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Abstract

Just like humans the dog has the ability to develop prostate carcinomas spontaneously. 
In humans the protein PSA is used as a biomarker for detection of prostatic disorders 
and  for  detection  of  prostatic  carcinomas  in  an  early  stage.  In  the  dog  no  such 
biomarkers for detection of prostatic disease are known.
According to a manuscript from the Chand Khanna Group in Bethesda who depicted by 
proteomic approach certain genes as possibilities for certain peaks measured by surface 
enhanced laser desorption/ionization time-of-flight mass spectrometry (SELDI-TOF MS) 
on serum from dogs with prostate carcinomas, proteins for these research were chosen. 
These  proteins  are  Apo-C-I,  AVP  precursor,  ß-defensin  138,  HMG-17,  KCNE2  and 
masticatory myosin heavy chain 16.
The aim of  this  research was  to verify the expression  of  the genes encoding these 
proteins in normal prostates and prostate carcinomas of the dog and if those genes were 
up regulated in the prostate carcinomas.
The results are obtained first by validation of quantitative RT-PCR on different tissues in 
which  these genes normally are expressed.  Thereafter  the quantitative RT-PCR was 
done on amplified RNA obtained by micro dissection from normal prostates and canine 
prostate carcinomas.
It  is  possible  that  the  genes  encoding  Apo-C-I,  HMG-17,  KCNE2  and  MYH16  are 
expressed in normal prostate tissues and prostate carcinomas.
Indications are found that the gene encoding Apo-C-I could be up regulated in prostate 
carcinomas and therefore this is the most reliable protein for further investigation for a 
potential biomarker for prostate carcinomas in the dog.
The fact  that  Apo-C-I  is  a possible  marker can be reasoned because of  the role of 
apolipoproteins  in  fat  metabolism.  Phospholipidogenesis  de  novo  is  required  in  the 
membranogenesis of tumor cells. In the human prostate Apolipoprotein E (ApoE) has a 
unique function in the prostate together with fatty acid synthase (FAS) in carcinogenesis 
and tumor progression.
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Chapter 1. Introduction

Prostate carcinomas (PCA) are a major issue in human medicine. The lifetime risk to 
develop PCA in the western world is about 16% (in the USA in 2008 186,320 men will be 
diagnosed with and 28,660 men will die of cancer of the prostate in 2008). 
The aim of the present research is to find plasma protein markers in the dog that will 
predict whether a dog has developed malignant prostate carcinoma.
The relevance of this research, to investigate markers in the blood of the dog, is that the 
dog is an outstanding animal for developing a model for prostate carcinomas in humans. 
The dog is the only animal that develops spontaneous PCAs, just like humans. Other 
similarities include the age of onset, presence of prostatic intraepithelial neoplasia (PIN) 
precursor lesions and regional and distant metastases. If there is a model developed for 
the markers in the blood of dogs that will predict prostate carcinomas, this model could 
be extrapolated and adjusted to humans. Currently prostate specific antigen (PSA) is 
used to diagnose PCA in man, but this single marker isn’t adequate enough because of 
its  limited  specificity  at  desired  sensitivities.  When  there  will  be  enough  sufficient 
markers available, the invasive technique of taking prostatic biopsies will be needed less 
in screening programmes.
Besides this aim, it  is  also known that  middle-aged dogs are predisposed to certain 
diseases affecting the prostate gland. Next to the prostate carcinomas there is also the 
benign prostate hyperplasia (BPH). In contrast to the low incidence of malignant prostate 
carcinomas, BPH is a frequent diagnosed disease in the dog. It is important that these 
diseases are diagnosed in an early state to ensure an appropriate treatment. The two 
diseases resemble  each other,  but  have a  totally  different  prognosis.  This  is  why a 
method  for  early  diagnosis  to  differentiate  between  these two  diseases  is  also  very 
important.

The  marker  genes  used  in  this  research  were  chosen,  based  on  data  from  a 
collaborative biomarker study in canine prostate carcinomas of Utrecht with the group of 
Chand Khanna (National Institutes of Health (NIH), Bethesda, MA). The mentioned study 
has  found  using  surface  enhanced  laser  desorption/ionization  time-of-flight  mass 
spectrometry (SELDI-TOF MS), that a fragment of KCNE2 and beta-defensin 138 were 
present  in  dogs  with  prostate  cancer  in  lower  amounts  whereas,  a  fragment  of 
masticatory myosin heavy chain 16, a fragment of arginine-vasopressin precursor, the 
nonhistone chromosomal protein hmg-17 and apolipoprotein c-I precursor were present 
in a larger amount plasma of dogs with prostate carcinomas, in comparison with control 
dogs, dogs with non-urogenital cancer or with bladder cancer. Based on these findings 
the following problem formulation for this research was set up and investigated:
“Are the genes coding for the biomarkers found expressed in the canine prostate and 
are there differences in their expression levels?”

Using a panel of tissues from the dog specific quantitative RT-PCR were developed and 
applied to normal and malignant prostate tissue of the dog.
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1.1 The study on serum proteomic biomarkers in canine prostate 
carcinoma

Serum samples from dogs with and without prostatic disorders were tested using high-
throughput SELDI-TOF-MS. 
Surface enhanced laser desorption/ionization time-of-flight mass spectrometry or in short 
SELDI-TOF MS is a tool for integrating separation and analysis of complex mixtures of 
proteins. The protein profiles are generated using specific surface chemistry to capture 
proteins from complex biological mixtures. Captured proteins are then analyzed by TOF-
MS, generating a spectral map depicting approximations of the molecular weight and 
relative concentration of each protein. The technique is a convenient, high-throughput 
tool to segregate proteins from complex bodily fluids like serum and generate 
comparative profiles. [21]
The identified proteins were eluted directly from IMAC3 proteinchip array surfaces using 
micro-capillary reversed-phase liquid chromatography tandem mass spectrometry. This 
analysis resulted in the isolation of protein peaks specifically associated with prostate 
carcinomas. The peaks are depicted in the table below. The receiver operator curve 
(ROC) predicts the ratio between sensitivity and specificity. ROC 1=100%.

Tabel 1. Prostate cancer selected peaks
Peaks, m/z (mass/charge) PCA compared to normal prostates

2085 0.80 ROC up regulation
9330 0.85 ROC up regulation
7633 0.85 ROC up regulation
7875 0.93 ROC up regulation
7050 0.81 ROC down regulation

13785 0.86 ROC down regulation

Proteins identified by 2 or more unique peptides were chosen, searched by the UniProt 
Database and the NCBI’s Entrez Protein database. See table 2.

Tabel 2. SELDI-TOF MS peaks resembling 2085, 7050, 7633, 7875, 9330, 13785 Da
m/z

6836 KCNE2 (fragment)
7177 Beta-defensin 138 (BD138)
7465 Masticatory myosin heavy chain 16 (MYH16)(fragment)
7905 Arginine-vasopressin precursor (AVP)(fragment)
9379 Nonhistone chromosomal protein hmg-17
9741 (9610) Apolipoprotein C-I precursor (Apo-C-I) 
13487 Plasmin precursor (fragment)
13858 Predicted: Similar to A2A histone family, member J isoform 2
13969 Ribosomal protein (fragment)
2085 no ID could be obtained, because it was unable to resolve on gel

The following genes could then be a possibility for the different peaks. See table 3.
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Table 3. Possible proteins for the found peaks.
7050 KCNE2 (6836) or BD138 (7177)
7633 MYH16 (7465) 
7875 AVP (7905)
9330 HMG-17 (9379) or Apo-C-I (9741 / 9610)
13785 Plasmin Precursor (13487) or A2AJ2 (13858) or Ribosomal protein (13969)

This research will investigate KCNE2, BD138, MYH16, AVP, HMG-17 and Apo-C-I.

In humans the down regulated plasmin and up regulated HMG-17 are associated with 
prostate cancer. Up regulated AVP is associated with human small lung cell cancer and 
down regulated KCNE2 with human gastric cancer.
The plasminogen/plasmin system (PPS) is a key factor in tumour invasion and 
metastasis. Plasminogen is first cleaved to the serine proteinase plasmin which, in turn, 
promotes angiogenesis and tumour cell invasion by activating matrix metalloproteinases 
(MMPs) and cleaving matrix proteins. [37]
The D-PCa-2 gene has been shown to be a promising candidate marker for the 
molecular trafficking of small number of prostate cancer cells in lymph nodes. A portion 
of this gene shows 93% homology to the cDNA of HMG-17. D-PCa-2 is highly expressed 
in prostate tissue and prostate tissue and PCA allowing diagnosis of PCA lymph node 
metastases. [39]
These information about these genes could be extrapolated to dogs, but there has to be 
more research done.
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Chapter 2. The Prostate

2.1 The canine prostate

2.1.1 The normal canine prostate

The canine  prostate  is  an  ovoid-shaped  bi-lobed  gland.  The  gland  is  composed  of 
glandular and stromal elements. It surrounds the neck of the urinary bladder and the first 
part of the urethra in the male dog. The gland adds fluid to the first and third fraction of 
the ejaculate. In intact male dogs this fluid is secreted continuously. Depending on the 
size of the prostate the volume of fluid ranges from a few drops to several milliliters. The 
fluid can flow in two ways, retrograde into the urinary bladder, or antegrade out of the 
external urethral orifice. 
Because  this  gland  is  androgen-dependent,  prostatic  growth  and  the  secretion  are 
mediated by androgens. The enzyme 5alpha-reductase converts testosterone (T) into 
dihydrotestosterone (DHT). This metabolite is responsible for the growth and secretion of 
the prostate gland.
Castration takes the source of androgen away. After castration, the size of the prostate 
decreases by 50% within 3 weeks after surgery is done and even by 70% within 9 weeks 
after surgery. [15]
An  intact  hypothalamic-pituitary-gonadal  axis  is  essential  for  the  growth  and 
development of the prostate. Neurohypophyseal peptides like vasotocin, oxytocin and 
vasopressin  stimulate  the  prostate  to  contract.  So  maybe  these  peptides  have  a 
physiological  role  in  regulating  prostatic  function.  These  peptides  also  contract  the 
uterus,  so  the  male  prostate  may be viewed  embryological  as  corresponding  to  the 
female uterus. [7]
Two types  of  epithelial  cell  are  recognizable  in  human and  canine  normal  prostatic 
alveoli  and  ducts:  luminal  cells  and  basal  cells.  The luminal  cells,  which  are  highly 
differentiated, are the functionally active prostatic secretory cells. The basal cells, which 
are less differentiated, are located at the base of the epithelium. [12]

2.1.2 Prostatic neoplasia 

Prostate cancer in the dog occurs spontaneously as is happening in humans. So far 
known the dog is the only species apart from humans that develops prostate cancer. [34]
There are different types of neoplasm in the canine prostate. Types known are urinary 
bladder  transitional  cell  carcinoma  (TCC),  prostate  adenocarcinoma  (ACA),  prostate 
TCC, prostate carcinoma (CA) and prostate tumours. [8]
Prostatic  carcinomas  can  be  sub  classified  based  upon  the  presence  of  glandular, 
urothelial, squamoid, or sarcomatoid differentiation. [9]
Adenocarcinoma,  transitional  cell  carcinoma,  and  undifferentiated  carcinoma  are  the 
most common histological types. [34] [9] [14]
In many cases, primary tumors show mixed morphology, this means that there are two 
or more types of differentiation. [9]
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Adenocarcinoma is the most common type of cancer found in sexually intact male dog, 
whether other subtypes of PCA are found more often in castrated dogs. Castration does 
not affect the frequency pattern of metastases. [34]
Doberman  pinschers,  Shetland  sheepdogs,  Scottish  terriers,  beagles,  German 
shorthaired  pointers,  Airedale  terriers  and  Norwegian  elkhounds  have  statistically 
significantly increased odds of having prostate cancer. Dachshunds, miniature poodles 
and American cocker spaniels have decreased odds of having prostate cancer. [8] 

2.1.3 Prostatic intraepithelial neoplasia

Next  to man,  the  dog  is  the  only  species  which  spontaneously  develop  high  grade 
prostatic intraepithelial neoplasia (HGPIN). [3] [9] [38] 
HGPIN includes basal cell layer disruption, increased proliferative index and increased 
micro vessel density. These morphologic findings suggest that HGPIN is an intermediate 
stage  in  the  progression  from  benign  epithelium  to  carcinoma,  thus  considered  a 
precursor  to  carcinoma.  It  may  even  represent  an  important  threshold  for  the 
carcinogenesis process, because when HGPIN arises, there are significant changes in 
the expression of oncogenes, growth factors, and growth factor receptors. [3] [15] [38]
HGPIN is influenced by age and testicular androgens. [38]
It is found in 55% of elderly sexual intact male dogs without clinical evidence of prostate 
cancer and is seen in 66-72% of dogs with prostatic carcinoma, a rate similar to that 
observed in men. [16] [34] [38]
The facts that castrated dogs have a much lower frequency of HGPIN (8%) than sexually 
intact dogs (55%) and that castrated dogs are at increased risk of developing prostatic 
carcinomas appear in conflict with the concept that HGPIN is a precursor of canine PCA. 
[16] [34] 

2.1.4 Prostatic adenocarcinoma

Overview
Prostatic adenocarcinoma is a highly invasive malignant tumor. [15]
Its prevalence is only between 0.2 and 0.6%. [33]
Age at diagnosis has been reported to range from 5 to 17 years, but it occurs more in 
older dogs. [14] [15] [34]
It often affects sexually intact dogs or dogs that have undergone surgical castration after 
sexual maturity. [9] 
Although the tumor is initially hormone responsive, in most cases it  develops into an 
androgen-unresponsive neoplasm. [34]
Unlike  prostatic  adenocarcinoma in  humans,  this  tumor  in  dogs does not  appear  to 
respond to androgen deprivation  like anti-androgens or  castration.  There is  even an 
increased risk of prostatic adenocarcinoma in castrated male dogs. [3] [8] [15] [16] 
This is  surprising because the reappearance of  androgen receptors in  basal  cells  is 
considered a key factor in stimulating basal cell proliferation and differentiation of the 
regenerating prostate in the dog. [34]
But castration does not initiate the development of PCA in the dog, although it  does 
favor tumor progression. [34]
Most tumors originate from the urothelium and ductular epithelium rather than from the 
acinar epithelium. [8] [34]

10



Cindy van den Bogaart

Tumor growth outside the prostate is common, as are pulmonary and bone metastases. 
[34] 
Overall,  PCA  is  clinically  aggressive.  Gross  metastases  to  regional  lymph  nodes, 
sublumbar lymph nodes, bony pelvis, and lumbar vertebrae, lung and bone are present 
in 80% of dogs with PCA. Skeletal metastases are present in 22%. Predominantly axial 
skeletal  distribution  of  these  lesions  is  similar  to  that  in  men  with  PCA.  Skeletal 
metastases are those to the lumbar vertebrae, pelvis and lesions distal to elbow or stifle. 
Young dogs are at  highest  risk for  development  of  skeletal  metastases and skeletal 
metastases  are  found  in  high-grade  carcinomas.  In  young  dogs  canine  PCA 
metastasizes to the skeleton in up to 35% of cases. Lymph node, lung and bone are the 
most frequent sites of metastasis. Other sites of metastasis include liver, colon, kidney, 
heart, adrenal glands, brain, and spleen.  [9] [14] [15] [38]
Pulmonary metastases are significantly more common in neutered than in intact dogs. 
Intact  dogs  are  more  likely  to  have  metastatic  disease  to  other  organs  like  lungs, 
regional lymph nodes, liver, urethra, spleen, colon, rectum, urinary bladder, bone, heart, 
kidney, distant lymph nodes, and adrenal glands. [9]
It  is  likely  that  there  is  a  multistep  carcinogenesis  in  the  progression  of  the  normal 
prostate epithelium to metastatic, androgen-independent PCA. 
The duration of  androgen exposure  has been found to be significantly  linked to the 
histological type of the tumor. [34] 
The Bouvier de Flandres breed has an increased risk of having PCA, but the reason for 
the increased risk is so far unknown. [34] 
Shetland  sheepdogs  and  Scottish  terriers  with  prostate  ACA  and  CA  also  have  an 
increased risk in having PCA. 
Breed predisposition  suggests that  genetic  factors play a role in  the development  of 
prostate cancer. [8] 

Pathogenesis 
Acinar  basal  cells  are  the  major  proliferative  component  that  dominates  the  growth 
process of the canine prostate and it continues throughout life. [16] 
The  majority  of  canine  prostatic  carcinomas  likely  arise  exclusively  from  ductal 
epithelium. [16] 
Canine  prostatic  carcinomas  can  grow  in  an  androgen-depleted  environment.  Key 
pathways of androgen activation as well as the presence of high affinity binding sites for 
androgens can be found in the neoplasm. [16]
In castrated males there is a more aggressive metastatic course. 
It  is believed that there are different possibilities to develop PCA. But so far it  is not 
completely sure how the pathway works.
It is likely that there is an association between the enzyme cyclooxygenase 2 (COX-2) 
and prostate carcinogenesis. COX-2 is not present in the normal prostate, but COX-2 is 
over expressed in human and canine PCA. 
The COX is responsible for the conversion of arachidonic acid into prostaglandin H2, a 
common precursor for the synthesis of all prostanoids. [10]
Experimental  studies  suggest  that  estrogens  could  be  involved  in  prostate  cancer 
progression. [10] 
When  estrogens  in  supraphysiologic  doses  are  present  in  the  dog,  sqaumous 
metaplasia and the expression of COX-2 on epithelial cells, a potential pre-neoplastic 
change  is  seen.  The  loss  of  androgen  stimulation  due  to  castration  and  potential 
increase in relative oestrogen effect on prostate tissue could play a role in neoplastic 
transformation. [8] 
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This supports the concept that prostate cancer cells can escape androgen deprivation by 
using estrogens for their growth and maintenance. [11]
It  is said before that the majority of  canine prostate cancers arise from the prostatic 
urothelial or ductular epithelium. This is based on the expression of cytokeratin, PSA, 
vimentin, and arginine esterase expression. [8]
It  is suggested that basal cells may play a key role in the pathogenesis of abnormal 
proliferative processes in the prostate. This is because basal cells are likely precursors 
of prostatic secretory cells. They constitute the major proliferative cell type in the normal 
human prostate and are key participants in the regenerating androgen-stimulated glands 
of  castrated dogs.  These reports  together  with  findings  of  disruption  in  the  normally 
contiguous basal  cell  layer  in  high-grade human and canine  PIN lesions  and virtual 
absence of these cells in human carcinomas suggest that they may play a key role in the 
pathogenesis of abnormal proliferative processes in the prostate. The canine basal cells 
are key participants in the growth and organization of ducts and acini in the developing 
canine prostate. Two different populations of basal cells may exist in acini and ducts of 
the adult  canine prostate.  There are ductular  and acinar  basal  cell  populations.  The 
acinar basal cells  are mediated by sex steroids. The age-related expansion of  basal 
acinar  cell  populations  is  a  key  factor  in  the  pathogenesis  of  canine  prostatic 
hyperplasia, whereas prostatic carcinoma likely arises form ductal cells. Canine acinar 
basal cells and ductal epithelium have different susceptibilities to factors that promote 
hyperplastic or neoplastic development. [16]

Clinical features 
Clinicopathologic findings of PCA include pain, gait abnormalities, stranguria, tenesmus 
and dyschezia, hematuria, anorexia and weight loss.  Palpation of the prostate usually 
elicits  pain.  The  gland  is  usually  not  dramatically  enlarged,  but  the  shape  may  be 
irregular and the consistency somewhat firmer than normal. 
In a further developed stage bone metastasis into pelvic and lumbar vertebral regions 
leads to myelopathy or lameness. [9] [14] [15]

Diagnosis
The diagnosis of PCA is suggested by the history, physical, and radiographic findings. 
Prostatic adenocarcinoma is usually hyper echoic relative to the normal prostate, but this 
is  not  pathognomonic.  The  finding  of  urethral  invasion  demonstrated  by  contrast 
radiologic studies or ultrasonography is highly suggestive of neoplasia. The diagnosis is 
confirmed by fine-needle aspiration or biopsy findings. Neoplastic cells may be found in 
specimens aspirated through a urethral catheter, especially if the tumor is transitional 
cell carcinoma or prostatic adenocarcinoma that has invaded the urethra. [14]
Radiographic  findings  are prostatic  enlargement,  prostatic  mineralization,  sublumbar 
lymphadenopathy, axial skeletal metastasis, lung metastasis and appendicular skeletal 
metastasis. 
With ultrasonography prostatomegally,  mineralization of the parenchyma, presence of 
focal to diffuse hyper echoic areas, and irregular discontinuous prostatic contours can be 
made seen. [9] [14] [15]
Histology can also be performed. The histopathologic features of spontaneous prostate 
carcinoma  are  that  they  show  features  of  glandular  differentiation,  including  typical 
variation in acinar size, shape, and spacing, with acini lined by cells with a cuboidal or 
columnar appearance containing enlarged nuclei and prominent nucleoli. Mucin is often 
present within lumens. There are squamous-cell carcinomas and urothelial carcinomas. 
Mixed morphologic features PCAs with features of both adenocarcinoma and urothelial 
differentiations also exist. Areas of sarcomatoid differentiation can also be present. In 
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this type the tumor shows typical sarcomatoid features, including densely cellular mixed 
epithelial and spindle-cell elements containing cells exhibiting frank anaplasia. Squamoid 
differentiation is characterized by closely  packed non keratinizing  epithelial  cells  with 
prominent intracellular bridges, reminiscent of squamous mucosa elsewhere in the body. 
Foci of high-grade PIN can also be seen. [9]
The intra-alveolar proliferative pattern is the main histological type. [16]

Treatment 

Prostate neoplasia can be cured by radical surgery or radiation therapy. However, many 
patients with locally advanced or metastatic disease are treated palliative with androgen 
deprivation. [34]
Castration results into involution of the non-neoplastic portion of the prostate, but does 
not  affect  progression  of  the  neoplastic  disease.  Surgical  resection  is  usually  not 
recommended,  because the disease is not usually diagnosed at  an early stage,  and 
prostatic surgery often results in urinary incontinence. External beam radiation therapy is 
reported to shrink some canine prostatic tumors with relief of urinary outflow obstruction 
and constipation. [15]

Prognosis
The  prognosis  for  animals  with  PCA  is  grave.  To  date,  surgical  (prostatectomy), 
chemotherapeutic, hormonal, and radiation therapy have been largely unsuccessful in 
improving the quality or length of life. [14] 
Maximum  survival  following  radiation  therapy  of  affected  dogs  at  the  University  of 
Minnesota college of veterinary medicine has been 5 months. [15]

Conclusion 
In conclusion,  PCA arised  in  pet  dogs provides  an immunocompetent,  autochthonal 
tumor  system  that  mimics  many  aspects  of  human  prostate  cancer.  This  unique 
spontaneous  model  may  contribute  to  our  understanding  of  what  factors  regulate 
carcinogenesis  within the aged prostate and to the development  of chemoprevention 
strategies or other therapies. [9] 

2.2 The human prostate

The canine  and human prostate  can be compared because these are  the  only  two 
species where prostate carcinomas spontaneously develop. In the next chapter in short 
prostate carcinomas in humans will be explained and some differences between dogs 
and humans can be concluded from this explanation.

2.2.1 Prostate Carcinomas in humans

Prostate cancer is the most or second-most frequent cancer of males. It causes lots of 
morbidity and deaths. [31] [40]
Metastatic disease causes much of the morbidity and mortality within prostate cancer. 
[39]
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PCA is an inheritable, thus genetic disease. Relatives of prostate cancer patients are at 
an increased risk for this disease. It is estimated that this increase is as approximately 4-
fold for first grade relatives. [31]
Prostatic  intraepithelial  neoplasia  (PIN)  is  believed  to  be  the  precursor  of  invasive 
carcinoma of the human prostate.  [15] [16]
PIN can be made seen via histology on a biopsy from the prostate. On histology  PIN 
includes cytologic features of cell crowding, loss of polarity, and nuclear and nucleolar 
enlargement.  [15] 
Prostate cancer or PCA is a malignant disease. At first the human PCA is androgen 
dependent, but after a while this may convert to an androgen-independent neoplasia.
In  androgen-independent  carcinomas  in  humans,  certain  genes  that  are  normally 
expressed in prostatic basal cells are over expressed. These over expressed genes play 
critical roles in proliferation and self-renewal of these cells. Thus when these stem cell 
genes are over expressed, the cell transforms to a proliferating cell without the need of 
androgen. The cell may undergo new genetic changes and this may lead to PCA. These 
genes might also be responsible for the over expression of anti-apoptotic factors and 
peptide growth factors and their  receptors. So the over expression of these genes in 
androgen-independent tumors and also in PIN, suggest that these genes are important 
in an early stage of prostate cancer development. [34] 
Currently,  the  early  detection  of  human  prostate  cancer  features  digital  rectal 
examination and serum prostate-specific antigen (PSA) determination. [40]

2.2.2 Prostate-specific antigen

Prostate-specific antigen or PSA is a 27 kilo Dalton glycoprotein. It is a serine protease 
produced  by  the  prostatic  epithelium  and  periurethral  glands.  PSA  causes  the 
liquefaction of congealed seminal fluid. PSA is a normal product of the prostate gland 
and normal component of the seminal fluid. Even small amounts of this protein can leach 
into the blood and are then detectable quantitatively by chemical assays. [22] 
In the blood of men PSA can be measured to detect prostate carcinomas in an early 
stage. This is because elevated PSA levels suggest the possibility that an asymptomatic 
prostate cancer is developing. [22] 
False-positive tests on PSA in the blood are common. This is because it  is naturally 
produced and excreted at variable levels, thus causing serum values to vary, even in 
patients  without  PCA.  So  the  PSA  blood  test  has  a  relatively  low  specificity  rate. 
Elevated serum levels of PSA may be indicative of an abnormality with the prostate. 
Next to PCA this can also be benign prostatic hyperplasia, prostatitis, prostatic infarction, 
physical  activity,  ejaculation,  DRE,  other  urinary  tract  infections,  urinary  retention, 
prostate surgery, and urethral catheterization. [22]
Because of  the low specificity rate of  the PSA blood test,  it  is  wishful  that  we have 
knowledge  about  other  markers  in  most  favorable  the  blood,  that  can  detect  if  an 
individual has PCA in an early stage, or even better, is predisposed to develop PCA. 
Regardless, PSA testing remains the gold standard.
There is also another enzyme in the blood of humans that has the same role in detecting 
prostate carcinomas, this is prostatic acid phosphatase or PAP, but it is not common in 
use. [19]
This is because the expression of PAP has been described to be down regulated or 
even lost during tumor progression and in metastases. [39]
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2.3 Resemblances and differences between dogs and humans

As said before, the dog and the human are the only two species in which PCA develops 
spontaneously.

The differences between canine and human prostates are that in humans PSA can be 
measured to detect early prostatic disorders. Unfortunately this glycoprotein is not found 
in the serum of dogs. This is why we are interested in other markers in the blood of dogs 
to  predict  whether  a  dog  will  develop  prostatic  diseases  and  eventually  prostatic 
carcinomas. 
In humans androgen deprivation therapy for prostate cancer leads to high lipid levels, 
low insulin levels, arterial stiffness and cardiovascular disease risk. This excess vascular 
risk may be due to increased hepatic synthesis of procoagulant proteins and thrombotic 
events. Oestrogen therapy has also a high thrombosis risk.
Long-term  consequences  meaning  longer  than  three  months  of  hypogonadism  by 
medical or surgical castration leads to increases in total cholesterol, triglyceride levels, 
and low density lipids (LDL) and high density lipids (HDL) and cholesterol. These lead to 
increased visceral adiposity and dyslipidemia. [27]
Androgen deprivation therapy in humans should be considered the same state as the 
castration in dogs.
Dogs which have been castrated are more prone to develop PCA.

Both in humans and dogs, PIN is considered a precursor state for the development of 
PCA. [3] [9] [38]

2.4 Other prostatic disorders in dogs

Prostatic disorders are common in dogs. There is need to diagnose the other prostatic 
disorders in dogs from PCA because although they have approximately the same clinical 
features their therapies and more important their prognoses differ a lot.
The  most  common  canine  prostatic  disorders  include  bacterial  prostatitis,  prostatic 
abscesses, benign prostatic hypertrophy (BPH), squamous metaplasia, (para)prostatic 
cysts and prostatic neoplasia. [14][15] 
A significant risk for any prostatic disease was found in the Scottish terrier, the Bouvier 
des Flandres, the Bernese mountain dog and the German Pointer. [34] 
The overall  clinical  signs of the prostatic disorders are quite similar.  This is because 
each disorder causes prostatic enlargement or inflammation. Tenesmus, blood dripping 
from  the  urethra  independent  of  urination,  haematuria,  and  recurrent  urinary  tract 
infections (UTI) are due to these two factors. There can be additional, nonspecific signs 
present, such as fever, malaise, and caudal abdominal pain. Cripple dogs can also be 
seen. Uncommon are urethral obstruction, infertility and urinary incontinence. [14] 
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2.4.1 Infection / inflammation of the canine prostate gland

2.4.1.1 Bacterial prostatitis and prostatic abscesses

In older intact male dogs the most common disease is bacterial prostatitis. [4]
Often  bacterial  prostatitis  is  secondary  to  lower  urinary  tract  diseases  such  as 
urolithiasis, trauma and strictures. Most commonly normal urethral bacteria ascend the 
urethra, but a haematogenous infection through the semen or penetrated scrotum is also 
possible.
Escherichia coli is the most common bacteria but there are many more gram-negative 
and gram-positive bacteria that can cause infection. Often these bacteria are the same 
as  those  involved  in  UTIs.  These  uropathogens  include  Klebsiella  species  (spp.), 
Proteus spp., Pseudomonas spp., Brucella Canis, Staphylococcus spp., Streptococcus 
spp.,  Mycoplasma  spp.,  Enterobacter  spp.,  Pasteurella  spp.  and  Haemophilus,  or 
anaerobic  organisms  are  found.  Even  fungal  agents  like  Blastomyces  dermatitidis, 
Cryptococcus neoformans, or Coccidioides immitis. Fungal prostatitis usually is a part of 
systemic fungal infection and should be treated with systemic antifungal regimens. [4] 
[14] [15]

Prostatic abscesses can develop when prostatic cysts become infected with pathogens, 
or when already small areas of infection coalesce. [4]
The diseased prostate is more prone to infection than the normal gland, because it isn’t 
as  good  protected  against  bacterial  colonization  as  the  healthy  prostate.  These 
protection techniques are the local production of secretory immunoglobulin A (IgA), the 
production  of  prostatic  antibacterial  factor,  and  the  removal  of  organisms  through 
frequent micturition. [15]

Clinical features
Usually there is an acute severe illness, with abdominal pain, fever, dehydration and 
some hemorrhagic  preputial  discharge.  In  severe  cases  even  septicaemia  or  septic 
shock and endotoxemia can develop. [14] [15]

Diagnosis
To  diagnose  acute  inflammation  or  prostatic  abscesses,  physical  examination, 
ultrasonograhy,  culture  of  prostatic  fluid  or  urine,  and  cytologic  studies  of  material 
obtained by prostatic aspiration can be done. Asymmetry, prostatomegaly, and palpable 
fluctuant areas can be found. 
The  complete  blood  count  shows  a  regenerative  neutrophilic  leukocytosis  and 
monocytosis. Occasional animals are leukopenic. 
In the urine collected by cystocenthesis erythrocytes, bacteria and leukocytes can be 
found. [14] [15] 

Treatment
Because  these  disorders  can  be  life-threatening,  an  aggressive  therapy  should  be 
installed. Antibiotics for 2 to 3 weeks are the cure of choice to begin with. There is a 
large range of antibiotics from which can be chosen. Because prostatic fluid is often 
weakly  acidic,  the  weak  bases  antibiotics  are  the  best  chosen  like,  erythromycin, 
clindamycin,  oleandomycin,  trimetoprim-sulfonamide  or  trimethoprim-sulfa, 
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chloramphenicol,  carbenicilin,  enrofloxacin  and  ciprofloxacin  are  the  agents  most 
capable of achieving therapeutic concentrations in the prostate. 
In addition to antibiotics, fluid therapy is necessary to correct dehydration and shock. 
Large prostatic abscesses are treated most effectively by surgical drainage or by fine-
needle aspiration under ultrasound guidance. After the drainage a penrose drain can be 
drawn through and fixed to the central lateral abdominal wall. Partial prostatectomy and 
marsupialization also are described for prostatic abscess drainage. [15]
Castration  should  also  be  considered.  It  can  be  performed  whenever  the  dog’s 
hemodynamic and metabolic status is stable enough for general anaesthesia. [14]

2.4.1.2 Chronic bacterial prostatitis

Overview
6% to 10% of the male dogs are affected. Chronic prostatitis can develop as a response 
to an acute infection, but it can also be developed without prior disease. When a lower 
UTI  is  present,  the  animal  suffers  mostly  also  of  a  prostatic  infection.  Next  to  the 
infection, recurrent UTI, septicaemia, peritonitis, and death can complicate the disease. 
[4]
The  organisms  most  commonly  isolated  are  E.  coli,  Streptococcus  viridans,  and 
Mycoplasma. Sometimes they are found in mixed populations.

Clinical signs
Often chronic bacterial prostatits is asymptomatic, except when recurrent UTI is present. 
Then signs like frequent micturition, hematuria and pain on palpation are present.

Diagnosis
To diagnose chronic bacterial prostatitis we often see signs of infertility or decreased 
libido.  In  the  prostatic  fluid  inflammatory  exsudate  can  be  seen.  When  this  fluid  is 
measured  not  only  cytologically,  but  also  microbiologically  and  contains  more  than 
10.000 bacteria per millilitre there is a chronic bacterial prostatitis present.

Treatment
Chronic bacterial prostatitis may be difficult  to eradicate. Antibiotic therapy should be 
continued for at least 4 weeks. Next to the antibiotics castration is recommended. [14] 

2.4.2 (Para)prostatic cysts 

Overview
The second most common prostatic disorder is prostatic cysts. [4] 
Paraprostatic cysts are located outside the prostate, but are attached to the gland by a 
stalk or adhesions. [14]

Pathogenesis 
BPH may progress to cystic hyperplasia. [4]
Also  remnants  of  the  Müllerian  duct  can  give  rise  to  paraprostatic  cysts.  When  a 
prostatic retention cyst enlarges, this cyst may also give rise to paraprostatic cysts. [14]
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Clinical signs 
Cysts  developed  from  BPH  are  often  asymptomatic.  But  when  paraprostatic  cysts 
become extremely large they can cause signs like tenesmus by mechanical obstruction 
of the abdominal viscera. Commonly there are signs of systemic illness. [4] [14]

Diagnosis
When on palpation a large caudal-abdominal mass is discovered, a paraprostatic cyst 
needs to be considered. The mass can be made visible by cystography and during the 
echo a fine-needle aspiration on the mass can be performed. Histology reveals multiple 
small cysts in the gland. [14]
Urine culture can show the bacteria that are also present in UTIs. This is why urine 
culture is helpful to see whether the cysts are also infected. [4]

Treatment 
The treatment of choice is surgical excision of the cyst and castration. [14]
Cysts can regress spontaneously, but it is better to resolve the cyst due to aspiration of 
the contents  combined with  adequate  antimicrobial  therapy.  Unfortunately,  cysts  can 
often spontaneously regress.  [4] 

2.4.3 Benign Prostate Hyperplasia

In the intact male dog, benign prostatic hyperplasia (BPH) is the most common prostatic 
disorder. [14] [15] 
BPH  occurs spontaneous and is age-related. It occurs in more than 80% of the male 
dogs over 5 years of age and even approaching 100% above 7 or 8 years of age. [15] 
[16] 
Of  all  mammals,  only  human  beings  and  dogs  are  susceptible  to  the  spontaneous 
development of BPH. [11]
The hyperplasia is a diffuse process that develops from the peripheral terminal glands.
There  is  a  glandular  and  a  complex  form  of  canine  hyperplasia.  Both  forms are 
characterized by branching papillary projections within preexisting alveoli. [15] [16]
Markedly enhanced stromal expansion also occurs in the complex form of hyperplasia. 
Glandular  hyperplasia is found primarily in dogs less than four years of age. In some 
older dogs which are older than 6 years of age it is believed to evolve into complex BPH. 
[16] 
The process expands away from the urethra, so it grows outwards, contrary to humans. 
[16] 
There is an increased risk of BPH in the Scottish terrier, the Bouvier des Flandres, the 
Bernese mountain dog and the German Pointer. Breed specificity for BPH, in Doberman 
Pinschers, has only been reported once before. [34] 

Pathogenesis
The pathogenesis of BPH is not completely understood. [14]
In dogs, BPH begins as glandular  hyperplasia after the age of four years. BPH may 
progress to cystic hyperplasia. [4] 
It is supposed that BPH occurs as a result of androgenic stimulation, primarily mediated 
by dihydrotestosterone (DHT). [14]
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DHT  is  a  key  hormone  in  stimulating  enlargement  of  the  canine  prostate.  This 
enlargement is due to enhancing growth in both stromal and glandular components.  [15] 
Thus proliferating acinar basal cell populations expand by stimulation with sex steroids. 
[16] 
Because  castrated  dogs  do  not  spontaneously  have  BPH,  this  points  also  to  the 
importance of androgens in the development and maintenance of BPH. [34]
The administration of either DHT alone or in combination with estrogen to castrated dogs 
causes BPH in intact and castrated dogs as well. [15] [16]
Not only androgens, but also estrogens are important in the development of BPH.
Estrogens play a role in the control of growth and cellular differentiation of the prostate in 
male  animals  and  in  the  development  of  canine  prostatic  disorders.  Treatment  of 
castrated dogs with  androgen alone  is  insufficient  to  induce BPH,  in  contrast  to  the 
simultaneous administration of oestradiol in the form of estradiol-17β and androgen in 
the form of 5α-DHT.
It can be concluded that oestradiol enhances androgen-induced glandular hyperplasia in 
the canine prostate. [11]
Canine basal cells are key participants in the growth and organization of ducts and acini 
in the developing canine prostate. Two different populations of basal cells may exist in 
acini  and  ducts  of  the  adult  canine  prostate.  Age-related  or  sex  hormone-mediated 
expansion  of  acinar  basal  cell  populations  is  a  critical  factor  in  the  pathogenesis  of 
spontaneous and experimentally induced hyperplasia. [16]

Clinical signs: 
BPH may be subclinical. [14]
As BPH develops, the risk for prostatic and urinary tract infections increases and the 
clinical signs of dogs with UTIs should ring a bell that there maybe BPH developing. [3]
BPH  also  often  occurs  concurrently  with  prostatic  infection,  abcessation,  cysts  and 
neoplasia in the intact dog. [15] 
If  there are clinical  signs,  these may be tenesmus and/or  constipation  and prostatic 
bleeding reflected by sanguineous fluid from the urethra in the semen or urine in the 
absence of urination or by hematuria. Dysuria may also occur. [14] [15] 

Diagnosis:
Diagnosis  of  BPH is  based  on description  and  anamnesis,  the  clinical  signs  and/or 
detection of blood in prostatic fluid  from the ejaculate, which is less common, or in the 
urine. Histopathologic studies on biopsies from the prostate and on detecting uniform 
prostatic  enlargement  by  palpation,  radiography  and/or  ultrasonography  can  also  be 
performed.  [14] [15] 
On the ultrasound images small, multiple, diffuse, cystic structures are commonly seen. 
In  the  seminal  plasma,  a  major  protein  called  canine  secretory  prostatic  esterase 
(CPSE),  which  is  produced  by  prostatic  epithelial  cells  under  the  influence  of 
testosterone is elevated in dogs with BPH compared to normal intact dogs. [15]

Treatment: 
Treatment of choice is castration. But for asymptomatic BPH treatment is not necessary. 
[15]
Because androgens are also essential for the maintenance of canine hyperplasia, since 
they  play  a  role  in  stimulating  basal  cell  proliferation  and  differentiation  in  the 
regenerating canine prostate, castration is recommended. [15] [16]
Castration is a good treatment predominantly due to a decrease in the number of luminal 
epithelium cells whereas the number of basal cells remains unchanged. [34]
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Breeding males can be treated with anti-androgens, but the results are only temporary.
Progestins have anti-androgenic effects. 
Finasteride is a commercially available synthetic steroid or azasteroid. [15]
Finasteride inhibits 5α-reductase, thereby inhibiting the conversion of T to DHT. [14] [15] 
Finasteride is teratogenic, therefore pregnant woman must not handle the drug. [14]  
Finasteride-induced prostatic involution appears to occur via apoptosis, not necrosis, in 
BPH dogs. [15] 
The  hormones  oxytocin,  vasotocin  and  vasopressin  contract  the  canine  prostate, 
probably by contracting the prostatic smooth muscle. In addition to increasing prostatic 
tone, the hormones increase the frequency of basal, spontaneous prostatic contraction 
when these hormones are present. The ability of the hormones to contract the prostate 
suggests that they may be transmitters of physiological contractions of this organ, for 
example during ejaculation. Agents that contract the prostate may be useful in producing 
more complete emptying of that organ during ejaculation. Therefore antagonists of the 
neuropeptides oxytocin, vasotocin and vasopressin like α-adrenoceptor blockers, have 
therapeutic  potential  in  the  nonoperative  management  of  BPH,  where  a  dynamic 
component of obstruction to urine flow is determined by prostatic smooth muscle tone. 
[7] 

2.4.4 Squamous metaplasia of the prostate

Overview
When the prostate  is  enlarged and fluid  accumulates within  the  gland,  we  speak of 
squamous metaplasia.

Pathogenesis
Oestrogen  plays  an  important  role  in  the  development  of  squamous  metaplasia.  It 
establishes  squamous  metaplasia  of  the  prostatic  epithelium  and  diminishes  the 
movement of prostatic fluid within the prostatic ducts. So the prostate enlarges and fluid 
can accumulate easily within the gland. Oestrogen-secreting Sertoli cell tumors, adrenal 
tumors or exogenous estrogen therapy can give rise to squamous metaplasia. [14] 
There is a more aggressive metastatic course in castrated males.
Oestrogen in supraphysiologic doses has been associated with squamous metaplasia 
and the expression of COX-2 on epithelial cells, a potential pre-neoplastic change. The 
loss  of  androgen  stimulation  and  potential  increase  in  relative  oestrogen  effect  on 
prostate tissue could play a role in neoplastic transformation. [8]

Clinical signs
The clinical signs and physical examination findings may be identical to those seen in 
the  setting  of  BPH.  A  testicular  mass  may  be  palpable  or  cryptorchidism  may  be 
identified during physical examination. Additional signs of hyperoestrogenism may also 
be present. [14] 

Diagnosis
Squamous metaplasia is diagnosed on the basis of the history and physical examination. 
Increased  numbers  of  squamous  epithelial  cells  are  often  found  in  the  ejaculate  or 
aspirated prostatic specimens or biopsies. [14]
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Treatment
Squamous  metaplasia  is  treated  by  removing  the  source  of  oestrogen.  This  is 
accomplished by the castration of animals with testicular tumors or the discontinuation of 
estrogenic  drugs.  Unilateral  castration  might  be  considered  for  a  dog  that  still  has 
potential value as a stud, although it may take some time for the hypothalamic-pituitary-
gonadal axis to recover. [14]
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Chapter 3. Markers

3.1 Apolipoprotein C-I

The canine gene similar  to apolipoprotein C-I  precursor (Apo-C-I) transcript  variant  1 
LOC476437, lies on chromosome 1. The gene consists of three exons separated by 2 
introns.  The mRNA is 576 base pairs in length with a coding sequence from base pair 
176 to 442. [48]
In humans genetic variation in Apo-C-I appears to affect the level of plasma triglycerides 
and has been proposed to play a role in Alzheimer’s disease.
Next to this disease variation in the expression of Apo-C-I, it may also play a role for the 
existence of hypertriglyceridemia. [32]
Only for humans the structure of Apo-CI is known. [20]
There is a high level of transcription of Apo-C-I in the liver and it is also expressed at low 
levels in the brain. [20] [32]
Because  Apo-C-I  mRNA  is  only  expressed  in  the  liver,  the  Apo-C-I  found  in 
chylomicrons,  must  be  acquired by these particles  after  their  secretion  by the  small 
intestine. [20]
Plasma lipoproteins are macromolecular complexes of lipids and protein. Those lipids 
include triacylglycerols, cholesterol and phospholipids. [20]
The protein components of plasma lipoproteins are known as apolipoproteins. [20]
Plasma lipoproteins are the vehicles for the transport of the hydrophobic lipid moieties 
from one tissue to another for metabolism. [20] 
All apolipoproteins share the ability to spontaneously bind lipid. [32]
Apo-C-I  is  a  constituent  of  high  density  lipoproteins  (HDL)  and  of  triglyceride-rich 
lipoproteins. [32]
Apo-CI inhibits lipoprotein binding to the LDL receptor, LDL receptor-related protein, and 
VLDL receptor. [20] [32]
It also is the major plasma inhibitor of cholesteryl ester transfer protein, and appears to 
interfere directly with fatty acid uptake into tissues. [32] 
Apo-C-I also has a biochemical inhibitory effect on lipoprotein lipase (LPL) activity and 
displaces apolipoprotein-E (Apo-E) from triglyceride-rich emulsions and lipoproteins, and 
interferes with their hepatic clearance.
Apo-C-I decreases binding of β-VLDL to the remnant receptor also known as the LDL 
receptor-related protein (LRP). 
Apo-C-I  can  also  activate  cholesterol  esterification  via  lecithin-cholesterol 
acyltransferase (LCAT). [20] [32] 
It has been proposed that Apo-C-I contributes to the increased postprandial lipemia that 
is a common finding in coronary artery diseased patients. Postprandial large VLDL are 
increased in number and relatively enriched in Apo-C-I and postprandial small VLDL with 
a sf 20-60 are enriched in Apo-C-I and in cholesterol. [32]
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3.2 Arginine vasopressin precursor

The gene for arginine vasopressin (AVP) is assigned to chromosome 24. [50]
The mRNA is 552 base pairs long and the coding sequence is from base pair 30 to 533. 
[50]
Vasopressin is synthesized as a  larger precursor. This precursor consists of a carrier 
protein called neurophysin attached to the hormone and a glycoprotein. The functional 
domains of  the protein precursor are coded by 3 exons.  The first  exon encodes the 
hormone, the second most of the carrier protein, and the third the glycoprotein. [42]
Arginine vasopressin is a nonapeptide. This means that it has nine amino acids. It also 
has a disulfide bond between the cysteines at positions 1 and 6.
So arginine vasopressin is together with  its neurophysin synthesized as a precursor. 
This  precursor  is  then  cleaved  by  proteolysis  and  after  cleavage  the  hormone  is 
released.  It is synthesized by neuroendocrine cells in the hypothalamus located within 
the supraoptic nucleus (SON) and paraventricular nucleus (PVN) of the hypothalamus. 
Magnocellular  neurons  in  these  nuclei  produce  the  hormone.  Together  with  the 
neurophysins they are packaged into neurosecretory  granules and transported via the 
axons to the nerve endings in the neurohypophysis, this is the posterior pituitary. In the 
neurohypophysis the hormone-complexes can be stored, or from this place secreted into 
the bloodstream. [33] [42]
AVP  is  released  when  a  nerve  impulse  is  transmitted  from  the  cell  body  in  the 
hypothalamus down the axon, where it depolarizes the neurosecretory vesicles within 
the terminal Herring body. The latter end in the posterior pituitary has terminal swellings 
which are known as Herring bodies. An influx of calcium into the neurosecretory vesicle 
then  results  in  hormone  secretion  by  exocytosis.  During  this  process,  the  hormone 
dissociates  from  its  neurophysin,  and  each  separately  enters  the  closely  adjacent 
capillary. Subsequent passage of the hormone into the bloodstream is accomplished by 
endocytosis  into  the  endothelial  cell  and  then  by  diffusion  through  pores  in  the 
fenestrated capillary endothelium.
The primary role of ADH is to conserve body water and regulate the tonicity of body 
fluids. [33] 
In short it can be said that AVP regulates uterine contraction, prostatic contraction, milk 
ejection, blood pressure, pH and diuresis.
Antidiuretic hormone (ADH) is another name for AVP. It is called so because ADH acts 
on the kidneys to regulate the volume and osmolality of the urine. When plasma ADH 
levels are low, a large volume of urine is excreted, this is known by diuresis, and the 
urine is dilute. In contrast, when plasma ADH levels are elevated, a small volume of 
urine is excreted, this is known by antidiuresis, and the urine is concentrated. Several 
factors  influence  the  secretion  of  ADH  by  the  posterior  pituitary.  Two  physiological 
regulators of ADH secretion are the osmolality of the body fluids, the osmotic regulator 
and the volume and pressure of the vascular system, the hemodynamic regulator. Other 
factors  that  can  stimulate  ADH  secretion  include  nausea  and  angiotensin  II.  Atrial 
natriuretic peptide (ANP) inhibits ADH secretion. [33] 
It is remarkable that the hormone contracts the canine prostate, probably by contracting 
the  prostatic  smooth  muscle.  In  addition  to  increasing  prostatic  tone,  the  peptide 
increased the frequency of basal, spontaneous prostatic contraction. The ability of the 
hormone to contract the prostate suggests that it may be a transmitter of physiological 
contractions  of  this  organ  for  example  during  ejaculation.  Agents  that  contract  the 
prostate  may  be  useful  in  producing  more  complete  emptying  of  that  organ  during 
ejaculation. [7] 
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3.3 Beta Defensine 138

The gene  beta-defensin  138 lies  on  chromosome 16 and consists  of  2  exons.  The 
coding sequence is 189 base pairs in length. [47]
All beta-defensin genes encode a precursor peptide. The first exon encodes the peptide, 
which  is composed of  36 to 47 amino acids,  the other encodes the signal  and pro-
sequence. [25] [30]
Proteolytic enzymes cleave the pro-sequences and then they become biologically active 
mature beta-defensins. [25] 
Defensins  are small  3  to  5 kDa,  cationic  peptides  characterized by the presence of 
multiple cysteine residues and a highly similar tertiary structure known as the defensin 
motif. [25] [30] [36] 
Mostly the beta-defensins are expressed in the male reproductive tract, particularly in the 
epididymis and testis. They are more expressed during sexual maturation. [25]
The beta-defensin peptides have antimicrobial activity, this means that they have a role 
in innate host defense. [25] [43]
Certain beta-defensins are also actively involved in sperm maturation and capacitation. 
[25] [30] 
In  short  the  tissue-specific  expression  and  broad  antimicrobial  activity  suggest  that 
canine beta-defensins play an important role in host defence, fertility, reproduction and 
other physiological functions of the male reproductive system. [25] [30] 
Probably the high cationic charge density enables beta-defensins to bind and insert into 
the cellular membrane. Via this way they can form multiple membrane pores leading to 
the killing of the micro-organism. [30] [36] 
In addition to their broad-spectrum antimicrobial activity, beta-defensins also resemble 
chemokines both structurally and functionally. [25] [30]
Chemokines  are  able  to  induce  directed  chemotaxis  in  nearby  responsive  cells.

The  defensins  are  classified  into  three  families,  namely  alpha-,  beta-,  and  theta-
defensins. The classification is based on the spacing pattern of six cysteine residues.
Beta-defensins are primarily produced by non granular mucosal epithelial cells lining the 
respiratory, gastrointestinal and genitourinary tracts. [25] [30]
These locations can be explained and are important because the epithelial surface is the 
most important route of entry of microbial pathogens. [36]
All three canine beta defensins are highly expressed in the testis. [30]
cBD-1 is expressed primarily in Sertoli cells within the seminiferous tubules, with lower 
expression in lung and intestinal tissues such as jejunum, ileum, and duodenum. [30]
Beta-defensin-1 is also found in the renal epithelium, localized to intracellular vesicles. 
[36]
cBD-2 is located primarily within Leydig cells. [30]
cBD-3, is detected in Sertoli cells and to a lesser extent in the interstitium. [30]
cBD-2 and cBD-3 are the two longer cBD isoforms and they may diffuse to the site of 
infection. At the infection site they actively orchestrate chemotactic signals that direct the 
migration of circulating cells needed to initiate an adaptive immune response. [30]
Polarized renal epithelium produces antibacterial factors. Beta-defensins may contribute 
to this antibacterial activity and play an important role in renal epithelial resistance to 
bacterial infections. [36]
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Canine  beta-defensins  are  thus  natural  antibiotics  and  display  broad  antimicrobial 
activity against gram-positive bacteria like Listeria monocytogenes and Staphylococcus 
aureus,  gram-negative  bacteria  like  Escherichia  coli,  Klebsiella  pneumoniae,  and 
Neisseria  gonorrhoeae  and  the  yeast  Candida  albicans  and  low  activity  against 
Ureaplasma urealyticum and Ureaplasma canigenitalium. [30] 

3.4 Non-histone chromosomal protein HMG-17
The gene encoding non-histone chromosomal protein high mobility group 17 (HMG-17), 
lies on chromosome 2. The mRNA has 656 basepairs and 6 exons. The coding region is 
from base pair 86 to 358. [46]
HMG-17 is a small, approximately 10 kD, highly charged protein. [24]
During  organogenesis  and  embryogenesis  HMG-17  mRNA  is  strongly  expressed  in 
tissues  or  cells  undergoing  proliferation  and  differentiation.  [1]  But  its  expression  is 
coupled to cell differentiation rather than to proliferation. [1] [17]
When tissues reach a mature state, the expression of HMG-17 is down regulated. 
In adult tissues there is a low level of HMG-17 expression in heart and brain. Hardly any 
signal is detectable in kidney, lung and intestine. [17]
The  function  of  HMG-17  is  to  generate  or  maintain  the  chromatin  conformation  of 
transcriptionally active genes. It also increases the turnover of the transcriptionally active 
templates. [1] [17] [41]

HMG-17 belongs together with HMG-14 to the HMGN family. 
HMG molecules bind DNA transiently and continuously move to other sites within the 
chromatin. [1]
HMGN2 is a nucleosomal protein encoded by a fragment of HMG17 and thought to be 
involved  in  unfolding  higher-order  chromatin  structure  and  thus  facilitating  the 
transcriptional activation of mammalian genes. [41]
Histone  proteins  are  defined  as  modulators  of  transcription  and  play  major  roles  in 
remodeling  chromatin  and  interactions  with  HMGN  proteins.  Furthermore,  HMGN 
proteins  may  compete  with  histone  H1  proteins  for  binding  to  the  chromatin.  HMG 
proteins alter the local structure of DNA or chromatin by inducing a conformation that 
facilitates the binding of specific regulatory factors. [1]
Thus the incorporation of HMG-17 into chromatin increases the efficiency of transcription 
initiation. HMG-17 can be considered as a chromatin-specific transcriptional co activator 
that increases the efficiency of initiation of transcription by RNA polymerase II. [24] 
In the absence of transcription, HMG-17 is released from chromatin and accumulates in 
interchromatin clusters. Thus, HMG-17 intranuclear distribution may be related to the 
transcriptional activity of the cell. [1]

Recently it is discovered that  HMG-17, the embryonic regulator of homeodomain (HD) 
transcriptional activity, is modulated by beta-catenin. It acts as a molecular switch. The 
switch utilizes the Wnt/beta-catenin signaling pathway.
HMG-17 is expressed in a variety of tissues that correlate with PITX2 expression. 
At chromatin structures it forms a complex with PITX2, this inhibits PITX2 DNA-binding 
activity.
Beta-catenin forms a ternary complex with PITX2/HMG-17 to switch it from a repressor 
to an activator complex. 
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This type of  mechanism would allow for the tight spatial  and temporal expression of 
PITX2 target genes during embryogenesis.
Wnt signaling allows beta-catenin translocation to the nucleus where it complexes with 
PITX2 and HMG-17 to yield an active transcriptional complex. When Wnt signaling is off 
and nuclear beta-catenin is reduced, HMG-17 inactivates PITX2. This interaction would 
tightly control the transcriptional activity of PITX2. 
Without Wnt signaling, beta-catenin is degraded in the cytoplasm. PITX2 target genes 
are  repressed  due  to  the  inability  of  PITX2  to  bind  and  activate  the  target  gene 
promoters. In the presence of Wnt signaling, beta-catenin is translocated to the nucleus 
and interacts with the HMG-17/PITX2 complex changing it form a repressor complex to 
an activator complex. This mechanism would allow for the tight coordinated control of 
homeodomain transcriptional activity during development. [1]

Figure  1.  Model for  the novel  regulation of  homeodomain  transcriptional activity by HMG-17 modulated by β-
catenin. [1]

We can also find HMG-17 in another role. This insn’t a very big role, but HMG-17, or 
beter autoantibodies against  HMG-17 are found in dogs with SLE.  Autoantibodies to 
nucleosomal proteins are detected in patients with systemic lupus erythematosus (SLE) 
and with mixed connective tissue disease. This suggests that, in SLE, antibodies are 
formed against a subset of nucleosomes which contain protein HMG-17. [6]
There  is  a  correlation  between  detectable  amounts  of  antibodies  to  chromosomal 
proteins and the diagnosis of SLE. [6]
A significant number of patients show antibodies to HMG-17. Since HMG-17 is found 
only on a subset of the nucleosomes, one of the immunogens in SLE may be a subset of 
those nucleosomes that contain specialized DNA sequences. [6] 

3.5 KCNE2

The gene KCNE2 lies on chromosome 31. Its mRNA is 680 base pairs in length. The 
gene has only 1 exon and the coding sequence is from base pair 1 to base pair 372. [51]
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The KCNE gene family encodes small proteins from 103 to 170 amino acids long and 
with 1 transmembrane domain. [13]
KCNE2  is  a  potassium  channel  gene  encoding  the  protein  MinK-related  peptide-1 
(MiRP1).  MiRP1 is a small  integral  membrane subunit  that  assembles with the pore 
forming protein KCNH2 which is the product from the ERG gene product. [44]
KCNE2  protein  is  expressed  in  ventricular  myocytes  and  plays  diverse  roles  in 
ventricular electrical activity under (patho)physiological conditions.
The protein functions as beta-subunit of voltage-gated cation channels by associating 
with alpha-subunits and modulating their properties.
KCNE2  is  involved  in  native  channel  function  and  changes  in  its  expression  may 
contribute to electrical remodeling in cardiac pathology.
Heterologously expressed KCNE2 can associate with ERG (Ikr alpha-subunit), Kv4.2, 
Kv4.3 and Kv3.4, which is also known as transient outward or Ito alpha subunit, KCNQ1, 
which is known as slow delayed or Iks alpha-subunit and HCN1 or HCN2 which are the If 
alpha subunits. 
In canine ventricle injured by coronary micro embolizations or ischemic cardiomyopathy, 
the rapid delayed rectifier current (IKr) density is increased. Although protein level of 
ERG, KCNH2 Ikr pore-forming alpha subunit is not altered, the KCNE2 protein level is 
markedly  reduced.  So  in  canine  ventricle,  KCNE2  may  associate  with  ERG  and 
suppress its current amplitude. [13] It has been suggested that KCNE2 associates with 
ERG to form native Ikr channels in the heart. [13]
Mutations in KCNE2 have been linked to long-QT syndrome (LQT6), but KCNE2 protein 
expression in the ventricle and its functional role in native channels are not yet clear.
The importance of KCNE2 in maintaining the ventricular electrical stability is suggested 
by the linkage between inherited mutations or a polymorphism in KCNE2 and sporadic 
or acquired long-QT syndrome (LQT6).
Mutations in mink-related peptide 1 (MiRP1), the product of the KCNE2 gene, have been 
associated  with  malignant  ventricular  arrhythmia  syndromes  related  to  impaired 
repolarization. MiRP1 interacts with a variety of ion-channel alpha-subunits, dysfunction 
of which could account for arrhythmia syndromes. However, the observation of very low-
level expression of MiRP1 in ventricular tissue has led to doubts about its relevance. The 
specialized His-Purkinje system plays a key role in cardiac electrophysiology and is an 
important contributor to ventricular arrhythmias related to abnormal repolarization. The 
cardiac purkinje system is a strong candidate to play a role in arrhythmic syndromes due 
to MiRP1 abnormalities, because the KCNE2 mRNA is highly expressed in the purkinje 
fibers. [26]
Remodeling of purkinje fiber ionic properties by heart failure sensitizes them to action-
potential  prolongation  by  class  III  anti  arrhythmic  agents,  potentially  explaining  the 
predisposition of heart failure patients to torsades de pointes arrhythmias.
MiRP1  mutations  that  impair  the  function  of  K+-channel  alpha-subunits  mediating 
purkinje  cell  repolarization  could  cause  excess  purkinje  fiber  action  potential 
prolongation  and  arrhyhtmogenic  early  after  depolarizations,  leading  to  arrhythmic 
syndromes. [26]
In  the  long  QT  syndromes  (LQTS),  malfunction  of  ion  channels  impairs  ventricular 
repolarisation and triggers a characteristic ventricular tachyarrhythmia namely torsade 
de  pointes.  Symptoms  in  the  LQTS (syncope  or  cardiac  arrest)  are  caused  by  this 
arrhythmia. [35]
The normal depolarization of cardiac cells involves a rapid inflow of the positive ions 
sodium and calcium.  Myocardial  repolarisation,  on  the  other  hand,  occurs  when  the 
outflow of positive potassium ions exceeds the declining inflow of sodium and calcium. In 
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the  LQTS malfunction  of  ion  channels  at  the  myocardial  cell  membrane  causes  an 
intracellular surplus of positive charges.
Depending on which of the channels malfunctions, inadequate outflow of potassium or 
inflow excess of sodium may result.  The ensuing intracellular surplus of positive ions 
delays ventricular repolarisation by prolonging the QT interval and causes early after-
depolarisations (EADs). Lengthening of repolarisation further delays the inactivation of 
calcium channels.  The resulting late inflow of calcium contributes to the formation of 
EADs. These EADs, which appear on electrocardiography as pathological tall U waves, 
may reach a threshold amplitude and trigger ventricular arrhythmias. Some regions of 
the ventricle, specifically the deep subendocardium are most likely to show prolonged 
repolarisation and EADs. The resulting heterogeneity of repolarisation allows the onset 
of a distinctive re-entrant arrhythmia-torsade de pointes. Symptoms in the LQTS caused 
by  this  tachyarrhythmia  range  from  syncope  when  torsade  de  pointes  stops 
spontaneously and to cardiac arrest when torsade de pointes deteriorates to ventricular 
fibrillation.
Torsade de pointes of which the translation is twisting of the points, denotes a ventricular 
tachycardia, with QRS complexes of changing amplitude that appear to “twist” around 
the iso electric line. [35] 

3.6 Masticatory myosin heavy chain 16, MYH16

The MYH16 gene lies on chromosome 6 and consists of 42 exons. The mRNA is 5886 
basepairs  in  length.  The  product  formed  is  similar  to  myosin,  heavy  polypeptide  7, 
cardiac muscle, beta. [49]
The MYH16 gene encodes a sarcomeric myosin heavy chain expressed in masticatory 
muscles.  In  humans,  the  gene is  inactivated,  because  of  its  inactivation  masticatory 
muscle size decreased. The masticatory muscles are derived from the first pharyngeal 
arch.  They include the musculus fascicularis,  musculus temporalis  and the musculus 
tensor  veli  palatinae.  Transcription  of  the  human  MYH16  is  only  detected  in  this 
masticatory muscles.
The volume of the skeletal muscle fibers expressing the MYH16 transcript determines 
the amount of myosin heavy chain that is accumulated in the cell. [45]
Canine  masticatory  muscle  myositis  is  an  idiopathic  inflammatory  myopathy.  It  is  a 
common  neuromuscular  disease  with  excessive  inflammation,  muscle  necrosis,  and 
fibrosis. The clinical signs include masticatory muscle atrophy, restricted jaw mobility and 
dysphagia.
With immunofluorescene regeneration can be recognized if there is an antibody against 
developmental myosin heavy chain.
So there can be muscle regeneration in the presence of excessive inflammation and 
fibrosis. When the muscle regenerates before the regenerative capacity of the muscle is 
exhausted, the muscle can survive this bad circumstances. [29] 
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Chapter 4. DNA

To work with the genes we are interested in we need to know what genes are.  Genes 
are carried on chromosomes and chromosomes consist of DNA. We are interested in 
genes because they carry biological  information. They encode for proteins and these 
proteins can have different functions in the organism. The DNA where the gene consists 
of encodes a sequence of nucleotides. This nucleotide sequence of the gene can be 
translated again into the amino acid sequence of a protein.
Not all the nucleotides are encoding. Non coding regions are called introns. The coding 
regions are called exons. All  introns are removed and the exons are joined together. 
Introns are removed by splicing enzymes called small nuclear ribonucleoprotein particles 
(snRNPs)
DNA contains the bases adenine (A), guanine G, cytosine (C) and thymine (T) and they 
are called desoxyribonucleotides because they contain the sugar desoxyribose.
In the double stranded molecules A binds to T and G binds to C with hydrogen bonds. 
Between A and T there are 2 hydrogens bond, between G and C three.
DNA polymerase synthesizes new DNA using one of the old strands as a template. This 
enzyme catalyzes the addition of nucleotides to the 3’ end of a growing DNA strand by 
the formation of a phosphodiester bond between this end and the 5’-phosphate group of 
the incoming nucleotides.
Transcription is the process of copying DNA into RNA. RNA differs from DNA chemically. 
RNA is single stranded. The nucleotides in RNA are ribonucleotides. They contain the 
sugar ribose instead of desoxyribose. RNA contains the same bases as DNA. Only it 
contains uracil (U) instead of the thymine (T). U is complementary and binds to A.
The enzymes that carry out transcription are called RNA polymerases. 
There  are  several  types  of  RNA.  The RNA that  directs  the  synthesis  of  proteins  is 
messenger RNA (mRNA)
Ribosomal  RNA  (rRNA)  forms  the  core  of  the  ribosomes.  On  ribosomes  mRNA  is 
translated into protein. Transfer RNA (tRNA) forms the adaptors that select amino acids 
and hold them in place on a ribosome for their incorporation into protein.
An mRNA sequence is decoded in sets of three nucleotides. A set of three nucleotides is 
called a codon.  Each codon specifies one amino acid. See appendix for the coding-
coding table. [2] 
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Chapter 5. Materials and Methods

5.1 Research in short

Tissue is collected from sacrificed animals. On the harvested tissues RNA-isolation was 
performed. With nanodrop spectrophotometry the RNA-concentrations were measured 
and cDNA was synthesized from the isolated mRNA. After the development of primers 
there was first tried to perform the gradient PCRs on normal prostate tissues, but these 
reactions didn’t give any response. In order to set the correct gradients for the primers, 
gradients were done on tissues where the genes are certain to be expressed. Some of 
the formed products were run on a gel to see if their length matched the length aimed 
with the developed primers. All of the formed products were sequenced. The sequencing 
was done to see if the correct product was formed. When the gradients for the RT-PCR 
were validated, the RT-qPCR was performed on prostate carcinoma tissue, to see if the 
genes are expressed in neoplastic prostate tissues. These realtime quantitative PCRs 
were thus done on normal prostates and prostate carcinomas and the primer relevant 
positive controls to see if any expression of the genes was more present in neoplastic 
prostate tissues than in normal or the primer relevant tissues. 

5.2 Tissue collection

Normal prostate, primer specific tissues, prostate carcinomas
The validation of the quantitative RT-PCR was done on tissues from male and female 
dogs. Because it  was known that the genes used were for sure expressed in certain 
tissues, 2 female dogs and 1 male dog were sacrificed to obtain this tissues. The dogs 
were  euthanized  and  the  harvested  tissues  were  dissected  in  blocks  of  5mm2 and 
directly embedded in liquid nitrogen and stored at -70°C. Per tissue 3 samples were 
collected.
Liver  for  APO-C-I,  endocardium  with  purkinje  fibers  for  KCNE2,  testis  for  BD138, 
masticatory  muscle  for  MYH16  and  hypothalamus  for  AVP  were  needed.  From  1 
sacrificed dog some normal prostate and epidydimis was obtained. This was an 8 year 
old dog without known prostatic disorders.
Testis RNA was already available and stored at -70°C.
The prostate carcinoma PC120202B used for the PCR gradient was also already in the -
70°C, the donating dog was sacrificed in 1998. 
The  other prostate carcinomas and normal prostates were also already stored in the 
-70°C in the form of micro dissected RNA. See appendix for table

5.3 Isolation of RNA

RNA is isolated from the prostate carcinoma PC120202B and from the tissues needed 
for the primer-gradient specification.
The RNeasy Mini Kit is used for the purification of total RNA from the animal tissues.
In short the reaction can be described as this: Cells   lyse and homogenize   add 
ethanol  bind total RNA  wash 3 times  elute  total RNA.
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30 mg of frozen tissue per sample is needed for this procedure to obtain up to 100 
micrograms of total RNA. The tissue is shredded with a turrax. The samples are lysed 
and  homogenized  in  the  presence  of  a  highly  denaturating  guanidine-thiocyanate-
containing buffer. The buffer immediately inactivates RNases, this is important to ensure 
purification of intact RNA.
A specialized high-salt buffer system allows up to 100 micrograms of RNA longer than 
200  bases  to  bind  to  the  RNeasy  silica  membrane.  Ethanol  is  added  to  provide 
appropriate binding conditions, and the sample is then applied to an RNeasy Mini spin 
column. On the column the total RNA binds to the membrane and contaminants are 
efficiently washed away. The high-quality RNA is then eluted in 30-100 microliters water. 
In short the method of RNA isolation with the RNeasy Minikit is based on the lysis of the 
cell in a chaoptric buffer. This buffer lyses the cells, denatures all proteins and modifies –
NH2  groups.  This  step  results  in  an  irreversible  inactivation  of  RNases  and  other 
enzymes. RNA can then be isolated from the lysate by alcohol precipitation, then filtering 
through RNeasy membranes and several washing steps. 
To avoid contamination of chromosomal DNA, the lysate can be handeled with a DNase 
treatment to remove all DNA. We need to do the DNase-step because RT-PCR analysis 
is very sensitive to very small amounts of DNA. [18] [53]
Apart from the RNA isolated from the above mentioned tissues also RNA was used that 
was  obtained  previously  from  normal  and  malignant  canine  prostate  tissue.  Tissue 
fragments were  obtained by microdissection  of  freeze slides.  Tumor fragments were 
isolated from carcinomas whereas ductal tissue was isolated from healthy control dogs. 
The  small  amounts  of  RNA  were  amplified  and  also  used  my  gene  profiling  by 
microarrays (details of isolation and amplification are given elsewhere).

5.4 Nanodrop spectrophotometry

After  isolating  RNA  from  animal  tissues,  the  amount  of  RNA  can  be  measured  by 
nanodrop  spectrophotometry.  The  machine  used  is  the  NanoDrop®  ND-1000.  This 
spectrophotometer  needs  only  1μl  of  the  sample  to  quantify  it.  This  1  μl  drop  lies 
between  two  fiber  optic  cables.  Then  a  xenon  flash  lamp  gives  a  lightpulse.  The 
spectrometer  with  a  linear  CCD  array  measures  the  transmitted  light  after  passing 
through the sample. [18] 

5.5 cDNA synthesis 

cDNA is needed to perform the RT-PCR reaction. cDNA stands for copy DNA. cDNA can 
be synthesized from the isolated RNA.  An RNA molecule  can be transcribed by the 
process of reverse transcription.  The Biorad iScript cDNA Synthesis kit is used for this 
procedure. The kit consists of a MMLV (mouse Moloney leukemia virus)-derived reverse 
transcriptase with RNAse H activity. It contains a RNase inhibitor to protect the mRNA 
template and a mixture of oligo dT and random hexamer primers. There are oligo dT 
primers  in  the  kit  because  most  eukaryotic  mRNAs  have  polyA-tails.  The  random 
hexamers  are  added  to  prime  the  cDNA  position  on  several  positions  in  all  RNA 
molecules. The kit is optimized for targets < 1 kb in length.
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The reverse transcriptase elongates  by reverse transcription  the RNA template.  The 
molecule formed is the copy DNA or cDNA. The primers ensure the elongation of this 
molecule.
The cDNA can be made double stranded by DNA polymerase. This can be done in a 
PCR reaction.  
The mixture made is heated 5 minutes on 25 degrees, 30 minutes on 42 degrees, 5 
minutes on 85 degrees and then is cooled down to 4 degrees. This heating protocol 
ensures the elongation of  the molecule  and synthesis  from RNA to cDNA.  After  the 
reaction double stranded cDNA is formed. [18] [52]

5.6 Primer development

The RT-PCR reaction also needs primers to elongate the DNA of choice. You should 
design these primers on your own because often they are not available via databases. 
Because DNA is double stranded and thus can be read from two different ends a primer 
pair instead of one primer is needed. One primer is the upstream primer and one primer 
is the downstream primer of the target sequence.
To develop this primer pair the gene sequence and the region encoding for the product 
that you want to replicate must be known.
On the website  www.ncbi.nlm.nih.gov the right  nucleotide  sequences of  the gene of 
interest  can  be  found.  After  finding  this  sequence,  the  sequence  should  be blasted 
against the genome of the species it belongs to. With blasting the gene you can find the 
exon sequences and thus the coding region of that gene.
There are different computer programs developed to make primers. The program used 
for this research is primer select. In primer select you can enter the sequence of your 
gene and the program then gives you optional primer pairs. For a quantitative PCR you 
can only develop maximal 200 base pairs. So your product length is best between 100 
and 200 base pairs. It is important to investigate if the given primer forms dimers with 
itself, heterodimers or hairpins. This is because primer design for quantitative PCR is 
more critical than for normal PCR. The product is normally formed exponential. When 
there are lots of defilements in the form of heterodimers, the reaction is not efficient. For 
optimization the interactions of the primers and secondary structure in the amplified DNA 
should be minimized. The more H-bridges between this bonding, the stronger the bond 
is. It is preferred that the two melting temperatures of the two primers lie close to each 
other. The melting temperature of the primer should always be lower than the melting 
temperature of your PCR-product. It is favourable to have a primer ending on a G or a C, 
so the primer will have a stronger bond to the template. This is known as the GC clamp. 
[18]

5.7 Real time polymerase chain reaction

The polymerase chain reaction or PCR can be used to analyze, isolate or detect DNA of 
100 to 1000 basepairs. [18]
In this research the reaction is performed to see if a gene is expressed and if so, how 
many DNA is formed. PCR is done on the synthesized cDNA. The DNA template is 
copied  in  repeated  rounds  of  replication.  With  the  enzyme  polymerase  and  the 
developed primers, copies from a single DNA strand to a double stranded cDNA are 
made.
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A brief heating at 95°C splices the double helix, this means, we have got two separated 
strands.  By cooling  the  strands,  the  complementary DNA can bind with  the  primers 
which  are added in  excess.  This is  called  annealing  and this reaction occurs at  the 
annealing temperature of 55°C. At 72°C the DNA-strands are elongated because the 
mixture is incubated with DNA polymerase and the four nucleoside triphosphates so that 
DNA is synthesized,  starting from the two primers.  At the extension temperature the 
DNA polymerase is optimal active.
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Figure 2. PCR Cycli.

In short: 
95°C = melting temperature
55°C = annealing temperature
72°C = extension temperature
These  cycles  of  different  heating  are  repeated  over  and  again.  The  denaturizing, 
annealing and extension are repeated in the next cycle, which again doubles the amount 
of target DNA. Thus, successive cycles result in an exponential accumulation of the DNA 
segment. Normally, 30 cycles are performed. Theoretically, this leads to an amplification 
of 230 = 5 x 108 times. [18] 
The melting temperature of your DNA is defined by the amount of A=T or G≡C bonds. 
Because between G and C there is a triple bond, this is harder to splice than the two 
hydrogen bonds between A and T.
Taq polymerase is used as elongating enzyme. Taq comes from Thermus Aquaticus and 
this is a heat stable bacterium. 
During  the  reaction  real-time  measurement  is  used.  For  this  real-time measurement 
Sybr-green is needed. Sybr-green is a fluorescent dye that nestles between the two DNA 
helices. By lighting the DNA it fluorescenses, so you can measure the amount of DNA 
made. The BioRad machine in which the PCR is performed measures significantly the 
difference in  fluorescence from the background against  the concentration.  The more 
products are formed, the more fluorescence there is measured.
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Figure 3. Thresholdcycles.

In practice, 20-30 cycles are required for useful DNA amplification. Each cycle doubles 
the amount of DNA synthesized in the previous cycle.  The threshold cycle or Ct value 
shows when the product is formed. It is best when the Ct value lies between the 20 and 
30, because when the Ct value is high, there is little RNA on which the reaction could be 
performed. When a lot  of product has been formed the Ct value is low. The product 
forms exponentially. The reaction ends itself because of the emptying of the nucleotides 
and the enzyme.
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Figure 4. Logaritm of the thresholdcycle.

So the relative copy numbers of two samples can be determined by the difference in 
their Ct values. The difference in Ct between two samples (ΔCt) reflects the difference in 
their relative copy numbers. [18]
It is also important to choose a known gene if samples are to be compared, this is a 
housekeeping or reference gene for control to normalize the data, because you want 
them to be stable. [18]
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There is a difference between gradient PCR and quantitative PCR. In the gradient you 
determine  the  optimal  temperature  to  perform the  quantitative  PCR reaction.  In  the 
quantitative PCR you can measure the amounts of DNA formed, thus the expression of 
DNA in a sample.
In this research the following protocols were used.

Tabel 4. Gradient 3-step.
Cycle Repeats Step Dwell time (s) Set point Gradient Meltcurve

1 1 1 180 95.0 ºC
2 40 1 20 95.0 ºC

2 20 lowest V
3 20 72.0 ºC

3 77 1 15 60.0 ºC V

Table 5. qPCR 3-step.
Cycle Repeats Step Dwell time (s) Set point Meltcurve +Temperature

1 1 1 180 95.0 ºC
2 40 1 20 95.0 ºC

2 30 Annealing T
3 30 72.0 ºC

3 65 1 15 60.0 ºC V 0.5

5.8 Reference genes

Reference genes are needed as an internal standard in determining relative gene 
expression by qPCR. Reference genes have an equal expression in each cell of a 
specific tissue, regardless of the individual.
In the gene expression analysis by qPCR, several variables need to be controlled. These 
are the concentration of cDNA, the enzymatic efficiencies, and differences between 
tissues or cells in overall transcriptional activity. To cover for all of these variables, an 
internal standard is used. [5]
In this experiment the internal standard is set by two reference genes. 
RPL8 and HPRT are used because they were recommended for use in testing of 
prostate tissue. [5]

RPL8 values:
GenBank Accession Number: XM_532360.
Name: Ribosomal protein L8.
Chromosomal location in Canis Familiaris: Chromosome 13.
Negative for pseudo genes.
Forward primer  5’ 3’ CCATGAAT/CCTGTGGAGC.
Exon(s): 4/5.
Reverse primer 5’  3’: GTAGAGGGTTTGCCGATG.
Exon(s): 5.
Product length : 64 base pairs.
Tm: 55.0 ºC. [5]
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HPRT values:
GenBank Accession Number: AY283372.
Name: Hypoxanthine phosphoribosyltransferase 1.
Chromosomal location in Canis Familiaris: Chromosome X.
Positive for pseudo genes.
Forward primer 5’  3’ AG/CTTGCTGGTGAAAAGGAC.
Exon 5/6.
Reverse primer 5’  3’ TTATAGTCAAGGGCATATCC.
Exon 7.
Product length : 114 base pairs. 
Tm 56.0ºC. [5]

5.9 Agarose gel electrophoresis

The  quantity  and  length  of  DNA  fragments  can  be  determined  by  agarose  gel 
electrophoresis. Molecules from 110 bp to 20kb can be separated on the basis of their 
length. The separation occurs because a current has been set over the gel. Because 
DNA has a negative charge it runs to the positive electrode. Greater, thus heavier DNA 
fragments travel more slowly to the electrode. At the end of the reaction different bands 
of different sizes of DNA can be made visible in a DNA ladder.
The fluorescent  dye  ethidium bromide (EtBr)  is  added to the  gel  before running the 
reaction. EtBr can be detected by illumination with UV light and since it mingles between 
the two strands of the DNA helix, the DNA can be made visible.
When the bands are made visible on the gel, the DNA fragments can be isolated from 
the gels, after excision from the gel, the DNA can then be used for further manipulations. 
[18]
In this study a  2% agarose gel is used because the products formed where less than 
100 base pairs in length. The buffer 0.5 x TBE and EtBr was added to the gel.
The PCR-product is made heavier with sucrose. A DNA-ladder is used to determine the 
amount of base pairs the product has. We used 100bp ladder. Water was added to fill 
the hole and a voltage of 120 Volts is set over the gel to separate the different DNA 
bands. 

5.10 Cycle sequencing

Principle of dideoxy sequencing, Big Dye Cycle Sequencing

Sequencing determines the sequence of a DNA sample.
Dideoxy sequencing of PCR products is done by a PCR-like cycling protocol called cyclic 
sequencing. Dideoxy sequencing starts with the denaturizing of the DNA template and 
the annealing of an oligonucleotide primer.
After  the  annealing,  four  reactions  are  carried out,  the A,  T,  G and C-reaction.  The 
reactions  are  in  principle  the  same  reactions,  but  different  dideoxy-nucleotide-
triphosphates  (dNTPs)  are  used.  In  the  A reaction  the  primer  is  elongated  by  DNA 
polymerase in the presence of all four dNTP’s and dideoxy-ATP (ddATP). The analogue 
ddATP can be incorporated instead of dATP. However, ddATP has no 3’-OH group, so 
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after  its  incorporation  the elongation  of  the  chain  is  blocked.  Partial  incorporation  of 
ddATP at all A positions which means at the opposite of the T’s at the template, results 
in a mixture of reaction products.
Likewise, in the C reaction, ddCTP is incorporated instead of dCTP and the same for the 
G and the T reaction. The 4 ddNTPs are labeled with different fluorescent groups. The 
reaction  products  are  analyzed  by  electrophoresis  in  thin  capillaries.  This  separates 
fragments that vary only one nucleotide in length. The products are detected by laser 
irradiation and light detectors. The fluorescent groups have different emission spectra, 
so the ddA, ddC, ddG and ddT-terminated products can be detected separately.  This 
allows the reading of a sequence of up to 1000 nucleotides.
Circa 30 cycles are carried out, giving a linear accumulation of extension products. [18]
In short the reaction exists from the following steps. First the samples, this means the 
DNA-templates, are pretreated with Terminator Ready reaction Mix, 5x Sequence buffer 
and milliQ, the primer pair belonging to the DNA to be measured is added. This mix is 
incubated in a thermal cycler with the following temperatures for 25 cycles.
Rapid thermal ramp to 96 degrees Celsius for 30 seconds.
Rapid thermal ramp to 50 degrees Celsius for 15 seconds.
Rapid thermal ramp to 69 degrees Celsius for 2 minutes.
Rapid thermal ramp to 4 degrees Celsius and hold until ready to purify.
After the heating treatment the Sephadex purification is done. The sample is added to a 
96-well Multiscreen MAHV plate. This plate needs washing steps and centrifugation at 
1900 rpm for 5 minutes to purify the sample.
The plate  is  measured  in  the  ABI  Prism 3130xl  Genetic  Analyzer  and  the  reaction 
described here above is done. In this machine the electrophoresis reaction is done and 
the emission spectra of the products are measured in here.
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Chapter 6. Results

6.1 Nanodrop

On all samples RNA nanodrop spectrophotometry was performed. There was a list of 
concentrations  of  the  samples  already  in  the  -70°C.  However,  these  were  all  re 
measured to  see if  this  list  was  correct  or  if  there  was  any  material  degraded and 
therefore not useful any more.
It is best to have a concentration approximately 200 ng/μl. For most tissue samples this 
couldn’t  be  obtained.  Although  it  is  preferable  to  have  this  concentration  it  was  no 
problem for  the  prostate  samples  that  they  were  lower.  This  is  because  they  were 
obtained by micro dissection and means that the RNA was amplified. 6% of 1μg should 
be sufficient  to cover this problem. Therefore we needed 60ng of  the RNA to make 
enough cDNA. There was enough material in stock to cover this. For the other tissues it 
was also no hindrance because we only needed these tissues to set the PCR gradient 
and  see  if  the  correct  products  were  formed,  not  to  measure  the  expression 
quantitatively.

Table 6. Nanodrop results.
Sample number Sample Concentration (ng/μl)

1.1 Duodenum Ana 56.4
1.2 Hypothalamus 8.8
1.3 Heart (endocard) 6.1
1.4 Liver 25.2
1.5 Masticatory muscle 1.5
1.6 Masticatory muscle Ana 1.3
1.7 Testis, 1e eluaat, luuLI 

7/5/99
2231.5

2.1 Duodenum Ana 79.1
2.2 Hypothalamus 3.7
2.3 Heart (endocard) 64.5
2.4 Liver 307.9
2.5 Masticatory muscle 4.2
2.6 Masticatory muscle Ana 4.3
2.7 Prostate carcinoma 

PC120202B
103.5

3.1 PCA120202.1 1534.3
3.2 PCA120202.2 874.4
3.3 Normal Prostate 15/01/08 219.7
3.4 Epidydymis 15/01/08 752.9
4.1 PCA29 54.4
4.2 PCA41 205.5
4.3 PCA48 48.0
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6.2 PCR gradients

As was said before the PCR gradients were done on tissues were the genes were for 
sure expressed. Apo-C-I was tested on liver, AVP on hypothalamus, BD138 on testis, 
KCNE2 on endocardium and MYH-16 on masticatory muscle. HMG-17 did respond in 
prostate tissue, so the gradient for HMG-17 was done on a PCA.
After doing various rounds of PCR the annealing temperatures for the different genes 
could be validated. This was because the pre calculated temperatures were not correctly 
set or it wasn’t sure if there was more than one product formed. The products formed by 
the  AVP-primer  pair  were  put  on  a  agarose  gel  electrophoresis  to  see  how  many 
products this pair  formed and if  the formed product  had the desired length.  The gel 
showed that the primer pair for AVP wasn’t sensitive enough and a new primer pair for 
AVP had to be designed.
Eventually all PCR gradients were obtained.

Table 7. PCR gradient results.
Gene Annealing temperature (°C)

Apo-C-I 63.0
AVP 69.5

BD138 58.3
HMG-17 63.5
KCNE2 61.5
MYH-16 60.4

After all the PCR gradient reactions were done and we had found the correct annealing 
temperature. The products formed by the primer pairs were sequenced. All primer pairs 
did give the right sequence. The first primer pair for AVP was also sequenced and it 
showed that it didn’t formed the right product.

6.3 Genorm

GeNorm is a computer program which can be used to decide which reference gene is 
the best to be used for a given RT-PCR. This means that it calculates which reference 
gene is  the most  stable.  The M-value stands for  the gene expression  normalization 
factor and it is best that this is below 1.5. In the underlying table we can see that no 
gene is stable enough to be used as reference gene, this is because there was no gene 
under 1.5. Although they are not stable enough, there was decided to use both HPRT 
and RPL8 as reference genes.
As said before RPL8 and HPRT are recommended for use in prostate tissue. [5]
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Table 8. Genorm results.
SAMPLES HPRT RPL8 MYH-16 KCNE2

NP2 3.49E+09 2.15 E+09 3.10 E+09 2.98 E+09
NP4 2.97E+09 1.92 E+09 2.67 E+09 3.08 E+09
NP8 3.03E+09 1.96E+07 3.29 E+09 3.02 E+09
NP10 2.82 E+09 1.83E+07 2.84 E+09 2.79 E+09

PCA10 2.70 E+09 1.56 E+09 3.18 E+09 2.92 E+09
PCA29 3.13 E+09 2.01 E+09 3.04 E+09 2.98 E+09
PCA33 2.58E+09 1.50 E+09 3.11 E+09 2.62 E+09
PCA39 2.61 E+09 1.63 E+09 3.28 E+09 3.00E+08
PCA40 2.45E+08 1.33E+08 3.25 E+09 2.39E+08
PCA41 2.59E+08 1.55 E+09 2.93E+08 2.96 E+09
PCA48 3.53 E+09 2.41 E+09 3.02 E+09 3.00E+08
M < 1.5 1.977 3.102 2.096 2.390
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6.4 qPCR on HPRT, RPL8, Apo-C-I, AVP, BD138, HMG-17, 
KCNE2, MYH-16

Quantitative RT-PCR was done on normal prostate tissue and on prostate carcinomas. 5 
normal  prostate samples (control  group)  and 7 prostate carcinoma samples (sample 
group) were tested. 
MilliQ (MQ) distilled water was used as a negative a control group.
For the AVP gene hypothalamus tissue was used as a positive control, testis tissue for 
the BD138 gene and masticatory muscle for the KCNE2 gene. Positive control groups 
were used because there was hardly any detection of formed products in earlier qPCR 
tests.
All the genes, except RPL8 and BD138 show threshold cycles in the MQ-control group, 
this can point out that the water is polluted or that the primer pairs form heterodimers. 
Unfortunately because of the expression of the genes in the negative control groups, no 
conclusion about the expression of genes in the prostate tissues can be made, only a 
suspicion upon the values of the threshold cycles.
The positive control groups for the AVP, BD138 and MYH-16 genes show expression of 
the genes. The threshold cycle values of the BD138 gene seem lower than the sample 
group and the values of  the MYH-16 gene seem lower  than the control  and sample 
groups. This means that MYH-16, AVP and BD138 aren’t expressed at a higher rate in 
normal or carcinomatous prostatic tissue.
Too less threshold cycles for BD138 are found in the control and sample group, thus 
there can be concluded that no BD138 is expressed.
Based on the threshold cycle values it seems that the gene Apo-C-I expresses in both 
normal prostate tissue and in prostate carcinomas.
There was no expression of the AVP-gene in the control and the sample group.
HMG-17, KCNE2 and MYH-16 seem to be expressed at a higher rate in normal prostate 
tissue and in prostate carcinomas than in the negative control groups.
Unfortunately the reference genes were not stable, so no statistical conclusions can be 
obtained from this experiment to prove if the genes in question really do express in a 
higher rate in prostate carcinomas than in normal prostate tissue. The RestXL results 
claim in both the normalized and the not normalized results that the gene Apo-C-I is up 
regulated in the sample group (PCA) in comparison to the control group (NP). But as is 
said before, this is only a hint, not a reliable result.
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Table 9. RestXl serie 2 results, sample numbers and thresholdcycles.
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Table 9.(Continued) RestXl serie 2 results, sample numbers and thresholdcycles.
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Table 9. (continued) RestXl serie 2 results, sample numbers and thresholdcycles.
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Table 10. RestXL serie 2 statistic results and conclusions.
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Chapter 7. Discussion and Conclusion

Eventually it is needed to look to the outcome of the PCR threshold cycles and interpret 
the Ct’s of the normal prostate sample group against  the prostate carcinoma sample 
group. It was expected that the Ct values of the PCA-group would be lower than that of 
the  control  group.  Looking  at  the  not  normalized  results  for  the  expression  of  the 
different genes, it can be seen that only Apo-C-I is significantly different up regulated. 
The other target genes HMG-17, KCNE2 and MYH-16 are also up-regulated but not with 
a significant difference. Unfortunately the reference genes HPRT and RPL8 are also up 
regulated. RPL8 is even in a significant different manner up regulated. This has as a 
consequence that we can not test the target genes against the reference genes in the 
normalized  results  because  those  references  would  be  the  internal  standard  of  this 
experiment. In the normalized results we only see that against RPL8 only Apo-C-I is up 
regulated and HMG-17,  KCNE2 and MYH-16 are  down regulated.  But  these results 
aren’t of any value because there is no significant difference and the reference genes 
aren’t stable so that we cannot measure against these genes that are ought to be stable.
The only thing we can conclude from this results that Apo-C-I is possibly up-regulated. 

7.1 Significantly differences
In  the  non  normalized  results  there  has  been  found  that  the  gene  APO-C-I  was 
significantly  different  up  regulated  by  the  factor  12.533  with  a  p-value  of  0.0115. 
Unfortunately  this  result  isn’t  reliable  because  the  reference  genes  used  for 
normalization weren’t stable. Although not normalized, it points in the direction that APO-
C-I could be up regulated in prostatic carcinomas. 

7.2 Genes

7.2.1 Reference genes

The reference genes RPL8 and HPRT were chosen in this research because of their 
relatively  good  stability  in  the  prostate.  This  means  in  the  normal  prostate.  In  this 
research prostate carcinomas were  tested and in  these tissues the reference genes 
weren’t stable. 
The fact that RPL8 is up regulated in PCAs could have been expected because both 
HPRT and RPL8 are reference genes for the normal prostate. It hasn’t been proven that 
they are stable in PCAs.

7.2.2 Matching of the peaks with the genes

This research was based on the manuscript by the Chand Khanna group. Herein we 
only  are  given  clues  at  which  protein/genes  are  possibly  expressed  in  prostate 
carcinomas. These clues are given in the form of Kilodalton-numbers. This means that 
the weight of possible proteins is given. These weights aren’t precisely the same weights 
as the weights from the six proteins investigated in this research.
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Table 12. SELDI-TOF MS peaks resembling 7050, 7633, 7875, 9330, 13785 Da
m/z

6836 KCNE2 (fragment)
7177 Beta-defensin 138 (BD138)
7465 Masticatory myosin heavy chain 16 (MYH16)(fragment)
7905 Arginine-vasopressin precursor (AVP)(fragment)
9379 Nonhistone chromosomal protein hmg-17
9741 (9610) Apolipoprotein C-I precursor (ApoC-I) 
13487 Plasmin precursor (fragment)
13858 Predicted: Similar to A2A histone family, member J isoform 2 (A2AJ2)
13969 Ribosomal protein (fragment)
2085 no ID could be obtained, because it was unable to resolve on gel

In this research we concluded that the following genes could belong to the interested 
peaks.

Table 13. Peaks and their possible proteins.
7050 KCNE2 (6836)
7633 MYH16 (7465)
7875 ?
9330 HMG-17 (9379) or Apo-C-I (9741 / 9610)
13785 Plasmin precursor (13487) or A2AJ2 (13858) or Ribosomal protein (13969)

It could be that the 7050, 7633 and 9330 peaks belong to the KCNE2, MYH16, HMG-17 
and Apo-C-I genes. 
There  were  five  possible  peaks  given  by  the  Chand  Khanna  group  to  investigate. 
Because BD138 and AVP aren’t present in prostate carcinomas we know that they can 
not  be  up  regulated  in  prostate  carcinomas  and  therefore  do  not  need  any  further 
investigation. It is more likely that the 7050 peak is KCNE2 or even another gene and 
that the 7875 peak can’t be AVP because it doesn’t express in prostate carcinomas.

The answer to the first question if certain proteins are expressed in prostate carcinomas 
against normal prostates can be answered that Apo-C-I, HMG-17, KCNE2 and MYH16 
do express in prostate carcinomas. The next answer if they are up regulated, cannot be 
answered because the references measured against weren’t stable in our research, but 
there is a presumption that Apo-C-I might be over expressed.

7.3 From Apo-C-I to ApoA-II

Because prostate carcinomas in dogs arise mostly in castrated dogs, you can take this 
similar with anti androgen therapy in humans. 
Androgen deprivation in humans leads to higher levels of total cholesterol, triglyceride 
levels, and LDL and HDL cholesterol.  These lead to increased visceral adiposity and 
dyslipidemia. [27]
In dogs with prostatic carcinomas Apo-C-I is possibly up-regulated. This up-regulation 
can be explained because Apo-C-I has a role in lipid metabolism.
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In humans ApoA-II is also a potential marker in prostate carcinoma, maybe this can be 
extrapolated to Apo-C-I in dogs because they both belong to apolipoproteins in the same 
family and have almost the same function. In the human prostate an 8946 m/z SELDI-
TOF MS peak is found to retain discriminatory value with an increased expression in 
prostate  carcinomas.  Sequence  identification  by  liquid  chromatography-MS/MS  and 
subsequent immunoassays verified that an isoform of apolipoprotein A-II (ApoA-II) is the 
observed 8946 m/z SELDI peak. Immunohistochemistry revealed that ApoA-II is over 
expressed in prostate tumours. SELDI-based immunoassay revealed that an 8.9-kDa 
isoform of ApoA-II is specifically over expressed in serum from individuals with prostate 
cancer. ApoA-II is also over expressed in the serum of individuals with prostate cancer 
who have normal PSA (0-4.0 ng/mL). [21]
ApoA-II is the second most abundant protein in high-density lipoproteins. They are 25% 
of the protein mass. It is primarily synthesized by liver. [21]
The function of ApoA-II is largely unknown. It influences plasma levels of free fatty acids. 
In vitro it can displace ApoA-I from high-density lipoprotein particles, stimulate or inhibit 
hepatic disease,  inhibit  lecithin  cholesterol  acyl  transferase and inhibit  the actions of 
cholesterol ester transfer protein. The ApoA-II deficient state has also been associated 
with  decreased  levels  of  plasma  free  fatty  acid,  glucose,  and  insulin  suggesting  a 
metabolic  disturbance  compatible  with  hypersensitivity  to  insulin.  In  most  studies,  a 
constant steady-state level of ApoA-II is essential for maintaining homeostatic regulation 
of function. In addition, there are increasing numbers of reports suggesting a relationship 
between  cancer  susceptibility  and  proteins  of  the  metabolic  pathway,  including 
apolipoproteins. They may be involved in functions of cell proliferation or apoptosis. [21]
From the information we have in humans on the ApoA-II protein we can derive that Apo-
C-I might be an important gene in the tumor genesis of prostate carcinomas because for 
membranogenesis, lipogenesis is needed. Further research has to be done on the Apo-
C-I gene.
The ability of ApoA-II to detect disease in humans with normal PSA suggest potential 
utility of the marker in identifying indolent disease. [21] 
Patients  with  prostate  cancer  and  BPH  can  be  distinguished  from  healthy  men  as 
defined as randomly selected asymptomatic men with PSA values < 4.0 ng/mL.
So  here  we  have  a  possible  other  marker  in  humans  next  to  PSA,  or  even  better 
recommended, to use besides PSA, to early discover prostate cancer. 
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Chapter 8. Recommendations

8.1 Genes

8.1.1 Reference genes

The reference genes RPL8 and HPRT were chosen in this research because of their 
relatively  good  stability  in  the  prostate.  This  means  in  the  normal  prostate.  In  this 
research prostate carcinomas were  tested and in  these tissues the reference genes 
weren’t stable. It should be wise to test in a following research more and other reference 
genes  to  see  whether  there  are  other  genes  that  really  are  stable  in  prostatic 
carcinomas.  It  would  be interesting to do some further  research on the RPL8 gene, 
because this gene might be a marker for neoplasms. 

8.1.2 Other genes/proteins

In this research we concluded that the following genes could belong to the interested 
peaks.

Table 13. Peaks and their possible proteins.
7050 KCNE2 (6836)
7633 MYH16 (7465)
7875 ?
9330 HMG-17 (9379) or Apo-C-I (9741) (9610)
13785 Plasmin precursor (13487) or A2AJ2 (13858) or Ribosomal protein (13969)

It is recommended to investigate in a following experiment KCNE2, MYH16 and HMG-17 
and Apo-C-I again, whether they belong to they peaks identified by the Chand Khanna 
Group. Further the 13785 peak could be identified by doing the same experiment as this 
one, but then with the genes plasmin precursor, A2AJ2 and ribosomal protein.
The 2085 peak couldn’t be obtained by the Chand Khanna group, because it was unable 
to resolve on gel.  Maybe there is a way to look up the weights of  the proteins in a 
database such as that  of  the NCBI or  Uniprot,  or  it  may be possible  to identify this 
weights in another way.
The peaks for KCNE2, MYH16 and HMG-17 already provide a clue in this research, but 
there  has  to  be  more  evidence  to  show  what  markers  the  peaks  really  are. 
Immunodepletion, immunoassay, and Western analysis can be used to verify that the 
identified  protein  generated  the  observed  SELDI  peak.  Subsequent 
immunohistochemistry can then be done to examine the expression of the proteins in 
prostate carcinomas. [21]
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8.2.3 Precursor instead of whole gene
In this research it wasn’t taken into account that some of the genes were precursor to 
certain  proteins  or  that  the  peaks  found  by  the  Chand  Khanna  Group  were  only 
fragments of the genes investigated. In further research it may be recommended that 
other primers should be designed and used next to the primers used in this research to 
see  whether  the  peaks  identify  with  the  precursors  or  fragments  of  the  predicted 
proteins.

8.3 Other possible markers

8.3.1 ApoA-II

As is explained in the conclusion chapter, it should be wise to set up another research 
with ApoA-II  taken into account.  Because it  is  suggested that  there is a relationship 
between  cancer  susceptibility  and  proteins  of  the  lipid  metabolic  pathway,  including 
apolipoproteins [21] the role of Apo-C-I in dogs should be taken into account.  There 
could be a linkage between the expression of ApoA-II in humans and Apo-C-I in dogs.

8.3.2 FAS

Fatty acid synthase (FAS) plays an important role in prostate carcinogenesis and tumor 
progression.
In humans the androgen-regulated enzyme FAS, required for de novo lipogenesis from 
glucose  to  fatty  acids,  is  over  expressed  in  several  cancers  including  prostate 
carcinoma. FAS mRNA and protein expression increased substantially from normal to 
prostatic  intraepithelial  neoplasia,  to  low  grade,  to  high  grade  and  to  androgen-
independent  bone metastases.  Tumors with  high  FAS levels  over  expressed among 
other  genes,  its  transcriptional  regulator,  steroid  regulator  binding  protein,  and 
apolipoprotein E (ApoE).
FAS inhibitors lead human cancer cells to apoptosis and decrease the size of prostate 
xenographs.  Thus,  FAS over  expression is  likely  not  only  an epiphenomenon of  the 
dysregulation of the lipogenic pathways in cancer cells but is also associated with tumor 
cell survival.
It has been proposed that the link between FAS and DNA replication may be a result of 
the  need  for  de  novo  synthesis  of  membrane  phospholipids  necessary  for  DNA 
replication. In fact, among the genes up regulated in the group of tumors with high FAS 
protein  was  ApoE,  which  is  a  major  regulator  of  phospholipids  metabolism.  It  is 
interesting to note that estrogens have shown to down regulate serum levels of ApoE in 
prostate cancer patients.
The resulting  altered cholesterol/phospholipids  ratio  may affect  the fluidity of  plasma 
membranes  with  possible  consequences  on  the  organization  of  membrane  bound 
proteins involved in the regulation of cell-proliferation. [28]
FAS and ApoE could be interesting markers in the development and progression of PCA 
in  dogs.  Because  of  the  resemblance  of  ApoE  with  Apo-C-I  which  is  possibly  up 
regulated in dogs with PCA these markers need extra attention and there is need to do 
more research on the linkage between ApoE, FAS and Apo-C-I in canine PCA.
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8.3.3 D-PCa-2

Dresden prostate carcinoma 2 (D-PCa-2),  is highly  over expressed in normal human 
prostate tissue and prostate carcinoma. D-PCa-2 is androgen-independent.
The last two-thirds of exon 8 of the D-PCa-2 gene show strong similarity of 93% identity 
to the high-mobility-group nucleosomal binding protein 2 (HMGN2) cDNA. [39]
HMGN2 alters the structure of DNA and thereby forming a conformation that facilitates 
the binding of specific regulatory factors, thus facilitating the transcriptional activation of 
genes. [1]
D-PCa-2 is detected in lymph nodes containing metastatic cells originating from PCAs, 
whereas cDNA prepared from normal lymph nodes as well as a cDNA library of normal 
lymph node tissue were completely negative for D-PCa-2 transcripts. D-PCa-2 could be 
a sensitive marker for metastatic prostate carcinoma cells in lymph nodes. Further 
research could be done after this marker in the dog.

8.3.4 CYR61

CYR61 can be used in dogs as a marker for prostatic disease. On histology it shows the 
proliferation of the prostate gland.
In  dysplasia  there  is  marked  CYR61  staining  of  fibroblasts  and  the  cytoplasm  of 
epithelial cells. 
In prostatitis no CYR61 staining is present in any tissue. 
Only one adenocarcinoma is tested jet. In this case there was staining of the proliferating 
epithelial cells throughout the tissue. The stroma itself showed a weak staining pattern, 
but the endothelial cells were very evident. 
There  is  CYR61  expressed  in  dogs  with  BPH  and  possibly  also  with  in  dogs  with 
prostatic neoplasia. 
In humans immunohistochemical analysis shows that CYR61 protein is present in the 
epithelium of normal prostatic tissue. Prostatic neoplasia shows a decrease of CYR61 
protein expression.
There is a similar manner in CYR61 expression in humans and in dogs. This might have 
a future for diagnosing prostatic disease and choice for which kind of treatment. [23] 
More  tissue  samples  of  PCAs  should  be  obtained  and  tested  if  CYR61  staining  is 
present in PCAs, when CYR61 staining is present, it could be investigated if CYR61 is 
up regulated in the neoplastic prostate of dogs and if it could be a potential marker for 
PCA.

8.3.5 Vimentin, Arginin esterase and Cytokeratin 7

A differential expression of specific filament proteins is present in the luminal and basal 
cells of the prostate. [12]
These proteins are cytokeratin 7, vimentin and arginine esterase.
Cytokeratin  7 (CK7)  has a  strong expression in urinary bladder  TCCs. It  has also a 
strong expression in prostate carcinomas in the population of cells corresponding to the 
urothelial and ductular epithelium. [19] 
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It  is  thought  that  arginine  esterase (AE)  is  more specific  for  acinar  cells.  AE is  co-
expressed with CK7 in some prostate carcinomas as well as urinary bladder TCCs. This 
can be interpreted as an intermediate form of cancer between PCA and urothelial TCC. 
It could also be that it only reflects a common embryologic origin of prostate and bladder.
In  conclusion,  CK7  and  AE  cannot  be  used  to  differentiate  TCC  from  prostate 
carcinomas, but has shown us that the majority of the canine prostatic carcinomas are 
from the ductular urothelium. [19]
The  expression  of  vimentin  is  associated  with  loss  of  cell-to-cell  contact.  In  canine 
prostatic tumours vimentin is over expressed and that points to a malignant tumor with 
increased risk of metastasis. [12] 
Maybe with more research detection of these markers can be optimized and used in 
further research to detect prostate carcinomas.

8.3.6 COX-2

COX-2 is short for the enzyme cyclooxygenase-2. COX-2 converts arachidonic acid into 
prostaglandin H2. Prostaglandin H2 is the precursor for the synthesis of all prostanoids.
As well in the canine as in the human the normal prostate, no COX-2 can be detected, in 
contrast to the prostatic adenocarcinomas where an over expression of COX-2 is found. 
Because of the over expression in neoplastic prostate tissue, there could be a potential 
association between the enzyme and prostate carcinogenesis.
Little  is  known about  COX-2 inducers  in  the  prostate.  Estrogens can induce  COX-2 
expression directly or indirectly. This means that estrogens could be involved in prostate 
cancer progression. [10]
After castration no androgens are present, so there are relatively more estrogens.
Because  of  the  need  of  estrogens  to  express  COX-2,  COX-2  could  contribute  to 
progression  of  prostate  cancer  from  an  androgen-dependent  to  an  androgen-
independent disease. [10] 
Over expression of COX-2 could thus be a potential marker for prediction of developing 
PCAs.

8.4 Purification of total RNA from animal tissues

Brain tissues are better isolated with the RNeasy lipid tissue mini kit, which uses QIAzol 
lysis reagent for optimal tissue lysis. This is because the tissues are difficult to lyse or 
tend to form precipitates during RNA purification. [53]
Fibrous tissues such as skeletal muscle and heart may be low due to the abundance of 
contractile proteins, connective tissue, and collagen. RNeasy fibrous tissue mini kit is 
recommended in stead. [53]
In this research we only used the RNeasy Mini kit. This is why we obtained low amounts 
of  RNA from the hypothalamus,  masticatory muscles  and endocardium.  In  follow-up 
study the kits for fatty tissues and fibrous tissues are recommended.
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8.5 Breeds

A significant risk for any prostatic disease was found in the Scottish terrier, the Bouvier 
des Flandres, the Bernese mountain dog and the German pointer. [34] 
Doberman  pinschers,  Shetland  sheepdogs,  Scottish  terriers,  beagles,  German 
shorthaired  pointers,  Airedale  terriers  and  Norwegian  elkhounds  have  statistically 
significantly increased odds of having prostate cancer. Dachshunds, miniature poodles 
and American cocker spaniels have decreased odds of having prostate cancer. [8] 
The Bouvier de Flandres breed has an increased risk of having PCA, but the reason for 
the increased risk is unknown. [34] 
Shetland  sheepdogs  and  Scottish  terriers  with  prostate  ACA  and  CA  have  also  an 
increased risk.
Breed predisposition  suggests that  genetic  factors play a role in  the development  of 
prostate cancer. [8] 
Maybe it  could be investigated if  there are differences between  different  dog breeds 
because  there  are  variable  prevalences  in  different  breeds.  It  is  suggested that  the 
Bouvier des Flandres, the German pointer and Scottish terrier should be investigated 
because they have increased risk to develop prostatic disorders and PCA. Furthermore 
the breeds that are more prone to develop PCA should also be investigated to determine 
if there is a genetic linkage in these dogs. 

53



The expression of genes for coding proteins as markers for canine prostate carcinomas

Appendix

A.1 Codons 

Table 14. Codon-encoding table
Second base

U C A G

Fi
rs

t B
as

e

U
UUU (Phe/F)Phenylalanine
UUC (Phe/F)Phenylalanine
UUA (Leu/L)Leucine
UUG (Leu/L)Leucine

UCU (Ser/S)Serine
UCC (Ser/S)Serine
UCA (Ser/S)Serine
UCG (Ser/S)Serine

UAU (Tyr/Y) Tyrosine
UAC (Tyr/Y) Tyrosine
UAA Ochre (Stop)
UAG Amber (Stop)

UGU (Cys/C)Cysteine
UGC (Cys/C)Cysteine
UGA Opal (Stop)
UGG (Trp/W)Tryptoph

C
CUU (Leu/L)Leucine
CUC (Leu/L)Leucine
CUA (Leu/L)Leucine
CUG (Leu/L)Leucine

CCU (Por/P)Proline
CCC (Pro/P)Proline
CCA (Pro/P)Proline
CCG (Pro/P)Proline

CAU (His/H)Histadine
CAC (His/H)Histadine
CAA (Gln/Q)Glutamine
CAG (Gln/Q)Glutamine

CGU (Arg/R) Argamine
CGC (Arg/R) Argamine
CGA (Arg/R) Argamine
CGG (Arg/R) Argamine

A
AUU (Ile/I)Isoleucine
AUC (Ile/I)Isoleucine
AUA (Ile/I)Isoleucine
AUG (Met/M)Methionine, Start

ACU (Thr/T)Threonine
ACC (Thr/T)Threonine
ACA (Thr/T)Threonine
ACG (Thr/T)Threonine

AAU (Asn/N)Asparagine
AAC (Asn/N)Asparagine
AAA (lys/K)Lysine
AAG (Lys/K)Lysine

AGU (Ser/S)Serine
AGC (Ser/S)Serine
AGA (Arg/R)Arginine
AGG (Arg/R)Arginine

G
GUU (Val/V)Valine
GUC (Val/V)Valine
GUA (Val/V)Valine
GUG (Val/V)Valine

GCU (Ala/A)Alanine
GCC (Ala/A)Alanine
GCA (Ala/A)Alanine
GCG (Ala/A)Alanine

GAU (Asp/D)Aspartic acid
GAC (Asp/D)Aspartic acid
GAA (Glu/E)Glutamic acid
GAG (Glu/E)Glutamic acid

GGU (Gly/G)Glycine
GGC (Gly/G)Glycine
GGA (Gly/G)Glycine
GGG (Gly/G)Glycine

Table 15. Inverse table.
Inverse table

Ala/A GCU, GCC, GCA, GCG Leu/L UUA, UUG, CUU, CUC, CUA, CUG
Arg/R CGU, CGC, CGA, CGG, AGA, AGG Lys/K AAA, AAG
Asn/N AAU, AAC Met/M AUG
Asp/D GAU, GAC Phe/F UUU, UUC
Cys/C UGU, UGC Pro/P CCU, CCC, CCA, CCG
Gln/Q CAA, CAG Ser/S UCU, UCC, UCA, UCG, AGU, AGC
Glu/E GAA, GAG Thr/T ACU, ACC, ACA, ACG
Gly/G GU, GGC, GGA, GGG Trp/W UGG
His/H CAU, CAC Tyr/Y UAU, UAC
Ile/I AUU, AUC, AUA Val/V GUU, GUC, GUA, GUG
START AUG STOP UAG, UGA, UAA
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A.2 Prostate tissue samples

Table 16. Normal prostate, microdissected, amplified RNA, stored at -70ºC
Sample Number Containing 

Urethra
Epithelium Concentration 

(ng/μl)
NP2 NP191203 Urethra Ductal 74.5
NP4 NP050303c Ductal 70.5
NP6 NP050303a Secretory 372.3
NP8 NP050303b Ductal 123.7
NP10 050503a Ductal 275
NP17 Ductal 61.3

Table 17. Prostate carcinomas, microdissected, amplified RNA, stored at -70ºC
Sample Number Type Concentration (ng/

μl)
PCA10 PC131103 Ductal 

adenocarcinoma
111.1

PCA29 PC131103 Ductal type urethra 133.1
PCA33 PC080104 Ductal 187.9
PCA39 PC181202 Ductal 127.6
PCA40 PCA220304 Ductal 241.4
PCA41 PCA250204 Ductal
PCA48 PC010702 Ductal
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A.3 Primer-sequences

Table 18. AVP.
Upper sequence 5’  3’ 24-mer GAA-CTG-TCC-TAG-GGG-TGG-CAA-GAG
Lower sequence 5’  3’ 20-mer TGG-CAG-GGC-GAC-GGC-AGG-TA
 
DNA 250 Pm, Salt 50mM Upper Primer Lower Primer
Primer Tm
Primer Location

59.1 ºC
101 .. 124

65.2 ºC
289 .. 270

Product Tm – Primer Tm
Primers Tm Difference
Optimal Annealing Temperature

25.7 ºC
  6.1 ºC
62.2 ºC

Product Length
Product Tm (%GC method)
Product GC Content

189 bp
84.7 ºC
 69.3%

Table 19. APO-C-I.
Upper sequence 5’  3’ 24-mer GCT-CCC-GGT-TTT-GGT-GGT-GGT-TCT
Lower sequence 5’  3’ 21-mer GCT-GCC-CGG-GCC-TTG-TCT-TCC

DNA 250 Pm, Salt 50mM Upper Primer Lower Primer
Primer Tm
Primer Location

64.8 ºC
193 .. 216

65.5  ºC
339 .. 319

Product Tm – Primer Tm
Primers Tm Difference
Optimal Annealing Temperature

 15.1 ºC
   0.7 ºC
 60.4 ºC

Product Length
Product Tm (%GC method)
Product GC Content

 147 bp
 79.9 ºC
 59.9 %

Table 20. BD138.
Upper sequence 5’  3’ 17-mer AGG-CGG-AAA-TCT-CTT-GA 
Lower sequence 5’  3’ 19-mer GTG-CTT-ATT-CCG-ACT-TTT-G

DNA 250 Pm, Salt 50mM Upper Primer Lower Primer
Primer Tm
Primer Location

 44.7 ºC
70 .. 86

44.9 ºC
174 .. 156

Product Tm – Primer Tm
Primers Tm Difference
Optimal Annealing Temperature

  28.7 ºC
    0.2 ºC
  49.9 ºC

Product Length
Product Tm (%GC method)
Product GC Content

  105 bp
  73.4 ºC
   48.6%
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Table 21. Hmg-17.
Upper sequence 5’  3’ 24-mer ATG-CAG-AAT-TTT-GTT-TTA-CTT-TTT
Lower sequence 5’  3’ 20-mer GGT-GTT-TTT-CCT-TCG-TTA-TCA-AT

DNA 250 Pm, Salt 50mM Upper Primer Lower Primer
Primer Tm
Primer Location

47.4 ºC
375 .. 398

45.7 ºC
574 .. 555

Product Tm – Primer Tm
Primers Tm Difference
Optimal Annealing Temperature

 23.5 ºC
   1.6 ºC
 47.3 ºC

Product Length
Product Tm (%GC method)
Product GC Content

   200 bp
   69.2 ºC
   31.0%

Table 22. KCNE2.
Upper sequence 5’  3’ 19-mer GAC-AAT-TGG-CGC-AGG-AAC-A
Lower sequence 5’  3’ 21-mer GGT-GGT-AGG-GGT-CAT-TGG-AGT

DNA 250 Pm, Salt 50mM Upper Primer Lower Primer
Primer Tm
Primer Location

54.2 ºC
70 .. 88

54.1 ºC
256 .. 236

Product Tm – Primer Tm
Primers Tm Difference
Optimal Annealing Temperature

22.6 ºC
  0.2 ºC
55.0 ºC

Product Length
Product Tm (%GC method)
Product GC Content

   187 bp
    76.7 ºC
   49.7 %

Table 23. MYH-16.
Upper sequence 5’  3’ 24-mer GTG-TCG-CCT-CCG-GGG-TTT-CCT-TAT
Lower sequence 5’  3’ 24-mer GAG-CGG-CTT-GAC-CTT-GTT-GTA-GAG

DNA 250 Pm, Salt 50mM Upper Primer Lower Primer
Primer Tm
Primer Location

 63.9 ºC
2349 .. 2372

58.2 ºC
2499 .. 2476

Product Tm – Primer Tm
Primers Tm Difference
Optimal Annealing Temperature

 19.2 ºC
   5.6 ºC
 56.8 ºC

Product Length
Product Tm (%GC method)
Product GC Content

     151 bp
     77.4 ºC
    53.6 %
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Table 24. RPL8
Upper sequence 5’  3’ 17-mer CCA-TGA-AT/CC-TGT-GGA-GC
Lower sequence 5’  3’ 18-mer GTA-GAG-GGT-TTG-CCG-ATG
Product Length 64bp
Product Length 55.0ºc

Table 25. HPRT.
Upper sequence 5’  3’ 19-mer AG/CT-TGC-TGG-TGA-AAA-GGA-C
Lower sequence 5’  3’ 20-mer TTA-TAG-TCA-AGG-GCA-TAT-CC
Product Length 114bp
Product Length 56.0ºc
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