CvsG 1,209 (0,651 - 2,245) 0,547 0,520
CCvs GG 1,306 (0,889 - 1,919) 0,174 0,861
GCvs GG 0,780 (0,333 - 1,825) 0,566 0,945
CCvs GG+GC 1,023 (0,738 -1,418) 0,892 0,998
CC+CG vs GG 1,442 (1,075 - 1,935) 0,015 0,732
Caucasian (7)

CvsG 1,008 (0,970 -1,047) 0,683 0,216
CCvs GG 1,001 (0,925 - 1,083) 0,978 0,178
GCvs GG 1,032 (0,974 - 1,093) 0,293 0,141
CCvs GG+GC 0,991 (0,922 - 1,065) 0,803 0,160
CC+CG vs GG 1,009 (0,955 - 1,066) 0,748 0,634

Concerning the IL-6 -636G>C polymorphism analyses (Table VI), the C allele was

significantly associated with decreased risk of PCa when tested in the overall analysis (P=0,002;

OR=0,735) and in the stratified analyses by ethnicity of Asian descents (P=0,001; OR=0,553).

Similarly, a significant decreased risk was observed for the CC genotype in the homozygous

comparison and in the recessive genetic model in the overall analysis (P=0,021, OR=0,532;

P=0,011, OR=0,547 respectively) and in the stratified analyses by ethnicity of Asian descents
(P=0,010; OR=0,458; P=0,005; OR=0,492 respectively). The dominant genetic model (CC+GC vs

GG) was also associated with a decreased risk for PCa in Asian population (P=0,050; OR= 0,576)

and in overall analysis (P=0,024; OR=0,780). Additionally, heterogeneity was not detected.
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Table VI - Analysis of IL-6 -636G>C polymorphism with PCa risk.

Genetic model Main effects of IL-6 -636 G>C polymorphism and prostate cancer
(number of studies) OR (95% CI) P-value Pheterogeneity
Overall (5)

Cvs G 0,735 (0,608 - 0,889) 0,002 0,269

CCvs GG 0,532 (0,312 -0,908) 0,021 0,203

GCvs GG 0,838 (0,669 - 1,050) 0,124 0,503

CCvs GG+GC 0,547 (0,344 - 0,869) 0,011 0,193
CC+CG vs GG 0,780 (0,628 - 0,968) 0,024 0,436

Ethnic groups
African (1)

Cvs G 0,605 (0,212 - 1,726) 0,348 1,000
CCvs GG 6,838 (0,419 - 111,683 0,177 1,000
GCvs GG 0,297 (0,069 - 1,276) 0,103 1,000
CCvs GG+GC 7,667 (0,470 - 125,049’ 0,153 1,000
CC+CG vs GG 0,436 (0,129 - 1,474) 0,182 1,000
Asian (1)

CvsG 0,553 (0,387 - 0,789) 0,001 1,000
CCvs GG 0,458 (0,253 - 0,831) 0,010 1,000
GCvs GG 0,861 (0,437 - 1,695) 0,664 1,000
CCvs GG+GC 0,492 (0,298 - 0,811) 0,005 1,000
CC+CG vs GG 0,576 (0,332 -1,000) 0,050 1,000

Caucasian (3)

CvsG 0,836 (0,664 - 1,053) 0,128 0,500
CCvs GG 0,628 (0,163 - 2,415) 0,499 0,295
GCvs GG 0,859 (0,674 - 1,095) 0,220 0,510
CCvs GG+GC 0,637 (0,166 - 2,450) 0,512 0,298
CC+CG vs GG 0,844 (0,664 - 1,072) 0,165 0,513
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Chapter V - Analysis and Discussion of Results

The main function of prostate gland is to produce prostatic fluid that ensures the
nourishment and proper motility of sperm. Disease conditions affecting this gland are very
common in older men and can include BPH, prostatitis and PCa.

The different prostatic diseases present multifactorial aetiology and the mechanisms
involved in their predisposition, development and progression are still unclear. In this context,
studies using animal models that can inter-relate several candidate genes with different
prostatic conditions are essential for the overall understanding of the molecular mechanisms
involved in these pathologies.

According to LeRoy and Northrup (2009), Canis familiaris is a good animal model for the
study of human prostatic diseases, due to the morphological and functional similarities between
the canine and human prostate glands. Additionally, dogs and humans share the same
environment, minimizing the influence of environmental factors (Winkler et al., 2005) and dogs
are large animal models, which make feasible imaging, diagnostic studies and therapeutic
interventions (Waters and Bostwick, 1997).

Combining the existing information on human prostatic diseases with the usefulness of
Canis familiaris as an animal model, the present work accomplished different genetic approaches
that were performed in a population of 20 adult male dogs presenting different prostatic
conditions.

In order to define the most appropriate strategies, it was important to have a final clinical
diagnosis of the population. This process was laborious because it involved a detailed
examination of the physical condition of the animal as well as a detailed examination of the
prostate and testicles.

DRE is considered the best method for the physical examination of the prostate gland but its
effectiveness depends on the ability of the veterinarian to detect abnormalities (Smith, 2008). In
the present work, DRE procedures were performed in HVUTAD by a team of professional
veterinarians with the purpose of obtaining a solid interpretation of results. Prostate size,
consistency, limits, sensivity, symmetry and the presence of nodules were examined to find out
abnormal conditions or signs of prostatic disease. In normal conditions, the prostate was smooth
and symmetrical, DRE procedure did not cause pain and no abnormal nodules were detected. On
the other hand, pathological states were associated with abnormalities in these features.

DRE, ultrasonography and cytological examination were essential procedures to obtain the
definite diagnosis in veterinary clinical context. Similarly, the optimization of collection and
processing protocols were crucial to obtain the required biological samples in order to perform

different genetic analysis.
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The DNA extraction was performed using the QuickGene DNA Whole Blood kit S (Fujifilm)
and the RNA was extracted using QIAmp viral kit (Qiagen) with some specific changes that were
previously optimized. Good concentrations of DNA (102,6 - 198,5 ng/ul) and RNA (64,8 - 169,2
ng/ul) were achieved, confirming that these optimized kits are appropriated for nucleic acids
extraction.

Following the extraction procedures, different genetic approaches were implemented to
contribute to a deeper knowledge of the molecular mechanism involved in canine prostatic
disorders; to the development of efficient strategies to diagnose these pathologies in veterinary
clinical context and eventually, to validate the applicability of the canine model in genetic studies

of human prostatic disorders.

5.1 — CPSE as a diagnostic biomarker for prostatic diseases in Canis familiaris

Benign prostatic hyperplasia (BPH) is the most common disease of canine prostate gland,
affecting 95% of dogs with more than nine years of age (Gobello and Corrada, 2002). Clinical
signs include sanguineous fluid dripping from the urethra, intermittent urethral discharge,
tenesmus associated with defecation, pain, lameness and behavioural problems (LeRoy and
Northrup, 2009). Due to the high prevalence of this condition, it is necessary to
develop/improve non-invasive diagnostic methods for veterinary clinical context.

CPSE represents 90% of the secretory products of canine prostatic epithelial cells, is highly
dependent on androgens, is member of kallikrein gene family (Chapdelaine et al., 1988) and has
approximately 60% similarity with human PSA at amino acid level (Lundwall and Lilja, 1987).

Bell and colleagues (1995) measured CPSE serum concentration in 25 dogs presenting
clinical signs of BPH and in 20 normal control dogs and their results demonstrated that CPSE
serum concentration in dogs with BPH was significantly higher (mean concentration = 189,7
ng/mL) compared with normal intact dogs (mean concentration = 41,8 ng/mL). Furthermore,
Gobello and colleagues (2002) reviewed the most relevant clinical features of the main genital
markers in the male dog and they concluded that CPSE is a good marker of canine prostate gland
secretion and therefore a promising biomarker for BPH detection. Recently, Virbac© provided
an immunoassay (Odelis® CPSE) that, with a simple blood test, measures the CPSE plasma
concentration. In order to test the validity of this assay in canine prostatic disorders detection,
Odelis® CPSE was performed for all plasma samples and the obtained results were analyzed
taking into consideration the clinical and cytological diagnoses (Table I).

Odelis®CPSE results were in accordance with the clinical and cytological diagnoses for all
samples with the exception of DPV8 and DPV14. Concerning the obtained results, these animals

were associated with BPH condition; however, according to the clinical and cytological
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diagnoses, DPV8 presented signs of prostatitis and DPV14 was diagnosed as a squamous
metaplasia case. The epithelial cells observed in the cytological examination of DPV8 were
scarce and had poorly preserved morphology. The repetition of this analysis was recommended
but was not performed due to the difficulty in obtaining permission of the owner to execute
another manipulation of the animal. On the other hand, squamous metaplasia is associated with
excessive serum estrogen concentrations as a result of exogenous estrogen administration or
estrogen-secreting Sertoli tumors (Gobello and Corrada, 2002); consequently the high estrogen
levels might affect CPSE measurement and give unexpected results.

As expected, CPSE plasma concentrations were higher in pathological conditions than in
normal control dogs, indicating that CPSE production and secretion may be increased in
pathological conditions. Nevertheless, it was not possible to differentiate dogs with BPH from
those with other prostatic disorders. In this context and due to the small number of animals
presenting prostatitis, squamous metaplasia and BPH plus prostatitis, only the BPH and normal
cases were statistically tested. CPSE concentrations of these two groups were compared using
SPSS software (independent samples T-test). CPSE plasma concentration was elevated in dogs
with BPH (mean concentration = 160,75 ng/ml) compared with normal control dogs (mean
concentration = 25,73 ng/ml) (Figure 9). These two groups were significantly different (P-
value=0,001) confirming that dogs presenting signs of BPH have higher CPSE concentration than
normal dogs.

CPSE concentrations measured in BPH cases were higher (69,26 - 266,37 ng/mL) than the
expected values (54-67 ng/mL) indicated in Odelis® CPSE assay brochure, so further studies are

necessary to assess the validity of this test in veterinary clinical context.

5.2 — Genetic analysis of CPSE, PCA3 and IL-6 genes in Canis familiaris

Recent genetic analyses of human prostatic diseases were the starting point for applying
comparative genomic tools in order to reach information about canine prostatic diseases and
evaluate the potential role of candidate genes in deciphering the main differences between the
different forms of prostate condition. A candidate gene is a gene that is suspected to have a
relevant role in a particular process or disease condition.

The choice of the suitable candidate gene is determinant for the success of the genetic
analysis. CPSE was chosen due to its similarity to human PSA and based on the fact that it seems
to be a promising diagnostic tool in differentiating BPH from the other prostatic conditions.
PCA3 was analyzed due to its central role as a biomarker for human PCa detection and to the

absence of information about this gene in Canis familiaris. IL-6 gene was selected because
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several studies have demonstrated that this gene is involved in the regulation of cell growth,

differentiation and survival, which may influence prostatic diseases predisposition.

5.2.1 — CPSE gene expression in different canine prostatic conditions

The canine CPSE gene is located on chromosome 1, spans 5510 bp and consists in five exons
(GenBank: M63669.1; Gene ID: 403967, updated on 22-Dec-2011). Specific primers to two
regions of CPSE gene (exonl-exonZ and exon3-exon4) were selected and these regions were
analyzed at DNA and RNA levels.

PCR conditions were optimized using DNA extracted from the buffy coat layer of blood
samples and the PCR products were analyzed by electrophoresis on a 1,5% agarose gel.

Concerning the CPSE exonl-exon?2 region, the expected 416bp fragment was seen in all DNA
samples (Figure 10), confirming the appropriated amplification of this region. The same results
were obtained for CPSE exon3-exon4 region by the detection of the expected 575 bp fragments
in all DNA samples (Figure 11).

Gene expression studies play a central role in biomedical research (Vermeulen et al., 2011).
RT-PCR can provide a good reflection of an organism’s gene-expression profile so, in order to
evaluate CPSE gene expression pattern in dogs presenting different prostatic diseases, this
technique was performed using RNA extracted from prostatic fluid samples. Reliable extraction
of equal amounts of non-degraded RNA from each sample; consistent reverse transcriptase
efficiency resulting in equal amounts of cDNA in all samples; adequate primer specificity and the
presence of inhibitors in samples are drawbacks that affect the interpretation of RT-PCR results
(Turabelidze et al., 2010). To overcome these obstacles and normalize the results, an analysis of
a housekeeping gene expression was performed.

Housekeeping genes are genes involved in basic and ubiquitous cellular functions
(Turabelidze et al, 2010). A suitable housekeeping gene should be expressed in the tissue of
interest at stable levels between samples and under different biological contexts. Beta actin,
glyceraldeyde-3-phosphate dehydrogenase (GAPDH), ribosome small subunit and ubiquitin C
are housekeeping genes commonly used for RT-PCR validation. Based on the results of a
previous study, GAPDH was chosen as a control for the quality of cDNA synthesis. PCR
amplification of GAPDH was performed using previously selected primers (GAP_Cf_F and
GAPDH_Ctrl_R) and PCR products were analyzed by electrophoresis on a 1,5% agarose gel. The
expected 176 bp fragment was seen in all cDNA samples (Figure 12), confirming the good
quality of these samples for gene expression studies.

Following the analysis of GAPDH RT-PCR products, two regions of CPSE gene were amplified
by PCR and the amplicons were analyzed by electrophoresis. Figures 13 and 14 show that for V1,
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V2 and V18 dogs no expression of these CPSE regions was detected; CPSE exon3-exon4 region
was detected for V7 dog but no expression was detected concerning the CPSE exonl-exon?2
region. For V4 animal CPSE exonl-exon2 fragment was obtained but no amplification was
detected for CPSE exon3-exon4 region. According to the clinical diagnosis V1, V2 and V4 present
signs of BPH, V17 signs of prostatitis and V18 has a normal prostate gland. According to these
results, it was not possible to associate the expression profile of this gene with a specific
prostatic condition. Due to the findings of Bell and colleagues (1999) that revealed that CPSE
serum concentration in dogs with BPH is higher than in normal control dogs, this result was not
expected. As referred before, the GAPDH expression analysis revealed that the cDNAs were
suitable for gene expression studies. In this context, the lack of amplification may be due to
mutations in the primer region or to the lower concentration of CPSE transcripts in these
samples. Future prospects include a detailed description of this gene in a larger population,
involving the detection of genetic variants, association studies and the use of quantitative real
time PCR to assess the possible differential expression of this gene in different prostatic

conditions.

5.2.2 — Characterization of canine PCA3 gene

The significant progress in the investigation of biomarkers for PCa screening and detection
has lead to the development of a novel non-invasive urine-based assay (Makarov and Loeb,
2009). The urinary PCA3 test has shown promising results for human PCa detection and in
counseling and confirming biopsy indications (Auprich et al., 2011).

The PCA3 gene is a non-coding RNA, highly overexpressed in malignant prostate tissue
compared with benign and normal tissues (Chun et al., 2009; Schilling et al., 2009; Ruiz-Aragon
and Marquez-Peldez, 2010). In order to understand the importance of this gene in canine
prostatic diseases, the PCA3 locus in the canine genome was explored.

Searching the genome electronic databases (NCBI and Ensembl), no information was found
concerning the PCA3 gene in Canis familiaris. Accordingly, a BLAST search was performed and a
significant alignment (79% of identity) was achieved. Analyzing the results in detail, the query
sequence (AF103908.1) aligned with a region similar to a BNIP2 motif-containing molecule at
the carboxy terminal region 1 (also known as BMCC1 gene), located in Canis familiaris
chromosome 1 (12.198.500 to 12.204.228). This result was consistent with the new genomic
structure for human PCA3 gene proposed by Clarke and colleagues (2009). These findings
indicate a similarity with humans, which validate this approach and emphasize the fact that dogs

are good models for studying prostatic diseases.
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To characterize this canine genomic region, eight sets of primers were selected and PCR
conditions were optimized using the DNA of a normal control dog. The amplicons were analyzed
by electrophoresis on a 1,5% agarose gel and eight fragments with the expected length were
observed (Figure 15). Subsequently, PCR products were purified and sequenced. The sequencing
results were visualized, analyzed and edited to obtain the final sequence. The assembled dog
PCA3 gene was aligned with Canis familiaris chromosome 1 (12.198.500 to 12.204.228) and a
complete alignment (100% of similarity) was achieved. The next step consisted in the prediction
of exon sites.

There are conserved nucleotide sequences present at the junctions of introns and exons in
which the splicing reactions take place. Of particular importance are the GT nucleotides in the 5’
end and the AG nucleotides in the 3’ end of an intron. Another invariant site is an A residue
labeled “branch point” that is located between 15 and 45 nucleotides upstream of the 3’ splice
site (Griffiths et al.,, 2008). Several bioinformatic programs were applied to predict exons and to
find open reading frames (ORFs), however no consistent results were accomplished.

Using the human PCA3 sequence as the reference, the assembled canine PCA3 sequence was
aligned with each human PCA3 exon and the exonic identities were calculated by the number of
identical nucleotides in the alignment divided by the length of human exon sequence (Table II).

The exon 4b appears to be the most identical region (78% of identity) and the exon 2 the
less identical region (69% of identity) between human and dog. Nevertheless, this strategy did
not give consistent results because it did not take into account the conserved nucleotide
sequences and the gaps were excluded in the calculation of sequence identity.

Another mean of identifying exons and ORF’s is through the analysis of mRNA expression.
The cDNA sequence is extremely valuable because it is complementary to the mature mRNA (no
introns), which facilitates the identification of the exons and introns of a gene. Consequently,
PCR was performed using the cDNA of all animals and the PCR products were analyzed by
electrophoresis on a 1,5% agarose gel. The expected fragments were not observed using PCA3_1
(Figure 16) neither the other primers sets, indicating a lack of expression of PCA3 for all cDNA
samples. In the analyzed population, none of the animals presented signs of PCa so, these results
may suggest that PCA3 gene expression is only associated with neoplasic prostatic condition. To
confirm this possibility, PCA3 expression should be analyzed in a population involving a

significant number of animals with PCa.

5.2.3 — IL-6 gene variants in Canis familiaris

Genetic research has contributed to a better understanding of prostatic diseases and has

shown that genes involved in the inflammation pathway have been associated with cancer risk
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(Sutcliffe and Platz, 2007; Xu et al., 2011).

IL-6 gene encodes a multifunctional glycoprotein that is involved in the regulation of
inflammation (Akira et al, 1993). Polymorphisms in IL-6 gene may result in an altered level of
expression, and hence this gene must be considered an important candidate for the analysis of
prostatic disorders susceptibility. There are 187 SNP’s described in human IL-6 gene (NCBI
database) and some of them have been associated with PCa susceptibility. On the other hand,
there are only five SNP’s described in canine IL-6 gene and none of them was associated with
prostatic diseases susceptibility.

The present work accomplished the molecular analysis of two IL-6 gene regions (5°-UTR
region to exon 2 and exon 5 to 3'UTR region) in order to identify new IL-6 gene variations and
verify their association with different prostatic disorders.

PCR conditions were optimized and the amplicons were analyzed by electrophoresis,
revealing the expected 431bp (Figure 17) and 630bp (Figure 18) fragments in all DNA samples.
All amplified fragments were sequenced allowing the identification of two genetic variations:
1/5_g105G>A and 1/5_g440G>A (Table III).

The genetic variation located in the coding region of exon 5 (I/5_g105G>A) was
characterized by the transition of guanine to adenine, affecting the encoded amino acid (arginine
to glutamine). In 2011, Morinha and colleagues identified and characterized 1/5_g105G>A
variant in an association study between IL-6 gene variants and canine periodontal disease. They
used the Sorting Tolerant From Intolerant (SIFT) algorithm to predict if the amino acid
substitution caused by 1/5_g105G>A variant affects IL-6 protein function and they concluded
that this gene variant probably has damage effects (SIFT score = 0,02). Based on the SWISS-
MODEL structure homology-modeling server they predicted the canine IL-6 structures and
observed that this variation is located in an exposed region. They also compared the predicted
structures with human IL-6/IL-6a-receptor/gp130 complex and found that I/5_g105G>A may
have important roles in the functional association of IL-6/IL-6a-receptor and the protein-
protein interactions. Finally, they predicted the functional interactions of the dog IL-6 protein
and demonstrated that [L-6 molecule is integrated in a complex network involving multiple
protein and metabolic pathways. As a consequence of the aforementioned findings, the
I/5_g105G>A variation is considered of special interest in future analyses.

Additionally, a transition of guanine to adenine (I/5_g440G>A) was also detected in the
untranslated region of exon 5. SNPs present in noncoding regions may have effects on gene
expression by affecting regulatory elements (Goto et al, 2001). Future studies are necessary to
confirm if I/5_g440G>A variation affects the levels of gene expression, influencing the
susceptibility to develop a specific prostatic disease.

The reduced number of animals in the analyzed population was not significant for the case-
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control analysis. The genetic variation located in the coding region of exon 5 (I/5_g105G>A) was
identified in two animals: one with BPH signs (V7) and other with prostatitis (V8), representing
only 11,1% of the population. The 1/5_g440G>A variation was only detected in a normal control
dog (V9), representing 5,6% of the population. In this context, these two genetic variations were
not correlated with susceptibility to any prostatic condition in dogs.

Future case-control studies involving the identification of other gene variants and the
analysis of their interaction in a larger population may help to establish profiles of susceptibility

for the different prostatic disorders.

5.4 - IL-6 gene variants and human PCa susceptibility

Another main goal of the present work was the analysis of the existing scientific
publications related to IL-6 gene variants and human PCa susceptibility.

Multiple studies investigated the role of cytokine genes polymorphisms in the etiology of
cancer of various organs including prostate, breast, colorectal, gastric, lung, and so on (Howell
and Rose-Zerilli, 2007; Sutcliffe and Platz, 2007; Xu et al., 2011). However, the results of these
studies remain conflicting.

Due to the important roles of IL-6 in different physiologic and pathophysiologic processes,
IL-6 polymorphisms may modulate cancer risk (Tan et al., 2005). Fishman and colleagues (1998)
reported that -174 G<C IL-6 polymorphism influence the binding of the glucocorticoid receptor
and thus repress transcriptional activation. Their results demonstrated that the -174 C allele had
a reduced ability to bind glucocorticoid receptor and was associated with low plasma IL-6 levels.
In 2011, Ahn and colleagues verified that the GG and GC genotypes of IL-6 -636 G>C
polymorphism were associated with higher IL-6 serum levels than the CC genotype. An elevated
serum IL-6 level has been correlated with worse clinical outcomes and PCa risk (Kishimoto,
2005; Terakawa et al., 2009). According to these findings, the presence of C allele in IL-6 -174
G<C and -636 G>C polymorphisms might reduce PCa risk.

Multiple studies have investigated the association between these two common
polymorphisms in /L-6 promoter region and PCa risk (Sun et al, 2004; Michau et al, 2006; Bao et
al, 2008; Moore et al, 2009; Pierce et al, 2009; Wang et al, 2009; Zabaleta et al, 2009; Dossus et
al, 2010). Whereas some studies revealed no significant increased or decreased PCa risk among
men carrying IL-6 sequence variants (Sun et al, 2004; Michau et al, 2006; Moore et al, 2009;
Pierce et al, 2009; Wang et al, 2009; Zabaleta et al, 2009; Dossus et al, 2010), Bao and
colleagues (2008) found a significant association between GG and GC genotypes of IL-6 -636G>C

polymorphism and increased risk of PCa in Asian individuals.
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To our knowledge, the present meta-analysis is the first evaluation of the association
between IL-6 -174G>C and -636 G>C promoter polymorphisms and PCa risk. In the overall IL-6
-174G>C analysis, no significant differences in both allele and genotype frequencies between PCa
cases and healthy controls were observed (Table V). These results were expected because most
individual studies included in the present meta-analysis also found no association between this
polymorphism and PCa risk. Nevertheless, in the stratified analyses by ethnicity, the dominant
genetic model was found to be associated with increased risk in African descents (Table V),
suggesting that CC and CG African individuals may have a higher susceptibility to PCa than those
with GG genotype. Present data supports that ethnic differences across populations may explain
the higher PCa incidence observed in populations of African descent, suggesting that ancestral
genetic factors may increase PCa susceptibility.

Regarding the IL-6 -636 G>C polymorphism, the CC and GC genotypes were significantly
associated with decreased risk of PCa in the homozygous comparison and in the dominant and
recessive genetic models in the overall analysis (Table VI). The stratified analyses by ethnicity
demonstrated that Asian individuals with CC/GC genotypes might have a slight decrease in
susceptibility compared with individuals with GG genotype (Table VI). The presence of the C
allele seems to have a protective effect on Pca susceptibility. These results were consistent with
the findings of Bao and colleagues (2008). These authors suggested that Asian individuals with
GG or GC genotypes have higher PCa risk than those with CC genotype.

The present meta-analysis reinforced the possible association between IL-6 promoter
polymorphisms and PCa susceptibility. However, this work was limited by the few number of
studies that have assessed the relationship between IL-6 promoter region polymorphisms and
PCa risk and the fact that SNP’s in cytokine promoter region represent only one piece of the very
complex nature of PCa. Consequently, in order to derive a more comprehensive understanding
of the association between IL-6 genetic variants and PCa risk, further studies based on the

interactions of PCa susceptibility genes and environment factors are warranted.
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The present work involved different strategies to analyse a population of 20 adult male
dogs presenting different prostatic conditions, in order to enlarge the knowledge regarding the
canine prostatic diseases. It aimed to contribute to the improvement of efficient diagnosis tools
and to the implementation of the dog as an animal model in the study of the genetic basis of
human prostatic disorders.

In this perspective, the main conclusions were:

- Regarding the application of Odelis® CPSE test, when comparing the normal animals with
the BPH group, significant differences were observed. This result confirmed that dogs presenting
signs of BPH have higher plasma CPSE concentration than dogs with a normal prostate gland.
This confirmation is an important achievement and indicates that this test has applicability in
the clinical context, in order to differentiate normal dogs from dogs with BPH. Odelis® CPSE is a
simple test that provides a rapid evaluation of CPSE plasma concentration and contributes to an
early non-invasive diagnosis of canine prostatic diseases. Our results showed a limitation of this
test in what concerns the differentiation between BPH and other prostatic diseases (as
prostatitis, BPH with prostatitis and squamous metaplasia). This restriction points out for the
need to continue the investigation of biomarkers with better performance. In this context,
comparative genomic tools are essential to reach information about canine prostatic pathologies
and evaluate the potential role of candidate genes in deciphering the main differences between
the different forms of prostatic diseases.

- CPSE was evaluated at the mRNA level by reverse transcription PCR. The absence of
amplification of CPSE transcripts in some animals was not indicative of a possible association
with a specific prostatic condition. In fact, among the three animals in which the two fragments
were not amplified, two were diagnosed with BPH and one had a normal prostate gland. Further
association studies involving the use of quantitative real time PCR should be determinant to
associate a differential expression of this gene with a specific prostatic condition.

- Exploring the PCA3 locus in the canine genome, the PCA3 assembled gene sequence
presented 79% of identity with human PCA3 sequence. This result emphasizes the fact that dogs
might be good models for studying human prostatic diseases. The expression of PCA3 gene was
also analyzed in order to predict the exon sites of the assembled sequence and to understand the
role of this potential biomarker in the canine prostatic diseases. The absence of amplification of
PCA3 transcripts in the studied population leads to the possibility that PCA3 gene expression

might be associated with neoplasic prostatic condition. It is important to continue this research
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using new approaches to better characterize this gene and analyze its expression in Canis
familiaris.

- Concerning the molecular analysis of IL-6 gene, two IL-6 gene variants were identified:
one located in the coding region (I/5_g105G>A) and another located in the untranslated region
of exon 5 (I/5_g440G>A). The results were not indicative of a possible correlation of
I/5_g105G>A and 1/5_g440G>A variants with susceptibility to develop a specific prostatic
disease. However, [/5_g105G>A variant affected the encoded amino acid and may have damage
effects for the IL-6 protein and the 1/5_g440G>A variant may influence the susceptibility to
develop prostatic diseases by affecting the regulatory elements of IL-6 gene. In this context,
further investigations would be of extreme value to clarify the genetic susceptibility profiles of
the different canine prostatic disorders.

- The meta-analysis of IL-6 -174G>C polymorphism revealed that the analysed genetic
models were not significantly associated with PCa risk. Nevertheless, concerning the IL-6 -
636G>C polymorphism, the CC and GC genotypes were statistically significantly associated with
PCa decreased risk in an Asian population.

In conclusion, the obtained results are an open door to a wide variety of investigations,
including the development of new biomarkers and the improvement of therapeutic and
preventive approaches for prostatic diseases, with benefits for both human and veterinary

medicine.

Genetic analysis of prostatic diseases in Canis familiaris 59



Chapter VII - References
I



Chapter VII — References

Chapter VII - References

= Ahmed H, 2010, Promoter methylation in prostate cancer and its application for the early
detection of prostate cancer using serum and urine samples, Biomarkers Cancer, 2:17-33.

= Ahn HM, Park IS, Hong SJ, Hong YM, 2011, Interleukin-6 (-636C/G) gene polymorphism in
Korean children with Kawasaki Disease, The Korean Society of Cardiology, 41(6): 321-325.

= Akira S, Taga T, Kishimoto T, 1993, Interleukin-6 in biology and medicine, Advances in
Immunology, 54:1.

= Albertsen PC, Hanley JA, Fine ], 2005, Z20-year outcomes following conservative
management of clinically localized prostate cancer, The Journal of the American Medical
Association, 293:2095-2101.

= Auprich M, Bjartell A, Chun FKH, Taille A, Freedland SJ, Haese A, Schalken ], Stenzl A,
Tombal B, Poel H, 2011, Contemporary Role of Prostate Cancer Antigen 3 in the Management of
Prostate Cancer, European Urology 60:1045-1054.

= Austin MA, Ordovas M, Eckfeldt JH, Tracy R, Boerwinkle E, Lalouel JM, Printz M, 1996,
Guidelines of the National Heart, Lung, and Blood Institute Working Group on Blood Drawing,
Processing, and Storage for Genetic Studies, American Journal Epidemiology, 144: 437- 441.

= Baade PD, Youlden DR, Kmjacki L], 2009, International epidemiology of prostate cancer:
geographical distribution and secular trends, Molecular Nutrition Food Research, 53(2):171-184.

= Bao S, Yang W, Zhou S, Ye Z, 2008, Relationship between Single Nucleotide Polymorphisms
in -174G/C and -634C/G Promoter Region of Interleukin-6 and Prostate Cancer, Journal of
Huazhong University of Science and Technology, 28(6):693-696.

= Bell FW, Klausner ]S, Hayden DW, Lund EM, Liebenstein BB, Feeney DA, Johnston SD,
Shivers JL, Ewing CM, Isaacs WB, 1995, Evaluation of serum and seminal plasma markers in the
diagnosis of canine prostatic disorders, Journal of Veterinary Internal Medicine 9(3):149-153.

= Bourdoumis A, Papatsoris AG, Chrisofos M, Efstathiou E, Skolarikos A, Deliveliotis C, 2010,
The Novel Prostate Cancer Antigen 3 (PCA3) Biomarker, International Brazilian Journal of
Urology, 36(6):665-669.

= Brinkhof B, Spee B, Rothuizen ], Penning LC, 2006, Development and evaluation of canine
reference genes for accurate quantification of gene expression, ELSEVIER - Analytical
Biochemistry, 356:36-43.

= Brown TA, 2006, Gene Cloning and DNA Analysis, Fifth edition, Blackwell Publishing, 207-
220.

= Burnett AL, Wein A], 2006, Benign prostatic hyperplasia in primary care: what you need to
know, Journal of Urology, 175(3Pt2):519.

Genetic analysis of prostatic diseases in Canis familiaris 62



Chapter VII — References

= Bussemakers M]G, Bokhoven AV, Verhaegh GW, Smit FP, Karthaus HFM, Schalken JA,
Debruyne FM], Ru N, Isaacs WB, 1999, DD3:A New Prostate-specific Gene, Highly Overexpressed in
Prostate Cancer, Cancer Research, 59:5975-5979.

= Chang BL, Spangler E, Gallagher S, Halman CA, Henderson B, Isaacs W, Benford ML, Kidd
LR, Cooney K, Strom S, Ingles SA, Stern MC, Corral R, Joshi AD, Xu ], Giri VN, Rybicki B, Neslund-
Dudas C, Kibel AS, Thompson IM, Leach R], Ostrander EA, Stanford JL, Witte ], Casey G, Eeles R,
Hsing AW, Chanock S, Hu J], John EM, Park ], Stefflova K, Zeigler-Johnson C, Rebbeck TR,, 2011,
Validation on genome-wide prostate cancer associations in men of African descent, Cancer
Epidemiol Biomarkers, 20(1): 23-32.

= Chapedelaine P, Ho-Kim MA, Tremblay RR, Dubé ]Y, 1988, Nucleotide sequence of the
androgen-dependent arginine esterase mRNA of canine prostate, Elsevier Science Publishers
Biomedical Division, 232(1):187-192.

= Chapple CR, 2004, Pharmacological therapy of benign prostatic hyperplasia/lower urinary
tract symptoms: an overview for the practicing clinician, British Journal of Urology International,
94(5):738.

= Chen H, Tsuboi N, Nishimura T, Saito Y, Kondo Y, Kimura G, Sugisaki Y, 2006, Significance
of Noninvasive Diagnosis of Prostate Cancer with Cytologic Examination of Prostatic Fluid, Journal
of Nippon Medical School, 73(3):129-135.

= Chun FK, Taille A, Poppel HV, Marberger M, Stenzl A, Mulders PFA, Huland H, Abbou CC,
Stillebroer AB, Gills MPMQ, Schalken JA, Fradet Y, Marks LS, Ellis W, Partin AW, Haes A, 2009,
Prostate Cancer Gene 3 (PCA3): Development and Internal Validation of a Novel Biopsy Nomogram,
Elsevier European Urology 56:659-668.

= Clarke RA, Zhao Z, Guo AY, Roper K, Teng L, Fang ZM, Samaratunga H, Lavin MF, Gardiner
RA, 2009, New Genomic Structure for Prostate Cancer Specific Gene PCA3 within
BMCC1:Implications for Prostate Cancer Detection and Progression, PLoS One 4(3):e4995.

= Culig, Z, Hobisch A, Cronauer MV, Radmayr C, Trapman ], Hittmair A, Bartsch G, Klocker H,
1994, Androgen receptor activation in prostatic tumor cell lines by insulin-like growth factor-I,
keratinocyte growth factor, and epidermal growth factor, Cancer Research, 54:5474-5478.

= Day JR, Jost M, Reynolds MA, Groskopf ], Rittenhouse H, 2011, PCA3: From basic molecular
science to the clinical lab, Elsevier - Cancer Letters, 301:1-6.

= Dossus L, Kaaks R, Canzian F, Albanes D, Berndt SI, Boeing H, Buring ], Chanock S]J, Clavel-
Chapelon F, Feigelson HS, Gaziano JM, Giovannuci E, Gonzalez C, Haiman CA, Hallmans G,
Hankinson SE, Hayes RB, Henderson BE, Hoover RN, Hunter D], Khaw KT, Kolonel LN, Kraft P,
Ma J, Marchand LL, Lund E, Peeters PHM, Stampfer M, Stram DO, Thomas G, Thun MJ, Tjonneland
A, Trichopoulos D, Tumino R, Riboli E, Virtamo ], Weinstein SJ, Yeager M, Ziegler G, Cox DG, 2010,

Genetic analysis of prostatic diseases in Canis familiaris 63



Chapter VII — References

PTGSZ2 and IL6 genetic variation and risk of breast and prostate cancer: results from the Breast and
Prostate Cancer Cohort Consortium, Carcinogenesis, 31(3):455-461.

= Emberton M, Cornel EB, Bassi PF, Dourcade RO, Goémez JMF, Castro R, 2008, Benign
prostatic hyperplasia as a progressive disease: a guide to the risk factors and options for medical
management, International Journal of Clinical Practice, 62(7):1076-1086.

= Ferlay ], Shin HR, Bray F, Forman D, Mathers C, Parkin DM, 2010, Cancer Incidence and
Mortality Worldwide: IARC CancerBase No. 10 [Internet], Lyon, France: International Agency for
Research on Cancer, GLOBOCAN 2008, Available from: http://globocan.iarc.fr.

= Fishman D, Faulds G, Jeffery R, Mohamed-Ali V, Yudkin ]S, Humphries S, Woo P, 1998, The
effect of novel polymorphisms in the interleukin-6 (IL-6) gene on IL-6 transcription and plasma IL-
6 levels, and an association with systemic-onset juvenile chronic arthritis, Journal of Clinical
Investigation, 102(7):1369-76.

= Fork MA, Escobar HM, Soller JT, Sterenczak KA, Willenbrock S, Winkler S, Dorsch M,
Reimann-Berg N, Hedrich HJ, Bullerdiek ], Nolte I, 2008, Establishing an in vivo model of canine
prostate carcinoma using thr new cell line CT1258, BMC Cancer, 8:240.

= Gobello C, Corrada Y, 2002, Noninfectious prostatic diseases in dogs, Compendium Small
Animals/Exotics, 24(2):99-107.

= Gobello C, Castex G, Corrada Y, 2002, Serum and seminal markers in the diagnosis of
disorders of the genital tract of the dog: a mini-review, Theriogenology, 57(4):1285-1291.

= Goto Y, Yue L, Yokoi A, Nishimura R, Uehara T, Koizumi S, Saikawa Y, 2001, A novel single-
nucleotide polymorphism in the 3’-untranslated region of the human dihydrofolate reductase gene
with enhanced expression, Clinical Cancer Research, 7:1952-1956.

= Graaff KV, 2001, Human Anatomy, 6t ed., McGraw-Hill, 20:708-709.

= Griffiths A], Wessler SR, Lewontin RC, Carroll SB, 2008, Introduction to Genetic Analysis, W.
H. Freeman and Company, 295-319; 453-486.

= Howell WM, Rose-Zerilli MJ, 2007, Cytokine Gene Polymorphisms, Cancer Susceptibility and
Prognosis, The Journal of Nutrition, 137:194-199.

= Hughes C, Murphy A, Martin C, Sheils O, O'Leary ], 2005, Molecular pathology of prostate
cancer, Journal Clin. Pathology, 58:673-684.

= Kingston R.E., 2002, Preparation and analysis of RNA, Current Protocols in Molecular
Biology, John Wiley and Sons, 4:4.0.1-4.0.2.

= Kirby RS, Fitzpatrick JM, Irani ], 2009, Prostate cancer diagnosis in the new millennium:
strengths and weaknesses of prostate-specific antigen and the discovery and clinical evaluation of
prostate cancer gene 3 (PCA3), British Journal of Urology International, 103: 441-5.

= Kirk D., 2004, Understanding Prostate Disorders, Family Doctor Publications Limited.

Genetic analysis of prostatic diseases in Canis familiaris 64



Chapter VII — References

= Kishimoto T, 2005, Interleukin-6: from basic science to medicine, Annual Review of
Immunology, 23:1-21.

= Koochekpour S, 2010, Androgen receptor signaling and mutations in prostate cancer, Asian
Journal of Andrology, 12(5):639-657

= Kraft M, Brown HM, LeRoy BE, 2008, Cytology of the canine prostate, Irish Veterinary
Journal, 61(5):320-324.

= Krieger JN, Lee SWH, Jeon ], Cheah PY, Liong ML, Riley DE, 2008, Epidemiology of
prostatitis, International Journal of Antimicrobial Agents, 31:585-S90.

= Kumar-Sinha C, Tomlins SA, Chinnaiyan AM, 2008, Recurrent Gene Fusions in Prostate
Cancer, Nature Reviews Cancer, 8(7):497-511.

= Lamb D], Zhang L, 2005, Challenges in Prostate Cancer Research: Animal Models for
Nutritional Studies of Chemoprevention and Disease Progression, Journal of Nutrition, 135:3009-
3015.

= Lee KS, Choi JD, 2012, Chronic Prostatitis: Approaches for the Best Management, Korean
Journal of Urology, 53:69-77.

= Lee ]JY, Kang DH, Park HY, Park JS, Son YW, Moon HS, Choi HY, 2010, An anteriorly
positioned midline prostatic cyst resulting in lower urinary tract symptoms, International
Neurology Journal, 14:125-129.

= LeRoy BE, Northrup N, 2009, Prostate cancer in dogs: Comparative and clinical aspects,
ELSEVIER - The Veterinary Journal, 180:149-162.

= Lévy X, Mimouni P, 2009, Hyperplasie bénigne de la Prostate : actualités, Point Vétérinaire,
293:39-43.

= Lindblad-Toh K, Wade CM, Mikkelsen TS, Karlsson EK, Jaffe DB, Kamal M, Clamp M, Chang
JL, Kulbokas EJ, Zody MC, Mauceli E, 2005, Genome sequence, comparative analysis and haplotype
structure of the domestic dog, Nature, 438(8).

= Loeb S, Partin AW, 2010, PCA3 Urinary Biomarker for Prostate Cancer, Reviews in Urology,
12(4):e205-e206.

= Ludwig M, 2008, Diagnosis and therapy of acute prostatitis, epididymitis and orchitis, First
International Journal of Andrology, 40:76-80.

= Lundwall A, Lilja H, 1987, Molecular cloning of human prostate specific antigen cDNA, FEBS
Letters, 214:317-322.

= Mader SS, 2004, Understanding Human Anatomy and Physiology, McGrawHill, 5(4):338-
346.

= Madu CO, Lu Y, 2010, Novel diagnostic biomarkers for prostate cancer, Journal of Cancer,

1:150-177.

Genetic analysis of prostatic diseases in Canis familiaris 65



Chapter VII — References

= Makarov DV, Loeb S, Getzenberg RH, Partin AW, 2009, Biomarkers for Prostate Cancer,
Annu. Rev. Med., 60:139-151.

= Mayenco-Aguirre A, Sanchez-de-la-Muela M, 2007, Enfermedades de la Préstata Canina,
Consulta de Difusién Veterinaria, 144:37-50.

= Memon MA, 2007, Common causes of male dog infertility, ELSEVIER, Theriogenology, 68:
322-328.

= Michaud DS, Daugherty SE, Berndt SI, Platz EA, Yeager M, Crawford ED, Hsing A, Huang
WY, Hayes RB, 2006, Genetic Polymorphisms of Interleukin-1B(IL-1B), IL-6, IL-8 and IL-10 and
Risk of Prostate Cancer, Cancer Research, 66(8):4525-4530.

= Moore SC, Leitzmann MF, Albanes D, Weinstein S], Snyder K, Virtamo ], Ahn ], Mayne ST, Yu
H, Peters U, Gunter M]J, 2009, Adipokine Genes and Prostate Cancer Risk, International Journal of
Cancer, 124(4):869-876.

= Morgan L, Cooper ], Montgomery H, Kitchen N, Humphries SE, 2006, The interleukin-6 gene
-174G>C and -572G>C promoter polymorphisms are related to cerebral aneurysms, ] Neurol
Neurosurg Psychiatry, 77:915-917.

= Morinha F, Albuquerque C, Requicha ], Dias I, Leitdo ], Gut I, Guedes-Pinto H, Viegas C,
Bastos E, 2011, Detection and characterization of interleukin-6 gene variants in Canis familiaris:
Association studies with periodontal disease, Gene, 485:139-145.

= Mussel C, Melo FR, Blume H, Mulinari F, 2010, Canine prostatic disease: diagnosis methods,
Ciéncia Rural, 3143-3148.

= Nickel JC, Downey ], Hunter D, Clark ], 2001, Prevalence of prostatitis-like symptoms in a
population-based study using the National Institutes of Health Chronic prostatitis symptom index,
Journal of Urology, 165(3): 842-845.

= Olson PN, Schultheiss P, Seim HB, 1992, Clinical and laboratory findings associated with
actual or suspected azoospermia in dogs: 18 cases (1979-1990), Journal of The American
Veterinary Medical Association, 201(3): 478-482.

= Paclikova K, Kohout P, Vlasin M, 2006, Diagnostic possibilities in the management of canine
prostatic disorders, Veterinarni Medicina, 51(1): 1-13.

= Parry NMA, 2007, The canine prostate gland: Non-inflammatory diseases, UK Vet 12(1):1-5.

= Pestana EA, Belak S, Diallo A, Crowther JR, Viljoen GJ, 2010, Early, Rapid and Sensitive
Veterinary Molecular Diagnostics — Real Time PCR Applications, Springer 2:9-22.

= Pierce BL, Biggs ML, DeCambre M, Reiner AP, Li C, Fitzpatrick A, Carlson CS, Stanford JL,
Austin MA, 2009, C-reactive protein, interleukin-6, and prostate cancer risk in men aged 65 years
and older, Cancer Causes Control, 20(7):1193-1203.

= Robinson R, 2002, Biology, MacMillan Reference USA, 1:56-59.

Genetic analysis of prostatic diseases in Canis familiaris 66



Chapter VII — References

= Rose AE, Satagopan JM, Oddoux C, Zhou Q, Xu R, Olshen AB, Yu JZ, Dash A, Jean-Gilles ],
Gerald WL, Lee P, Osman I, 2010, Copy number and gene expression differences between African
American and Caucasian American prostate cancer, Journal of Translational Medicine, 8:70.

= Rossol T}, Tannehill-Gregg SH, LeRoy BE, Mandl S, Contag CH, 2004, Animal Models of Bone
Metastasis, Cancer Treatment and Research, 118: 47-81.

= Ruiz-Aragén ], Marquez-Pelaez S, 2010, Assessment of the PCA3 test for prostate cancer
diagnosis: A systematic review and meta-analysis, Elsevier Doyma Actas Uroldgicas Espafolas,
34(4):346-355.

= Santella R.M., 2006, Approaches to DNA/RNA extraction and whole genome amplification,
Cancer Epidemiol, Biomarkers Prev, 15(9):1585-1587.

= Schalken JA, 2009, Towards Early and More Specific Diagnosis of Prostate Cancer? Beyond
PSA: New Biomarkers Ready for Prime Time, European Urology Supplements, 8:97-102.

= Schulz WA, Burchardt M, Cronauer MV, 2003, Molecular biology of prostate cancer,
Molecular Human Reproduction, 9(8):437-448.

= Shao N, Xu B, Mi Y, Hua L, 2011, IL-10 polymorphisms and prostate cancer risk: a meta-
analysis, Prostate Cancer and Prostatic Diseases, Macmillan, 1-7.

= Shariat SF, Roehrborn CG, 2008, Using Biopsy to Detect Prostate Cancer, MedReviews -
Reviews in Urology, 10(4):262-280.

= Shen MM, Abate-Shen C, 2010, Molecular genetics of prostate cancer: new prospects for old
challenges, Genes and Development, 24:1967-2000.

= Shilling D, Reijke T, Tombal B, Taille A, Hennenlotter ], Stenzl A, 2009, The prostate cancer
gene 3 assay: indications for use in clinical practice, British Journal of Urology, 105:452-455.

= Smith ], 2008, Canine prostatic disease: A review of anatomy, pathology, diagnosis and
treatment, Theriogenology 70:375-383.

= Starkey MP, Scase TJ, Mellersh CS, Murphy S, 2005, Dogs really are man’s best friend -
Canine genomics has applications in veterinary and human medicine, Briefings in Functional
Genomics and Proteomics, 4(2):112-128.

= Strauss AC, Dimitrakov ]D, 2010, New treatments for chronic prostatitis/chronic pelvic pain
syndrome, Nature Rev Urology, 7(3):127-135.

= Sun ], Hedelin M, Zheng SL, Adami HO, Bensen ], Augustsson-Balter K, Chang B, Adolfsson ],
Adams T, Turner A, Meyers DA, Isaacs WB, Xu ], Gronberg H, 2004, Interleukin-6 Sequence
Variants are not Associated with Prostate Cancer Risk, Cancer Epidemiology, Biomarkers and
Prevention, 13(10):1677-1679.

= Sutcliffe S, Platz EA, 2007, Inflammation in the etiology of prostate cancer: an epidemiologic
perspective, Urologic Oncology, 25:242-245.

Genetic analysis of prostatic diseases in Canis familiaris 67



Chapter VII — References

= Tan D, Wu X, Hou M, Lee SO, Lou W, Wang |, Janarthan B, Nallapareddy S, Trump DL, Gao
AC, 2005, Interleukin-6 polymorphism is associated with more aggressive prostate cancer, Journal
of Urology, 174(2):753-6.

= Terakawa T, Miyake H, Furukawa ], Ettinger SL, Gleave ME, Fujisawa M, 2009, Enhanced
sensitivity to androgen withdrawal due to overexpression of interleukin-6 in androgen-dependent
human prostate cancer LNCaP cells, British Journal of Cancer, 101, 1731-1739.

= Tuma RS, 2010, New tests for prostate cancer may be nearing the clinic, Journal of the
National Cancer Institute, 2(11):752-754.

= Turabelidze A, Guo BSS, DiPietro LA, 2010, Importance of Housekeeping gene selction for
accurate RT-qPCR in a wound healing model, Wound Repair Regeneration, 18(5):460-466.

= Vermeulen ], Preter K, Lefever S, Nuytens ], Vloed F, Derveaux S, Hellemans J, Speleman F,
Vandesompele ], 2011, Measurable impact of RNA quality on gene expression results from
quantitative PCR, Nucleic Acids Research, 1-12.

= Videira A., 2001, Engenharia Genética - Principios e Aplicagdes, LIDEL- Edi¢cdes Técnicas,
Lisboa, 5:47-49.

= Wagenlehner FME, Naber KG, Bschleipfer T, Brahler E, Weidner W, 2009, Prostatitis and
Male Pelvic Pain Syndrome, Deutsches Arzteblatt International, 106(11):175-83.

= Wang M, Helzlsouer K], Smith MW, Hoffman-Bolton JA, Clipp SL, Grinberg V, Marzo AM,
[saacs WB, Drake CG, Shugart YY, Platz EA, 2009, Association of IL-10 and Other Immune
Response- and Obesity-Related Genes with Prostate Cancer in CLUE II, Prostate, 69(8):874-885.

= Waters D], Bostwick DG, 1997, The canine prostate is a spontaneous model of intraepithelial
neoplasia and prostate cancer progression, Anticancer research, 1(17):1467-1470.

= Waters KM, Le Marchand L, Kolonel LN, Monroe KR, Stram DO, 2009, Generalizability of
associations from prostate cancer genome-wide association studies in multiple populations, Cancer
Epidemiol Biomarkers, 18: 1285-1289.

= Williams ], Niles ], 1999, Prostatic disease in the dog, Companion Animal Practice.

= Winkler S, Escobar HM, Eberle N, Reimann-Berg N, Nolte I, Bullerdiek ], 2005,
Establishment of a Cell Line Derived from a Canine Prostate Carcinoma with a Highly Rearranged
Karyotype, The Journal of Heredity, 96(7):782-785.

= Xu B, Niu XB, Wang ZD, Cheng W, Tong N, Mi YY, Min ZC, Tao ], Li PC, Zhang W, Wu HF,
Zhang ZD, Wang Z], Hua LX, Feng NH, Wang XR, 2011, IL-6 -174G>C polymorphism and cancer
risk: a meta-analysis: a meta-analysis involving 29,377 cases and 37,739 controls, Molecular
Biology Reports, 38:2589-2596.

= Zabaleta ], Su L], Lin HY, Sierra RA, Hall M(C, Sartor AO, Clark PE, Hu ]J, Ochoa AC, 2009,
Cytokine genetic polymorphisms and prostate cancer aggressiveness, Carcinogenesis, 30(8):1358-

1362.

Genetic analysis of prostatic diseases in Canis familiaris 68



ANNEXES
- §



ANNEX |

N 4 W
S

Ficha n°.

ANNEXI

HOSPITAL VETERINARIO DA UNIVERSIDADE DE TRAS-OS-MONTES E ALTO DOURO

FICHA DE EXAME ECOGRAFICO DA PROSTATA
____ Clinico Responsavel: Data:  / /
IDENTIFICACAO ANIMAL
Nome: Idade: Peso:
iD: Cond corporal:
Raga:
PROPRIETARIO Nome: Contactos:
Morada:
HISTORIA CLINICA
Motive da C fta:
Historia Médica:
EXAME CLINICO
Exame de Estado Geral: Temperatura:
Freq. cardiaca: Freq. respiratéria:
Mucosas: Hidratagfio:
Obs:
Sintomatologia prostitica Ausente D
Tenesme D Perda peso D
Hematiiria D Dor abdom caudal D
Descarga hemorrdgica D Disiiria D
Descarga purulenta D Qutros,
TOQUE RECTAL
Normal S D N D
Anormal
Dimensdes T D 1 D
Consisténcia N[]an 'l
Simetria N[]an[]
Estruc flutuantes S D N D
Sensibilidade N[Jan[]
Obs.

EXAME ECOGRAFICO TESTICULO

Testiculo direito D Testiculo esquerdo

Obs.

EXAME ECOGRAFICO ABDOMINAL
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EXAME ECOGRAFICO DA PROSTATA

Ecogenicidade N D AN D

Posicdo Pelv |:] Abd D

Forma N D AN I:I

Lesdes quisticas S D N D Obs Anotar n°

© e Ecogenicidade
Conteiido

Contornos N D AN D

Dimensdes
Varrimento Longitudinal
Comprimento
Altura
Varrimento Transversal
Largura

Altura

Calculo do volume da préstata

V= Comprimento x Largura x Altura x 0,523 (Ruel et al., 1998)

Amostras

I-  Sangue: centrifugar 2500 rpm 10 min

2~ Urina: colhida por sonda apés massagem. Colher urina por cistocentese para urinandlise (sedimento e urina tipo II)?

3-  Fluido prostitico

Citologia prostdtica com agulha fina
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ANNEX 11
W HOSPITAL VETERINARIO DA UNIVERSIDADE DE TRAS-OS-MONTES E ALTO DOURO W
7 4 1 4
VI AUTORIZACAO PARA COLHEITA DE MATERIAL V1A
St BIOLOGICO %

1. PROPRIETARIO

Nome:

Morada:

Bilhete de Identidade N°:

2. ANIMAL
Nome: N° de Identificagdo:
Espécie: Raga: Idade: Sexo:

3.INTERVENCAO: Ecografia e massagem prostatica.
Recolha de sangue, urina, fluido prostatico e citologia aspirativa

4. DECLARACAO

Eu, abaixo assinado, declaro que autorizo o Médico Veterinario a

realizar a interven¢dao descrita, no animal acima referido, actuando de acordo com o seu
critério.
Por ser verdade, assino a presente autorizacdo de acordo com o meu documento de

identificacao.

Vila Real, de de20

O Proprietario,
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ANNEX III

Nucleotide sequences of the CPSE gene (GenBank ID: NM_001003284.1) fragments analyzed
in the present study. The primers used to amplify the two regions are delimited with grey boxes.
In the first fragment are selected the sequences of exon 1 (---) and exon 2 (---). In the second

fragment are indicated the sequences of exon 3 (---) and exon 4 (---).

Fragment 1 (416bp)

Forward primer

GTGAGTAGAGTGGATCTGAGAGAGGGAGAGGGGCCCTGACTCTCACGGTGCTCTGACCACCCTCCC |
CTGCCTCCACAAGACCATCTCCTCCCGCCATCAGGCAGCCTATTCCTCCAGCCCACGGTCAGGCCA
GGCAGGGTACCAGGCTCCATTCCCACTGCCACCTCCTACCTGGCCTGACCCAGCAACCCTCTGCAG
GTGCCGAACCCCACTTCCAGCCCCGGATCATAGGAGGCAGGGAATGTTTGAAGAATTCTCAGCCCT
GGCAGGTGGCTGTGTACCATAATGGTGAATTTGCTTGTGGGGGTGTCCTGGTACACCCAGAGTGGG
TGCTCACAGCTGCCCACTGT

Reverse primer

Fragment 2 (575bp)

Forward primer

' 1 TACATCCACTCTACAAAACGAAGGTCCCTAGAGCCGTCATCCGTCCAGGGGAAGATAGAAGCCAT, '
! iGACCTCATGCTGCTGCACCTGGAAGAGCCCGCCAAGATAACAAAAGCTGTGAGGGTGAT GGACCT : Exon 3
i GCCCAAAAAGGAACCTCCATTGGGGAGTACCTGC TATGTCTCTGGATGGGGCAGCACTGATCCAG, '

Exon 4

Reverse primer
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ANNEX IV

Assembled dog PCA3 gene sequence obtained from the sequencing of PCR products
observed in Figure 7. The different sets of primers are emphasized using different colors

(PCA3_1, PCA3_2, PCA3_Ex3-4, PCA3_3, PCA3_4, PCA3_5, PCA3_HsCf, PCA3_6).

CACTCTGCCTGCTTGTGTGTTTCTCTCTCTCTGTCAAACAAATAAATGAAATCTTAAAAAAAAAAAAGTATGAATTCTGGGGCCAGATTC
TGCTTCTTCATATTTATATGGTTTGAGGAAAGTTCTTATTCTCTCTGTTCTTCATCTTCTTTATTTGAAAAATGGAAATAGCAATAGTACTTC
TTCCCAGAGTTGTTACCAGGATTAAATGAGTTAATTGTTCTAAGACGCATCTAAAAGTACCTGTTCATGTGCTAAGTTCTCTAGACGTATG
TTATGTAAAAATAAAACATTGGTGTTACAAGCAGTATAACTTGGTTTGGAGATATTTTCTTGGGTTCTTCTGATTTTCATCCTAATTAATTA
TAACACATATTTAGTGTATCAATAAGCACTGAGACCAATATGCAAAGAACTAATCTACTCTGAGTCCTAGCAGCAATGTGTCTCTAGATT
AAATATCCATTCCTATAAACTCCTACCATCAGCTACACATTGCATCCACTATTTTTCTGAGTAGTCAAT GCACCAAAGCCTACTGGACATC
TTCATGGCTCAGATGAGTTACATGCTAGAATCAGGACCAGATCCGAAACTAGAAGTCTTGGCTTTTAACTGTAACCCTGCTATTACACA
GCTGTGTGACCTCAGCTAAGACCCCTCTTGGTCCCACAAATTACCTATCTTATATTTCATTGGTATATTTTAAAATGCCGAAAGCAGTGCA
CGTAGGTATTGTACTGATTCAACAGAAAGGCACAGAGCCAGAAACAAAGTAGGCACTTACTGAACATCAGCTATACCTGGTTACGCATT | PCA3.2
CCTTAACCAGCAGTCCTGTGACCTGTGAGGTCTGTTCAGGGAGGTCAACAAAATGATGTGTTGAGGGCCTGGTATGTGGCAGGCACTTC
AGGAATAGCTTTACAAAGCTTACCTCATTTGTTGCTGCCTGCAGTCCAGTGACATAAGTACTATCATTCTATGCACTCAGAGAAGAAATA
GAGCAACGATTTGTGAGACCCAGAAGCCTGCAACATCACGGGAAGTTCCTGACTTAAGTTCAGGGTATGCTGACATCTGTCATTTGTCAC
CTCAAATGCTGGCACATGTTTCCAGGAGTGAAATAAGAAGGGCCAGTGACTATCAACTGAGGCCACACGTCTGGTGTATCTGAGATGAC
TGGTGTCACTGGAAACAGCAAGATGAAAATATAACATCTGAATGATGTGTTTTTGCACACTTTTTAGCCCCTTTAAGTACCCCATATGCAA
ACACAAAAGATAACTACTTTATAAAGTGACACTGAGTCCCTGCTTCCTCCTCAGAAATTCTTATAGAATTTTTTTTTAAAATTTTTTATTTA
TGATAGTCACATAGAGAGAGAGAGGCAGAGACACAGGCATAGAGAGAAGCAGGCTCCATGCACCGGGAGTCCAACATGGGATTCGATC
CCCGGTCTCCAGGATCGCGCCCTGGGCCAAAGGCAGACGCTAAACCGCTGTGCCACCCAGGGGTCCCTCTCCTCAGAAATTCTTAATGGC
CTTGACTTCCTTTGCTCATTTCTATGCCTCCTAACCTCCCAGAATTCACTGCCCATTCTCTGGGATCCCATGATCTGTCTGGCCCCCTTGGAT
TTATCCTCATGGAGTCTGGATTCCTTATCCTGGCCTGTATTTGTCTTTTACTTTCCCATCTCAAGGAGAGGTACGCTACTGCCATCTTGGGT
CATCAACAAGCTGTGTCCGATGCCTACCGTCTGCTCATGGGGAAGGACATTAGAACATAAATTGATGTATTCCGTATAAGGTAAGCAGGA
AAATTGATCCTGTGGTGGGTGTTTATTTGACAATGATTCAGGGTTTGAAATGTAGTCACTAAGCCAGCATTACCAAGGAGAAAGAGAAA
TAGGCAAGAAAAICIIGATGGTTTCACAGGACATATATAACAAATCAAACTGAACCCTGTGTTGACCATGAGGTGGGCAAGCAGGGGA
| GGTATGAGAACCATGGTTACAAGGTCAGGATCCTGGCCCTGCCACCTGAACTCTGTATCTGTGACCAAGCCTTTCATTTGCTCTAGCCTCC
| ACTTTCTAACCTGTGAAACAAAGACATCGTAACATTTGGTCTCTCACGCTGCTCTGAGGCCAGCATTCTCCCTGTATGTAGCCATATTCAT
| TTTGAATATTTAGCTCCTACCTCCCCACTGTGGCCTTTCTACATTGATAGAATAACATTTTCCATTTTATTCAAGAACTGAATATGGGGGCA
| CCTGGGTGCTCCAATGGGTTAAGCCTTGGGCTCAGGTCATTATCTCAGGGTCCTGGGATTCAGTCCCACATCCAGGTCTCTCTGCTCAGTG
- | GGGGAGTCTGCTTCTCCCTCTCCCCATGCTCCTCTACCCTGCTCATGTGCATGCTCTCTCTCTAATAAATAAATGGAATCTTAGAAAAAAG

PCA3_1

PCA3_ex3-4

PCA3_3

AGGACCTTCCCAGGGCTATATTTGATAGCACATGGCATCATGTTTAAGGAGAAAATGATCTAATCGCTATCATCCTAAGTGTCTTCATACA
CACTGAAATTCATTTTTTACTTTTATGCCCATTTTCAATACTTGAAAATGTCATTCCACTTAATATCCACCCAATCGATTTTTTTTAACCTGG
AAAAACTCAATGTTACATGCAGTTATGGGAATTTAATTACGTATTCTCTCTTCCACATCCATATGCAAATGGTTTTAGTTTTAAATAATCAC — PCA3 4
TGTTGGAACCAGAAAACTCCTGAGGGAGACCATTGACATTTTACAGTCTGAAGATGATTGAGTCCTTTATCCCTCTCCTCTGTTTCCTTCC
AGTGTAAAGTTGAAATGCTTAGCCTTGCACTAAGGCTCTCTAGGACCTCACCTCTCTGCAGCCTTTTGTCTTATTTGTCATCACCATCAGC
ACCCTCTCAACGAGCTAACGCAGAATCTCTCTAATTCCTAATTCCCCAGACATGTCAATCATACATTATACCCTCTGCCCAAGAGGCTCT
TCTTCATCTCCTARATCTTGAATGGTATARAGTTTTTAATAAATAGAATATCTTACCTCATGCCAAATAGGGACACTATGGGATTCTCTAT
GACACAAAATAGCACACACTGAAATACAACTTGATTACCAAAGGTTTAGATAAATTTATGGGCTGCAAGAGCCACAGGAGAAATGCTTT
CAAGGCTTGGGGTGTGGGGTAAAGACAGAAAACACACCTTCTATTATCCTATATAATGCACTTCATTTCTCTTTCCATCCATACTTCTCCA
AGGGTAAGCCAGAGAAGGGGAAAGAAAGATAAAGGAAAAACAGAGAGAAACAGAATAGACGGCTGGTTGTAGAAAATACTTTGACA | PCA3.S
ATTCAGCATGGCAACTACAGCATTCTGCTGTGATTCCCATAGCCACTGAGTGACTTGAACACTTGTTTTCACAACATCAAACACACTTTTT
ACAGAATCAATGCAGCACCAATCCCTTAAGGTAACCTCCATCCATTCCATTCTAACAGTGTTCCTCAGAATTTGAGCAAATCCCACTGGTC
ACTTATCTCAACTCTGAGATGTCTTTATCCCCTTCATTAATTGGGAGAAACAGRGCACTCTIGIGAGCCACTITTGAGGTACACTCTGGCA
ATAAAGCATTTACAAAGAGCTACTCAGGACTCGCCGCTAAGAGCTGTGCTTGTGGCTGTGTGCATGCCAGAGTGTGCCTCTCTCTCTCTTT
GACCTATTATTGCAGATTTAAAAACAAGCATGTTTTCAAATGGCACTACGAGCTGCCAATGATGTATCACCATCATATCTCATTATTCTCC  pCA3_HsCE
ACTAAATGTGATAATAATGTGATCTGTTAACATAAAAAAAGTTTGACTTCACAAAAGCAGCTGGAAATGGACAACCACAATATGCATAA
ATCTAACTCCTACCATCGGCTACACACTGCTTGACACATATTGTTAGAAGCACCTCGCATTTGCGAGTTCTCTCTTAAGCAAAATACTTGC
,_ATTAGGTCTCAGCTC.C.Gc.TrGTC.CACCAc.GCAc.Trc.c.cGAAATATTCAAHCTQZG‘FG‘GT\XC‘.C‘CREEEﬁ'FcAATTCTCTCATcmTA 1
GOAATCATITACCAGGITIGGAGAGTATCCAGGCTGCTCAGGTGCTCCGACCGATTTCTCTCAAGTTCCATCCCTCTTTGTTCATTGATGG
TCTGATGAATGAGGTTATCTTTAAACTGATGTTTATAGGGAAGGAAAAAAAGAACCTGAACTGATGCCAACAGCAGAAATTCAAAGAA
ATATTAGATTTAAGTTCAGCTTGGTCAAAAGAAATAAGGATACAAAGAACTTTGAGAAATCACTGTCTCTGTCTCCATGAGGCACAGTCA
ACAGCAGGGGTCATTTCAGGAATCTCCATCCATCAGAATTACACTGATGAGCCCAGAGTCATGAGATTAATTTTCCTAATCCTGGCACTA | PCA3_6
GCTTCTGGCCATCTTAGACTTCTTTCTTGACACACATTAGCTTCTAGCCTTTGCTTCCCTGTCTTTATGTTTATGCCCAATACAGGACTTTCA
ATCCTCTCTTCTCTCTGTTGCTTTGACCTTCTCCACAAGAACAACACTGACCTTCAAGTCTGTTTCCATCCCCACTATTAACGTGTGTGCCC
ACACTTGTATTTACTATCTTCAATGGACACTGCCTATTGTGGCTCTATCACCTTCGATTAATCTTAGGTATTTAAAATTCAAAACATTCCAA
ATCAAAGTCATTATCTTCTCTTTCTTTTTCCTCCTAGACTTCCTCCTCTGCCTTTATTACTGACTGCACTTTACAGCATGATCCTCAATGGAG |
JCATGCAA
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ANNEX 'V

Nucleotide sequences of the IL-6 gene (GenBank ID: NM_001003301) fragments analyzed in
the present study. The primers used to amplify the two regions are delimited with grey boxes. In
the first fragment are selected the sequences of exon 1 (---) and exon 2 (---). In the second
fragment is indicated the sequence of exon 5 (---). The positions of the identified genetic

variations are evidenced with a red rectangle ([).

Fragment 1 (431bp)

Forward primer
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGCTCCATC
TGCCCTCCAGGACCCCAGCTATGAACTCCCTCTCCACAAGTAAGTGAAGGAAATCCCTAGCCCTAG
CATGCTTGGCAGCCGGGCCTGGCTGAGGGAGGGGTGTGTGTCCGCTGGGAGGGCTGGCCGGCGGCLC
AGCAGCCAGGAGCACAGCTCCCCCAGCTGTTCAGTCGGCTCACTGGCTGCTCTCCCTTGCCTCCGG
CACAGGCGCCTTCTCCCTGGGGCTGCTCCTGGTGATGGCTACTGCTTTCCCTACCCCGGGACCCCT
GGCAGGAGATTCCAAGGATGATGCCACTTCAAATAGTCTACCACTCACCTCTGCAAACAAAGTGGA
AGAACTGATTAAGTACATCCTCGGCAAAATCTCTG‘

Reverse primer

Fragment 2 (630bp)

Forward primer

'GGATGAAGTGACCACTCCTGACCCAACCACAGACGCCAGCCTGCAGGCTATCTTGCAGTCGCAGG'
'ATGAGTGGCTGAAGCACACAACAATTCACCTCATCCTGd@GAGTCTGGAGGATTTCCTGCAGTTC'
| AGTCTGAGGGCTGTTCGGATAATGTAGCCTGGGCATCTAAGATTGCTGTAGTTCATGGGCATTCC |
|TTTCTCCAGTCAGAAACCTGTGCAGTGGGCACAAAACTTATGTTGTTCTCTGTGAGGAACTAAAA|Exon5
|GTATGAGCGTTAGGACACTATTTTAATTATTTTTAATTTATTGATATTTAAATATGTGATATGGA|
|GTTAATTTATATAAGTAATAGATATTTATATTTTTTATGAAGTGCCACTTGAAATATTTTATGTA|
|TTCATTTTGAAAAAGTTAACGTAAAATGCTATGCGGCTTGAATATCCTCEBTGTTTCGGAGCCAG|
lGTCATTTCTTGGAATGTGTAGGTTTACCTCAAATACATGGCTAACTTATGCATATTTTTAAAAGA|

——

I AATATTTATACTGTGTTTATATAATGTTTAAATTGTTTTTATACCAATAAACACCTTTTTFAAAAA

AAAATCAGCAGCTAAGCCTCTATGTGTCCTGTGAAGCTTAATGTG
Reverse primer
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Information regarding each set of primers: sequence, melting temperature and length of the

amplified fragment.

Gene Primer set Sequence Tm (°C) Length
GAPDH GAP_CfF 5’- ATGATTCTACCCACGGCAAA -3°
55 176 bp RNA
GAPDH_Ctrl_.R 5’- CTTCTCCATGGTGGTGAAGA -3’
CPSE CPSE_Ex1-2_F 5’- CTCCCAGCACTCCTGTCAC -3 c 416 bp DNA
7
CPSE_Ex1-2_ R 5’- ACAGTGGGCAGCTGTGAGC -3° 218 bp RNA
CPSE_Ex3-4_F 5’- GGGTCGCCACAACCTGTC -3’ 5 575 bp DNA
CPSE_Ex3-4 R 5-TTTTTACCCTCCAAGACACCA -3’ 400 bp RNA
IL-6 IL-6_Cf 5UTR_F 5’- TGAGACTGGAGATGTCTGAGGC-3’
57 431 bp DNA
IL-6_Cf_ ex2_R 5’- CAGAGATTTTGCCGAGGATG -3°
IL-6_Cf ex5_F 5’- GGATGAAGTGACCACTCCTGA - 3’
68 630 bp DNA
IL-6_Cf 3UTR_R 5" - CACATTAAGCTTCACAGGACAC -3’
PCA3 PCA3_1_F 5’- CACTCTGCCTGCTTGTGTGT -3°
55 600 bp DNA
PCA3_1_R 5’- TCTAGTTTCGGATCTGGTCCTC - 3°
PCA3_2_F 5’- AATGCACCACCAAAGCCTACTGG - 37
55 632 bp DNA
PCA3_2_R 5’- CGTGTGGCCTCAGTTGATAG - 37
PCA3_3_F 5’- GGCAAGAAAATCTTGATGGTT -3°
55 605 bp DNA
PCA3_3_R 5’- CTTGGGCCAGTACTTCAGGA - 3’
PCA3_4_F 5’- AATGCTTGACTTACTTTTTCCTGA - 37
55 645 bp DNA
PCA3_4_ R 5'-TTTATACCATTCAAGATTTAGGAGATG - 3°
PCA3_5_F 5'- TCTTCATCTCCTAAATCTTGAATGG-3"
55 602 bp DNA
PCA3_5_R 5’- CAAGAGTGCCCTGTTTCTCC - 37
PCA3_6_F 5’- AGTGGAAGCCAGAATTTGAA - 37
55 772 bp DNA
PCA3_6_R 5'- TTGCATGACTCCATTGAGGA- 3’
PCA3_ex3-4 F 5’- AAGAAGGGCCAGTGACTATCAA - 3
55 814 bp DNA
PCA3_ex3-4_R 5’- ATGTCCTGTGAAACCATCAAGA - 3
PCA3_HsCf F 5’- GGCACTCTTGTGAGCCACTT - 3°
55 511 bp DNA

PCA3_HsCf R

5’- TCCAAACCTGGTAAATGATTCC - 37
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ex2wt
V1
V2
v4
V5
V6
v7
v8
V9
V12
V13
V14
V15
v1ie
V17
V18
V19
Pl
P4
P6

ex2wt
V1
v2
V4
V5
V6
v7
v8
v9
viz
V13
V14
V15
V16
V17
vig
V19
Pl
P4
P6

TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGC!
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGCTC
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGC!
[TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGC!
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGCTCC
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGC!
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGC!
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGCTC
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGCTC
[TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGC!
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGCTC
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGARAGAGAGCTC

TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGCTCC
TGAGAMTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGC!
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGC!
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGCT!
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGC!
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGC!
TGAGACTGGAGATGTCTGAGGCTCATTCTGCCCTCGAGCCCACCAGGAACGAAAGAGAGCTC

TG T(

I
i
T

I
i
T

I
i
T

I
TC
T

I
i
T

I
T
T

I
T

C GCTTTCCH .
TCCCT TTTCCCTACCCCG!

431
431
431
431
431
431
431
431
431
431
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GCCCTAGCATGCTTGGCAGCCGGGCCTGGCTGAGGGAGGGGTGTGTGTCCGCTGGGAGGGCTGGCCGGCGGCCAGCAGCCAGGAGCACAGCTCCCCCAGCTGT

Multiple sequence alignment of the selected IL-6 region (from exon 2 to exon 5).

T

120

CTACCAC
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ANNEX VI

ANNEX VIII

Multiple sequence alignment of the selected IL-6 region (from exon

allowing the identification of two single nucleotide variations.

Cle;
TGTATTCATTTTGAAAAAGTTAACGTAAAATGCTATGCGGCTTGAATATCCTCgATGTTTCGGAGCCAGGTCATTTCTTGGAATGTGTAGGTTTACCTCAAATACATGGCTAACTTATGCATATT

5 to 3’'UTR region),
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ANNEX VI
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