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Summary

Prostate cancer is the second most common cancer in Irish men and the second most 

common cause of cancer-related deaths. In the United States, there are approximately 

234,000 new cases diagnosed every year and 27,350 deaths. Therefore, prostate cancer 

presents a significant social and economic bvirden worldwide and is the subject of much 

scientific research.

The purpose of this thesis was to investigate the significance of specific genes that have 

been reported as being overexpres^sed in prostate cancer and in other cancers. These genes 

included molecular markers of malignancy {AMACR) and targets of therapeutic drugs 

(T0P2A and HER2). Another goal was further insight into the pathogenesis of prostate 
«

cancer through genome-wide expression analysis using DNA microarrays.

The project began with the analysis of AMACR immunohistochemistry in standard 

sections of 57 prostate cancers and 44 cases of BPH. AMACR was identified by Xu et al. 

as a consistently upregulated gene in prostate cancer by DNA microarray analysis. 

AMACR is commonly used as an immunohistochemical marker of prostate cancer in 

needle core biopsies, but there is considerable variation between reactivity rates in 

different studies. We found that the specificity and sensitivity of AMACR for prostate 

cancer were 79% and 91% respectively. HoWever, we found that staining intensity for 

AMACR showed substantial variation within individual tumours. This heterogeneity of 

AMACR expression was associated with increased Gleason score. Focal positive staining 

for AMACR was identified in benign glands in cancer resection specimens and in BPH. 

These results emphasize the importance of interpreting AMACR immunohistochemistry in 

the context of other findings in a diagnostic setting.

The next step in this project was immunohistochemistry and fluorescent in situ 

hydridisation for TOP2A and HER2 in 100 prostate cancers and 42 BPH cases using 

prostate tissue microarrays. TopoIIa and HER2 have been shown to be overexpressed in 

advanced prostate cancer in separate studies. There is increased interest in T0P2A of late, 

following the discovery that sensitivity of breast cancers to topolla inhibitors is related to 

the presence of TOP2A amplification. We identified T0P2A amplifications in 26%> of 

advanced prostate cancers; TOP2A amplification was associated with topolla 

overexpression, HER2 amplification, high stage and Gleason score, androgen sensitivity



and decreased survival. HER2  overexpression and amplification occurred less frequently 

than TOP2A amplification; this was also associated with high stage and Gleason score, but 

showed no relation to survival. This is the first documentation o f TOP2A amplification in 

prostate cancer. In addition, we have identified TOP2A as a prognostic biomarker in 

ad\anced prostate cancer. It is possible that patients with -amplified prostate

cancers may show enhanced tumour sensitivity to anti-topoisomerase agents, as is the case 

in breast cancer patients.

The last part o f  this project involved DNA microarray analysis o f 17 prostate cancers and 

11 specimens o f  benign prostate tissue. In contrast to the gene-focused approach taken in 

many studies, we took a pathway-orientated approach for the identification o f genes of 

interest. Four pathways were significantly disregulated in prostate cancer; stress response, 

lipid metabolism, detoxification and PPA R a regulated gene expression. These findings are 

supported by results o f RT-PCR validation o f microarray data and are concordant with 

reports o f disregulated genes in the literature. A molecular model for prostate cancer 

pathogenesis involving all four pathways can be extrapolated. In addition, many o f these 

pathw'ays can be linked to known risk factors for prostate cancer, for example aging, which 

is associated with increased oxidative stress and decreased detoxification reserve, and high 

intake o f dietary fat. which is associated with increased PPARa regulated gene expression 

and lipid metabolism.

Microarray analysis also identified upregulation o f a number o f AMACR-related genes, 

including PPARA. Upregulation o f these genes was found in the majority o f localized 

cancers as well as benign glands from radical prostatectomy specimens (benign radicals). 

Expression profiles o f these “benign radical’' specimens showed more similarities to those 

o f invasive cancer than to profiles o f BPH or normal prostate tissue. This suggests a field 

effect o f genetic change in prostates harbouring cancer that may explain the frequent 

multifocality o f prostate cancer and the precursor lesion HGPIN.

In summar>', this work has documented heterogeneous expression o f AMACR in cancer. 

Nonetheless, it has shown consistent overexpression o f AMACR  transcripts as well as 

AMACR-related genes, giving further evidence for the importance o f AMACR in prostate 

cancer. We have identified TOP2A as a prognostic biomarker in advanced cancer. Finally, 

we have identified disregulation o f specific pathways in prostate cancer and formulated a 

molecular model o f prostate carcinogenesis.
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Chapter 1 General Introduction

1.1 The prostate

1.1.1 Anatomy

The prostate gland is a component o f  the male reproductive system that is situated in the 

male pelvis inferior to the urinary bladder. It is a glandular and fibromuscular organ shaped 

like an inverted pyramid, with its base lying superiorly and its apex inferiorly lying on the 

muscular floor o f the pelvis. It is related anteriorly to the symphysis pubis, laterally to the 

levator ani muscle and posteriorly to the rectum (Figure 1.1). The seminal vesicles are 

located at the junction o f the posterior and superior surfaces o f  the prostate adjacent to the 

vasa deferentia. The urethra originates at the bladder neck and enters the prostatic base. 

The prostatic urethra traverses the prostate and exits at the apex to become the 

membranous urethra. The prostate consists o f approximately 50 glandular lobules, which 

converge into ducts that empty into outpouchings o f the prostatic urethra (Wheater, 1987). 

The normal adult prostate weighs approximately 20 to 30 grams.

Symphysis pubis Bladder Seminal vesicle

Prostate Urethra Rectum

Figure 1.1 Anatomic location o f the prostate gland (W heater, 1987)

The prostate is surrounded by a layer o f  fibromuscular tissue that constitutes the prostatic 

capsule. Grossly, the capsule is ill defined and blends imperceptibly with muscle fibres o f 

the bladder, pelvic side walls and floor. This poor definition o f  the capsule can make 

complete excision o f the prostate difficult.
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1.1.1,1 Zonal anatomy

Four different anatomic regions have been described within the prostate gland (Figure 1.2) 

(McNeal, 1981).

1) The anterior zone or anterior fibromuscular stroma, a layer o f smooth muscle and 

fibrous tissue that covers the anterior surface o f the gland, merging with the bladder 

neck, the external sphincter and the prostatic capsule. This part o f the prostate is devoid 

o f glandular elements.

2) The preprostatic region, encompassing the transitional zone and the periurethral 

gland region, surrounds the proximal half o f the prostatic urethra. The periurethral 

zone consists o f tiny ducts and abortive acinar systems arising along the length o f the 

proximal prostatic urethra within a cylinder o f smooth muscle known as the

TRANSmON ZONE CENTRAL ZONE

C

PEHIPHEHAL 
V ZONE /

n

A N TERIO R 
^  ZO N E

Figure 1.2 Zonal anatomy of the prostate (Wheater, 1987)
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preprostatic sphincter. The transitional zone surrounds the periurethral zone and 

comprises approximately 5% o f the glandular prostate.

3) The central zone is a conical structure with its apex at the verumontanum (defined in 

section 1.1.2) and its base comprising the majority o f the prostatic base. It contains the 

ejaculatory ducts and approximately 25% o f the glandular prostate.

4) The peripheral zone is a horseshoe-shaped structure comprising the remainder o f  the 

prostate (over 70% o f the glandular prostate). It consists o f the posterior, lateral and 

much o f the apical parts o f the gland.

The prostate is often described as having two lobes, right and left. These are not 

anatomically defined structures, but are more easily identifiable grossly than the four 

anatomical zones described above. A sagittal section along the prostatic urethra would 

subdivide the prostate into right and left lobes. This nomenclature is used for TNM staging 

o f prostate cancer as recommended by the World Health Organisation (WHO) (Sobin, 

2002).

1.1.1.2 Zonal distribution of disease

Due to the lack o f  glandular elements, the anterior zone rarely gives rise to disease. The 

preprostatic zone is the main site o f  origin o f benign prostatic hyperplasia (BPH) and is the 

main area resected during transurethral resection o f the prostate gland (TURP). 

Periurethral zone BPH results in a midline dorsal nodule that may protrude into the 

bladder lumen, but rarely causes symptoms. Transitional zone BPH is more common and 

is characterised by bilateral enlargement o f transitional zone lobes. This commonly causes 

symptoms due to compression o f  the prostatic urethra. Transitional zone cancers are 

unusual, but can occur and may be found incidentally at TURP. The central zone is 

remarkably resistant to carcinoma, hyperplasia and inflammation. Most cancers arise in the 

peripheral zone, which is also the zone most commonly affected by inflammation. 

Peripheral zone cancers are usually o f higher grade and stage than transitional zone cancers 

and are more frequently associated with prostatic intraepithelial carcinoma (PIN) 

(Sternberg, 1997).
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1.1.2 Function

The main function o f the prostate and seminal vesicles is the production, storage and 

ejaculation o f seminal fluid in which spermatozoa are transported. Spermatozoa are 

produced in the testes and stored in the epididymi and vasa deferentia. Each epididymis is 

a convoluted duct that extends from the upper to the lower testicular pole where it becomes 

the vas deferens. The vas then travels through the spermatic cord and inguinal canal to 

enter the prostatic base along with the seminal vesicle outflow tract as the ejaculatory duct. 

These ducts proceed inferiorly within the prostate and join the prostatic urethra close to its 

midpoint, creating a ridge in the posterior wall o f  the urethra called the verumontanum. 

During ejaculation, spermatozoa are expelled through this duct system and mixed with 

seminal fluid to produce semen, which is then transported along the prostatic and 

membranous portions o f the urethra.

The seminal vesicles produce most o f the seminal volume; they secrete an alkaline fluid 

rich in nutrients, including fructose, fibrinogen and vitamin C. The main function of 

seminal vesicle fluid is nutritional; to help sperm survive in the female reproductive tract. 

Prostatic secretions have a more acid pH (pH 6.5 to 7.3) and are rich in citric acid and 

hydrolytic enzymes, including fibrinolysin, prostatic acid phosphatase (PAP), exopeptidase 

and endopeptidase (Neal, 1992). The main purpose o f these secretions is proteolysis to aid 

transport through the female genital tract. Prostate specific antigen (PSA) is the most 

extensively studied prostatic protease; it is used in screening for asymptomatic prostatic 

disease, notably prostate cancer. The muscular component o f the prostate helps in 

expelling the glandular secretions into the prostatic urethra during ejaculation.

1.1.3 Histology

The prostate is composed o f glands that are embedded in stroma and organized into 

lobules. These glandular lobules empty into the periurethral duct system. The glands are 

lined by two epithelial layers: a basal layer which underlies a luminal layer o f secretory 

epithelium, which varies from low cuboidal (inactive) to pseudostratified columnar (active) 

depending on the level o f androgen stimulation. Inactive glands have round, dilated 

contours while active glands have convoluted outlines due to the presence o f numerous 

luminal infoldings. Small prostatic ducts are identical in calibre and histology to prostatic
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acini, while the main prostatic ducts are lined by multilayered transitional epithelium 

identical to that lining the prostatic urethra (Figure 1.3).

Figure 1.3 Histology of the normal prostate (Rosai, 2004)

Prostatic glands and ducts are surrounded and supported by a dense fibro-elastic 

connective stroma with admixed smooth muscle fibres. Similar fibromuscular tissue 

comprises the anterior zone o f the prostate and merges with the thin fibrous capsule, which 

is rarely demonstrated histologically.

The three glandular regions o f the prostate, the transitional, central and peripheral zones 

show subtle histologic differences. Central zone ducts and acini are larger than those o f the 

peripheral and transitional zones. The transitional zone shows similar architecture to the 

peripheral zone, but shows more extensive arborisation o f  ducts and acini (Sternberg, 

1997).

1.2 Benign prostatic hyperplasia (BPH)

1.2.1 Incidence

Benign enlargement o f the prostate due to benign prostatic hyperplasia (BPH) is a very 

common condition in males that becomes progressively more prevalent with advancing 

age. Histologic changes o f BPH can be found in 20% o f men by age 40 years, 50% by age 

50, 70% by age 60 and 90% by age 70 (Arrighi, 1991).
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1.2.2 Clinical features

Approximately 50% o f men with microscopic evidence o f BPH will develop gland 

enlargement and about 50% o f men with enlarged prostates develop symptoms (Oesterling, 

1996). Patients can present acutely with urinary retention or with chronic symptoms o f 

bladder outflow obstruction due to compression o f the prostatic urethra.

1.2.3 Macroscopy and histology

The prostate shows nodular enlargement o f varying degree, with organ weight ranging 

from 40 to 200g (Cotran, 1999). Nodules are located almost exclusively in the transitional 

and periurethral zones, where they are prone to cause urethral compression and urinary 

retention. Nodules are similar in colour and consistency to the normal prostate, appearing 

tan, firm and centred around the urethra (Figure 1.4).

Figure 1.4 Macroscopic and microscopic appearance of BPH (Sternberg, 1999)

Histologically, the nodules are composed o f varying proportions o f stroma and glands. The 

stroma is composed o f fibroblasts, smooth muscle cells and collagen. Glands are lined by 

two epithelial cell types: luminal cells overlying a basal cell layer. Glands may be 

classified as hyperplastic, normal or atrophic depending on the appearance o f the luminal 

cells. In nornial glands, these are cuboidal; in hyperplastic glands, they are stratified into 

multiple layers or form papillary buds, while in atrophic glands, the cells are flattened. 

Stromal-predominant and epithelial-predominant forms o f BPH exist.
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1.2.4 Relationship to prostate cancer

Studies investigating the relationship between BPH and prostate cancer have yielded 

conflicting results, but no study has established a clear association with cancer (Guess,

2001). Both conditions become increasingly common with advancing age, but in general, 

BPH and prostate cancer have different zonal distributions. However, a subset o f  prostate 

cancers arise in the transitional zone and one third o f these are found in BPH nodules 

(Bostwick, 1992). It has been proposed that BPH, together with the related lesion atypical 

adenomatous hyperplasia (AAH), are possible precursor lesions to transitional zone 

prostate cancer (Grignon, 1994, Helpap, 1995). Morphologic transition from BPH to 

transitional zone cancer has been demonstrated (Leav, 2003). In addition, progressive 

increase in expression o f AMACR, a molecular marker o f prostatic malignancy, has been 

reported in BPH adjacent to transitional zone cancers. AAH is a glandular lesion that 

closely resembles low-grade prostate cancer. It is commonly found in association with 

BPH and is often spatially related to cancer without a demonstrable morphologic transition 

(Bostwick, 1995). AAH also shows AMACR expression in a percentage o f  cases (Yang,

2002). Despite these findings, there is little data to support a clear relation between either 

BPH or AAH and prostate cancer and neither entity is considered a preneoplastic lesion.

1.2.5 Natural history

The natural history o f  BPH is relatively unpredictable. Some patients remain stable or 

show spontaneous symptomatic improvement, while others have progressive symptoms 

requiring treatment (Di Silverio, 1993). Available therapies are pharmacological and 

surgical. Surgical treatment usually involves transurethral resection o f the prostate (TURP) 

where the prostatic tissue surrounding the urethra is segmentally resected through a 

cystoscope. Symptoms generally resolve with treatment, but may recur. Approximately 

20% o f affected men will require surgery for BPH during their lifetime (Arrighi, 1991).

1.2.6 Pathogenesis

BPH is an abnormal proliferation o f mesenchymal and epithelial cells in the prostate. Apart 

from advancing age and extended exposure to androgens, no other risk factors for BPH 

have been established.
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Androgens are necessary for normal prostate growth. Men with inherited or acquired 

defects in androgen production do not develop BPH (Kirby, 2000). The main androgen 

involved is dihydrotestosterone (DHT). This is derived from circulating testosterone by the 

action o f the enzyme 5a-reductase, which is expressed by stromal cells within the prostate 

(Cotran, 1999). DHT binds to nuclear receptors in prostatic stromal and epithelial cells, 

stimulating transcription o f genes that trigger cell division. Pharmacological inhibition of 

5a-reductase reduces DHT in the prostate and alleviates symptoms in patients with BPH 

(Walsh, 1996). There is no direct correlation between circulating androgen levels and 

symptomatic BPH (Lee, 2004).

With advancing age, testicular function declines. Serum estradiol levels increase and 

testosterone levels decrease. It is not clear how such hormonal changes contribute to BPH 

development, but epidemiological evidence supports a clear association o f BPH with 

aging.

Numerous peptide growth factors, including insulin-like growth factors are also 

overexpressed in BPH and are thought to be involved in its pathogenesis (Lee, 2004). 

Many o f these are produced by stromal cells and exert an autocrine effect on the stroma, as 

well as a paracrine effect on epithelial cells, signalling cell division. Cytokines such as 

in terleukin-la ( IL -la )  are also overexpressed. IL - la  is produced by epithelial cells and 

inflammatory cells and acts on stromal cells to upregulate growth factor production, 

particularly fibroblast growth factor-7 (FGF-7). FGF-7 then acts as part o f a self- 

perpetuating “double paracrine loop” to stimulate epithelial cell growth and production o f 

IL - la  (Giri, 2000). Similar loops exist for other growth factors and cytokines. The 

involvement o f cytokines suggests a role for inflammation in the pathogenesis o f BPH. 

Hypoxia may also play a role. Cultured stromal cells produce hypoxia inducible factor 1 

(HIF-1) in response to hypoxia (Berger, 2003). HIF-1 then activates a number o f hypoxia 

response genes that upregulate and increase secretion o f FGF-7 and FGF-2.

Defective apoptosis or cellular senescence may also contribute to prostatic growth in BPH. 

An increase in the ratio o f proliferating to apoptotic cells will result in cellular hyperplasia. 

Cellular proliferation is certainly increased in BPH. Increased expression o f proliferation 

markers, such as ornithine decarboxylase (ODC) and mitogen activated protein kinases 

(MAP kinases) have been demonstrated in BPH (Liu, 2000, Royuela, 2002). Proliferation 

in BPH remains confined to the basal cell layer, unlike prostate cancer where luminal cells
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attain proliferative capabilities (Bonkhoff, 1994). The evidence supporting a role for 

apoptosis is controversial; some studies have shown decreased numbers o f apoptotic cells, 

while others have shown no difference in apoptosis rates between normal epithelium and 

BPH (Lee, 2004). It is likely that apoptosis does not play a major role.

Cellular senescence is a process, often associated with aging, whereby cells lose the ability 

to either proliferate or undergo apoptosis (Wang, 1995). These cells remain in a growth 

arrested state, unable to divide or die. If  proliferation o f other cells continues, senescence 

results in a net accumulation o f cells over time. Biomarkers associated with senescence are 

elevated in a percentage o f BPH cases; therefore senescence could be another key 

mechanism (Castro, 2003).

Prostatic muscle contraction must also play a role: alpha 1-adrenoceptor antagonists are 

effective in relieving symptoms in many patients with BPH (Thiyagarajan, 2002). These 

drugs decrease smooth muscle tone and inhibit contraction by blocking activation o f 

sympathetic nervous system receptors within the prostate. These drugs do not affect the 

size o f the hyperplastic prostate.

1.2.7 Molecular pathology

Studies using cell culture models o f  BPH have demonstrated the following molecular 

alterations which support the pathogenetic theories detailed above (Lee, 2004):

Hormone signalling

• t  5a-reductase activity and T 17p-hydroxysteroid dehydrogenase in stromal cells.

5a-reductase is involved in testosterone activation by converting it to DHT, while

IVP-hydroxysteroid dehydrogenase metabolises and inactivates testosterone.

• t  aromatase, with secondary increase in oestrogen production

• T nuclear androgen receptors in basal cells

• t  androgen receptor co-activators (ARA54, ARA55, SR C l)

• i androgen receptor corepressors (DAX-1)

10



Chapter 1 General Introduction

Growth factor signalling

• T F G F -1 ,-2 ,-7 ,-9

• t  HIF-1

• t  Insulin growth factors (IGF-2)

• t  Insulin growth factors receptors (IGF-1 receptor)

• i  IGF down-regulators (WT-2, IGFBP-2 and -5)

• t  Transforming growth factors (TGF-P2)

• t  Vascular endothelial growth factor (VEGF)

Cytokines:

•  T Interleukins (IL -la , -2, -4, -8, -15, -17)

Markers of proliferation and senescence:

• T markers of cellular proliferation (ODC, MAP kinases)

• -I p2?' '̂*’', a negative regulator o f the cell cycle

• t  senescence associated (3-galactosidase (SA-^-gal)

Many of these factors are produced by stromal cells but act on epithelial cells, or vice- 

versa. Such stromal-epithelial interactions are felt to play a major role in BPH.

Microarray studies have identified a number of genes that are differentially expressed in 

BPH compared to “normal” prostate tissue excised from radical prostatectomy specimens 

(Luo, 2002a). Upregulated genes included those that encode growth factors (IGF-1 and -2, 

TGF-P3), growth factor binding proteins (bone morphogenetic protein 5, latent TGF-P 

binding proteins 1 and 2), hydrolases, proteases, protease inhibitors and extracellular 

matrix molecules (laminin a4  and p i, chondroitin sulfate proteoglycan 2). Certain stress 

response molecules were also upregulated (C0X2, GSTM5). Downregulated gene 

products included KLF4 transcription factor, thrombospondin 4 and nitric oxide synthase 

2A. The upregulated genes suggest a role for growth factors in stimulating extracellular 

matrix production and remodelling in BPH. Microdissection techniques used in 

conjunction with expression microarrays have identified epithelial-related and stromal- 

related genes. Epithelial cells in BPH overexpress E-cadherin and serine protease 2, while 

stroma cells overexpress connective tissue growth factor (Matsui, 2003).
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Comparative genomic hybridisation (CGH), fluorescent in situ hybridisation (FISH) and 

flow cytometry studies o f prostate cancer and BPH have identified numerous genetic 

aberrations in prostate cancer but have failed to demonstrate aneuploidy, chromosomal 

aberrations or gene copy number changes in BPH (Celep, 2003, Das, 2005).

In addition, cDNA microarray studies have identified a number o f genes that are 

overexpressed in prostate cancer and the precursor lesion HGPIN. Examples include 

AMACR, Hepsin, and P IM l (Landers, 2005). No expression or very low levels o f 

expression o f these genes have been found in BPH by microarray analysis and RT-PCR. 

Thus BPH appears molecularly distinct from prostate cancer.

1.3 High grade prostatic intraepitheiiai neoplasia (PIN)

Prostatic intraepitheiiai neoplasia (PIN) is defined as neoplastic transformation o f the 

lining epithelium of prostatic ducts and acini (Eble, 2004). In PIN, the luminal epithelium 

shows cytological changes o f malignancy, but the basal cell layer is preserved and there is 

no stromal invasion o f the prostatic stroma. Low-grade and high-grade variants are 

recognized.

Low-grade prostatic intraepitheiiai neoplasia (LGPIN) is a controversial entity. The 

histological appearances are subtle and poorly defined. It is difficult to reproducibly 

differentiate from normal and hyperplastic epithelium (Epstein, 1995). In addition, the 

prognostic significance o f  LGPIN is uncertain and an association with prostate cancer has 

not been proven. For this reason, LGPIN is rarely reported in surgical specimens. High- 

grade PIN (HGPIN) is more clearly defined, but there is still considerable inter-observer 

variation in the reporting o f this entity. HGPIN has greater biologic significance than 

LGPIN: a strong association between HGPIN and prostate cancer has been established.
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1.3.1 Incidence

The prevalence o f HGPIN increases with advancing age. However it has been identified in 

autopsy series in men as young as twenty. HGPIN is seen in less than 5% o f prostate 

needle biopsies, approximately 2.5% o f TURP specimens and is present in 85-100% of 

radical prostatectomy specimens containing invasive prostate cancer (Eble, 2004).

Afte Ran«e Prevalence o f HGPIN f% |
African American Caucasian

21-30 yrs 7 8
3 1 -40 yrs 26 23
41-50 yrs 46 29
51 -60 yrs 72 49
61-70 yrs 75 53
71-80 yrs 91 67

Table 1,1 Variation of HGPIN prevalence with age and race (autopsy series, n = 652) 

(Sakr, 1999)

1.3.2 Clinical features

HGPIN does not produce symptoms, PSA elevation or a mass lesion (Ramos, 1999). 

HGPIN may produce a hypoechoic area indistinguishable from prostate cancer on 

transrectal ultrasound (Hamper, 1991).

1.3.3 Histology

Luminal cells in HGPIN are enlarged with increased nuclear / cytoplasmic ratio, prominent 

nucleoli and clumped nuclear chromatin. Luminal cells are crowded and show architectural 

complexity. The basal cell layer is preserved. A number o f different growth patterns have 

been described (Figure 1.5): tufting, where cells are piled up into mounds, 

micropapillary, where cells fonn papillae-like columns that lack fibrovascular cores and 

cribriform, characterized by a lace-like pattern, with cellular arches separated by spaces. 

A flat variant exists which shows cytologic but no architectural atypia.
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Figure 1.5 Microscopic appearance of tufting (a), micropapillary (b), cribriform (c), 

and flat (d) HGPIN (Eble, 2004)

HGPIN is usually found in the peripheral zone o f the prostate and is commonly found 

adjacent to areas o f  invasive carcinoma. HGPIN, like prostate cancer, is often multifocal 

(Qian, 1997).

1.3.4 Relationship to prostate cancer

HGPIN is felt to be the pre-malignant precursor to most cases o f invasive prostate cancer 

based on the following observations (McNeal, 1986, Bostwick, 1996):

1) Incidence and extent o f both lesions increases with advancing age.

2) HGPIN is more common in prostates containing prostate cancer than those that do not.

3) HGPIN, like prostate cancer, is multicentric and shows the same zonal distribution, 

occurring most commonly in the peripheral zone.

4) HGPIN is commonly present adjacent to areas o f invasive carcinoma and morphologic 

transition between HGPIN and prostate cancer has been described (Quinn, 1990).

5) Cells in HGPIN show similar cytologic features to those in prostate cancer. Many 

shared genetic alterations between HGPIN and prostate cancer have been identified, 

with prostate cancer showing a greater number o f genetic aberrations in the majority o f 

cases (Qian, 1998, 1999).
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1.3.5 Natural history

HGPIN is predictive for the development of invasive prostate cancer. Approximately 30% 

of patients with HGPIN in a prostate needle biopsy will have prostate cancer on re-biopsy, 

as will approximately 53% of patients with a diagnosis of HGPIN with adjacent atypical 

glands suspicious for carcinoma (Eble, 2004). In contrast, 20% of patients with a needle 

biopsy diagnosis of benign prostate tissue and 16% with a diagnosis of LGPIN have cancer 

on re-biopsy. All patients with a biopsy diagnosis of HGPIN should be re-biopsied within 

6 months, but treatment is not currently indicated for a diagnosis of HGPIN alone.

1.3.6 Pathogenesis

The morphologic changes of HGPIN represent early carcinogenesis, where the cells have 

acquired characteristics of malignancy, such as uncontrolled growth, but have not attained 

the ability to invade the subepithelial tissues.

1.3.6.1 Cell of origin

Normal prostate glands are lined by two cell types: luminal cells that have a secretary 

function and basal cells, which show no secretary activity. The basal compartment is the 

site of most epithelial cell division in the normal prostate. It is thought that luminal cells 

are derived from differentiation of basal cells; the basal cell layer performs a stem cell role 

in the maintenance and replacement of these cells. The cells comprising HGPIN show 

many o f the morphologic features of luminal cells. However, the cells appear to have 

acquired certain basal cell characteristics, including proliferative activity and immortality 

(De Marzo, 2001). Some authors feel that an intermediate cell type, present in the nornial 

prostate but with characteristics of both luminal and basal cells, is the cell o f origin of 

HGPIN and prostate cancer (De Marzo, 1998).

1.3 .6.2 Lesion of origin

HGPIN is thought to arise from LGPIN, which in turn arises from morphologically normal 

prostate glands. Focal prostatic atrophy, termed “proliferative inflammatory atrophy” 

(PIA) has been proposed as an intermediate stage in the progression from normal glands to
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PIN (De Marzo, 1999). This entity is characterized by focal atrophy with periglandular 

fibrosis; it is thought to be a sequela o f chronic inflammation (Figure 1.6). It generally 

occurs in the peripheral zone often adjacent to, and sometimes showing a morphologic 

transition to, HGPIN (Putzi, 2000). Like PIN, PIA contains many proliferative cells in the 

luminal layer as well as decreased levels o f  apoptosis. PIA lesions also contain cells 

showing phenotypic features o f intermediate cells (De Marzo, 1999).

Figure 1.6 Microscopic appearance o f PIA (left) and LGPIN (right) (Sternberg, 1997)

The transition from normal through PIA, LGPIN and HGPIN to invasive prostate cancer is 

felt to reflect accumulated genetic damage. An event resulting in marked genetic damage 

may result in omission o f some or all o f these intermediate stages in the transition from 

normal epithelium to prostate cancer.

Along with diet and chronic androgen exposure, chronic inflammation has been implicated 

as a possible trigger o f neoplasia. It is known that during recurrent bouts o f  inflammation, 

many highly reactive molecules, including oxidative agents, are released from 

inflammatory cells into tissue. In the setting o f tissue repair and cell proliferation, these 

molecules can interact with DNA in dividing cells to cause genetic damage (Weitzman, 

1990). Chronic inflammation appears to be important in the development o f PIA and 

possibly in the transition to PIN.
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1.3.6.3 Role of G STPl inactivation in early malignant transformation

In recent years it has been proposed that somatic inactivation of the gene encoding 

glutathione S-transferase n (GSTPl), a carcinogen detoxification enzyme, may act as an 

initiating genomic lesion for carcinogenesis in the prostate (Nelson, 2001). GSTPl serves a 

protective role in the cell by inactivating oxidant and electrophilic carcinogens through 

conjugation o f such compounds to reduced glutathione (Hayes, 1995). It therefore acts as a 

tumour suppressor and is expressed by dividing cells as well as cells undergoing oxidative 

or carcinogen-related stress. In the normal prostate, GSTPl expression is confined to the 

basal cell layer (De Marzo, 1998). Loss of GSTPl is associated with increased genomic 

susceptibility to mutagenic agents. Inactivation of GSTPl gene due to transcriptional 

regulation has been identified in 70% of HGPIN and 97% of prostate cancer(Brooks, 

1998). Loss of GSTPl expression is found in up to 100% of HGPIN and cancer (Lee, 

1994). GSTPl inactivation appears to be a very early, possibly initiating event in prostate 

carcinogenesis, which leaves the affected cells exquisitely vulnerable to genomic damage 

due to external agents.

GSTPl also appears to be important in the pathogenesis of PIA and provides support that 

this is indeed a precursor lesion. Luminal cells in PIA show high levels of GSTPl 

expression (normal luminal cells do not express GSTPl). This most likely reflects high 

levels of oxidative stress in PIA due to chronic inflammation. Ongoing expression of 

GSTPl protects the cells in PIA from the mutagenic effects of oxidative agents. Once 

GSTPl is lost (as in HGPIN and prostate cancer), the balance is tipped in favour of the 

oxidative agents and mutations begin to occur. The finding of high levels of GSTPl in PIA 

and loss o f expression in HGPFN and prostate cancer is highly suggestive that this is a key 

event in the acquisition of a malignant phenotype and that GSTPl methylation is important 

in the transition from PIA to PIN.

1.3.7 M olecular pathology of HGPIN

A number of genetic aberrations have been demonstrated in HGPIN by CGH, FISH and 

polymerase chain reaction (PCR) studies. Common changes include losses or gains of 

chromosome 8 centromeric region with associated loss of 8p or gain of 8q, gains of 

chromosomes 7, 10, 12 and Y and losses of regions lOq, 16q and 18q (Eble, 2004).
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As seen from Table 1.2, genetic aberrations that occur in HGPIN are very similar to those 

that occur m prostate cancer, but occur at a slightly lower frequency. This supports the 

theory that HGPIN is a precursor lesion and that the transition from HGPIN to prostate 

cancer occurs due to accumulated genetic damage. The aberrations listed above are not 

found in benign prostate tissue.

Genetic aberration Percentafle of cases affected Reference
HGPIN Prostate cancer

Gain o f chromosome 
7, 8, 10, 12orY :

50 -  67% 5 1 -6 8 %

(Qian, 1995, Jenkins, 1997)
Chromosome 8 32 -  42% 25 -  30%
Chromosome 10 13% 23%
Chromosome 7 10% 28%
Chromosome 12 4% 9%
Y Chromosome 4% 9%

Loss o f 8p 63% 90.6% (Emmert-Buck, 1995)
Gains of 8q / MYC 50% 44% (Jenkins, 1997)
Telomere shortening 93% -100% (Meeker, 2002)
Telomerase activity 16% 69 -  85% (Sommerfeld, 1996, 

Koeneman, 1998)
Transcriptional 
silencing of GSTPl

70% 97% (Brooks, 1998)

p53 mutation 14% 25% (Yasunaga, 1998)

Table 1.2 Genetic aberrations found in HGPIN and prostate cancer

Shortening of telomeres, silencing of GSTPl and mutation of the p53 gene have all been 

associated with chromosomal instability and may be primary events that predispose to the 

accumulated anomalies of chromosome and gene copy number that are characteristic of 

prostatic neoplasia. Telomeres stabilize and protect the ends o f chromosomes, but shorten 

due to cell division or oxidative damage. Shortened telomeres predispose to chromosome 

fusions, translocations and deletions during cell division (Meeker, 2002). As discussed 

above, GSTPl is important in cellular detoxification and loss of GSTPl is associated with 

increased genomic susceptibility to mutagenesis. Wild-type p53 protein acts as a guardian 

of the genome, stimulating apoptosis or DNA repair in response to cellular damage. 

Mutant forms of p53 alter cell resistance to DNA damage and predispose to accumulated 

genetic damage. Telomerase shortening and GSTPl inactivation occur in a high percentage 

o f cases of HGPIN and may play a key role in early malignant change.
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As well as genomic changes, altered expression o f many genes has been identified in 

HGPIN. Oncogenes, such as MYC  and BCL2 are overexpressed, as well as genes such as 

FAS  (fatty acid synthase ) and AM ACR  that have been found to be overexpressed in 

prostate cancer by microarray studies. Underexpressed genes include tumour suppressors 

involved in cell cycle control (CDKNIB  or p27^""‘) and prostatic differentiation {NKX3.1). 

The gene expression profiles o f HGPIN and prostate cancer are extremely similar, as seen 

from Table 1.3.

Alteration Percentnce o f cases aff^ected Reference
HGPIN Prostate cancer

Loss o f expression
NKX3.1 20% 6 -  22% (Bowen, 2000)
CDKNIB 100% 84% (Fernandez, 1999)
G STPl 100% 100% (Lee, 1994)

Overexpression
p53 17% 20% (Al-M aghrabi,2001)
PSCA (Prostate 
stem cell antigen)

82% 81% (Reiter, 1998)

FAS 100% 94% (Swinnen, 2002)
AMACR 6 4 -1 0 0 % 8 0 -1 0 0 % (Luo, 2002b, Zhou, 2002)

Table 1.3 Genes with altered expression in HGPIN and prostate cancer

Few studies have identified a gene or protein that is differentially expressed between 

HGPIN and prostate cancer. Prostate cancer appears to have a similar genetic profile to 

HGPIN, but has slightly more extensive changes. This suggests that once the morphologic 

appearances o f  HGPIN are identified, the composite cells are already well on they way to 

becoming frankly malignant and that progression to invasive carcinoma is in most cases 

inevitable.
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1.4 Prostate cancer 

1.4.1 Incidence

Prostate cancer is the third most commonly diagnosed cancer in men worldwide (9.7% of 

all cancers) and the most commonly diagnosed cancer in men in the United States (15.3% 

o f all cancers) (Eble, 2004). Incidence begins to increase from age 50 onwards, with a 

steep rise in incidence with age. Prostate cancer is more common in developed countries 

than in developing countries and incidence rates have continued to rise over the past 4 

decades. Much o f the increase in incidence is due to the detection o f latent cancers by 

screening o f  asymptomatic individuals, surgical removal o f prostatic tissue for other 

diseases (TURP for BPH or radical cystectomy for bladder cancer) and sampling o f the 

prostate at autopsy. Approximately two thirds o f detected cases are indolent cancers that do 

not affect life expectancy. This results in a high survival rate in developed countries (80% 

in the USA) and a high prevalence, which increases with advancing age. Prostate cancer is 

the most prevalent form o f cancer worldwide.

In developing countries where screening procedures are less widely available, incidence 

rates (4.3%) and survival are low (40%). The majority o f cases in these countries are 

symptomatic cancers (which are more aggressive and o f higher stage); many latent cancers 

go undiagnosed. In developed countries where overall survival for prostate cancer patients 

is high (reflecting a high percentage o f latent cancers), survival rates for symptomatic 

prostate cancer remain low. The age-adjusted mortality rates from prostate cancer in the 

US are among the highest in the world.

In Ireland, prostate cancer is the second most common male cancer (15% o f all cancers) 

and the second most common fatal cancer in males, accounting for 13% o f all male cancer 

deaths (National Cancer Registry, 2005). Between 1994 and 2001, there were on average 

1371 new cases every year and 519 deaths annually. The incidence is increasing (from 

approximately 1000 cases in 1994 to over 1800 cases in 2001) and is expected to increase 

by 275% to an expected 6330 new cases in 2020 (National Cancer Registry, 2006). 

Mortality from prostate cancer does not appear to be increasing.
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1.4.2 Clinical features

Prostate cancer can be diagnosed at asymptomatic, locally advanced or metastatic stages. 

Asymptomatic prostate cancer can be diagnosed by opportunistic serum PSA screening or 

digital rectal examination. There is currently no screening program for prostate cancer in 

Ireland. Incidental prostate cancer is also identified in 8% o f TU RP’s for symptomatic 

BPH. Prostate cancer is asymptomatic until late in the course o f the disease.

Locally advanced prostate cancer may present with pelvic pain, rectal bleeding or 

obstruction o f  the urinary or intestinal tracts. Metastatic prostate cancer may present with 

bone pain or fractures, but bony metastases are often asymptomatic. Prostate cancer 

usually metastasises to the pelvic bones or spinal vertebrae. Prostate cancer may rarely 

present with lymph node metastasis (pelvic, inguinal, supraclavicular or axillary), ascites 

or pleural effusion.

1.4.3 Macroscopy

Most prostate cancers arise in the posterior or posterolateral parts o f the gland. Cancers are 

usually solid and homogeneous in texture and firm or hard in consistency and may be grey, 

white, brown or yellow in colour. The non-neoplastic prostate tissue tends to be tan in 

colour and spongy in consistency due to the presence o f multiple tiny cysts (Figure 1.7).

Figure 1.7 Macroscopic appearance of prostate cancer (Rosai, 2004)

It may be possible to palpate firmer areas o f carcinoma when examining the prostate in the 

fresh state, but it is often not possible to identify areas o f prostate cancer grossly. This 

makes tumour sampling for research difficult.
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1.4.3.1 Staging of prostate cancer

Prostatic adenocarcinomas, once confirmed microscopically, are given a clinical stage (or 

classification) based on the results o f physical examination, imaging, endoscopy, biopsy, 

skeletal studies and biochemical tests. If  a cancer is surgically resected, a pathological 

stage (or classification) can be determined. The TMN staging system for prostatic 

adenocarcinoma published by the UICC (International Union Against Cancer) is 

recommended for use by the WHO (Table 1.4).

TNM Clinical Classification
T -  Primary Tum our

TX Prim ary tum our cannot be assessed
TO N o evidence o f  primary tum our
T1 Chnically inapparent tum our not palpable or visible by imaging

T la  Tum our incidental histological finding in 5% or less o f  tissue resected
T ib  Tum our incidental histological finding in m ore than 5% o f tissue resected
T ic  Tum our identified by needle biopsy (e.g. because o f  elevated PSA)

T2 Tum our confined within prostate
T2a Tum our involves one half o f  one lobe or less
T2b Tum our involves more than ha lf o f  one lobe, but not both lobes
T2c Tum our involves both lobes

T3 Tum our extends through the prostatic capsule
T3a Extracapsular extension (unilateral o r bilateral)
T3b Tum our invades seminal vesicle(s)
T3c Tum our identified by needle biopsy (e.g. because o f  elevated PSA)

T4 Tum our is fixed or invades adjacent structures other than seminal vesicles:
bladder neck, external sphincter, rectum, levator muscles, or pelvic wall

N -  Regional Lymph Nodes
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Regional lymph node metastasis

M -  Distant metastasis
MX Distant metastasis cannot be assessed
MO No distant metastasis
M l Distant metastasis

M ia  Non-regional lymph node(s)
M lb  Bone(s)
M lc  O ther site(s)

pTNM PatiHdittiOl Classification
The pT, pN and pM correspond to the T, N and M categories except that there is no pT l
category as there is insufficient tissue to assess the highest pT category.

Table 1.4 TMN staging system for prostatic adenocarcinoma (Sobin, 2002)
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1.4.4 Histology

Prostate cancer shows marked morphologic heterogeneity, ranging from well differentiated 

tumours that are difficult to distinguish from benign prostate tissue to very poorly 

differentiated tumours barely identifiable as prostatic in origin (Figure 1.8). Prostate cancer 

is characterised by a proliferation o f glands, cords or sheets o f cells composed o f  a single 

cell type; a basal cell layer is absent. Most gland-forming prostate cancers show haphazard 

arrangement o f glands, with glandular crowding and infiltration o f surrounding tissue 

(Figure 1.8a). The latter feature is not seen in very well differentiated prostate cancer. 

Lumina o f malignant glands may contain eosinophilic crystalloids, dense pink secretions or 

mucinous secretions and have sharp borders (Figure 1.8b). Cancer cells often have dark 

cytoplasm, large hyperchromatic nuclei, and prominent nucleoli. Perineurial invasion is a 

characteristic feature. In well differentiated tumours, immunohistochemistry for basal cell 

markers is useful in the distinction from benign glands and in poorly differentiated 

tumours, immunohistochemistry for PSA and PSAP is helpful in establishing the prostatic 

origin o f a tumour.

Figure 1.8 Microscopic appearance of well differentiated prostate cancer showing 

gland formation (a & b) and poorly differentiated (c & d) prostate cancer growing in 

cords and sheets (Rosai, 2004)
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1.4.4.1 Gleason grading of prostate cancer

The Gleason grading system is the most commonly used grading system. In 1993, the 

World Health Organisation recommended its use for the histopathological grading o f 

prostate cancer. The Gleason system evaluates glandular architecture alone; nuclear atypia 

is not assessed.

Five different Gleason grades or patterns are defined, designated 1 to 5 according to 

tumour architecture (Figure 1.9). The most prevalent pattern throughout the tumour is 

called the primary pattern, while the second most prevalent pattern is called the secondary 

pattern. The primary and secondary patterns are added to yield a Gleason score between 2 

and 10. It is recommended that the primary and secondary patterns are reported along with 

the Gleason score e.g. Gleason score 3 + 4 = 7.

Figure 1.9 Illustration of Gleason grades 1 to 5 (Gleason, 1974)
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Gleason patterns

Gleason pattern 1: Very well circumscribed nodule o f separate, round, intermediate

sized glands that are closely packed, approximately equal in size 

and shape and show no infiltration o f surrounding tissue.

Gleason pattern 2: Less well circumscribed nodule o f  separate, round or oval,

intermediate glands that are loosely packed, vary slightly in size 

and shape and show early infiltration o f  surrounding tissue.

Gleason pattern 3: 

Patterns 3A and 3B;

Pattern 3C:

Pattern 3 is further subdivided into patterns 3A, 3B and 3C.

Irregular collection o f separate, round, oval or often angular glands 

that show variation in size and shape and infiltration between 

adjacent non-neoplastic tissue.

Pattern 3A is composed o f medium to large glands and pattern 3B 

is composed o f small glands.

Smooth, well-circumscribed mass o f round to elongated glands 

with a smooth outline and a cribriform or papillary architecture.

Gleason pattern 4: Infiltrative mass o f fiised, cribriform or papillary glands that show

ragged infiltration o f surrounding tissue. Where the malignant cells 

have clear cytoplasm, this is classified as a hypemephroid pattern 

or Gleason pattern 4B.

The remainder o f cases o f Gleason pattern 4 are classified as 

pattern 4A.

Gleason pattern 5: Infiltrative mass composed o f solid sheets or cords o f cells or

showing single cell infiltration (pattern 5B), or any tumour showing 

areas o f central comedonecrosis (pattern 5A).

Gleason patterns 1 and 2 are rare and usually seen in transitional zone cancers. 

Circumscription o f the tumour is key in diagnosing either o f these patterns. Therefore the 

entire tumour nodule must be resected to be designated as Gleason 1 or 2. These tumours 

are usually only seen in radical prostatectomy specimens and by definition, they cannot be 

diagnosed on a needle core biopsy.
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1.4.4.2 Alternative grading schemes

A number o f  other grading systems are available, including the Mostofi and Booking 

systems, which have been shown to correlate with prognosis in some studies (de las 

Morenas, 1988). These systems assess cytologic atypia as well as tumour architecture. 

There is insufficient evidence that nuclear grading adds prognostic information to that 

acquired from Gleason grading alone and these systems are rarely used in practice.

1.4.5 Natural history

A number o f factors impact on patient survival and prognosis: the most important factor is 

tumour grade. The 5-year disease-free survival rates fall from 89.4% for combined Gleason 

scores 2 to 4, 84.0% for Gleason scores 5 and 6, 59.9% for Gleason scores 7 to 48.7% for 

Gleason scores 8 to 10 (Eble, 2004). Initial stage at diagnosis also has an impact on disease 

free and overall survival, as illustrated in table 1.5.

TNM Stage Progression-free 
survival at 5 Tears

Reference

T la 98% (Eble, 2004)

T l b & c Variable; similar to 
that for T2 tumours (Eble, 2004)

T2 84%
(Blute, 1998)

T3 67%
T3a 79%

(May, 2001)T3b 65%
T3c 50%
T4 < 50%
N1 50% (Pollack, 2003)
M l 37-44% (Nair, 2002)

Table 1.5 Disease-free survival in treated prostate cancer

Old age, high pre-treatment PSA, positive surgical margins and presence o f extraprostatic 

extension or lymphovascular space invasion have a negative impact on survival (Cheng, 

1999). Combination therapy (androgen deprivation plus either surgery or external beam 

radiotherapy) is associated with improved survival. A number o f nomograms for localized 

prostate cancer are available that incorporate many o f these different variables to provide 

an estimate o f  survival and o f post-operative recurrence risk. These nomograms may aid 

clinicians in deciding on the most appropriate treatment for a patient with localized
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disease. For low risk patients, watchful waiting may be appropriate whereas high-risk 

patients would be unsuitable for surveillance but may benefit from combined therapy. It is 

possible that in the future, molecular markers of adverse prognosis will be added to such 

nomograms to help fine-tune the approach to this diagnostic dilemma.

The 5-year cancer-specific survival rate of advanced prostate cancer, especially in the 

setting of metastases is less than 40%. While anti-androgen treatment shows some 

beneficial effects in many cases, one fifth of tumours do not respond to anti-androgen 

therapy and the response of those that do is transient. Advanced prostate cancer is 

progressive and the median survival after the manifestation of metastases is about 4 - 5  

years.

1.4.6 Pathogenesis

The major risk factors for prostate cancer include age, race, environmental factors, steroid 

hormone imbalance and genetic factors.

1.4.6.1 Age

Increasing age is the most significant risk factor for prostate cancer (Abate-Shen, 2000). 

Prostate cancer is rare before the age of 30, but becomes increasingly more common in the 

sixth and seventh decades. Autopsy studies have shown a prevalence of 86.6% in men over 

80 and approximately 100% of men at age 90 (Soos, 2005). Precursor lesions also increase 

in incidence with advancing age (Table 1.6).

As,̂  Raniee Prevalence of HGPIN C%l Prevalence of Prostate cancer (%1
21-30 yrs 7.14 3.58
31 -40 yrs 11.75 8.82
41-50 yrs 35.71 14.28
5 1 -60 yrs 38.06 23.80
61-70 yrs 45.40 31.70
71-80 yrs 48.15 33.33

Table 1.6 Autopsy study of HGPIN and prostate cancer in 162 male patients 

(Sanchez-Chapado, 2003)
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1.4.6.2 Race

Incidence o f prostate cancer shows marked racial variation; prostate cancer is almost twice 

as common in Black males than in Caucasians, who in turn have higher rates than Asian 

men (Platz, 2000). Mortality is also higher in black men. Environmental and genetic 

factors are thought to contribute to this racial variation.

1.4.6.3 Environmental factors

Epidemiological data provides evidence for a major role played by environmental factors 

in neoplastic transformation. Incidence o f prostate cancer shows marked geographic 

variation and individuals who migrate from areas o f  low incidence to areas o f high 

incidence adopt a higher risk o f developing prostate cancer. There is evidence that much o f 

this geographic variation is due to dietary factors, with a higher incidence o f prostate 

cancer in areas with a Western-type diet rich in fats and low in fresh fruits and vegetables. 

In addition, men from areas o f low prostate cancer risk, such as Japan, who assume more 

Westernised dietary habits upon emigration to the United States, are noted to have higher 

incidence rates o f prostate cancer (Shimizu, 1991). Other environmental risks include 

Vitamin D deficiency, alcohol and smoking.

1.4.6.3.1 Diet

The specific mechanism by which diet affects prostate cancer risk has not been identified. 

Ingestion o f dietary carcinogens, overingestion o f saturated fats and low intake o f 

protective antioxidants have all been implicated. Over 22 studies o f prostate cancer risk 

and dietary fat intake have been published and over a dozen o f these showed a positive 

correlation between per capita total fat intake and prostate cancer incidence or mortality, 

with an odds ratio o f > 1.3 (Kolonel, 2001). Stronger associations with increased prostate 

cancer risk were found for saturated and animal fat intake. Animal studies have also shown 

an increased incidence o f prostate cancer in rats fed a high fat diet and reduction in cancer 

growth rates by lowering dietary fat intake (Pollard, 1986, Clinton, 1988). Even so, the 

association between fat intake and prostate cancer has not been proven conclusively. There 

are at least 10 conflicting epidemiological prostate cancer reports and 2 animal studies o f 

that showed no association with fat intake after correction for total caloric intake. The
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suggested risk increase may actually be due to high caloric intake in diets rich in saturated 

fat. No association has been found between unsaturated fat intake and prostate cancer.

A more consistent association between meat intake and prostate cancer risk has been 

established (Kolonel, 2001). Sixteen o f the aforementioned studies showed an association 

with prostate cancer, all with relative risk ratios (RR) o f > 1.3. Prostate cancer incidence 

rates are at their highest in Western populations, where diet tends to be high in total and 

saturated fats, with much o f dietary fat intake coming from meat and other animal 

products.

The mechanism o f prostate cancer potentiation for fat and meat products is not known. 

Proposed mechanisms for fat include formation o f lipid radicals and hyperperoxides due to 

oxidation o f polyunsaturated fatty acids, increased levels o f circulating androgens or 

stimulation tumour growth by eicosanoids formed from arachidonic acid (Kolonel, 2001). 

Alternatively fatty acids may alter gap-junctional communication or signal transduction 

cascades necessary for control o f cell growth or may decrease immune responsiveness. 

Meat products may contribute to prostate cancer risk due to their high content o f saturated 

fat or via production o f carcinogenic compounds during meat preparation, e.g. heterocyclic 

amine production during cooking at high temperatures or polycyclic aromatic hydrocarbon 

creation during cooking on charcoal grills.

Dairy intake has been associated with increased prostate cancer risk in 12 o f 14 case- 

control studies and 7 o f 9 cohort studies (Chan, 2001b). A high intake o f dairy products 

results in up to a twofold increase in prostate cancer risk and a fourfold increased risk o f 

metastatic or fatal prostate cancer (Giovannucci, 1998a, 1998b). The association o f 

prostate cancer with dairy products appears to be independent o f fat intake; intake o f 

skimmed and low-fat milk is also associated with increased risk (Chan, 2001c). The 

association with dairy products is strongest in older men and for advanced prostate cancer, 

suggesting a role for dairy products in prostate cancer progression.

Vitamin D deficiency has been linked with increased risk o f prostate cancer. The majority 

o f active vitamin D is derived from pre-vitamin D, which is acquired through sun exposure 

(see Section 1.4.6.3.2). While dietary deficiency o f vitamin D may contribute to risk, this 

has not been proven and a protective role for vitamin D in prostate cancer prevention has 

not been established. High calcium intake, either from calcium supplements or dietary
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sources (including dairy products) has been associated with increased risk o f prostate 

cancer (RR 1.71 -  1.91), including advanced (RR 2.12 -  2.97) and metastatic prostate 

cancer (RR 2.64 to 4.57) in two large studies (Chan, 1998, Giovannucci, 1998b). This 

association may be confined to older patients; studies with large numbers o f  young patients 

or localized tumours have shown no correlation. The action o f calcium on Vitamin D 

metabolism may be important; high serum calcium levels result in reduced production o f 

parathyroid hormone and suppression o f  Vitamin D production and activation.

Selenium, an essential mineral found in grains, meat, poultry, fish and eggs, is protective 

against prostate cancer. A prospective trial o f selenium supplementation in 1312 men 

reported a 65% reduction in prostate cancer incidence (RR 0.08 - 0.3) (Clark, 1996). An 

inverse relationship between selenium levels (measured in soil, crops and blood samples 

from study participants) and prostate cancer mortality has also been established in several 

studies (Platz, 2001). However, no association has been observed for dietary selenium  

intake and prostate cancer in case-control studies. This may be due to inaccuracies 

incurred in estimating daily intake. Selenium has a number o f tumour suppressor qualities: 

it inhibits cellular proliferation and tumour growth by increasing apoptosis and 

accumulating cells in metaphase. It is also necessary for glutathione peroxidase function in 

cellular detoxification (Griffin, 1979).

Ingestion o f plant phytochemicals, especially phytoestrogens derived from soybeans, are 

association with decreased risk in a number o f epidemiological studies and tumour 

suppression in animal studies (Barnes, 2001). The much lower incidence o f  prostate cancer 

observed in South-East Asia compared to the Unites States may be partly due to higher 

levels o f  soy and other sources o f  phytochemicals in the diet. High intake o f tea, 

particularly green tea (also more common in Asia), has been shown to be protective against 

prostate cancer development (Chhabra, 2001). A number o f different compounds in tea 

inhibit proliferation and malignant transformation in lung and skin cancer models. In 

addition, (-)-epigallocatechin-3-gallate, a component o f green tea, inhibits growth and 

induces apoptosis in prostate cancer cell lines (Ahmad, 1997).

While a diet rich in fruits and vegetables is thought to be protective against cancer in 

general, there is no proven association between prostate cancer risk and intake o f fruits, 

vegetables and associated vitamins A, C and E (Chan, 2001a).
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1.4.6.3.2 Vitamin D and UV radiation

UV radiation and high levels o f  vitamin D have been postulated to be protective against 

prostate cancer (Schwartz, 2005). Mortality rates from prostate cancer are inversely related 

to the availability o f UV radiation, with higher rates o f incidence in northern latitudes. The 

higher prostate cancer rates observed in African Americans may be related to lower levels 

o f sunlight-derived vitamin D, due to higher levels o f melanin in their skin. Pre-vitamin D 

is produced in the skin after sun exposure. This is hydroxylated in the liver and kidney to

1.25 vitamin D (1,25 D), the active form o f vitamin D. 1,25 D inhibits prostate cancer 

growth and stimulates cellular differentiation and PSA production in vitro. Activation of

1.25 D receptors in benign and malignant prostate cells suppresses proliferation. In vivo, 

administration o f 1,25 D analogues results in decreased tumour growth in murine primary 

and metastatic prostatic tumours (Schwartz, 2005). While results from population studies 

examining the protective effect o f vitamin D in humans have been inconsistent, 

polymorphisms o f  the 1,25 D receptor have been linked to increased prostate cancer risk.

1.4.6.3.3 Alcohol

A number o f studies have shown a modest increase in prostate cancer risk (RR 1.3) in 

alcoholics and heavy consumers o f alcohol (consumption o f about seven or more drinks 

per day) (Dennis, 2001). Chronic consumption o f alcohol tends to increase levels of 

circulating oestrogens and decrease circulating androgens. As prostate cancer is linked to 

androgen excess, any carcinogenic effect o f alcohol must act through androgen 

independent pathways. Development o f cirrhosis (with secondary marked oestrogen 

excess) is protective against prostate cancer development. Alcohol may act by increasing 

cell membrane permeability to carcinogens or by altering the availability or action of 

carcinogen detoxification enzymes. Low or moderate consumption o f alcohol does not 

appear to influence prostate cancer risk.

1.4.6.3.4 Smoking

The majority o f case control and cohort studies have shown no association between 

smoking and prostate cancer incidence (Hickey, 2001). Smoking has been associated with 

increased mortality from prostate cancer in a number o f studies and with advanced stage or
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poorly differentiated tumours. Proposed mechanisms for prostate cancer potentiation or 

acceleration include anti-oestrogenic effects, depression o f  immune function and induction 

o f mutations by carcinogenic compounds present in tobacco smoke.

1.4.6.3.5 Other factors

Although associations with prostate cancer risk have been suggested for a number o f  other 

environmental factors, published reports have been conflicting. There is therefore no 

proven association between prostate cancer risk and body mass index, physical activity, 

occupation, sexual behaviour and sexually transmitted disease.

1.4.6.4 Steroid hormone imbalance

Steroid hormones and their receptors have been strongly implicated in the development 

and progression o f prostate cancer. Growth and maintenance o f the normal prostate and o f 

prostate cancer cell lines is androgen-dependent. In laboratory animals, testosterone 

induces prostate cancer and anti-androgen treatment results in prostate cancer regression 

(Hsing, 1996). Despite this compelling evidence, a link between prostate cancer risk and 

serum androgen levels has not been established (Hsing, 2001). It is likely that the hormonal 

microenvironment within the prostate is more significant in prostate cancer potentiation 

than circulating androgen levels.

1.4.6.4.1 Androgens

The main circulating androgen is testosterone, which is converted to dihydrotesterone 

(DHT) in the prostate by steroid 5-alpha reductase type II (SRD5A2). DHT then binds to 

the intracellular androgen receptor, resulting in transcription o f genes necessary for DNA 

synthesis and cellular proliferation. The androgenic effects o f DHT can be modulated and 

upregulated by androgen receptor coactivators, such as ARA70, p i 60, AIBI and CBP 

(Hsing, 2001). In addition, other steroid hormones, including oestrogens and certain 

growth factors can activate the androgen receptor in the absence o f androgens and 

stimulate prostate cancer growth. Such androgen receptor-dependent, androgen 

independent growth is important in advanced prostate cancer that has become refractory to 

hormonal treatment, but may also contribute to growth in localized, hormone responsive
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tumours. Mutations in the androgen receptor gene contribute to androgen independence 

(Barrack, 1996).

1.4.6.4.2 Oestrogens and hormonal imbalance

Hormonal imbalance occurring as a consequence o f aging may also be important. With 

advancing age, serum levels o f testosterone and DHT decrease, while levels o f oestradiol 

and sex hormone-binding globulin (SHBG) increase (Leifke, 2000, Harman, 2001). These 

changes are progressive and coincide with the rise in prostate cancer incidence in the sixth 

decade. It has not been established how such hormonal imbalance could contribute to 

carcinogenesis within the prostate. Indeed the role o f  oestrogen in prostate cancer 

development is complex and poorly understood.

Oestrogen is used as an anti-androgen in the treatment o f advanced prostate cancer. 

However, oestrogens can have growth inhibitory and growth stimulatory effects on 

prostate cancer cell lines. Anti-oestrogens have growth inhibitory effects only (Lau, 2000). 

In vitro, the carcinogenic effects o f testosterone are enhanced by oestradiol administration 

(Lau, 2000). Oestrogens in cohort with SHBG can activate synthesis o f insulin-like growth 

factors which stimulate stromal proliferation, as well as androgen-dependent epithelial 

proliferation (Farnsworth, 1999). It is possible that phannacologic doses o f oestrogen 

inhibit prostate cancer growth by hypothalamic suppression, while physiologic doses 

promote tumour growth, either alone or through the actions o f  androgens (Hsing, 2001).

1.4.6.4.3 Non-steroid growth factors

Peptide growth factors, including insulin-like growth factors, are also thought to play a role 

in prostate cancer pathogenesis. Men with higher levels o f insulin-like growth factor I 

(IGF-I) have increased prostate cancer risk. IGF-I stimulates growth o f normal and 

malignant prostatic epithelium in vitro and is associated with prostatic growth, malignant 

transformation and cancer progression in vivo (Poliak, 2001). Peptide growth factors may 

carry out their actions via the androgen receptor pathway, or may act independently.
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1.4.6.5 Genetic factors

Environmental factors alone do not explain the marked variation in prostate cancer 

incidence between different races and global regions. Genetic factors appear to play a 

major role in prostate cancer risk and contribute to geographic and racial variation. Twin 

and family studies support a genetic role. Concordance o f  prostate cancer is higher among 

monozygotic twins (16 -  20%) than dizygotic twins (4 -  10%). In addition, men with 

affected first-degree relatives have an increased risk o f  prostate cancer. Genetic factors 

encompass rare mutations that give rise to inherited or familial prostate cancer and 

genetic polymorphisms that occur in the general population and are associated with 

sporadic prostate cancer.

Genetic aberrations involved in familial prostate cancer are high-penetrance mutations, 

which incur a markedly increased risk o f prostate cancer. These occur at a very low 

frequency in the general population. In contrast, low-penetrance polymorphisms are 

associated with a moderate or low increase in risk, but are much more prevalent and may 

play a significant role in sporadic prostate cancer. Polymorphisms in a number o f genes 

involved in detoxification and metabolism have been described.

1.4.6.5.1 Familial prostate cancer

Familial prostate cancer, which encompasses 10 -  20% o f all prostate cancer, is 

characterised by familial clustering o f prostate cancer. It is commonly defined as a family 

with 2 first-degree relatives or 1 first-degree and 2 second-degree relatives with prostate 

cancer (Stanford, 2001). Such individuals have up to a five-fold increase in risk and often 

present with early onset disease.

Hereditary prostate cancer is a more strictly defined subset o f familial prostate cancer, 

characterized by Mendelian inheritance o f rare susceptibility genes. Such a definition 

requires one o f the following (Stanford, 2001):

1) Three or more first-degree relatives with prostate cancer.

2) Three successive generations with prostate cancer.

3) Two siblings with prostate cancer diagnosed under the age o f 55.
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Hereditary prostate cancer accounts for less than 5% of all prostate cancer. Six prostate 

cancer susceptibility loci have been identified to date and are outlined in Table 1.7. Many 

o f these have been identified in cohorts where risk o f prostate cancer is increased 11 -fold 

or more (Steinberg, 1990). The specific mechanisms o f these susceptibility loci in prostate 

cancer development are as yet poorly understood. They do not appear to be important in 

studies o f sporadic prostate cancer, suggesting that familial and sporadic prostate cancer 

represent different diseases.

Locus Gene Name No. o f  
families

Study Location Reference

lq24-25 H PCl 91 US & Sweden (Smith, 1996)
lq42 PCAP 47 France & Germany (Berthon, 1998)
X^27-28 H PCX 360 US, Finland & Sweden (Xu, 1998)
lp36 CAPB 141 US (Gibbs, 1999)
20ql3 HPC20 162 US (Berry, 2000)
17p H P C 2/E L A C 2 33 Utah (Tavtigian, 2001)

Table 1.7 Hereditary prostate cancer loci identified to date (US = United States)

An increase in prostate cancer risk has been reported in male relatives o f  breast cancer 

patients (Tulinius, 1992), suggesting that other as yet unidentified susceptibility loci exist.

1.4.6.5.2 Polymorphisms of androgen metabolic loci

A number o f polymorphisms o f the androgen receptor gene and genes involved in 

androgen metabolism have been described in relation to prostate cancer. The most 

convincing epidemiological evidence for a role in prostate cancer risk exists for the A49T 

mutation o f the SRD5A2 gene. Epidemiological studies o f many o f the other 

polymorphisms have yielded conflicting results.

CYP17

The CYP17 gene encodes the enzyme 17 alpha-hydoxylase/17,20 lyase, which catalyses 2 

reactions in the biosynthesis o f testosterone. Two alleles have been described, CYP17*A1 

and *A2. The CYP17*A2 allele was reported as more frequent in American Caucasian 

prostate cancer patients than in matched controls (OR 1.7) while the CYP17*A1 allele 

occurred more commonly in Swedish prostate cancer patients than in controls (OR 1.6) 

(Lunn, 1999, Wadelius, 1999). It is unclear if  CYP17 polymorphisms contribute to prostate
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cancer risk; it is possible that particular alleles may predispose to prostate cancer within 

specific racial groups.

SRD5A2

Steroid 5-alpha reductase type II converts testosterone to DHT in the prostate. The 

encoding gene SRD5A2, located on chromosome 2p23, shows considerable allelic 

variation, including the following:

1) A polymorphic TA repeat in the 3 ’ region mainly found in African-American men that 

is associated with prostate cancer progression (Akalu, 1999).

2) An allelic variant, the V89L substitution, which has been associated with decreased 

risk o f prostate cancer in Asian men (Makridakis, 1997).

3) A missense mutation, A49T, that incurs a 7.2 fold increased risk in African-Americans 

and a 3.6 fold increased risk in Latinos (Makridakis, 1999). This mutation results in 

increased 5-alpha reductase activity in vitro and is associated with high stage disease 

and poor prognosis in vivo.

HSD3B2

The HSD3B2 gene encodes 3p-hydroxysteroid dehydrogenase type II, an enzyme that 

inactivates DHT in the prostate. Over 25 different alleles have been identified, with 

different frequencies in African-Americans, Asians and Caucasians and it has been 

suggested that HSD3B2 polymorphisms may play a role in racial variation o f  prostate 

cancer risk (Devgan, 1997).

AR

The AR  gene, which encodes the androgen receptor, is located on Xq. This gene has been 

the focus o f intense epidemiologic study in reference to prostate cancer. The following 

have been associated with cancer risk:

1) A polymorphic CAG trinucleotide repeat present in exon 1. Short repeat alleles are 

associated with a 1.5 to 2.1 fold increased prostate cancer risk and disease onset at an 

early age (Giovannucci, 1997, Ingles, 1997, Xue, 2000).

2) A second polymorphic GGN region in exon 1 has been associated with prostate cancer 

risk. Men with <16 GGN repeats in this region have a higher risk o f prostate cancer 

(RR 1.31 to 1.60) compared to men with >16 repeats (Stanford, 1997, Zeegers, 2004). 

The presence o f  short repeats in both regions (CAG and GGN) appears to further 

increase prostate cancer risk (Stanford, 1997).
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3) A G1733A polymorphism (Stu I), with *SJ and *S2 alleles. The *SJ Stu 1 allele results 

in a threefold increase in prostate cancer risk among African-Americans under the age 

o f  65 (Ross, 1998).

4) Somatic mutations in AR  gene, including AR  amplification, are associated with prostate 

tumour progression and androgen independence (Barrack, 1996).

1.4.6.5.3 Polymorphisms of other metabolic genes

Other genetic polymorphisms that have been implicated in prostate cancer risk include 

genes that function in metabolism and detoxification. The protein products o f these genes 

fall into two main groups: cytochrome enzymes and glutathione S-transferases.

Cytochrome enzymes

CYP3A4 is mitochondrial cytochrome P-450 enzyme capable o f  metabolising prescription 

drugs, sex hormones and inactivating exogenous carcinogens (Keshava, 2004). A variant G 

allele o f CYP3A4 is found in 9% o f Caucasian-Americans, 53% o f African-Americans and 

0% o f Chinese men (Rebbeck, 1998, Walker, 1998). This G allele is associated with 

increased risk in prostate cancer and increased likelihood o f high stage and high grade 

disease in Caucasians and African-Americans (OR 1.7 -  2.1). Polymorphisms o f C Y P lA l,  

CYP2CJ9  and CYP2D6 genes have also been associated with prostate cancer.

Glutathione S-transferases

G STPl and the related enzyme GSTM l are detoxification enzymes involved in 

conjugation o f toxic metabolites with glutathione. Two genetic polymorphisms that are 

associated with reduced enzymatic activity o f GSTPl have been described, but no definite 

association with cancer risk has been established. Silencing o f  GSTPl due to methylation 

o f its promoter region appears to be a much more frequent change in prostate cancer. In 

addition, deletions o f GSTMl gene are present in -50%  o f Caucasian populations, but 

studies have failed to show a risk association with prostate cancer.
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1.4.6.5.4 Fusion genes

A recent development in prostate cancer research is the identification of gene fusions o f the 

TMPRSS2 gene (21q22.3) with the ETS transcription factor family members, including 

ERG (21q22.2), ETVl (7p21.2) and ETV4 (17q21) (Tomlins, 2005, Tomlins, 2006). The 

most frequent recurrent genomic alteration involves fusion of the 5' untranslated region of 

TMPRSS2 with ERG, often due to intronic loss of genomic DNA between TMPRSS2 and 

ERG genes, both located on chromosome 21q22. TMPRSS2-ERG fusions have been 

identified in 39 to 55% of prostate cancers, whereas TMPRSS2-ETV1 and TMPRSS2-ETV4 

gene fusions are detected in a minority of cases (Tomlins, 2005, Tomlins, 2006). Rare 

cases showing TMPRSS2-ETV5 and SLC45A3-ETV5 gene fusions have also been described 

(Helgeson, 2008).

TMPRSS2-ERG fusion has been reported in 19 -  21% of HG-PIN lesions (Cerveira, 2006, 

Pemer, 2007). It is thought to be an early molecular event in prostate cancer, preceding 

chromosome copy number changes (Cerveira, 2006). This is supported by homogenous 

distribution of the fusion pattern in fusion-positive cases (Pemer, 2007). Characteristic 

morphological features associated with TMPRSS2-ERG fusion cancers include blue-tinged 

mucin, cribrifonn growth pattern, macronucleoli, intraductal tumour spread, and signet- 

ring cell features (Mosquera, 2007).

TMPRSS2-ERG fusion cancers appear to have a more aggressive phenotype. TMPRSS2- 

ERG fusion is associated with high Gleason grade, high tumour stage, higher rate of 

disease recurrence and increased likelihood of cancer specific death (Demichelis, 2007, 

Mehra, 2007, Nam, 2007, Pemer, 2007, Rajput, 2007). There is evidence to suggest that 

TMPRSS2-ERG fusion may be important in tumour invasion (Pemer, 2007). Transgenic 

mice expressing the TMPRSS2-ERG fusion product under androgen-regulation develop 

PIN, whereas introduction of the ERG gene fiision product into benign prostate epithelial 

cells induces transcription of genes associated with invasion (Tomlins, 2008). Finally, 

ERG knockdown in TMPPRSS2-ERG-pos\t\ve prostate cancer cell lines inhibits invasion 

(Tomlins, 2008).
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1.4.6.6 Gene-environment interaction

The combination o f environmental carcinogenic influences and genetic predisposition is 

thought to be key in the pathogenesis o f prostate cancer. It is likely that defective anti

oxidant defences (defects in genes important in detoxifying carcinogens) in combination 

with oxidative stress (due to dietary carcinogens, inflammation or lipid metabolism) 

predispose to the formation o f reactive oxygen species in the prostate. These free radicals 

can interact with and cause oxidative damage to genomic DNA, resulting in base 

oxidation, DNA strand breaks and DNA-protein crosslinks (Ames, 1993). Oxidized bases 

can give rise to mutation, often due to mispairing o f bases during DNA replication (Wood,

1990). Genomic strand breaks and crosslinks can give rise to deletion or translocation o f 

genetic material. In addition, ingested carcinogens can directly damage the genome via 

adduction to DNA bases (Davis, 1994). Progressive mutagenesis due to ongoing exposure 

to offending agents as well as defects in detoxification genes and TSG ’s can result in 

progressive transition through the normal -  HGPIN -  prostate cancer sequence.

1.5 Molecular pathology of prostate cancer 

1.5.1 Chromosomal alterations

As in HGPIN, many genetic aberrations have been identified in prostate cancer by CGH, 

FISH and polymerase chain reaction (PCR). The most commonly altered autosomes are 8, 

13, 7, 10, 16, 6 and 17 (in decreasing order o f  frequency). Gains o f the X chromosome (in 

whole or in part) and loss o f Y are also common. Loss o f 8p is the most consistent genetic 

change and 8q is the most frequently amplified region. In early prostate cancer, loss o f 

genetic material is more commonly identified than gains and amplifications. Gain o f 

genetic material occurs with increasing frequency in advanced and metastatic prostate 

cancer (Table 1.8).

Genetic aberration Percentage o cases affected Reference
Localized cancer Metastatic cancer

Gains o f 7, 8, 10, 12 or Y: 51 -6 8 % 9 6 -1 0 0 % (Qian, 1995, 
Jenkins, 1997)

Gains o f 8q / MYC 44% 92% (Jenkins, 1997)

Table 1.8 Gain of genetic material in localized and metastatic prostate cancer

39



Chapter 1 General Introduction

1.5.2 Tumour suppressors

Mutations in classic tumour suppressor genes (TSG’s) are uncommon in prostate cancer. 

While many hereditary prostate cancers occur secondary to alterations in TSG ’s, these 

genes are infrequently mutated or deleted in sporadic prostate cancer. However, a number 

o f  TSG’s occur in regions o f the genome that are consistently deleted in prostate cancer.

Loss o f function o f  a TSG usually requires inactivation o f both genetic alleles by deletion 

or mutation. An unusual finding in prostate cancer is that for many TSG’s implicated in 

tumour development, inactivation o f both gene copies is rarely identified. Epigenetic 

phenomena, including promoter hypermethylation may be important in silencing the 

remaining good copy o f the gene. Alternatively, loss o f a single copy o f the gene may be 

sufficient to allow or promote tumour development (Schulz, 2003). Such 

haploinsufflciency may be important in prostate cancer pathogenesis.

Losses o f 17p and lOq, where the TSG ’s p53  and PTEN  are located, occur with moderate 

frequencies in advanced prostate cancer (Schulz, 2003). Point mutations o f  p53  and PTEN  

have been reported, resulting in silencing o f the gene due to loss o f  the remaining copy. 

One copy o f the RB I (retinoblastoma) gene on 13q is commonly deleted in prostate 

cancer; however, in this case, the remaining copy is usually non-mutated and intact. Even 

so, immunohistochemical studies have shown loss o f RBI protein expression in prostate 

cancer, but results have varied between studies. The role o f p i 6*'^'^ encoded by CDKN2A 

on 9p2l is also controversial. This protein is involved in RBI regulation and cell cycle 

control. Deletions o f 9p are found infrequently in prostate cancer and 

immunohistochemical studies o f p i e x p r e s s i o n  have yielding conflicting results; 

some studies report loss o f expression while others report (paradoxical) overexpression. 

TSG ’s specific to prostate cancer have also been identified. Genes present on 8p, the most 

frequently deleted region in prostate cancer, are o f  particular interest. NKX3.J, located on 

8p21, encodes a transcription factor that is only expressed in the prostate. It is induced by 

androgens and activates transcription o f  prostate-specific genes. Inactivation o f  NKX3.1 in 

mice induces hyperproliferation and reduces prostatic differentiation (Abate-Shen, 2000). 

However, NKX3.1 has not been established as a TSG in humans. Even though the 

remaining copy o f the gene is generally neither mutated nor silenced, downregulation o f  

NKX3.I expression can occur, particularly in advanced cancers. NKX3.1 expression is lost 

in 20% o f HGPIN, 6% of early prostate cancer, 22% of locally advanced tumours, 34% o f
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hormone resistant cases and 78% o f metastases (Bowen, 2000). The mechanism by which 

this loss o f  expression occurs has not been established.

Other candidate TSG ’s include FO XPl, a transcription factor located on 3p, KLF6, a 

transcription factor on lOp, ANX7, an annexin on lOq and K A Il, a cell adhesion molecule 

on l i p.  O f these, KLF6 is the only gene for which inactivation o f the second copy by 

mutation has been reported. However KLF6 mutations have not been confirmed 

independently.

1.5.3 Oncogenes

Overexpression o f proto-oncogenes, often due to gene amplification, occurs more 

frequently in prostate cancer than activating mutations. MYC is overexpressed in up to 

92% o f metastatic cancers, usually due to gain o f 8 q or gene amplification. Other 

oncogenes on 8 q, including E1F3S3, which encodes a translation initiating factor and 

BCL2, an inhibitor o f apoptosis, are overexpressed in approximately 50% o f prostate 

cancers, particularly androgen resistant cases. Overexpression o f a number o f  growth 

factor receptors, including EGFR, MET, FGFR2c and HER2 (ERBB2), has been reported, 

particularly in hormone-resistant or metastatic tumours. Amplification o f HER2 gene has 

been reported in prostate cancer, but occurs infrequently. As in many cancers, oncogene 

expression is key in maintaining the disregulated growth characteristic o f aggressive 

tumours and occurs more frequently in advanced tumours. However, no single oncogene 

that is key in prostate cancer development has been identified.

Disregulation o f  oncogenes and TSG’s may have synergistic effects. For example, in 

normal cells, the growth stimulus conferred by MYC is limited by the pro-apoptotic 

actions o f p i p 5 3  and BAX (Schulz, 2003). Therefore, in a tumour cell, loss of 

P I 4 ARF1 Qj. p 5 3  expression and alteration o f the BCL2/BAX ratio may act in cohort with 

MYC overexpression to result in more rapid tumour growth than that which could be 

accounted for by MYC overexpression alone.

In a pilot CGH microarray study using paraffin-embedded material from 6  prostate 

cancers, Dr. Caroline Hughes from our group identified gene amplifications in a number o f 

potential key oncogenes in androgen independent and metastatic prostate cancer. TOP2A 

was identified as a gene o f interest in this study. T0P2A  encodes topoisomerase II alpha
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(topolla), a DNA gyrase involved in DNA replication and RNA transcription. There are a 

number of therapeutically useftil drugs that exert their effects by interfering with DNA 

topoisomerisation reactions. Co-amplification o f TOP2A gene and HER2 have been 

reported in breast, gastric and ovarian cancers. In our pilot study T0P2A was significantly 

amplified in androgen independent and metastatic prostate cancer, in the absence of HER2 

amplification. Thus T0P2A may be an important oncogene in prostate cancer progression.

1.5.4 Epigenetics

Mutation, gain or deletion of genetic material results in stable and irreversible changes in 

gene expression. In contrast, epigenetic phenomena can reversibly affect levels of gene 

expression without altering the genetic sequence. DNA methylation is a well-studied 

epigenetic mechanism. Hypermethylation of the promoter region o f a gene results in 

down-regulation of gene expression while hypomethylation of the promoter region is 

associated with gene overexpression. The GSTPl gene promoter is hypermethylated in the 

majority of prostate cancers and the precursor lesion HGPIN and is associated with loss of 

GSTPl expression. Global hypomethylation is defined as a decrease in DNA methylation 

in repetitive genome sequences that tend to be methylated in normal cells. Global 

hypomethylation is commonly found in high-stage, node-positive, androgen-resistant and 

metastatic tumours and is associated with disregulated gene expression (Schulz, 2003). 

Thus while hypermethylation of a specific gene (GSTPl) may be associated with tumour 

initiation, global genomic hypomethylation appears to be associated with tumour 

progression.

Other epigenetic mechanisms may play a role in prostate cancer pathology, particularly in 

the case of TSG’s which are downregulated, despite the presence o f a single intact, non

mutated, non-hypermethylated copy o f the gene. Epigenetics may be important in 

upregulation o f other genes e.g. EGFR in the absence of gene amplification. These 

epigenetic phenomena are poorly understood and difficult to study, but are likely to play a 

role in gene expression in prostate cancer.
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1.5.5 Expression microarray studies

The ability to monitor gene expression at the transcript level has become far easier with the 

development o f DNA microarrays, which allow monitoring of gene expression for tens of 

thousands of genes in parallel. Over 100 expression profiling studies using DNA 

microarrays have been published on prostate cancer specimens and cell lines, as well as 

specimens of HGPIN and benign glands from radical prostatectomy specimens. These 

studies have identified a number of genes that are differentially expressed between prostate 

cancer and benign glands (often cases of BPH) or whose expression varies depending on 

tumour grade or stage. For many of these genes, it has not been established how 

informative or reliable they are in predicting disease type and nature in clinical specimens. 

Two main avenues of research are being pursued to help with this problem (Schulz, 2003). 

Firstly, smaller arrays with defined sets of potentially infonnative genes are being 

constructed and tested on larger numbers of cases both retrospectively and prospectively. 

Secondly, single genes that show marked and reproducible alterations are being studied 

using reverse-transcription PCR (RT-PCR) and immunohistochemistry. The latter method 

has identified a number of interesting genes, which fall into two main categories:

1) Molecular markers of malignancy

a) Hepsin is a ubiquitous serine protease that is expressed at high concentrations in the 

liver and is thought to be important in cell growth. In many studies using 

expression microarrays, hepsin was the most significantly overexpressed gene in 

PIN and prostate cancer in comparison with benign prostate tissue (Dhanasekaran, 

2001, Luo, 2001). Hepsin protein was shown to be overexpressed in prostate cancer 

but not benign prostate glands using immunohistochemistry and tissue microarrays, 

with an association between low levels of protein expression and poor prognosis 

(Dhanasekaran, 2001).

b) The PIM l gene, which encodes a protein kinase, was also found to be 

overexpressed in PIN and prostate cancer using DNA microarrays. 

Immunohistochemical expression of PIMl was confined to malignant prostate 

epithelium and decreased expression correlated with measures o f poor patient 

outcome (Dhanasekaran, 2001).
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c) a-M ethylacyl-CoA racemase (AMACR) is an enzyme involved in fatty acid P- 

oxidation. AMACR is consistently overexpressed in prostate cancer and PIN with 

low to undetectable levels o f  expression in benign prostate tissue (Xu, 2000). 

Immunohistochemical studies have established AMACR as a useftil marker of 

prostatic malignancy and it has become a routine diagnostic test in evaluating 

prostatic biopsies containing atypical small acinar foci suspicious for prostate 

cancer (Jiang, 2001). The role o f AMACR in branched chain fatty acid oxidation is 

interesting in that cancer risk has been linked with intake o f meat and dairy 

products, major sources o f branched chain fatty acids in the diet.

2) Markers o f disease progression

A number o f genes have been found to be upregulated in metastatic prostate cancer 

compared to primary tumours. These include M TA l,  which encodes metastasis 

associated protein 1, a protein which is overexpressed in a number o f  metastatic 

tumours, EZH2, a developmental regulatory gene and transcriptional repressor and 

STK15, a proto-oncogene involved in the induction o f  centrosome duplication- 

distribution abnormalities and aneuploidy in mammalian cells (Zhou, 1998, 

Varambally, 2002, Hofer, 2004). The clinical significance o f these findings is as yet 

unknown.

A major triumph o f expression microarray profiling o f prostate cancer was the 

identification o f AMACR as a consistent marker o f prostatic neoplasia. The development 

o f  commercially available antibodies to AMACR and the introduction o f  AMACR 

immunohistochemistry into the pathology laboratory as a routine ancillary test in the 

evaluation o f  prostate needle biopsies is an example o f  the successful translation o f 

molecular findings into clinical practice. It is hoped that additional clinically informative 

disease markers will be identified from continued evaluation o f prostate samples in this 

manner.
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1.6 Aims and objectives

The overall aim o f this study was to identify markers o f clinical significance in prostate 

cancer, which had potential as either prognostic or diagnostic biomarkers. In addition, we 

hoped to gain insight into the process o f malignant transformation in the prostate and in 

particular, the role o f AMACR in carcinogenesis. As the field o f prostate cancer research, 

particularly the literature relating to microarray experiments, is vast and ever-expanding, 

we decided to confine ourselves to examining specific molecular pathways in detail, in the 

hope that such concentrated investigation would yield more informative results than a list 

o f a few hundred upregulated and downregulated genes that are unrelated from each other 

and are o f uncertain clinical significance.

The specific objectives were:

1. To identify key molecules involved in prostate cancer development and progression by 

comparing gene expression profiles o f benign prostate tissue, localized prostate cancer 

and advanced prostate cancer using DNA microarray analysis. A pathway-specific 

approach was adopted, focusing on the pathways o f detoxification, lipid metabolism 

and response to oxidative stress.

a. To validate results o f DNA microarray work using real-time PCR.

2. To investigate the role o f AMACR in prostate cancer development by:

a. Studying the immunohistochemical expression o f AMACR in benign prostate 

tissue, HGPIN, localized and advanced prostate cancer using standard sections and 

a prostate tissue microarray (TMA).

b. Comparing the expression profiles o f AMACR and related molecules involved in

fatty acid oxidation and metabolism in benign prostate tissue, localized and

advanced prostate cancer in the DNA microarray study.

3. To investigate the incidence o f  T0P2A  and HER2 gene amplifications and 

TOP2A/HER2 co-amplification in prostate cancer using FISH on the prostate TMA.

a. To compare these results with the immunohistochemical expression o f topolla and 

HER2 in BPH, localized and advanced prostate cancer.

b. To correlate TOP2A and HER2 gene overexpression/amplification profiles o f 

individual tumours with survival data using TM A’s and a clinical database.
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Chapter 2 Materials and Methods

2.1 Introduction

This chapter is a comprehensive account o f all the methodologies employed in this thesis, 

along with background infonnation for some o f the newer technologies. Several o f  the 

technologies are used in a number o f chapters. Where this occurs, the full description o f 

the technique is given in this chapter, but specifics (e.g. primer / probe sequences, antibody 

concentrations, optimised reaction conditions) appear in the relevant chapters only.

2.2 Cohorts

A search o f the pathology records o f  the Cellular Pathology Department, the Adelaide and 

Meath Hospital (AMNCH), Tallaght was conducted to identify patients with a diagnosis o f 

either BPH or prostate cancer between 1998 and 2005. One hundred patients with prostate 

cancer and fifty patients with BPH were identified by random selection. Chart review was 

performed for each case. Patients with prostate cancer were divided into two groups (Table 

2 . 1):

1) patients treated with radical prostatectomy (n = 41)

2) patients unsuitable for curative resection treated with hormonal therapy and 

palliative transurethral prostate resection (TURP) (n = 59)

The following clinical dataset was collated for each patient: age, date o f initial diagnosis, 

pre-operative PSA, clinical (Group 2) or pathological (Group 1) stage, combined Gleason 

score, date o f radical prostatectomy (Group 1) or TURP (Group 2), time to PSA recurrence 

or clinical evidence o f disease progression and survival time or time to last follow-up. 

Clinical data for both groups is shown in Table 2.1 and is summarized in Table 2.2. In 

Group 2, the presence or absence o f hormone-resistance was recorded; this was defined as 

increasing PSA or other evidence o f disease progression despite hormonal treatment. Age 

and date o f diagnosis were recorded for all patients with BPH.

Archival paraffin blocks from each o f  these cases were retrieved from the pathology 

archives for immunohistochemistry and FISH studies.
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{ S am llle lD  t G ro m  |  Sam|4eT^|Ne | Patien t Afie T um our Sfa&e Gleason Score
1 R33 1 Prostatectomy 50 T la 6
2 R34 1 Prostatectomy 52 T2a 6
3 R35 1 Prostatectomy 68 T3b 7
4 R36 1 Prostatectomy 60 T3a 6
5 R37 1 Prostatectomy 59 T2c 6
6 R38 1 Prostatectomy 51 T3a 6
7 R39 1 Prostatectomy 63 T3a 7
8 R40 1 Prostatectomy 61 T2c 6
9 R41 1 Prostatectomy 56 T2c 7
10 R42 1 Prostatectomy 53 T2c 6
11 R43 1 Prostatectomy 65 T2c 6
12 R44 1 Prostatectomy 55 T2c 7
13 R45 1 Prostatectomy 66 T2c 6
14 R46 1 Prostatectomy 57 T2c 6
15 R47 1 Prostatectomy 61 T2c 7
16 R48 1 Prostatectomy 56 T2c 6
17 R49 1 Prostatectomy 56 T2c 6
18 R50 1 Prostatectomy 56 T2c 6
19 R51 1 Prostatectomy 65 T2c 6
20 R52 1 Prostatectomy 44 T2c 7
21 R53 1 Prostatectomy 61 T3a 7
22 R54 1 Prostatectomy 55 T2c 7
23 R55 1 Prostatectomy 57 T2c 7
24 R56 1 Prostatectomy 54 T2c 6
25 R57 1 Prostatectomy 61 T2c 6
26 R58 1 Prostatectomy 45 T2c 6
27 R59 I Prostatectomy 57 T2c 6
28 R60 1 Prostatectomy 61 T2a 6
29 R61 1 Prostatectomy 50 T2c 7
30 R62 1 Prostatectomy 65 T2a 6
31 R63 1 Prostatectomy 64 T2c 6
32 R64 1 Prostatectomy 57 T2c 7
33 R65 1 Prostatectomy 46 T2a 6
34 R66 1 Prostatectomy 58 T2c 7
35 R67 1 Prostatectomy 57 T2c 6
36 R68 1 Prostatectomy 64 T2a 6
37 R69 1 Prostatectomy 59 T2c 7
38 R70 1 Prostatectomy 53 T2c 6
39 R71 1 Prostatectomy 64 T3a 7
40 R72 1 Prostatectomy 66 T2c 6
41 R73 1 Prostatectomy 65 T2c 6
42 CIO 2 TURP 66 T3 10
43 C ll 2 TURP 76 T3 9
44 C12 2 TURP 81 T3 9
45 C13 2 TURP 73 T3 9
46 C14 2 TURP 71 T3 7
47 C15 2 TURP 84 T4 10
48 C05 2 TURP 78 T3 7
49 C16 2 TURP 75 T4 7
50 CI7 2 TURP 83 T3 8

Table 2.1 Cohort of one hundred prostate cancer patients
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Samllia ID G row S a m n le i ^ Patient Ase lum our Stase Gleason Score
51 C18 2 TURP 70 T3 9
52 C19 2 TURP 87 T4 9
53 C20 2 TURP 72 T3 7
54 C21 2 TURP 83 T4 10
55 C22 2 TURP 84 T3 10
56 C23 2 TURP 51 T4 9
57 C24 2 TURP 80 T3 9
58 C25 2 TURP 81 T3 9
59 C26 2 TURP 80 T4 7
60 C27 2 TURP 63 T3 9
61 C28 2 TURP 68 T4 8
62 C29 2 TURP 71 T3 9
63 C30 2 TURP 72 T3 9
64 C31 2 TURP 77 T3 8
65 C32 2 TURP 68 T4 10
66 C33 2 TURP 68 T3 9
67 C34 2 TURP 50 T4 9
68 C35 2 TURP 91 T3 9
69 C36 2 TURP 75 T3 9
70 C37 2 TURP 67 T3 7
71 C38 2 TURP 69 T3 7
72 C39 2 TURP 68 T3 10
73 C40 2 TURP 77 T3 8
74 C41 2 TURP 76 T3 9
75 C42 2 TURP 70 T3 10
76 C43 2 TURP 74 T3 8
77 C44 2 TURP 79 T4 8
78 C45 2 TURP 79 T3 9
79 C46 2 TURP 58 T4 7
80 C47 2 TURP 75 T3 7
81 C48 2 TURP 83 T3 9
82 C49 2 TURP 77 T4 9
83 C50 2 TURP 68 T3 9
84 C51 2 TURP 84 T4 9
85 C52 2 TURP 62 T3 8
86 C53 2 TURP 86 T3 9
87 C54 2 TURP 71 T4 9
88 C55 2 TURP 80 T3 9
89 C56 2 TURP 71 T3 6
90 C57 2 TURP 70 T3 8
91 C58 2 TURP 83 T3 9
92 C59 2 TURP 78 T3 7
93 C60 2 TURP 77 T3 9
94 C61 2 TURP 84 T4 9
95 C62 2 TURP 84 T3 8
96 C63 2 TURP 64 T3 10
97 C64 2 TURP 72 T3 8
98 C65 2 TURP 77 T4 8
99 C66 2 TURP 73 T3 8
100 C67 2 TURP 68 T3 9

Table 2.1 continued
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Variable Group 1 Group 2

Age < 60 yrs 25 3

< 70 yrs 16 15

> 70 yrs 0 41

Gleason Score <6 27 1

7 14 10

8 0 12

9 0 28

10 0 8

TNM Stage T1 0 0

T2 35 0

T3 6 43

T4 0 16

Table 2.2 Summary of patient and tumour characteristics for initial 100 cases

Additional patients with prostate cancer or BPH entered the study prospectively. This 

group, who attended the AMNCH for prostate surgery during the period from September 

2003 to June 2005, included 39 patients with prostate cancer and 15 patients with BPH. 

Each patient was interviewed individually by the author and informed about the study aims 

and the methods o f tissue procurement. Consent for the procurement and use o f  fresh tissue 

samples for research was then sought. Only patients who gave consent for use o f their 

tissue were included in this study. (No patient refused consent). Fresh tissue samples from 

these patients were utilized in the expression microarray study.

2.3 Tissue procurement

Paraffin-embedded, formalin-fixed tissue blocks and fresh tissue samples were used in this 

study. All tissue samples were collected in the Cellular Pathology Department, AMNCH. 

Ethical approval for this project, including the procurement o f fresh tissue, was attained 

from the Joint Ethics Committee o f  the Federated Dublin Voluntary Hospitals in 

September 2003.
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2.3.1 Problems with harvesting fresh prostate cancer tissue

Surgically removed tissue from consented patients with prostate cancer or BPH was 

collected fresh from theatre and brought to the pathology laboratory where it was 

examined by a pathologist prior to tissue banking.

Prostate cancer presents a challenge to the process o f tissue banking as, unlike most forms 

o f cancer, it is often not discernible to the naked eye. Procuring fresh tumour samples 

therefore necessitates either blind sampling o f  tissue or identification o f the tumour 

location in the specimen by frozen sectioning. Carrying out frozen sections o f  an entire 

prostate would be extremely labour intensive and would significantly compromise the 

integrity o f the specimen, particularly the surgical margins o f  resection. Therefore a 

combination o f blind sampling and frozen sectioning was utilised to bank prostate cancer 

tissue while ensuring no compromise o f the diagnostic potential o f the sample.

Initially, prostate cancer was harvested from radical prostatectomy specimens in the 

laboratory using an 18-gauge trucut biopsy gun. Biopsies were flash frozen in liquid 

nitrogen and stored at -8 0  °C. Frozen sections o f these samples were cut, biopsies 

containing tumour were identified and tumour RNA was extracted following laser capture 

microdissection o f tumour epithelium from tissue sections. The tumour yield, and 

subsequent yield o f nucleic acid using this method was insufficient for use in microarray 

analysis. A new method o f harvesting a greater volume o f  cancer tissue from radical 

prostatectomy specimens was devised and put into use. This method, which yielded 

sufficient amounts o f tumour tissue and tumour nucleic acids for array analysis, is detailed 

below.

Each specimen was assigned an identification number (ID), based on the tissue type and 

the chronological order o f  tissue harvesting. Radical prostatectomies were assigned ROl to 

R30, TU RP’s for BPH were assigned BOl to B14, TU RP’s for prostate cancer were 

assigned COl to C09 and a simple prostatectomy for BPH was assigned MOl.
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2.3.2 Harvesting fresh cancer tissue from radical prostatectomy specimens

1) Collect the specimen and completed histology request form from theatre. On arrival in 

the laboratory, allocate a histology number to the specimen.

2) Remove all staples and sutures. Ink the entire surface o f the specimen.

3) Label a corkboard with the patient’s name and the specimen details.

4) With a clean brain-knife, amputate the prostatic base and seminal vesicles. Section the 

remainder o f the specimen at 5 mm intervals. The end result is the following: prostatic 

base, X number o f intervening slices, prostatic apex. Lay these out on a corkboard and 

indicate the orientation o f each slice on the board.

5) Keeping within the boundary o f the inked resection margin, take a 1 mm thick shave o f 

tissue from each slice. Bisect, wrap each piece in tin foil and place in a cassette labelled 

with the specimen number, study ID, slice number and side (right or left).

6) Immerse the cassettes in liquid nitrogen for 2 minutes and then store at -8 0  °C.

7) Pin the remaining tissue to the corkboard and fix in 10% buffered formalin. Process the 

tissue as per laboratory protocol the following day.

8) When the histology report for the specimen is finalized, cut frozen sections o f the 

harvested tissue until tumour is identified. Start with the slices corresponding to those 

that contained the greatest volume o f tumour in the formalin fixed tissue. Dissect the 

tumour from the surrounding tissue using a scalpel blade and extract tumour RNA.

2.3.3 Harvesting fresh tissue from TURP specimens

1) Collect the specimen and completed histology request form from theatre. On arrival in 

the laboratory, allocate a histology number to the specimen.

2) Record the weight o f the specimen. Harvest 10% of the specimen, selecting chippings 

that show minimal cautery artefact.

3) Divide each chip into smaller fragments (4mm in maximum dimension) and place in an 

eppendorf tube labelled with the specimen number and study ID.

4) Immerse in liquid nitrogen for 2 minutes, then store at -8 0  °C.

5) Place some fragments in separate eppendorfs containing RNALater RNA Stabilization 

Reagent, a solution used for storing RNA without degradation. Place these eppendorfs 

in a 4 °C fridge for 24 hours, then store at -8 0  °C.
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6) After the histology report for the specimen is finalized, cut frozen sections o f the tissue 

to confirm the presence o f appropriate tissue (tumour or BPH glands).

2.3.4 Cutting frozen sections

The frozen section technique was employed to establish the presence o f tumour in TURP

chippings or to identify tumour in tissue from radical prostatectomy specimens.

1) Place the frozen tissue fragment on a corkboard in a large drop o f embedding 

compound OCT. Place the corkboard on a freezing microtome chuck.

2) Immerse the tissue, cork and chuck in liquid nitrogen.

3) Transfer the chuck to the cold plate o f  the microtome. “Face o f f ’ the block at a cutting

depth o f 40|am. After facing off, cut sections at 8 ^im intervals.

4) Fix slides in alcohol and stain with haematoxylin & eosin (H&E), using a frozen

section staining protocol. Coverslip slides and examine.

2.3.5 Formalin fixed paraffin embedded tissue

Formalin fixed (10% buffered) and paraffin embedded tumour samples were selected from

the pathology files o f the Cellular Pathology Department, AMNCH. H&E stained slides o f

all tumour samples were reviewed.
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2.4 Nucleic acid extraction

The following protocol was used for the extraction o f total ribonucleic acid (RNA) from 

frozen tissue. The protocol involves tissue homogenisation using a mortar and pestle, 

QIAshredder columns, and a lysing buffer (Buffer RLT). The homogenized sample is then 

applied to an RNA-binding column (RNeasy mini column). Bound DNA is removed from 

the column by on-column DNA digestion. Bound RNA is then eluted into a final sample 

volume o f 30 fil. This method supplies sufficient quantities o f high quality RNA for 

techniques such as expression microarray analysis.

2.4.1 RNA extraction from frozen tissue using Qiagen RNeasy Mini columns

Reagent preparation

1) Add P-Mercaptoethanol (P-ME) to Buffer RLT before use. Make a sufficient amount 

o f Buffer RLT (600 |al required per sample) by adding 10 |j.l P-ME per 1 ml buffer.

2) Add 4 volumes o f 100% ethanol to supplied volume o f Buffer RPE before first use.

3) Dissolve DNase I powder in 550 |il RNase-free water before first use. Do not vortex. 

Divide this solution into single-use aliquots to minimize repeated thawing and 

refreezing.

Tissue homogenisation

1) Place up to 30 mg tissue in a cooled, clean mortar dish. Cover with liquid nitrogen.

2) Allow liquid nitrogen to evaporate and grind tissue thoroughly using the pestle. Take 

care to minimize loss o f tissue over the edge o f the dish and thawing o f tissue.

3) Decant tissue powder into a 1.5ml eppendorf tube and add 600 fil o f Buffer RLT.

4) Pipette tissue lysate onto a QIAshredder spin column, place the QIAshredder column in 

2 ml centrifuge tube and centrifuge for 2 minutes at maximum speed.

5) Remove the QIAshredder column, cap the collection tube and centrifuge for 3 minutes 

at maximum speed. Unless very small amounts o f tissue are used, a pellet will be 

visible at the bottom o f the collection tube. Only the overlying supernatant should be 

used in subsequent steps.
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RNA binding and DNA digestion

1) Carefully transfer the supernatant to a clean 1.5 ml eppendorf tube.

2) Add 600 |al o f 70% ethanol to each sample and mix by pipetting.

3) Apply up to 700 |al o f the sample to an RNeasy mini column, place the column in 2 ml 

centrifuge tube and centrifuge for 15 seconds at >8000 x g. Discard the flow through.

4) Pipette the remaining sample onto the RNeasy column, place the column in the same 

collection tube and centrifuge for 15 seconds at >8000 x g. Discard the flow through.

5) Pipette 350 |il o f  Buffer RW l onto the RNeasy column, place the column in the same 

collection tube and centrifuge for 15 seconds at >8000 x g. Discard the flow through.

6) Add 10 |il DNase I stock solution to 70 |̂ 1 Buffer RDD. Mix by inverting the tube. 

Pipette the 80 (il DNase incubation mix directly onto the silica-gel membrane o f the 

RNeasy column, taking care not to touch the membrane with the pipette-tip. Incubate at 

room temperature for 15 minutes.

7) Pipette 350 |al Buffer RW l onto the column, place in the collection tube and centrifuge 

for 15 seconds at >8000 x g. Discard the flow through and the collection tube.

Washing the column and RNA elution

1) Transfer the RNeasy mini column to a clean 2 ml collection tube.

2) Pipette 500 ^1 Buffer RPE onto the column and centrifuge for 15 seconds at >8000 x g.

Discard the flow through and replace the column in the collection tube.

3) Pipette 500 |al Buffer RPE onto the column and centrifuge for 2 minutes at >8000 x g

to dry the gel membrane. Discard the flow through and replace the column in the tube.

4) Centrifuge for 1 minute at maximum speed.

5) Transfer the column to a 1.5 ml collection tube. Pipette 30 |il RNase-free water directly 

onto the silica-gel membrane. Centrifuge for 1 minute at >8000 x g to elute.

6) Pipette the eluate from step 5 onto the silica-gel membrane and replace the column in 

the same collection tube. Centrifuge for 1 minute at >8000 x g.

7) Store the RNA samples at -2 0  °C or -7 0  °C for up to one year.
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2.4.2 Assessment of RNA quantity and quality

In m ost cases, RNA concentration and quality was determ ined using the Agilent 2100 

B ioanalyser. W here this m ethod w as unavailable, RNA concentration was determ ined by 

m easuring the absorbance at 260 nm (A 260) and 280 nm  (A 280) in a U V  spectrophotom eter 

and RN A quality was assessed by agarose gel electrophoresis.

2.4.2.1 Agarose gel electrophoresis

The integrity and size distribution o f  total purified RNA w as checked using denaturing 

agarose gel electrophoresis and ethidium  brom ide staining. G ood quality, non-degraded, 

total RN A should appear as two sharp bands on a stained gel: a 28S RNA band (« 5000 

kilobases (kb)) with an intensity approxim ately tw ice that o f  the 18S band (»  1900 kb). A 

sm ear o f  sm aller R N A ’s on the gel suggests m ajor degradation during specim en 

procurem ent or RNA purification. D egraded R N A ’s are unsuitable for DNA m icroarray 

analysis and were not used in this study.

1) Prepare a 1.5% agarose gel by dissolving 0.75 g agarose in 50 ml Tris Acetate EDTA 

(TAE) buffer.

2) Heat in a m icrowave until the agarose pow der is com pletely dissolved.

3) In a fum e cupboard, add 2.5 fil ethidium  brom ide to the gel w hen it has cooled slightly 

(to m inim ize ethidium  brom ide vapour).

4) D ecant the agarose/ethidium  brom ide mix into a gel m ould and allow  to solidify. 

T ransfer to a gel tank and cover w ith TA E buffer

5) Prepare the following m ixture for each sample: 2 |̂ 1 RNA sam ple, 1 |il form am ide, 2 |_il 

6X gel loading buffer and 7 |il TA E buffer.

6) Pipette the 12 |il m ixture for each sam ple into a separate lane in the gel.

7) C lose the gel tank, switch on the pow er-source and run at 50 - 80V for 20 - 60 m inutes.

8) Carry the gel to the dark room  and view  / photograph on the UV light-box, using 

appropriate face and skin protection.

9) D ispose o f  gel, gloves and pipette tips in a dedicated ethidium  brom ide waste 

container.
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2A.1.2 Spectrophotometry

The nitrogenous bases in RNA and D N A  absorb UV light with a maximum absorption at 

about 260 nm. The A 260 in a 1ml cuvette o f  a 50|ig/m l solution o f  double stranded DNA or 

a 40|ig/m l solution o f  single stranded RNA is equal to 1. The concentration o f  RNA in a 

sample can therefore be calculated as follows;

RNA concentration (fig/m l) = A 260 x dilution factor x 40

A 2 |il aliquot o f  the original RNA sample is generally diluted up to 100 |j.l volume for 

spectrophotometry, therefore the dilution factor is generally 50.

The RNA concentration is therefore = A 260 x 50 x 40 = 200 x A 260

Proteins have a UV absorption maximum o f  280 nm. The absorbance o f  a sample at 280 

nm (A 280) gives an estimate o f  the protein contamination o f  the sample. The A 260 / A 280 

ratio is a measure o f  the purity o f  an RNA sample; it should be around 1.9 -  2.1.

1) Turn on the spectrophotometer, allowing up to 15 minutes for the UV lamp to heat up.

2) Choose Nucleic Acid from the Main Menu. Ensure the measured absorbances are 260 

and 280.

3) Clean the cuvette with lens paper. Pipette 100 |̂ 1 water into the cuvette, place in the 

machine and click Read Blank.

4) Rinse and dry the cuvette, pipette the diluted sample into the cuvette and click Read 

Sample.

5) Record the A 260 and A 280 and A 260 / A 280 ratio for each sample. Calculate the RNA  

concentration (^g/ml) by multiplying A 260 by 200.
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2A.2.3  Assessing RNA quality and quantify using the Agilent 2100 Bioanalyser

The A gilent B ioanalyser is a system  that assesses both RNA quality and quantity in one 

step, obviating the need for both agarose gel electrophoresis and UV spectrophotom etry. It 

is also m ore sensitive and accurate than spectrophotom etry for sam ples containing very 

small am ounts o f  RN A (suitable for concentrations as low as 5ng/|il). This system  utilizes 

b ioanalyser chips that contain an interconnected set o f  gel-filled channels that allow  sizing 

and quantification o f  nucleic acid fragm ents based on m igration tim e along the gel. Each 

chip contains 16 wells, 12 for individual sam ples and 4 for gel-dye mix and control sample 

(RNA ladder). One |al o f  each sam ple is loaded onto the chip, which is then placed in the 

bioanalyser. The lid o f  bioanalyser contains 16 electrodes that fit into the wells o f  the chip. 

A fter the run is started, the bioanalyser plots electropherogram s for each o f  the sam ples 

and com pares these with that o f  the RNA ladder to calculate the concentration o f  RNA in 

each sam ple. The ratio o f  the 18S and 28S RNA bands is calculated and a gel-like im age o f  

the data is displayed which is helpful in assessing RNA quality.

<--------- 28S band

  IBS band

M arker

Figure 2.1 Example of an Agilent 2100 Bioanalyser gel display for 6 samples. RNA 

ladder is in column 1 and sample 1 is highlighted in column 2. Features for a 

successful run are 2 ribosomal bands (with successful sample preparation) and 1 

marker band. A smear indicates RNA degradation.
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2.5 Gene expression microarrays

The Applied Biosystems Expression Array System is based on a microarray design that 

represents the whole human genome, utilises current transcript data and relies entirely 

upon validated gene annotations. Each probe is part o f a relational database that includes 

both Celera Genomics annotations and those in the public domain. Combined with 

specially developed chemiluminescent chemistries, this complete system delivers greater 

probe and detection sensitivity than previous generations o f microarray systems. In 

addition annotation information for all o f the 31,097 human genes that are represented on 

the microarray is included in an Oracle® database that is provided with the 1700 system. 

The manufacturers suggest that the result is a complete system that is capable o f rapid and 

accurate analysis o f microarray data for gene expression research. ‘Follow on’ experiments 

from microarrays can be achieved by linking to quantitative real time PCR TaqMan® 

probe based assays that enable microarray data validation, absolute quantitation o f 

transcript production and investigation o f alternative splicing events.

The Applied Biosystems Expression Array System consists o f an Analyser (Applied 

Biosystems 1700 Chemiluminescent Analyser) that can image arrays in 

chemiluminescence, to survey and measure the gene expression at very low levels and in 

fluorescence, to locate and auto-grid features. The 1700 is equipped with a state-of-the-art 

high resolution, large fonnat CCD camera. The cooled CCD is back-illuminated for high 

efficiency and has very low read noise. This, coupled with the low background from 

chemiluminescence, results in very high sensitivity.

The microarrays are sealed in a pre-assembled cartridge and contain oligonucleotides with 

a feature diameter o f <180 |im, and a space o f >45 |im  (edge-to-edge) between each 

feature. The oligonucleotides target transcripts in each gene o f  the human genome. 

Oligonucleotide probes are designed to ensure maximal specificity. Prior to microarray 

manufacture, all probes undergo analysis by mass spectrometry for quality control. All 

Applied Biosystems microarrays utilize 60-mer oligonucleotides (oligos) as DNA probes. 

Oligos o f  this length offer the best combination o f  sensitivity and specificity when 

compared to microarrays containing either shorter oligos or cDNA probes. 60-mer oligos 

offer the good single-base hybridisation specificity that is expected from shorter oligos, 

and the strong sensitivity o f longer fragments expected from cDNA arrays.
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2.5.1 RT-IVT labelling

The Applied Biosystems Chemiluminescent RT-IVT Labelling Kit produces sufficient 

cDNA for microarray analysis from as little as 500ng o f starting total RNA. The chemistry 

o f the RT-IVT Kit exploits the Eberwine (Van Gelder, 1990) linear amplification 

procedure, which converts mRNA into cDNA and then into amplified RNA, in a manner 

that allows up to 10^ amplification o f the starting material. The reverse transcriptase 

incorporates deoxynucleotides and digoxigenin-dUTP (DIG-dUTP) in the synthesis o f 

single-stranded cDNA from sample RNA and RT Labelling Control RNA. Multiple 

transcription rounds result in the production o f DIG-labelled cRNA (see Figure 2.2). The 

resultant digoxigenin-labelled cDNA or cRNA is specifically hybridised to the Applied 

Biosystems microarray.

Reverse transcrip tion
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cONA purification
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Figure 2.2 RT-IVT DIG-labelling of sample mRNA
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Reverse Transcription

1) For each sam ple, dilute < 2 )ig total RN A to 10 )al volum e using nuclease-free w ater.

2) Thaw  the follow ing on ice: T7-01igo (dT) prim er. Control RN A, lOX 1st Strand B uffer 

M ix, RN ase Inhibitor and RT Enzym e on ice. V ortex and centrifiige reagents.

3) W arm  lOX 1st Strand Buffer M ix at 37 °C for 2 to 3 m inutes.

4) In a 0.2-m L m icroA m p tube, add 2 (il T7-01igo (dT) prim er and 4 |il C ontrol RN A  to 

10 |il RN A sample.

5) Heat and cool the RN A and prim er mix in a therm al cycler at 70 °C  for 5 m inutes.

6) A dd 1 |il RN ase Inhibitor, 2 |̂ 1 lOX 1st Strand B uffer M ix and 1 |il RT Enzym e to the 

m icroA m p tube on ice (mix by pipetting).

7) Perform  reverse transcription in a therm al cycler:

mm Tenqierature Time Reaction Volume
1 25 “C 10 m inutes

20 III
2 42 °C 2 hours
3 70 °C 15 m inutes
4 4°C Indefinite hold

Second Strand Synthesis

1) Thaw  5X 2nd Strand B uffer M ix and 2nd Strand Enzym e M ix on ice. Vortex and 

centrifuge reagents.

2) W arm  5X 2nd Strand B uffer M ix at 37 °C for 2 to 3 m inutes.

3) A dd 55 |il nuclease-free water, 20 |al 5X 2nd Strand Buffer M ix and 5 |al 2nd Strand 

Enzym e M ix to the cDNA m ixture on ice (mix by pipetting):

4) Perform  second strand synthesis in a therm al cycler:

Stage Temperature Time Reaction Volume
1 16 °C 2 hours

100 ^12 70 °C 15 m inutes
3 4 “C Indefinite hold

Purifying cDNA

1) Place a N ano-purification colum n in a 2.0 ml receptacle tube.

2) A dd 100 )il D N A  Binding B uffer to the entire 2"'  ̂ strand synthesis reaction.

3) T ransfer the m ixture to the purification colum n and centriftige at 13000 x g for 1 min.

4) D iscard the flow  through and centrifuge again at 13000 x g for I m inute.

5) A dd 300 )al D N A  W ash Buffer to the colum n. C entrifuge at 13000 x g for 1 minute.

6) D iscard the liquid and repeat step 5. T ransfer the colum n to a 1.5 ml elution tube.
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7) Pipette 10 |il o f DNA Elution Buffer onto the matrix at the bottom of the column. 

Incubate at room temperature for 1 minute. Centrifuge at 13000 x g for 1 minute.

8) Repeat step 7 for a final elution volume o f 20 |al.

Performing In Vitro Transcription (IVT) Labelling

1) Thaw DIG-UTP, 5X IVT Buffer Mix and IVT Enzyme Mix on ice.

2) Warm 5X IVT Buffer Mix at 37 °C for 2 to 3 minutes. Vortex.

3) Add 4 |il nuclease-free water, 8 |̂ 1 5X IVT Buffer Mix, 4 DIG-UTP and 4 |il IVT 

Enzyme Mix to the cDNA output on ice (mix by pipetting).

4) Perform IVT in a thermal cycler by heating at 37 °C for 9 hours.

Purifying cRNA

1) Place an RNA purification column in a 2.0 ml receptacle tube.

2) Add 20 |al nuclease-free water, 200 |il RNA Binding Buffer and 140 |̂ 1 100% ethanol 

to the entire IVT reaction.

3) Transfer the mixture to the purification column and centrifuge at 13000 x g for I min.

4) Discard the flow through and centrifuge again at 13000 x g for 1 minute.

5) Add 500 fj.1 RNA Wash Buffer to the column. Centrifuge at 13000 x g for 1 minute.

6) Discard the liquid and repeat step 5. Transfer the column to a 1.5 ml elution tube.

7) Pipette 50 p.1 o f RNA Elution Buffer onto the matrix at the bottom o f the column. 

Incubate at room temperature for 2 minutes. Centrifuge at 13000 x g for 1 minute.

8) Repeat step 7 for a final elution volume o f 100 |il.

2.5.2 Chemiluminescence Detection

The Applied Biosystems Chemiluminescence Detection Kit is used to visualize features 

that have digoxigenin-labelled cDNA or cRNA bound to the oligonucleotide probes. 

Visualization is achieved by incubating the microarray with an anti-digoxigenin alkaline 

phosphatase conjugate. Alkaline phosphatase hydrolyses a chemiluminescent substrate and 

emits light at a wavelength o f ~458nm. The signal intensity is proportional to the mRNA 

level expressed in the cells (see Figure 2.3).
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Figure 2.3 Chemiluminescent detection of bound DIG-labelled cRNA

Also present during hybridisation is a 24-mer oligonucleotide labelled with the fluorescent 

LIZ® dye. This oligonucleotide is complementary to one that is co-deposited at microarray 

features during manufacture o f Applied Biosystems microarrays. The fluorescent signal, 

which has a close spatial correlation with the chemiluminescent signal, locates all features 

on the microarray, even in the absence o f gene expression products (Figure 2.4).

60-mer
Oligo

/^24-mer

M icroarrav

“̂ D I G

M icroarray

Im m obilized ICP O ligo H ybridization
(co-spo tted  in every  location)

DIG = D ig o x ig e n in =  Liz* O y e

Figure 2.4 Fluorescent oligos used to image microarray features
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A motorized chassis moves the microarray into the optical path o f the analyser to detect 

chemiluminescent and fluorescent signals. System software can then relate the resultant 

intensities to gene expression, accurate feature registration, and data quality control. When 

the microarray is loaded into the 1700 analyser, the temperature is raised to 35°C in order 

for the enzymatic reaction to reach a steady state. Multiple images are then taken to bring 

the microarray into focus and to measure, in turn, the fluorescent and chemiluminescent 

signals.

The microarray is imaged in both short (5 seconds) and long (25 seconds) read times to 

extend the linear dynamic range o f the chemiluminescent signals (> 1,000-fold). There are 

two imaging areas for each microarray. The total time required to image a microarray, 

including the pre-incubation and focus steps, is approximately 12 minutes. Light 

production on the microarray reaches a steady state within the first five minutes, while the 

microarray is being focused and brought up to 35°C. The chemiluminescent reaction emits 

light at a steady state for at least 60 minutes thereafter. The absence o f an excitation 

background, together with the highly reproducible photon emissions, makes the signal-to- 

noise ratio produced from equivalent hybridisations superior to that found in alternative 

array systems.

Prehvbridising Microarravs and Fragmenting cRNA

1) Switch on the hybridisation oven and set the temperature to 55°C and the agitation 

speed to 100 rpm.

2) Allow the cRNA Fragmentation Buffer and cRNA Fragmentation Stop Buffer to 

equilibrate to room temperature for 1 hour.

3) Warm the Hybridisation Buffer, Hybridisation Denaturant and Blocking Reagent at 

37°C for 30 minutes.

4) Prepare a prehybridisation mastermix in a nuclease-free tube, including one 1 mL 

aliquot per array.

Component Volume CiiL)
Nuclease-free water 150
Hybridisation Buffer 330
Hybridisation Denaturant 100
Blocking Reagent 420

Total per Microarray 1000
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5) Repeat the following for each microarray:

a) Remove the foil wrapping, and enter the microarray and corresponding sample 

details into the computer.

b) Remove the plastic plug and pipette 1 mL o f prehybridisation mixture into the port.

c) Dry the port with tissue and seal with the plug. Tilt the array to evenly wet the 

surface.

6) Place all the cartridges in the oven and incubate for 1 hour at 55 °C.

7) Meanwhile, for each sample, calculate the volume from the RT-IVT reaction that 

contains 10 |u,g cRNA. Dilute to a volume o f  90 |il using nuclease-free water.

8) Add 10 |j.l o f cRNA Fragmentation Buffer to the diluted cRNA in a 0.2 mL tube.

9) Heat the 100 fj.1 sample in a thermal cycler at 60 °C for 30 minutes.

10) Add 50 |il o f cRNA Fragmentation Stop Buffer to each tube, and place on ice to 

neutralize the fragmentation reaction.

Hvbridising Samples to Microarrays

1) For each microarray, prepare the following hybridisation mixture in a separate tube:

Component Volume Cm1«I
Nuclease-free water 100
Hybridisation Buffer 170
Hybridisation Controls 30
cRNA sample from step 10 above 150
Hybridisation Denaturant 50

Total per Microarray 500

2) Repeat the following quickly for each microarray:

a) Remove the microarray from the oven and remove the plastic plug.

b) Pipette the 500 |j L hybridisation mixture into the port.

c) Dry the port with tissue and seal with the plug. Record the microarray number and 

the corresponding sample number.

3) Return the microarrays to the oven and incubate for 16 hours at 55 °C.
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Hybridisation Washes

1) Warm the Chemiluminescence Enhancing Solution and Blocking Reagent at 37°C for 

30 minutes. Allow to come to room temperature before use, along with the 

Chemiluminescence Enhancing Rinse Concentrate.

2) Prepare the following washes:

a) Hybridisation wash buffer 1

ComiHinent Volume CmL)
Hybridisation Wash Buffer Concentrate 60
Hybridisation Wash Detergent Concentrate 120
Nuclease-free deionised water 420

Total 600

b) Hybridisation wash buffer 2

Component Volume (mL)
Hybridisation Wash Buffer Concentrate 3
Nuclease-free deionised water 597

Total 600

c) Chemiluminescence (CL) rinse buffer

Comnonent Volume CmL)
Chemiluminescence Rinse Buffer Concentrate 125
Nuclease-free deionised water 2375

Total 2500

d) Chemiluminescence (CL) enhancing rinse buffer

Component Volume (mL)
Chemiluminescence Enhancing Rinse Concentrate 20
Nuclease-free deionised water 380

Total 400

3) Transfer 600 mLs wash buffer 1 to a clean wash tray.

4) For each microarray (up to four arrays per wash tray):

a) Remove the cartridge from the oven, and remove the microarray from the cartridge.

b) Decant the liquid from the microarray, and place the microarray in the wash tray.

5) Agitate for 5 minutes on a rocking platform set at a 10” angle and at 30 tilts per minute.

6) Drain wash buffer 1, then add 600 mLs wash buffer 2 to the wash tray.

7) Agitate for 5 minutes on the rocking platform.

8) Drain, then add 400 mLs CL rinse buffer to the wash tray. Agitate for 5 minutes.

9) Drain, then add 400 mLs CL rinse buffer to the wash tray. Agitate for 5 minutes.

10) Cover the wash tray and place on the bench top for up to 1 hour.
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Antibody Binding and Antibody Washes

1) Centrifuge the anti-digoxigenin-AP at full speed for 5 minutes.

2) Prepare a mastermix o f the following components in a nuclease-free tube, including 

one 4 mL aliquot per array:

Comnowmt Volume CmL)
Nuclease-free water 2.8
Chemiluminescence Rinse Buffer Concentrate 0.2
Blocking Reagent 1.0
Anti-digoxigenin-AP 0.015

Total per Microarray 4.015

3) Repeat the following quickly for each microarray:

a) Remove a microarray from the wash tray, decant any fluid then place the array 

directly on the rocking platfonn.

b) Pipette 4 mL CL blocking buffer/antibody mixture onto the microarray.

4) Agitate for 20 minutes on the rocking platform.

5) Transfer 500 mLs CL rinse buffer to a clean wash tray.

6) Decant the fluid from the microarrays and place them in the wash tray. Agitate for 10 

minutes on the rocking platform.

7) Drain, then add 500 mLs CL rinse buffer to the wash tray. Agitate for 10 minutes.

8) Drain, then add 500 mLs CL rinse buffer to the wash tray. Agitate for 10 minutes.

Chemiluminescence Reaction and Chemiluminescence Detection

1) Switch on the Applied Biosystems 1700 Chemiluminescent Analyser.

2) Transfer the microarrays to a clean wash tray containing 400 mLs CL enhancing rinse 

buffer. Agitate for 10 minutes.

3) Repeat the following for each microarray:

a) Remove the microarray from the wash tray, decant any fluid then place the array on 

the rocking platform.

b) Add 4 mL o f Chemiluminescence Enhancing Solution to the microarray. Agitate 

for 20 minutes.

4) Transfer the microarrays to a clean wash tray containing 400 mLs CL enhancing rinse 

buffer. Agitate for 5 minutes.

5) Cover the wash tray and place on the bench top for up to 3 hours.
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6) Repeat the following for one microarray at a time:

a) Remove the microarray from the wash tray and decant any fluid.

b) Add 3.5 mL o f Chemiluminescence Substrate to the microarray.

c) Load the microarray into the 1700 Chemiluminescent Analyser.

d) In the AB1700 Software, enter the microarray data and select Start to commence 

reading the array.

2.5.3 Array controls

A number o f features that assess the success o f each o f the various steps in the Expression 

Array System are built into each microarray (Figure 2.5).

Figure 2.5 Examples of controls used in Applied Biosystems microarrays

These include chemiluminescent and fluorescent fiducials, features that monitor data 

quality and analysis. Labelled oligonucleotides (DIG and LIZ® dye-labelled oligos) in 

concentration ladders ranging over 500-fold are deposited on the microarray surface. The 

expression analysis software recognizes these features and uses them to monitor the 

efficacy o f  the chemiluminescent chemistries and the efficiency o f fluorescent detection.

Labelled oligonucleotides are included with the hybridisation controls in the Applied 

Biosystems Chemiluminescence Detection Kit. These are complementary to the

B  A. RT Labeling 1 6. RT-IVT Labeling |  C. Hybridization H  D Chemiluniinesi:ence 

I E. Spot-finding, auto grinding, and image alignment
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ohgonucleotides deposited on the microarray during manufacture. They monitor 

uniformity o f hybridisation conditions, such as sample mixing and washing stringency.

Labelling kit controls are also included with the Applied Biosystems Chemiluminescent 

RT Labelling Kit and the RT-IVT Labelling Kit. They are synthetic bacterial control genes 

(Dap, Lys, Phe, BioB, BioC and BioD). These controls provide quality information on RT 

and RT-IVT Kit enzyme activity and DIG-label incorporation efficiency for each 

experiment.

2.6 TaqMan® RT-PCR

A TaqMan® PCR-based system was selected for mRNA quantitation and validation of 

results o f the microarray experiments. TaqMan® PCR exploits the 5 ' nuclease activity of 

Amplitaq Gold® DNA Polymerase to cleave a TaqMan probe during PCR. The TaqMan 

probe contains a reporter dye at the 5 ' end o f the probe and a quencher dye at the 3 ' end of 

the probe. During the reaction, cleavage o f the probe separates the reporter dye and the 

quencher dye, resulting in increased fluorescence o f the reporter. Accumulation o f PCR 

products is detected directly by monitoring the increase in fluorescence o f the reporter dye, 

shown in Figure 2.6.

Polymerization R = Reporter 
Q = Quencher

Strand displacement
Reverse
Pnmer

Cleavage

Polymerization
com pleted

3 ' -

5 ' -

v ' /  
- R  —

_ \ 
/

Figure 2.6 The forklike-structure-dependent, polymerisation-associated, 5 '-3' 

nuclease activity of AmpliTaq Gold DNA Polymerase during PCR

84



Chapter 2 Materials and Methods

When the probe is intact, the proximity o f the reporter dye to the quencher dye results in 

suppression o f the reporter fluorescence primarily by Forster-type energy transfer 

(Lakowicz, 1983). During PCR, if  the target o f interest is present, the probe specifically 

anneals between the forward and reverse primer sites. The 5'-3 '-nucleolytic activity o f the 

AmpliTaq Gold DNA Polymerase cleaves the probe between the reporter and the quencher 

only if  the probe hybridises to the target. The probe fragments are then displaced from the 

target, and polymerisation o f the strand continues. The 3 ' end o f the probe is blocked to 

prevent extension o f the probe during PCR. This process occurs in every cycle and does 

not interfere with the exponential accumulation o f product.

2.6.1 Real-time quantitative TaqMan® RT-PCR

Real-time RT-PCR is the ability to monitor the progress o f the PCR in real time. Data is 

therefore collected throughout the PCR process, rather than at the end o f the PCR. In real

time RT-PCR, reactions are characterized by the point in time during cycling when 

amplification o f a target is first detected rather than the amount o f target accumulated after 

a fixed number o f cycles. The higher the starting copy number o f the nucleic acid target, 

the sooner a significant increase in fluorescence is observed. In contrast, an endpoint assay 

measures the amount o f accumulated PCR product at the end o f the PCR cycle. RT-PCR 

can be one-step or two-step in nature. In the initial cycles o f PCR, there is little change in 

fluorescence signal. This defines the baseline for the amplification plot. An increase in 

fluorescence above the baseline indicates the detection o f accumulated target. A fixed 

fluorescence threshold can be set above the baseline. The parameter Ct (threshold cycle) is 

defined as the fractional cycle number at which the fluorescence passes the fixed threshold 

(see Figure 2.7).

Ra: m easure  of 
reporte r tignal

Threshold is the poiot 
of detection.

Cycle-Threihold 
(Ct) cycle at vrhich 
sample crosses 
threshold

Figure 2.7 Example of an amplification plot
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A sample o f known concentration is used to construct a standard curve. By running 

standards o f varying concentrations, you create a standard curve from which you can 

extrapolate the quantity o f an unknown sample. The standards used depend on whether 

absolute or relative quantitation is to be used. Relative quantitation was used in the 

experiments described in this thesis.

For relative quantitation, quantity is expressed relative to some basis sample, known as the 

calibrator. For all samples, target quantity is determined from the standard curve and 

divided by the target quantity o f the calibrator. Thus, the calibrator becomes the IX 

sample, and all other quantities are expressed as an n-fold difference relative to the 

calibrator.

For quantitation normalized to an endogenous control, standard curves are prepared for 

both the target and the endogenous reference. For each sample, the amount o f target and 

endogenous reference is determined from the appropriate standard curve. Then, the target 

amount is divided by the endogenous reference amount to obtain a normalized target value. 

Again, the control is the calibrator, or IX sample. Each o f the normalized target values is 

divided by the calibrator normalized target value to generate the relative expression levels. 

Examples o f possible endogenous controls include P-actin, glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) or 18S ribosomal RNA (rRNA).

For this work, cDNA for RT-PCR was generated using Applied Biosystems High Capacity 

DNA Archive kit and RT-PCR was carried out using TaqMan® Low Density Arrays.

2.6.2 Reverse Transcription using the High Capacity cDNA Archive Kit

The cDNA Archive Kit was used to convert o f  0.1 to 10 ^g total RNA to single-stranded 

cDNA:

1) Allow the components o f the High Capacity DNA Archive kit to thaw on ice.

2) Prepare a 2X RT master mix in a 1.5mL tube, including a 50 |^L aliquot per sample, 

containing the following:
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Comgonent Volume fuL |
lOX Reverse Transcription Buffer 10
25X dNTPs 4
1 OX random primers 10
MultiScribe Reverse Transcriptase, 50 U/|aL 5
Nuclease-free water 21

Total per Microarray 50

3) Place the master mix on ice.

4) For each sample, dilute 10 |j,g o f total RNA up to 50 i^L with nuclease-free water.

5) Add 50 |al o f master mix to each sample.

6) Perform reverse transcription on a themial cycler as follows:

Stage Teni|}ei*ature Time Reaction Volume
1 25 °C 10 minutes

100 1̂12 37 °C 2 hours

7) Store the cDNA samples at -2 0  °C.

2.6.3 TaqMan® RT-PCR using TaqMan® Low Density Arrays

TaqMan® Low Density Arrays (LDA’s) are 384-well microfluidic cards that can be 

customized and then preloaded with selected TaqMan® Gene Expression Assays for RT- 

PCR. Up to 8 different cDNA samples or up to 380 different assays may be loaded onto a 

single LDA. Samples are mixed with TaqMan® Universal PCR Master Mix and added to 

eight loading ports, each o f which is connected to 48 reaction wells. During a run, the RT- 

PCR reactions in all 384 wells are analysed. This allows multiple targets to be analysed per 

sample with very few pipetting steps and minimal reaction set-up time, facilitating quick 

and easy large-scale RT-PCR gene expression profiling. LDA’s also provide a 

standardized format for gene expression studies, pennitting direct comparison o f results 

across different runs, researchers and laboratories. The LDA format used for this work is 

shown in Figure 2.8.
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Figure 2.8 Layout of TaqMan® LDA Format 48

Preparing the sample-specific PCR mix

1) Remove the cDNA sample from the freezer and thaw on ice. Add the following to 5 |il 

cDNA sample in a labelled 1.5 ml microcentrifuge tube: 45 |j 1 nuclease-free water and 

50 )il TaqMan® Universal PCR Master Mix.

2) Cap the tube and mix by vortexing.

Loading the LDA

1) Load each o f the LDA ports with a sample-specific PCR mix.

2) Centrifuge the LDA at 1200 rpm for 1 minute to distribute the PCR mix into the wells.

3) Centrifuge the LDA again at 1200 rpm for 1 minute.

4) Seal the LDA and run on the 7900HT system.

2.7 Tissue microarray construction

Tissue microarray (TMA) is a powerful new technology for high throughput analysis o f 

protein expression / gene copy number in a large number o f tissue samples. Hundreds or 

thousands o f tissue cores are arranged on a single slide, and then analysed by a single 

immunohistochemical or in situ hybridisation reaction.
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1) Collate archival cases to be included in the TMA and pull paraffin blocks and slides 

from the pathology archive.

2) Identify the area to be biopsied on the glass slide and mark the corresponding area on

the paraffin block, using a permanent marker pen.

3) Make an empty “recipient” paraffin block from liquid paraffin and allow to set.

4) Place the recipient block in the holder o f the manual tissue arrayer and tighten screws 

to hold it firmly in place. Set the X and Y coordinates o f the display to zero.

5) Move the needle to the position to the top left hand com er o f the block where you want 

to place the first core. Record the X and Y coordinates o f this core (xo, yo).

6) Make a hole in the recipient block at this position using the small needle.

7) Place the donor block on a bridge over the array block holder, lining up the area to be

sampled with the needle. Move the turret to switch to the large needle.

8) Push the large needle downwards to retrieve the tissue sample.

9) Remove the donor block bridge and push the needle downward until it reaches the

surface o f the recipient hole.

10) Press the stylet down carefully to push the tissue core from the needle into the recipient

hole. Stop when the core is almost flush with the block surface.

11) Move the needle 1.0 mm down the block to position (xo, yo + 1). Repeat steps 6 to 10.

12) Move the needle 1.0 mm down the block to position (xo, yo + 2). Repeat steps 6 to 10.

13) Taking a new block, repeat this procedure, using points (xq, yo + 3), (xo, yo + 4) and (xo, 

yo + 5).

14) Repeat with new blocks to finish the first column o f tissue cores.

15) To start the next column, go to point (xo+ 1, yo) and so on.

16) To aid orientation when looking at TMA sections, leave gaps at regular intervals in the 

array and put three cores o f a control tissue (e.g. liver) at the top left hand comer.

17) When all cores have been placed, incubate the block at 37 °C for 10-15 minutes. The 

cores will adhere to the walls o f the holes in the array.

18) Press evenly on the block surface o f  the array to make all cores flush with the surface.

19) Take extreme care when cutting TMA sections from the paraffin block and minimize 

trimming. It is best to cut all the way through the block and to store the slides for 

subsequent use.
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2.8 Fluorescent in situ hybridisation

Fluorescent in situ hybridisation (FISH) is a rapid method for detecting genetic aberrations 

that can be utilized on formalin fixed paraffin embedded tissues. FISH probes consist o f 

DNA probe sequences homologous to specific gene sequences or DNA regions. Probes are 

labelled with fluorophores that are visible under fluorescent light. After tissue digestion 

and denaturation o f probe and tissue DNA, probe is applied to the tissue. Tissue and probe 

are hybridised overnight and unbound probe is washed away. When visualized, probes then 

show amplifications, deletions or translocations o f specific genes or chromosomal regions. 

FISH was performed using dual coloured probes containing a Spectrum Orange labelled 

probe for HER2 (PathVysion HER2 DNA Probe kit, Vysis) or TOP2A (LSI T0P2A/CEP  

17 Probe, Vysis) and a Spectrum Green labelled probe for centromere 17 {CEP 17).

Slide Preparation

1) Place paraffin blocks for cutting on a cooling block for approximately 5 minutes.

2) Cut sections from each block at 4 (im intervals using a microtome.

3) Place sections in a heated water bath and mount on silanised slides.

4) Dry slides in an incubator at 56 °C overnight.

Tissue Pretreatment

1) Prepare the following solutions;

a) Dilute ethanol from 100% using deionised water to make the following 

concentrations; 95%, 85% and 70%.

b) 0.2N HCl acid treatment solution; Make up a 1/25 dilution from 5N HCl.

c) Denaturation solution (70% formamide 2X SCC);

i) In a fume hood, add together 9.8 ml formamide and 1.4 ml 20X SSC.

ii) Make up to 14 ml using distilled water.

d) Post Hybridisation Wash (0.2X SSC 0.3% NP-40);

i) Add together 100 ml 20X SSC, 3 ml NP-40 and 800 mLs distilled water.

ii) Mix on a magnetic stirrer.

iii) Adjust pH to 7.0 - 7.5 with IM  NaOH. Adjust volume to IL using water.

2) Load slides onto the VP2000 Processor and fill the reagent basins with the appropriate 

solutions. Commence the processing run. After 90 minutes, add a vial o f Protease I to 

the Protease buffer in vial 3.
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3) Tissue digestion is performed by passing the slides through the following solutions.

with a 3 minute water rinse after steps 3, 4, 5, 6 and 7:

Ste» Reas^nt Temftrature Incubation Time
1 Xylene Ambient 5 minutes x 3
2 95% ethanol Ambient 1 minute x 2
3 0.2N HCl Ambient 20 minutes
4 Pretreatment Reagent 80 °C 30 minutes
5 Protease 1 Solution 37 T 20 minutes
6 10% Buffered Formalin Ambient 10 minutes
7 70% ethanol Ambient 1 minute
8 85% ethanol Ambient 1 minute
9 95% ethanol Ambient 1 minute
10 Air Dry 25 °C 3 minutes

DNA Denaturation and Probe Hybridisation

1) Pipette 200 |al o f  70% formamide 2X SCC solution onto a coverslip and invert slide 

onto this, hicubate at 72°C for 5 minutes on a thermal cycler to denature target DNA.

2) Drain o ff coverslips and place slides sequentially into 70%, 80% and 100% ice-cold 

alcohol for 1 minute each. Air dry slides.

3) Denature the double stranded TOP2A probe by heating at 72°C for 5 minutes. 

Denaturation is not required for the single stranded HER2 probe.

4) Pipette 10 jii probe onto a coverslip and invert slide onto this. Seal with rubber cement.

5) Incubate on a thermal cycler for approximately 18 hours at 37°C.

Post-Hybridisation Washes

1) Fill a coplin ja r  with 50 mLs Post Hybridisation Wash. Heat to 73 °C in a waterbath.

2) Fill 2 more coplin jars with Post Hybridisation Wash and wrap these in tin-foil.

3) Remove slides one by one, remove the rubber cement and place the slides in one o f the 

coplin jars at room temperature. Leave for 5 minutes.

4) Remove slides one by one, remove the coverslip and place in the 2nd ja r at room 

temperature. Leave under the third ja r is heated to 73 “C.

5) Transfer the slides to the heated Post Hybridisation Wash and leave for 2 minutes.

6) Remove slides and place in a slide rack wrapped in tin-foil until sections dry.

7) Pipette 10 |̂ 1 DAPI solution onto a coverslip and invert slide onto this.

8) Seal coverslip with clear nail varnish. Store slides at 4 °C in a tinfoil wrapped tray.
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2.9 Immunohistochemistry

Immunohistochemistry is a method o f  detecting the presence o f specific proteins in cells or 

tissues. It involves the following steps: 1) binding o f primary antibody to specific antigen; 

2) binding o f antibody-antigen complex by a secondary, enzyme-conjugated, antibody; 3) 

formation o f a coloured deposit at the sites o f antibody-antigen binding by the enzyme in 

the presence o f substrate and chromogen.

Immunohistochemistry for p i 6 and HER2 proteins was carried using the p i a n d  

HercepTest kits for manual immunohistochemistry from Dako. These kits use primary 

murine monoclonal antibodies to p i 6 / HER2 and a visualization reagent based on dextran 

technology. This reagent consists o f secondary goat-anti-mouse immunoglobulin 

molecules and horseradish peroxidase molecules linked to a common dextran polymer 

backbone, eliminating the need for sequential application o f  secondary antibody and 

peroxidase-conjugated antibody.

Immunohistochemistry for proteins other than p l6  and HER2 was carried out on an 

Optimax automated immunostainer using Trilogy & pressure cooker antigen retrieval and 

the EnVision visualization system (Dako). Trilogy solution (Cell Marque) is a 

multipurpose deparaffinisation, rehydration and antigen unmasking solution. The EnVision 

system also utilises a peroxidase-conjugated dextran polymer backbone, which carries a 

large number o f peroxidase molecules and secondary antibody molecules directed against 

rabbit and mouse immunoglobulins. This combination o f multiple peroxidase molecules 

and secondary antibody molecules on each polymer provides a simple and sensitive 

visualization system. Background staining is also minimized as endogenous biotin does not 

affect staining results.

Positive and negative controls were included for each case. The following positive controls 

were used: internal and external breast cancer controls (Dako) for HER2, a case o f cervical 

intraepithelial neoplasia grade 3 for p i 6, an AMACR-positive prostate cancer for AMACR 

and normal tonsil for topolla. Primary antibody was omitted for negative controls for 

topolla and AMACR. Negative Control Reagent was substituted for primary antibody for 

negative controls for HER2 and p i 6.
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2.9.1 Cutting paraffin sections

1) Place paraffin blocks for cutting on a cooling block for approximately 5 minutes.

2) Cut sections from each block at 7 to 8 |am intervals using a microtome and place in a 

heated water bath.

3) Mount sections on APES slides and dry in a incubator at 60 °C overnight (for most 

immunohistochemistry) or for 2 hours (for HER2 immunohistochemistry).

2.9.2 Manual immunohistochemistry (p l6  and HER2)

Reagent Preparation

1) Dilute 30mLs o f Epitope Retrieval Solution 1:10 using 270mLs deionised water.

2) Dilute 120mLs o f Washer Buffer 1:10 using lOSOmLs deionised water.

3) For ten sections, add one drop o f DAB Chromogen to 1 mL DAB Buffered Substrate.

Manual Staining Procedure

1) Deparaffmise and hydrate tissue sections:

a) Place slides in a xylene bath for 5 minutes. Change baths and repeat once.

b) Place slides in absolute ethanol for 3 minutes. Change baths and repeat once.

c) Place slides in 95% ethanol for 3 minutes. Change baths and repeat once.

d) Place slides in deionised water for at least 30 seconds.

2) Epitope retrieval:

a) Fill Coplin jars with diluted Epitope Retrieval Solution (ERS).

b) Cover jars with lids, place in a water bath and heat bath and ERS to 95-99 °C.

c) Immerse the deparaffmised sections in ERS. Bring temperature back to 95-99 “C.

d) Incubate for 40 minutes at 95-99 °C.

e) Remove ja r from water bath and allow slides to cool in ERS for 20 minutes.

f) Transfer slides to a clean Coplin ja r and soak in Wash Buffer for 5-20 minutes.

3) Peroxidase-Blocking:

a) Wipe slide using a tissue, then encircle specimen with a hydrophobic marker.

b) Apply 3 drops o f Peroxidase-Blocking Reagent to section. Incubate for 5 minutes.

c) Rinse slides with Wash Buffer. Place in a fresh Wash Buffer bath for 1 minute.
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4) Application o f Primary Antibody:

a) Apply 3 drops o f Anti-HER2 Protem / Anti-Human p i A n t i b o d y  Reagent / 

Negative Control Reagent to section. Incubate for 30 minutes.

b) Rinse slides with Wash Buffer. Place in a fresh Wash Buffer bath for 1 minute.

5) Application o f Visualization Reagent:

a) Apply 3 drops o f Visualization Reagent to section. Incubate for 30 minutes.

b) Rinse slides with Wash Buffer. Place in a fresh Wash Buffer bath for 1 minute.

6) Application o f Chromogen Solution (DAB):

a) Apply 3 drops o f Chromogen Solution (DAB) to section. Incubate for 10 minutes.

b) Rinse slides with deionised water. Place in a fresh bath o f deionised water.

7) Counterstain with haematoxylin for 3 minutes. Coverslip slides.

2.9.3 Automated immunohistochemistry (AMACR and TopoIIa)

1) Fill two plastic containers with approximately 200mls o f  Trilogy solution. Place slides 

in one o f these containers and place both containers in an electric pressure cooker.

2) Pour ~ 300 mLs water into the pressure cooker, close the lid and run at low pressure for 

15 minutes.

3) After depressurising the cooker, transfer the slides to the second container o f  Trilogy 

solution (hot rinse) and leave for 5 minutes.

4) Transfer the slides through three containers o f deionised water for 5 minutes each (cold 

rinses). Place slides in a bath o f running water while entering the machine settings.

5) Enter the specimens and immunostains to be performed, including controls, into the 

computer. Printout the quantities o f each reagent required for the run.

6) Make up the required amount o f Chromogen-Substrate solution, diluting 20 (il DAB+ 

Chromogen in 1 ml Substrate Buffer.

7) In vial 1, place Peroxidase-Blocking Solution (neat). In vial 2, place antibody diluted in 

the appropriate amount o f Antibody Diluent. In vial 3, place EnVision Solution (neat). 

In vials 4 and 5, place Chromogen-Substrate solution.

8) Place the vials in the machine and prime the system.
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9) Dry each slide and encircle tissue with a hydrophobic marker. Load slides onto the

machine. Start the run. The steps in a typical run are shown in Table 2.2.

Sim Rfiaeent Incubation Time
1 Peroxidase-Blocking Solution 5 minutes
2 Primary Antibody 30 minutes
3 EnVision Solution 30 minutes
4 Chromogen-Substrate solution (DAB) 5 minutes x 2

10) After the run, rinse the slides in running water and counterstain with haematoxylin.
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Chapter 3 AMACR Expression in Prostate Cancer

3.1 Summary

The identification o f specific molecular markers o f prostate cancer has been the focus o f 

much scientific research. Prostate cancer specific markers are potentially useful in cancer 

screening and diagnosis. Making a diagnosis o f prostate cancer on a needle core biopsy can 

often be problematic, especially in the distinction between well differentiated cancers and 

benign mimics including adenosis, atrophy and hyperplasia. This can be particularly 

difficult where the volume o f the lesion in a core biopsy is very low. Such “atypical small 

acinar proliferations” (ASAP’s) pose a diagnostic dilemma and ancillary tests, particularly 

immunohistochemistry, are extremely helpful in establishing a diagnosis in such cases.

Since its discovery by cDNA library subtraction and microarray analysis in 2000, a -  

methylacyl-CoA racemase (AMACR) has been established as a sensitive and specific 

marker o f prostatic malignancy and a useful diagnostic test for prostate cancer, particularly 

in the evaluation o f ASAP’s. Prior to 2001, the only ancillary test available in this setting 

was immunostaining for basal cell markers. Demonstration o f basal cell immunoreactivity 

excludes the presence o f invasive cancer (but not PIN). However, lack o f staining for basal 

cell markers is not necessarily diagnostic o f prostate cancer. Negative staining could reflect 

failure o f the immunohistochemical test rather than true lack o f a basal cell layer. In 

contrast, positive staining for AMACR provides more convincing evidence for a diagnosis 

o f cancer. Use o f a panel o f antibodies targeted against AMACR, a positive 

immunomarker for prostatic malignancy, as well as basal cell markers (negative markers 

for cancer) increases the level o f confidence in establishing a benign or malignant 

diagnosis in problematic cases.

The reliability o f AMACR as a cancer marker has recently been called into question. 

Positive staining in specific benign conditions as well as low rates o f  AMACR-reactivity in 

prostate cancer variants have been described. In this chapter, the expression o f AMACR in 

57 prostate cancers and 44 cases o f  BPH is described. In concordance with the literature, 

AMACR sensitivity and specificity for prostate cancer were 91% and 79% respectively. 

However, a striking finding was heterogeneous AMACR expression within individual 

tumours, which significantly correlated with increased Gleason score. In addition, 

AMACR positivity was focally present in 11% o f BPH cases. These results emphasize the 

importance o f  interpreting AMACR immunohistochemistry in the context o f other findings 

in a diagnostic setting.
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3.2 Introduction

a-M ethylacyl-CoA racemase (AMACR) is an enzyme that converts branched chain fatty 

acids to their (S)-stereoisomers, facilitating degradation by P-oxidation. AMACR protein 

was characterised and purified from human liver in 1995 and the AMACR  gene was 

sequenced and mapped to chromosome 5 p l3 .2 -q ll .l  in 2000 (Schmitz, 1995, 

Ferdinandusse, 2000a). Deficiency or mutation o f the AM ACR  gene is associated with 

adult-onset sensory motor neuropathy (Ferdinandusse, 2000a). AMACR is localized to 

peroxisomes and catalyses an intermediate racemisation step between the processes 

peroxisomal alpha-oxidation and beta-oxidation (Ferdinandusse, 2000b). Its main 

substrates are pristanic acid, pristanic acid breakdown products and bile acid intermediates. 

In nonnal tissues, highest levels o f  mRNA expression are found in the liver, kidney and 

salivary gland, while protein expression is found in the liver, renal tubular epithelium, 

bronchial epithelium and gallbladder mucosa (Jiang, 2003b).

3.2.1 AMACR and cancer

In the same year that AMACR  was sequenced and mapped, the gene was also identified by 

cDNA library subtraction and microarray analysis o f  human prostate tissue (Xu, 2000). In 

this study, AMACR  mRNA shown to be consistently overexpressed in prostate cancer with 

low to undetectable levels o f expression in benign prostate tissue and overexpression o f 

AMACR protein in prostate cancer was confimied by immunohistochemistry using several 

tissue microarrays. In 2001, an immunohistochemical study o f  207 cancers and 70 benign 

prostates confirmed overexpression o f AMACR in 100% o f prostate cancers and absence 

o f staining in 88% o f benign glands (Jiang, 2001). Subsequent studies have established 

AMACR as a useful marker o f prostatic malignancy, with positive immunostaining in 80 

to 100% o f prostate cancers and 64-100% o f cases o f high-grade prostatic intraepithelial 

neoplasia (HGPIN) (Luo, 2002, Rubin, 2002, Magi-Galluzzi, 2003, Zhou, 2002, 2003). In 

most studies, benign prostate tissue was non-reactive for AMACR, or showed focal weak 

staining in up to 20% o f glands, which was easily distinguishable from the malignant 

pattern o f staining (Xu, 2000, Beach, 2002).

Since its discovery, AMACR overexpression has been reported in 81% o f hepatocellular 

carcinomas, 76% o f colon carcinoma, 79% o f colonic adenomas, 75% o f renal cell 

carcinomas (particularly the papillary subtype), 31% o f urothelial carcinomas, 27% o f
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gastric adenocarcinomas and 26% o f breast carcinomas (Jiang, 2003a, 2003b, Witkiewicz, 

2005). In urothelial and breast cancer, AMACR expression is mainly seen in high grade, 

aggressive tumours (Witkiewicz, 2005). In contrast in prostate and colon cancer, decreased 

levels o f AMACR expression are associated with tumour anaplasia and aggression 

(Kuefer, 2002).

3.2.2 AMACR and prostate cancer

Consistent overexpression o f AMACR in cancers and premalignant lesions o f the prostate 

and colon suggests a possible role for this enzyme in carcinogenesis. Indeed, both o f these 

tumours are associated with dietary intake o f red meat and dairy products, major source o f 

branched chain fatty acids. Branched fatty acids are the main substrates for AMACR and 

have been shown to increase expression o f AMACR in prostate cancer cells in vitro 

(Mobley, 2003). AMACR protein in prostate cancer is wild type by sequence analysis and 

functionally active; AMACR enzyme activity is elevated almost 4-fold in prostate cancer 

compared to normal tissue (Kumar-Sinha, 2004). Inhibition o f AMACR activity using 

small interference RNA (siRNA) inhibits growth o f hormone responsive prostate cancer 

cell lines (Zha, 2003). In addition, sequence variants o f AMACR have also been linked 

with prostate cancer risk (Zheng, 2002).

AMACR also has potential as a screening biomarker for prostate cancer. Prostate cancer 

patients have significantly higher levels o f  circulating antigens to AMACR in their sera 

than control subjects and have higher levels o f AMACR  transcripts in their prostatic 

secretions and AMACR protein in their urine (Rogers, 2004, Sreekumar, 2004, Zielie, 

2004).

3.2.3 AMACR and prostate cancer diagnosis

The immunohistochemical studies mentioned in section 3.2.1 have led to the use o f 

AMACR as a diagnostic adjunct test in the assessment o f atypical small acinar 

proliferations (A SA P’s) on prostate needle biopsy. Immunohistochemistry for AMACR 

and basal cell markers has been reported to be helpful in classifying ambiguous lesions in 

70-90% o f cases (Browne, 2004, Molinie, 2004). Prostate cancer is usually AMACR- 

positive and negative for basal markers, PIN is usually AMACR-positive and positive for
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basal markers and benign glands are typically AMACR-negative and positive for basal 

markers (Figure 3.1).

Figure 3.1 Atypical small acinar focus of prostate cancer showing positive staining for 

AMACR and negativity for basal cell markers. The surrounding benign glands are 

AM ACR-negative and positive for basal cell markers (Eble, 2004).

However, exceptions do occur. Some recent studies have suggested lower rates of 

sensitivity and specificity o f AMACR for prostate cancer than originally reported. Positive 

staining has been reported in benign entities, such as atypical adenomatous hyperplasia 

(AAH) (17.5% o f cases), prostatic gland atrophy (up to 36% o f glands) and in nodules o f 

benign prostatic hyperplasia (BPH) adjacent to transition zone cancers (Yang, 2002, Zhou, 

2002, Leav, 2003, Farinola, 2004). In addition, up to 20% o f conventional prostate cancers 

may be negative for AMACR, as well as 30-40% of atrophic, pseudohyperplastic and 

foamy gland variants (Zhou, 2003, Farinola, 2004). Preliminary use o f AMACR 

immunohistochemistry in our institution suggested even lower specificity and sensitivity o f 

this marker for prostate cancer. We therefore conducted a formal study o f 

immunohistochemical expression o f AMACR in prostate cancer and BPH.

3.3 Aims

The objective o f this chapter was to examine the immunohistochemical expression o f 

AMACR in standard sections o f prostate cancer and BPH to:

1) establish true rates AMACR reactivity in prostate cancer, HGPIN and BPH

2) examine patterns o f  AMACR expression in prostate cancer, HGPIN and BPH
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3.4 Materials and methods 

3.4.1 Case selection

We selected 101 consecutive prostate cases for analysis from the pathology archives o f the 

Adelaide and Meath Hospital. These included 57 prostate cancers (51 radical

prostatectomies and 6 transurethral resections) and 44 cases o f BPH (2 simple

prostatectomies and 42 transurethral resections). All tissue was fixed in 10% neutral

buffered formalin and paraffin embedded. Tumours were graded using the Gleason grading 

system. The combined Gleason scores were as follows: 26 cases o f Gleason score 6, 25 

cases o f Gleason score 7, 2 cases o f Gleason score 8, and 4 cases o f Gleason score 9. 

Benign glands were classified as being hyperplastic, atrophic or normal. The predominant 

benign gland type (the gland type encompassing >75% o f benign glands) was recorded for 

each specimen. If  no predominant benign gland type was present, the benign glands were 

classified as mixed.

3.4.2 AMACR immunohistochemistry

Immunohistochemistry was performed on 5-^m tissue sections from a single block from 

each case using the Envision+ detection kit (Dako, DakoCytomation Denmark) and an 

Optimax automated immunostainer as described in chapter 2. Two commercially available 

rabbit monoclonal antibodies to AMACR (P504S) were used: immunohistochemistry using 

a Zeta Corporation antibody (0.5|ig/ml, Zeta Corp, Sierra Madre, CA) was performed in all 

cases while immunohistochemistry using a Dako antibody (1:100, Dako, DakoCytomation 

Denmark) as well as repeat immunohistochemistry using the Zeta Corp antibody was 

performed in those tumour cases that showed heterogeneous staining with the Zeta Corp 

antibody. In these 22 cases, immunohistochemistry for Keratin A El/3 (1:50 dilution, 

Dako, Dako, DakoCytomation Denmark) was also performed to assess antigen 

preservation. Antigen retrieval for Keratin A El/3 and AMACR (Zeta Corp) was achieved 

by steaming slides in Trilogy solution (Cell Marque) as described in chapter 2. Antigen 

retrieval for AMACR (Dako) was achieved by steaming slides in Target Retrieval Solution 

(pH 9, Dako, DakoCytomation Denmark) in a pressure cooker for 15 minutes. Positive and 

negative controls were included for each case; an AMACR-positive prostatic 

adenocarcinoma was used as a positive control and primary antibody was omitted from 

negative controls.
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3.4.3 Immunohistochemical evaluation

Immunohistochemistry was evaluated by two pathologists (AM, BL). Staining location 

(cytoplasmic or apical), staining character (granular or diffuse) and staining intensity were 

noted. As described in published studies, positive staining was defined as continuous dark 

cytoplasmic or apical granular staining, significantly stronger than that o f adjacent benign 

glands and visible on low-power magnification (Jiang, 2001, Magi-Galluzzi, 2003, 

Browne, 2004). Positive staining was scored as strong (Figure 3.2a) or moderate (Figure 

3.2b) depending on intensity. Negative staining was defined as weak (scant faint granular 

staining not seen on low-power magnification. Figure 3.2c) or absent (Figure 3.2d), as 

previously reported (Jiang, 2001, Magi-Galluzzi, 2003).
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Figure 3.2 AMACR staining intensity was scored as strong (a), moderate (b), weak (c) 

or absent (d); (immunoperoxidase, original magnification x200).

The percentage o f glands showing strong, moderate, weak or absent staining was estimated 

visually with a cut-off for positivity o f 1%. Heterogeneous tumour staining for AMACR 

was defined as positive staining in 1 -  75% o f tumour while diffuse staining was defined as 

>75% o f tumour positive for AMACR. This cut off point gave the most significant 

correlation between AMACR heterogeneity and Gleason score using chi-squared analysis. 

Use o f this cut o ff also facilitated comparison with the study by Jiang et al who also 

defined diffuse staining as staining in >75% o f tumour (Jiang, 2001). W here staining was 

noted in benign glands, the type o f  gland (hyperplastic, atrophic or normal) showing 

AMACR reactivity was recorded.
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3.5 Results 

3.5.1 AMACR expression in prostate cancer

The results o f  immunohistochemistry using the Zeta Corp antibody were as follows: many 

o f the 57 tumours showed variation o f staining intensity for AMACR, with the 

predominant staining pattern (seen in >50% o f tumour) being strong in 21 (37%) cases, 

moderate in 18 (31%) cases, weak in 9 (15%) cases and absent in 9 (15%) cases. Fifty-two 

(52) o f 57 (91%) prostate cancers showed at least focal positive staining for AMACR i.e. 

strong or moderate staining in at least 1% of tumour glands. Five (5) o f 57 (9%) tumours 

showed absent or weak staining and were therefore AMACR negative (Figure 3.3c). These 

figures are concordant with published rates o f AMACR reactivity in prostate cancer. Thirty 

(30) o f 57 (53%) cancers showed diffuse tumour AMACR positivity i.e. positive staining 

in >75% tumour glands. Seventeen o f these showed diffuse strong positive staining (Figure 

3.3a) and thirteen showed difftise moderate positive staining (Figure 3.3b).
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Figure 3,3 Different staining patterns seen in prostate cancer: diffuse strong positive 

staining (a); diffuse moderate positive staining (b); absent or diffuse weak staining (c) 

and heterogeneous staining (d); (immunoperoxidase, original magnification x40).

A striking finding was marked variation o f staining intensity within individual tumours, 

with different areas o f tumour showing strong, moderate, weak and absent staining for 

AMACR (Figure 3.3d). The total number o f glands showing positive (strong or moderate) 

AMACR staining for all 57 tumours is shown in Figure 3.4.
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Figure 3.4 Percentage of glands staining for all 57 tumours

Twenty-two o f 57 (38%) tumours showed heterogeneity o f  AMACR expression, i.e. the 

presence o f positive staining in 1-75% o f tumour glands (Figure 3.5). This group included 

14% o f tumours with staining in 1-25% o f tumour glands, 12% with staining in 26-50% of 

glands and 12% with staining in 51-75% o f glands.

AMACR Staining Pattern Heterogeneous group: 
% of glands stained

26- 50%

12%
Diffuse:

53% 1- 25%

14%

51- 75% :  

12%

Negative;
9%

Figure 3.5 Pattern of AMACR staining pattern in 57 prostate cancers
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As intratumoural heterogeneous staining for AMACR was an unexpected finding in this 

study, repeat immunohistochemistry was performed on serial sections o f those cases 

showing heterogeneous staining. In each case, immunohistochemistry was repeated using 

the Zeta Corporation antibody in addition to the Dako antibody, with its corresponding 

antigen retrieval method. In each case, repeat immunohistochemistry with both antibodies 

showed a similar heterogeneous pattern o f staining.

Keratin A El/3 immunohistochemistry was also performed on serial sections to assess 

antigen preservation within the tissue block. In each case, this showed diffuse positive 

staining throughout the tumour, indicating preservation o f antigenicity (Figure 3.6).

.\NUCR

Figure 3.6 Tumour showing heterogeneous expression of AMACR but diffuse keratin 

A E l/3 expression; (immunoperoxidase, original magnification x40).

In some cases, different AMACR staining intensities were associated with different 

Gleason patterns or grades within the tumour. In 4 o f 22 (18%) cases showing 

heterogeneous AMACR expression, the area(s) within the tumour showing negative 

staining had a higher Gleason grade than the area(s) showing positive staining (Figure 3.7).

In 1 case, negative staining was present in part o f the tumour with a lower Gleason grade 

than the area showing positive staining. In 17 cases reduced AMACR expression was not 

associated with any change in Gleason grade (Figure 3.8).
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Figure 3.7 This is a Gleason 3+4 tumour that showed heterogeneous AMACR 

expression (a), containing areas showing strong (b), moderate (c) and weak AMACR 

reactivity (d). Areas with strong positivity were of Gleason grade 3 whereas areas 

with moderate or weak positivity were of Gleason grade 4; (immunoperoxidase, a, 

original magnification x40, b-d, original magnification x200).
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Figure 3.8 Here are two different Gleason 3+3 tumour foci within a single block from 

a radical prostatectomy specimen; the tumour focus on the left (a) is strongly 

AMACR positive (c) while that on the right (b) is AMACR negative (d); (a & b, 

hematoxylin and eosin, c & d, immunoperoxidase, a-d, original magnification xlOO).
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There was a statistically significant correlation betw een A M A C R  staining intensity and 

G leason score { ’£  analysis, p < 0.001) (Table 3.1), w ith likelihood o f  heterogeneous 

A M A C R  expression increasing with increasing G leason score. W ithin the radical 

prostatectom y group, com paring tum ours o f  G leason scores 6 and 7, there was a significant 

association betw een heterogeneous A M A C R  expression and increased G leason score 

(F isher’s exact test, p =  0.0287). A significant association was also identified w hen 

com paring m oderately differentiated tum ours (G leason scores 6 and 7) with poorly 

differentiated tum ours (G leason scores 8 and 9) (F isher’s exact test, p = 0.0037).

Gleason

Score

AMACR Expression

Total

X2

AnalysisDiffuse Heterogeneous

6 19 4 23

p <  0.001
7 11 12 23

8 or 9 0 6 6

Total 30 22 52

Table 3.1 Analysis for association between Gleason score and AMACR expression 

3.5,2 AMACR expression in HGPIN

Tissue sections contained foci o f  HGPIN in 52 o f  the cancer cases. HGPIN was A M A CR- 

positive in 45 cases (87%): 27 o f  these show ed diffuse staining o f  the invasive cancer, 14 

o f  showed heterogeneous tum our staining and 4 w ere A M A CR-negative tumours. W here 

glands were partially  involved by HG PIN, the uninvolved portions o f  the gland were 

negative (Figure 3.9). This was seen focally in 20 cases (38% ). HGPIN was A M A CR- 

negative in 3 o f  30 (10% ) cases that show ed diffuse tum our staining, 3 o f  17 (18% ) cases 

that showed heterogeneous tum our staining and I o f  5 (20% ) A M A CR-negative tumours.
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Figure 3.9 Here is a Gleason 3+3 tumour and three large glands involved by HGPIN 

showing diffuse strong AMACR positivity. The inset shows the transition from 

HGPIN to normal mucosa in one of the glands, with loss of AMACR staining; 

(immunoperoxidase, main: original magnification x40, inset: original magnification 

x400).

There was no correlation between AMACR expression by HGPIN and pattern of AMACR 

expression in the adjacent tumour (Table 3.2). None of the BPH cases contained HGPIN.

Staining in 

HGPIN

Staining in invasive tumour Fisher’s 

exact testDiffuse Heterogeneous Negative

Positive 27 14 4

p = 0.65Negative 3 3 1

Total 30 17 5

Table 3.2 Fisher’s exact test for association between AMACR Expression in HGPIN 

and prostate cancer
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3.5.3 AMACR expression in benign glands

The predominant benign gland types in the BPH and cancer cases are shown in Table 3.3.

Specimen

Type

No. of

cases

Predominant Gland Type

Hyperplastic Atrophic Normal Mixed

Prostate Cancer 57 12 9 27 9

BPH 44 24 6 10 4

Total 101 36 (35.5%) 15(15% ) 37 (36.5%) 13 (13%)

Table 3.3 Predominant benign gland type in all cases

In the benign prostatic hyperplasia cases, the majority o f glands were negative for 

AMACR. In 18 o f 44 (41%) cases, focal weak apical or cytoplasmic staining was detected 

which was easily distinguishable from the malignant pattern o f staining. However in 7 o f 

44 (16%) cases, moderate or strong staining was seen in benign glands, which focally 

mimicked that seen in malignant glands (Figure 3.10).
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Figure 3.10 Different staining patterns seen in benign prostatic hyperplasia: diffuse 

strong staining (a); diffuse moderate staining (b); focal weak staining (c) and absent 

staining (d); (a-d, immunoperoxidase, original magnification x200).
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These glands were hyperplastic in 4 o f 7 cases, atrophic in 2 o f  7 cases and normal in 1 o f 

7 cases. In the prostate cancer specimens, focal weak staining in benign glands was present 

in 10 o f  57 (18%) cases and moderate or strong staining (i.e. positive staining) in benign 

glands was present in 14 o f 57 (25%) cases. The glands showing positive staining were 

hyperplastic in 7 o f 14 cases, atrophic in 3 o f  14 cases, normal in 2 o f 14 cases and a 

mixture o f hyperplastic and atrophic glands in 2 o f 14 cases (Table 3.4).

Specimen

Type

No. of

cases

AMACR

Negative

Predominant Gland Type

Hyperplastic Atrophic Normal Mixed

Prostate Cancer 57 43 7 3 2 2

BPH 44 37 4 2 1 0

Total 101 80 (79%) 11 (11%) 5 (5%) 3 (3%) 2 (2%)

Table 3.4 AMACR expression in benign glands

The mean percentage o f benign glands staining positive for AMACR was 2.4% for BPH 

cases (range 0 -  25%) and 4.0% for the cancers (range 0 -  50%). Overall, positive staining 

was seen in 11 o f 36 (30.6%) cases where the predominant benign gland type was 

hyperplastic, 5 o f 15 (33.3%) cases with mainly atrophic benign cases, 2 o f 37 (7.4%) 

cases where normal glands predominated, and 3 o f 13 (22.2%) o f cases with a mixed 

benign gland pattern. Thus AMACR positivity was more common in hyperplastic and 

atrophic glands compared to normal glands (x‘ analysis, p < 0.01, Figure 3.11).
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Figure 3.11 Correlation between predominant benign gland type and AMACR 

expression
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3.6 Discussion

Initial immunohistochemical studies o f AMACR expression in prostate specimens showed 

that positive AMACR expression was almost 100% specific for prostate cancer. However, 

subsequent studies have shown higher levels o f AMACR expression in benign conditions. 

In this study, the specificity o f positive AMACR immunostaining for prostate cancer was 

79%, with positive staining in 16% o f BPH and in benign glands in 25% o f tumour 

resection specimens. Positive staining in benign glands indicates that AMACR positivity 

does not always equate with malignancy and that AMACR is not an entirely specific 

marker for prostate cancer.

The converse is also true: lesions showing focal or absent AMACR staining are not 

necessarily benign. The initial studies, which used prostatectomy specimens, 

demonstrated unifomi strong positivity in 97-100% of prostate cancers (Jiang, 2001, 

Rubin, 2002). Subsequent studies using prostate needle biopsies showed lower rates of 

AMACR immunoreactivity, with rates as low as 60% in some prostate cancer variants 

(Beach, 2002, Farinola, 2004, Zhou, 2003, 2004). In our study, using mainly 

prostatectomy tumour specimens, we found AMACR was highly sensitive for prostate 

cancer (91% sensitivity) with only a small percentage o f AMACR-negative tumours (9%).

A striking finding was that a significant proportion o f tumours (38%) showed 

heterogeneous AMACR expression, with 28% o f positive cases showing weak or absent 

staining in over half o f the tumour. Tumour heterogeneity o f AMACR immunostaining has 

been noted but not emphasized in other studies in the literature; a number o f studies have 

reported focal positive staining or varying degrees o f staining intensity within individual 

tumours (Beach, 2002, Kuefer, 2002, Luo, 2002, Kunju, 2003, Magi-Galluzzi, 2003). This 

phenomenon could explain the lower rates o f AMACR immunoreactivity in prostate 

cancer in biopsy specimens compared to prostatectomy specimens: focal or heterogeneous 

AMACR expression could be responsible for apparent AMACR negativity in small tumour 

foci on prostate needle biopsy.

Intratumoural heterogeneity o f AMACR expression may reflect intrinsic tumour 

biochemical heterogeneity. Morphologic heterogeneity is well recognised in prostate 

cancer and genetic heterogeneity in individual tumours has been demonstrated using 

comparative genomic hybridisation (CGH) and fluorescent in-situ hybridisation (FISH)
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(Alers, 1995, Zitzelsberger, 1998). A study by Kuefer et al on AMACR expression in a 

range of prostate cancer samples showed decreased levels of AMACR expression in poorly 

differentiated and metastatic cancers compared to well or moderately differentiated cancers 

(Kuefer, 2002). Therefore heterogeneous AMACR expression may indicate areas of 

dedifferentiation within an individual tumour. This may be of prognostic significance as 

tumours containing these foci may be more likely to progress or metastasise.

In our study there was a significant correlation between heterogeneous AMACR 

expression and increased Gleason score. A recent study by Rubin et al demonstrated an 

association between decreased overall intensity of AMACR expression in localized 

prostate cancer and decreased time to prostate-specific-antigen (PSA) failure and/or 

prostate cancer death (Rubin, 2005). It seems plausible that tumours showing 

heterogeneous expression of AMACR would contain large areas of tumour that stain 

weakly or not at all for AMACR. These tumours would therefore have lower AMACR 

staining intensities than tumours showing diffuse moderate or strong staining for AMACR. 

If decreased intensity of AMACR expression in localized prostate cancer results in worse 

prostate cancer outcome, as shown by Rubin et al, it is interesting to speculate that 

heterogeneous expression of AMACR would do the same.

What is the diagnostic significance of variable AMACR staining within individual 

tumours? Difficulty in the diagnosis of cancer on prostate biopsy is usually seen in tumours 

of Gleason score 6 or lower. Such tumours are composed of discrete glands that can mimic 

the ducts and acini of benign prostate tissue. In contrast, heterogeneous expression of 

AMACR was most commonly seen in tumours o f Gleason score 7 and over, tumours that 

are more easily diagnosed by morphology alone. Therefore the presence of reduced 

AMACR expression in more poorly differentiated tumours would probably not pose a 

significant diagnostic problem.

From the information available to date, it seems unlikely that a markedly superior 

immunohistochemical marker of prostate cancer will be identified. The year after AMACR 

was identified as being overexpressed in prostate cancer, a cDNA microarray study of 50 

prostate specimens identified two differentially expressed genes in prostate cancer 

compared to benign prostate tissue: hepsin and pim-1 (Dhanasekaran, 2001). These genes 

were felt to be potential molecular markers o f prostate cancer, particularly hepsin, which 

had the highest fold change in the study. Immunohistochemistry for hepsin and pim-I
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proteins was performed on 700 prostate specimens using TM A’s. The majority o f cancers 

and all HGPIN stained positively for hepsin, while most benign prostate tissue showed low 

or absent hepsin expression. However, advanced tumours showed intermediate levels o f 

staining between localized prostate cancers and benign prostate, indicating decline in 

hepsin expression with tumour progression. Pim-1 showed greater specificity for prostate 

cancer. Ninety-seven percent o f benign glands and 82% o f HGPIN were pim-1 negative. 

However, only 51% of tumours were positive for pim-1 and decreased expression 

correlated with measure o f poor patient outcome. Thus expression o f other proteins (as 

well as AMACR) that appear to be specific for prostate cancer generally decreases as these 

cancers progress and de-differentiate.

The biologic significance o f AMACR expression in benign glands and heterogeneous 

AMACR expression in prostate cancer is unclear. Very low levels o f AMACR expression 

have been documented in benign prostate tissue by microarray analysis, real-time 

polymerase chain reaction and immunohistochemistry, while uniformly high levels o f 

AMACR expression have been demonstrated in prostate cancer using the same methods 

(Xu, 2000, Jiang, 2001, Luo, 2002, Rubin, 2002). We postulate that levels o f AMACR 

expression in both benign and malignant glands may vary in response to local changes in 

the concentration or metabolism o f branched chain fatty acids. Such physiological 

variation in AMACR expression in benign and malignant glands could limit the utility o f 

AMACR as a screening marker for prostate cancer, as proposed by some studies (Rogers, 

2004, Zielie, 2004).

On the other hand, increased AMACR expression in benign glands may indicate 

preneoplastic change at a biochemical level, which may antedate morphologic evidence o f 

neoplasia. In a study using prostate needle core biopsies, Ananthanarayanan et al showed 

higher levels o f AMACR expression in benign glands in patients who showed cancer on a 

later biopsy than in patients whose subsequent biopsies were benign (Ananthanarayanan, 

2005). In resected prostates, higher levels o f AMACR expression have been shown in high 

grade PIN and benign glands adjacent to foci o f invasive cancer compared with high grade 

PIN and benign glands distant from invasive foci (Wu, 2004, Ananthanarayanan, 2005). 

These findings suggest that AMACR expression in benign glands may be associated with 

the presence or subsequent development o f prostate cancer. We found higher rates o f 

AMACR expression in hyperplastic and atrophic glands compared to morphologically 

normal glands, suggesting a possible precursor role for prostate gland atrophy and
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hyperplasia in the development o f prostate cancer. High rates o f AMACR-positivity in the 

premalignant lesion HGPIN, shown in this study and in others, also support the theory that 

increased levels o f AMACR expression is an indication o f  cellular progression towards 

malignant change. Further research may clarify the role o f positive AMACR staining in 

benign glands. In addition, the role o f AMACR in carcinogenesis in the prostate is 

currently unknown and is an area o f current research.

3.7 Conclusion

ASA P’s on prostate needle biopsy can pose significant diagnostic challenges. 

Immunohistochemistry is often extremely helpful in determining the nature o f such lesions. 

The results o f this chapter support the use o f AMACR in this setting; it is likely to be the 

most sensitive and specific immunomarker o f prostate cancer available to date. However, 

we have also seen that absent, focal and diffuse gland staining for AMACR can occur in 

both malignant and benign glands. These findings emphasize that AMACR 

immunohistochemistry is not a stand-alone test; we advocate the use o f  caution in the 

interpretation o f AMACR-positive or AMACR-negative A SA P’s and recommend 

interpretation o f AMACR immunostaining in the context o f morphology and results o f 

basal cell immunohistochemistry, where available.

AMACR is a very interesting protein, providing a possible pathogenetic link between 

prostate cancer and known dietary risk factors for this condition. Further research is needed 

to clarify the role o f AMACR in malignant transformation in the prostate as well as the 

significance o f AMACR expression in benign glands and o f heterogeneous AMACR 

expression in prostate cancer. AMACR will be considered further in Chapter 5.
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4.1 Summary

Locally advanced or metastatic prostate cancer is incurable. Hormone ablation therapy is 

the mainstay o f treatment in advanced prostate cancer and produces regression or 

stabilisation o f tumour growth in 80% o f cases. Treatment response is temporary; 80% of 

honnone-dependent tumours become hormone-independent within 18 months and begin to 

grow and spread despite continued treatment.

Prostate cancer incidence is rising in all age groups. Younger, healthier patients are 

presenting with aggressive, unresectable tumours. Management options for advanced 

prostate cancer are therefore changing. Some patients are being considered for earlier 

hormone ablation therapy and alternative treatments, including chemotherapy. 

Topoisomerase II inhibitors and microtubule inhibitors have been shown to have growth 

suppressive effects on hormone-independent prostate cancers in clinical trials. Not all 

patients respond to these treatments. Prediction o f patients likely to show a treatment 

response would be a great advancement and would facilitate avoidance o f toxic side effects 

in patients unlikely to receive any benefit from chemotherapy.

A major development in the area o f breast cancer treatment was the identification o f 

T0P2A  amplifications in a subset o f //£/?2-am plified breast cancers together with the 

discovery that patients with rO Pi/i-am plified  tumours had improved treatment response 

and overall survival when treated with anti-topoisomerase II agents. In this chapter, we 

document T0P2A  amplifications in a percentage o f advanced prostate cancers and an 

association between TOP2A amplification and decreased survival. T0P2A  amplification 

and topoisomerase I la  overexpression were also associated with HER2 amplification, 

HER2 expression, Gleason score, tumour stage and androgen-independence.

T0P2A  amplification has never been described in prostate cancer to date. Testing for 

T0P2A  amplification could allow identification o f subset o f patients likely to develop early 

androgen-independence and disease progression for whom more aggressive therapies 

would be beneficial. It is also possible that topoisomerase II inhibitor therapy in such 

patients could improve survival. Identification o f a tumour subset with enhanced sensitivity 

to a specific chemotherapeutic agent would be a major breakthrough in the management of 

advanced prostate cancer.
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4.2 Introduction

Type 11 topoisomerases are essential enzymes with the capacity to cleave and re-ligate 

double stranded DNA (Kellner, 2002). After creating a transient double-stranded break in a 

segment o f DNA, the enzyme passes another segment through the break, then re-ligates the 

ends o f  the initial segment (Fortune, 2000). This allows removal o f  any entanglements or 

knots in the double helix and relaxation o f any supercoiled segments that develop during 

transcription and replication (Baldwin, 2005). Topoisomerase II is vital for maintenance o f 

genome structure and function and is involved in a number o f cellular processes vital to 

cell survival, including transcription, DNA replication and chromatin remodelling during 

mitosis (Bhat, 1999).

Topoisomerase II exists in two isoforms in humans; topoisomerase I la  (topolla), encoded 

by the TOP2A gene on chromosome 17q21-22 and topoisomerase 11(3 (topolip), encoded 

by the T0P2B  gene on chromosome 3q24 (Tsai-Pflugfelder, 1988, Jenkins, 1992). These 

enzymes have similar enzyme activities but differ in their cell-cycle regulation: topo lla  

expression peaks in S- and G2/M- phases, while topolip levels are constant throughout the 

cell cycle (Valkov, 2003). T opo lla  is considered a marker o f cell proliferation and is 

overexpressed by many tumours, whereas topolip overexpression is uncommon in 

malignancy.

Not only is the expression o f topo lla  cell-cycle dependent, topo lla  interacts with a number 

o f cell cycle proteins, suggesting a role in cell cycle control and progression. 

Underphosphorylated retinoblastoma (pRb) protein, a tumour suppressor and cell cycle 

inhibitor, binds to to p o lla  and inhibits its activity (Bhat, 1999). T opo lla  has a complex 

interaction with p53 protein, a stress-activated tumour suppressor protein. p53 can 

downregulate T0P2A  gene transcription and can inhibit the actions o f topo lla  and topolip 

directly, theoretically preventing replication in the face o f genetic damage (Wang, 1997, 

Cowell, 2000). On the other hand, p53 can upregulate topo lla  activity in response to 

ionising radiation and other genetic insults, by activating Gadd45 protein, which in turn 

increases topo lla  activity (Carrier, 1999). These events may be important in triggering 

DNA repair in the setting o f radiation damage. T opo lla  has been reported to form 

complexes with other cell cycle regulators including TopB Pl, 14-3-3e and Cdc2 kinase
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(Larsen, 2003). Thus the role o f topolla in the cell cycle is not fully understood, but at the 

very least, topolla is a marker of cell cycle progression.

The HER2 protooncogene, located on chromosome 17q21.1, encodes a member of the 

epidermal growth factor (EGF) receptor family. The gene was originally identified from rat 

neuroblastoma cell lines and was named NEU  (Schechter, 1985). Coussens et al. 

subsequently identified the HER2 cell surface receptor tyrosine kinase (RTK) and 

characterized it by cloning the gene (Coussens, 1985). Because of extensive sequence 

homology with the Human EGF Receptor gene {EGFR or ERBBl), the gene was called 

HER2 or ERBB2. A  specific ligand for the HER2 receptor has not been identified to date. 

Candidate ligands include EGF, heparin binding EGF-like growth factor and transforming 

growth factor-a (Jarvinen, 2003a). Ligand binding induces the formation of receptor 

homodimers, or heterodimers with another member of the RTK family. This initiates a 

complex intracellular signalling cascade, stimulating cell growth and division.

4.2.1 T opolla  and cancer

Topoisomerase II overexpression has been reported in a number of tumours (Willman, 

2000). As an essential co-factor in the processes of DNA replication and transcription, 

topolla is expressed in rapidly dividing and metabolically active cells, characteristics of 

most malignant cells. In addition, tumours frequently show loss of p53 or pRb function, 

tumour suppressor proteins known to inhibit topolla production and activity. Therefore, 

topolla overexpression in tumour cells is not a surprising phenomenon and may purely 

reflect malignant change within the cell, rather than directly contributing to the malignant 

phenotype.

In breast cancer, topolla overexpression is associated with aggressive tumour 

characteristics, including advanced stage, HER2 amplification and reduced survival 

(Depowski, 2000). Topolla overexpression in other tumours is also associated with 

adverse prognostic features and poor clinical outcome. This suggests that topolla may play 

a direct role in tumour progression. Theoretically, unregulated topolla activity could lead 

to unscheduled double stranded breaks in the double helix, allowing incorrect strand 

recombination and encouraging mutagenesis and occurrence of deletions, translocations 

and other chromosomal aberrations (Kellner, 2002). These mutagenic effects could be
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amplified in the setting o f defective p53 or pRb function, where the actions o f topo lla  go 

unchecked from p53/pRb activated control mechanisms.

As previously discussed, to p o lla  is also a marker o f cell proliferation. Enhanced to p o lla  

expression most likely reflects enhanced proliferative activity, which is often highest in 

aggressive, poorly differentiated tumours.

The most common mechanism o f T opo lla  overexpression in malignancy is amplification 

o f the T0P2A  gene. TOP2A amplifications have been identified in many tumours, 

including breast, bladder, gastric and pancreatic carcinomas as well as certain sarcomas (Di 

Leo, 2002, Simon, 2003, Skotheim, 2003, Hansel, 2005, Maqani, 2006). Amplification o f 

T0P2A  in breast cancer is associated with adverse tumour characteristics and poor clinical 

outcome (Callagy, 2005).

4.2.2 HER2 and cancer

The oncogenic potential o f the HER2 receptor may be activated by a number o f 

mechanisms, including point mutations, truncation o f the protein or overexpression due to 

gene amplification (Jarvinen, 2003a). Di Fiore et al. showed that overexpression alone 

could convert HER2, a gene for a normal growth factor receptor, into an oncogene (Di 

Fiore, 1987). Indeed, an activated mutant form o f HER2 is rarely found in human cancer. 

HER2 overexpression increases the likelihood o f homodimer and heterodimer formation 

and subsequent growth signalling within the cell.

HER2 is overexpressed and/or amplified in many different tumours, including cancer o f  

the breast, ovary, stomach, bladder, salivary gland and prostate. HER2 overexpression and 

HER2 amplification is seen in 10 to 30% o f breast cancers, where it correlates with 

markers o f tumour aggressiveness, chemoresistance and poor patient prognosis (Slamon, 

2001 ).

4.2.3 T opolla inhibitors and cancer treatment

Topoisomerase II is a ubiquitous enzyme necessary for cell survival and so is a successful 

target for chemotherapeutic agents. Topoisomerase II inhibitors include the anthracyclines
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daunorubicin and doxorubicin together with amsacrine, etoposide, mitoxantrone and 

epipodophyllotoxins. These are frequent components o f primary and adjuvant 

chemotherapy regimes in the treatment o f many tumours, particularly carcinomas. The 

to p o lla  isoform is the main target o f these agents (Kellner, 2002).

TopoIIa inhibitors act by interfering with topo lla  re-ligase activity, stabilizing DNA 

breaks created by topolla . Perpetuation o f DNA nicks leads to lethal genetic damage and 

cell death by apoptosis or other mechanisms (Kellner, 2002). There are inherent dangers in 

the use o f  to p o lla  inhibitors. In cells with defective apoptotic capabilities, their action 

could encourage mutagenesis and cause selection o f aggressive clones within tumours or 

result in secondary malignant change in normal cells. Therapy-related myelodysplasia and 

acute myeloid leukaemia are rare late complications o f anti-topoisomerase II chemotherapy 

(Seiter, 2001).

There is accumulating evidence that tumour sensitivity to topo lla  inhibitors is proportional 

to levels o f to p o lla  expression within the tumour (See section 4.2.5). In vitro, the effects o f 

topo lla  inhibitors are most pronounced in tumours that express high levels o f topo lla  and 

are reduced in tumours than do not express topolla.

4.2.4 HER2 antibodies and cancer treatment

The high prevalence and clinical significance o f HER2 overexpression in breast cancer led 

to the development o f humanized monoclonal antibody against HER2. This antibody, 

trastuzumab (Herceptin) blocks growth signals transmitted by HER2 to the nucleus and 

reduces cell surface expression o f HER2 receptor (Yu, 2000). HER2 has significant anti

tumour activity against metastatic breast cancer; trastuzumab monotherapy results in 12- 

27% response rate in women with metastatic breast cancer (Jarvinen, 2003a). It also 

enhances response to other chemotherapeutic agents (Pietras, 1998, Slamon, 2001). The 

positive anti-tumour effects o f  trastuzumab are confined to tumours showing HER2 

amplification and overexpression.

Herceptin has also been used in clinical trials for the treatment o f prostate, salivary gland, 

stomach, head and neck, lung and gynaecologic cancers (Krawczyk, 2003, Modjtahedi, 

2005, Wulfmg, 2005, Becker, 2006, Chon, 2006, Laurie, 2006). In many o f these trials,
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numbers o f  HER2-positive cases were low and so there is insufficient data to establish a 

definite survival benefit with Herceptin treatment.

4.2.5 T0P2A  and HER2  co-amplification and cancer treatment

T0P2A  and HER2 are both located on chromosome 17 at the 17ql2-q21 locus (Figure 4.1). 

A number o f genes located at this locus can be co-amplified in cancer. Co-amplification o f 

TOP2A and HER2 has been reported in breast, bladder, stomach and pancreatic cancer 

(Jarvinen, 1999, Simon, 2003, Varis, 2004, Hansel, 2005). Additional genes co-amplified 

with HER2  and TOP2A have been reported in gastric cancer and peripheral nerve sheath 

tumours (Maqani, 2006, Storlazzi, 2006).

In breast cancer, the T0P2A  gene is amplified in up to 41% o f HER2 amplified primary 

breast tumours (Jarvinen, 2003b). T 0P2A  status has been shown to predict sensitivity or 

resistance to to p o lla  inhibitor chemotherapy; patients with tumours showing amplification 

o f both HER2 and T0P2A  show improved treatment response and long-term survival with 

this therapy compared to patients with nonnal T0P2A  copy number or TOP2A deletions 

(Di Leo, 2002, Jarvinen, 2003b, Knoop, 2005, Tanner, 2006). The assessment o f  HER2  

and TOP2A copy number and expression levels has allowed selection o f breast cancer 

patients most likely to benefit from combined treatment with trastuzumab and topo lla  

inhibitors. This development has led to increased interest in the amplification status o f 

HER2 and T0P2A  in other tumours.

H ER2

17q2I -  •* TOP2A

17q22
17̂ ?
17<;2f

17q25

Figure 4.1 The 17ql2-q21 amplicon
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4.2.6 Topolla, HER2 and prostate cancer

Studies o f HER2 expression in prostate cancer have yielded conflicting results. Initial 

studies suggested frequent overexpression o f HER2, with up to 100% of prostate cancer 

and 20% o f BPH showing HER2 positivity (Gu, 1996). These studies showed no 

association between level o f staining and Gleason score. However, many o f these studies 

defined cytoplasmic as well as membranous staining as positive staining, whereas 

cytoplasmic HER2 staining is now considered to represent non-specific staining. Recent 

studies using the recommended 0 to 3+ scoring criteria and considering only membranous 

staining have shown low rates o f  HER2 expression in prostate cancer, with an association 

with high Gleason score and androgen insensitivity (Signoretti, 2000, Di Lorenzo, 2004). 

Topolla expression has also been reported in a percentage o f prostate cancer cases. 

Increased topolla expression has been shown to be associated with increased Gleason 

score (Willman, 2000). The expression patterns o f both genes have not been compared in a 

single study: it is not known if  tumours that overexpress topolla coexpress HER2.

HER2  amplifications have been described in approximately 80% o f HER2 positive prostate 

cancers (Liu, 2001, Savinainen, 2002). The frequency o f T0P2A  amplification in prostate 

cancer and the existence o f an association with HER2 amplification have not been reported 

to date.

4.3 Aims

The objectives o f this chapter were:

1) To compare amplification and expression patterns o f HER2 and T0P2A  in a single 

study o f prostate cancer using immunohistochemistry and FISH.

2) To establish rates o f T0P2A  amplification in prostate cancer.To investigate clinical 

implications and prognostic significance o f amplification / overexpression o f either 

gene.

4.4 Materials and methods 

4.4.1 Case selection and review
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One hundred prostate cancer cases and 42 BPH cases were randomly selected from the 

Adelaide and Meath Hospital archives as described in section 2.2. Paraffin blocks were 

retrieved for TMA sampling and the clinical dataset described in chapter 2 was collated for 

each case. In patients unsuitable for curative resection treated with hormonal therapy, the 

presence or absence o f hormone resistance was noted; this was defined as increasing PSA 

or clinical evidence o f disease progression despite hormonal treatment. Data on treatment 

compliance was not available.

4.4.2 Immunohistochemistry

Immunohistochemistry for topolla was performed on an Optimax automated 

immunostainer as described in section 2.9.3. Slides were incubated with primary antibody 

(Dako, DakoCytomation Denmark, 1:250) for 30 minutes. Immunohistochemistry for 

HER2 was perfonned using the HercepTest kit (Dako, DakoCytomation Denmark) as 

described in section 2.9.2. Positive controls were included for each case; internal and 

external breast cancer controls (Dako) were used for HER2 and normal tonsil for topolla. 

Primary antibody was omitted for negative controls for topolla. Negative Control Reagent 

was substituted for primary antibody for negative controls for HER2.

4.4.2.1 Evaluation of HER2 immunohistochemistry

For evaluation o f HER2 immunohistochemistry, cases were scored as showing 0, 1+, 2+ or 

3+ HER2 staining according to the criteria detailed in the HercepTest package insert 

(Dako) as shown in Table 4.1.

Score Staining Pattern

0 No staining or membrane staining in less than 10% o f cells.

1 + Faint/barely perceptible partial membrane staining in more than 10% o f cells.

2+ Weak to moderate complete membrane staining in more than 10% o f cells.

3+ Strong complete membrane staining in more than 10% o f cells.

Table 4.1 HER2 staining criteria

Slides were evaluated in the following order:
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1) The Dako control slide containing three breast cancer cell lines was evaluated first to 

ascertain all reagents were functioning properly:

a) The 3+ Control Cell Line SK-BR-3 was assessed for strong circumferential cell 

membrane staining

b) The 1+ Control Cell Line MDA-175 was assessed for partial brown rimming

c) The 0 Control Cell Line M DA -231 was assessed for no staining 

Appropriate staining o f all three control cell lines was required for a valid assay.

2) The positive internal control slide was then examined. This slide verifies that fixation 

method and epitope retrieval method were effective. Presence o f brown membrane 

staining was required for a valid assay. In addition, staining intensity o f the cytoplasm 

and negative tissues could not be more than that o f the 1+ Control Cell Line MDA-175 

on the Dako positive control.

3) The negative internal control slide was then examined to verify the specificity o f 

labelling o f the target antigen by the primary antibody. Absence o f specific staining 

confirmed lack o f cross-reactivity to cellular components other than the HER2 

receptor. If any specific membrane staining occurred in the negative control slide, all 

results were considered invalid.

4) The patient tissue slides stained with Negative Control Reagent and primary antibody 

were evaluated last. Positive staining intensity was assessed within the context o f any 

non-specific background staining o f the Negative Control Reagent.

All slides were firstly evaluated under low power; in general, the score o f cases was 

obvious at low magnification. Well-preserved and well-stained areas o f the specimen were 

evaluated. To verify membrane staining and to confirm the score, 20x or 40x objective 

magnification was used.

4.4.2.2 Evaluation of TopoIIa immunohistochemistry

The percentage nuclei showing topolla staining was evaluated. TopoIIa overexpression 

was defined as >5% positive nuclear staining. This was the cut-off point that showed the 

greatest correlation with both androgen resistance and Gleason score using Fisher’s exact 

test (see results section).
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4.4.3 Fluorescent in situ hybridisation (FISH)

FISH was performed using dual coloured probes containing a Spectrum Orange labelled 

probe for HER2 (PathVysion HER2 DNA Probe kit, Vysis) or T0P2A  (LSI T0P2AICEP  

17 Probe, Vysis) and a Spectrum Green labelled probe for centromere 17 {CEP 17). Slide 

preparation, pre-treatment, DNA denaturation and probe hybridisation were carried out as 

details in Chapter 2.

4.4.3.1 Fluorescent microscopy and scoring

Sections were examined using an epifluorescence microscope equipped with dual and 

single filters to detect the Spectrum Orange/Spectrum Green/DAPI fluorochromes. Tissue 

spots were scanned using a 40X objective to account for possible heterogeneity. Initially, 

signals in 20 nuclei were counted to obtain a targetxentrom ere signal ratio. In all cases 

with HER2 expression or topolla overexpression or where the initial targetxentrom ere 

ratio was > 1.2 or < 0.8, the number o f signals in 60 nuclei was counted. Based on the 

previous reporting o f  low-level amplification o f HER2 in prostate cancer and o f TOP2A 

amplification in breast cancer, amplification was defined as a ratio o f  the number o f targets 

gene signals to the number o f  CEP 17 signals o f > 1.5 (Liu, 2001, Di Leo, 2002). A HER2- 

amplified breast cancer was used as a positive control. Normal liver, present on each TMA 

slide was used as a negative control.

4.4.4 Statistical analysis

Statistical analysis was performed using SPSS for Windows, version 12.0. The following 

tests were performed: Fisher’s exact test for association with clinicopathological variables, 

Kaplan-Meier survival analysis, univariate analysis using the log-rank test and multivariate 

analysis using Cox regression.
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4.5 Results

Results for all cases showing overexpression or amplification of either gene are 

summarised in Table 4.2. These cases encompassed 22 advanced cancers and one BPH.

Immunohistochemistry: FISH: Gleason

Score

Androgen

SensitivityHER2 TopoIIa HER2 T0P2A

C21 3+ 9.97% 2.02 2.04 10 Resistant

C44 3+ 8.80% 2.19 2 8 Resistant

C l] 2+ Unavailable 1.32 Unavailable 9 Sensitive

C41 2+ 36.17% 1.5 2.15 9 Resistant

CIO 2+ 10.50% 2.04 Unavailable 10 Resistant

C24 1 + 10.00% 1.28 1.57 9 Resistant

C52 1 + 5.67% 1.19 1.63 8 Resistant

C32 1 + 3.00% 1.37 1.09 10 Resistant

C35 1 + 1.23% 1.23 1.14 9 Unknown

C42 0 48.60% 1.51 2.07 10 Resistant

C39 0 25.47% 1.03 2.06 10 Resistant

C13 0 20.17% 1.12 Unavailable 9 Resistant

C30 0 18.57% 0.9 1.7 9 Resistant

C33 0 18.27% 0.91 1.06 9 Unknown

C23 0 17.03% 1.06 2.03 9 Resistant

C25 0 15.13% Unavailable Unavailable 9 Resistant

C34 0 7.57% 1 1.97 9 Resistant

C67 0 6.00% 1.06 1.2 9 Resistant

COS 0 5.87% 1.16 1.31 7 Resistant

C22 0 5.20% 1.08 2.03 10 Resistant

C63 0 5.00% 0.77 2.01 10 Resistant

C43 0 1.50% 1.5 1.39 8 Sensitive

B28 1+ 0.91% 1.2 0.94 N/A N/A

Table 4.2 Results for cases showing HER2 expression (pink), TopoIIa overexpression 

(yellow), HER2  amplification (blue) or T0P2A  amplification (purple).
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4.5.1 HER2 Status in prostate cancer and BPH

Interpretation o f  HER2 immunohistochemistry based on the tissue microarray was possible 

for 97 cancers and 41 BPH cases. Two cancers (2%) showed HER2 3+ reactivity, three 

cancers (3%) showed 2+ staining and four cancers (4%) showed 1+ staining. The 

remaining 88 cancers (91%), including all localized cancers, showed 0 staining. All nine 

cancers that showed HER2 reactivity were locally advanced cancers o f Gleason score 8 or 

more. Follow-up was available on eight o f  these patients; seven had developed androgen 

resistant tumours. Two cases o f BPH (5%) showed 1+ staining for HER2. The remainder 

showed 0 staining.

HER2 amplification status was evaluable in 93 cancers and 40 BPH’s using FISH. A 

HER2.CEP 17 ratio > 1.5 was demonstrated in six (6.5%) tumours, with copy number ratio 

ranging from 1.5 to 2.19. The HER2 amplified tumours comprised both 3+ cases, two o f 

three 2+ cases, none o f the 1+ tumours and 2 o f 83 tumours scoring 0 by 

immunohistochemistry (Figure 4.2). All six tumours were locally advanced cancers o f 

Gleason score 8 or more. Five o f  the tumours were androgen resistant and one tumour was 

androgen sensitive. The latter had scored 0 on HER2 immunohistochemistry.

Figure 4.2 Here are two high grade prostate tumours showing HER2 amplification 

seen as an excess of red (HER2) signals over green (centromere 17) signals (a & c, 

original magnification x600) and 2+ HER2 staining shown by weak / moderate 

complete membrane staining in >90% cells (b & d, original magnification x200).
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The mean HER2-.CEP17 ratio increased progressively from tumours scoring 0 to those 

scoring 3+ (Table 4.3).

HER2 Score No. o f  cases Mean amplification ratio

0 83 1.07

1 + 4 1.27

2+ 3 1.62

3+ 2 2.1

Table 4.3 Mean HER2:CEP17 ratios for tumours showing 0 to 3+ HER2 staining

No case o f localized prostate cancer or BPH showed HER2 amplification. This included 

the 2 BPH cases that showed 1+ staining for HER2.

4.5.2 T0P2A Status in prostate cancer and BPH

TopoIIa immunohistochemistry was available for 99 tumours and 41 BPH’s. Localized 

prostate cancer and BPH showed very low levels o f topo lla  expression, ranging from 0 to 

3.53% for BPH and 0 to 3.7% for localized cancer. In contrast, advanced prostate cancer 

wide showed a range o f reactivity; some cases were completely negative for topo lla  while 

others showed high levels o f expression, with positive nuclear staining in up to 48.6% of 

cells (Figure 4.3).

Figure 4.3 Three different advanced prostate cancers showing no expression (a), low 

levels of expression (b) and high levels of expression (c) of topolla (original 

magnification x20).
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Box and whisker plots summarizing the data for all three cohorts are shown in figure ^.4,
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Figure 4.4 Box and whisker plots of topolla expression for advanced cancer, localized 

cancer and BPH.

In each box and whisker plot the ends o f the box are the upper and lower quartiles, the 

median is marked by a horizontal line inside the box and the whiskers are the two lines 

outside the box that extend to the highest and lowest observations (the maximum and 

minimum values). The box spans the interquartile range from the 25"  ̂ and 75‘'̂  percentile 

values (Figure 4.5).
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Figure 4.5 Box-and-whisker plot.

Figure 4.4 highlights marked differences in the distribution o f to p o lla  expression values 

between the advanced cancer group and the other two cohorts. This suggests an association 

between to p o lla  expression and Gleason score and/or tumour stage.
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Within the advanced cancer group, cases that demonstrated androgen insensitivity prior or 

subsequent to tissue sampling appeared to show higher levels o f  topo lla  expression than 

cases that remained androgen sensitive within the follow up period (Figure 4.4).
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Figure 4.6 Box and whisker plots of top o lla  expression for advanced cancers showing 

androgen resistance (left) and androgen sensitivity (right).

Fisher’s exact test for association was used to establish the best cut-off point for 

determining presence o f  topo lla  overexpression. We looked for an association between 

topo lla  expression and both androgen resistance and Gleason score, using different 

percentage cut-off points. The p values for these association tests are shown in Table 4.4.

Percentage Cut

o ff

p value for association with 

Androgen Resistance

p value for association with 

Gleason Score

1 1 0.01

2 0.025 0.001

3 0.01 0.001

4 0.01 0.001

5 0.01 0.001

7.5 0.05 0.001

10 0.1 0.01

Table 4.4 Probability values attained from Fisher’s exact test using different cut-off 

points and testing for association with androgen resistance and Gleason score.
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Cut-off points at 3%, 4% or 5% showed equally strong associations between topolla 

overexpression, androgen resistance and Gleason score. The 5% cut-off point was 

arbitrarily chosen. This meant that numbers o f tumours showing topolla overexpression 

were minimized, hopefully maximizing stringency of subsequent statistical analysis. Based 

on this cut-off point, 18 tumours (18%) showed topolla overexpression. All were locally 

advanced tumours and all were of Gleason score > 8 except for one Gleason 7 tumour. 

Follow-up was available for 17 of these patients; all had developed androgen resistant 

tumours. No localized tumour or BPH case showed topolla overexpression.

FISH for TOP2A copy number was valuable in 88 cancers and 40 BPH cases; T0P2A 

amplification was present in 12 (14%) cancers (copy number ratio 1.57 to 2.15). All of 

these were advanced, androgen resistant cancers o f Gleason score > 8 that overexpressed 

topolla (Figure 4.7). No localized prostate cancer or BPH showed T0P2A  amplification.

Figure 4,7 Here are two prostate cancers showing liigh (a) and low (b) levels of 

topolla expression (a & b, original magnification x200) in association with T0P2A 

amplification (c & d, original magnification x600).
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4.5.3 Correlation o f HER2 status with T0P2A  status

Results o f topolla immunohistochemistry were available for eight HER2 reactive tumours. 

Six (75%) showed overexpression o f topolla. There was a significant association between 

HER2 expression and topolla overexpression (Fisher's exact test, p = 0.0009). In the 

advanced tumour group, 11% o f tumours expressed both HER2 and topolla, 21% 

overexpressed topo lla  only, 4 % expressed HER2 only and 64% expressed neither protein. 

Five cases showing topolla overexpression and HER2 co-expression were evaluable by 

FISH; five showed amplification o f T0P2A  and four showed amplification o f HER2  (Table 

4.5).

Immunohistochemistry: FISH: Gleason Androgen

HER2 T opo lla HER2 TOP2A Score Sensitivity

C21 3+ 9.97% 2.02 2.04 10 Resistant

C44 3+ 8.80% 2.19 2 8 Resistant

C41 2+ 36.17% 1.5 2.15 9 Resistant

CIO 2+ 10.50% 2.04 Unavailable 10 Resistant

C24 1 + 10.00% 1.28 1.57 9 Resistant

C52 1+ 5.67% 1.19 1.63 8 Resistant

C32 1 + 3.00% 1.37 1.09 10 Resistant

C35 1 + 1.23% 1.23 1.14 9 Unknown

Table 4.5 T o p o lla  overexpression (yellow), HER2  amplification (blue) or TOP2A 

amplification (purple) results for cases showing HER2 expression (pink).
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T0P2A amplifications were identified in 7 additional cancers that showed no expression of 

HER2. One of these tumours did show HER2 amplification, but 0 staining by HER2 

immunohistochemistry (Table 4.6). Fisher’s exact test showed a significant association 

between HER2 amplification and T0P2A amplification (p = 0.001).

Immunohistochemistry: FISH: Gleason Androgen

HER2 Topolla HER2 TOP2A Score Sensitivity

C42 0 48.60% 1.51 2.07 10 Resistant

C39 0 25.47% 1.03 2.06 10 Resistant

C30 0 18.57% 0.9 1.7 9 Resistant

C23 0 17.03% 1.06 2.03 9 Resistant

C34 0 7.57% 1 1.97 9 Resistant

C22 0 5.20% 1.08 2.03 10 Resistant

C63 0 5.00% 0.77 2.01 10 Resistant

Table 4.6 TOP2A amplification (purple) in cases showing T opolla overexpression 

(yellow) +/- HER2  amplification (blue), but no HER2 expression (pink).

Amplification frequencies for the advanced tumour group (Group 2) were as follows: 72% 

of tumours showed no amplifications, 2% showed amplification of HER2 only, 17% 

showed amplification of TOP2A only and 9% showed amplification of both HER2 and 

TOP2A.

E x p ress io n  profile

64%

21%

11%
4%

E x p ie ss io n  p io file

Am plification profile

72%

17%
9%

2%
O ntyH E R -2  

arTpbfi«d

Ampiific«ition p io file

Figure 4.8 Amplification and expression patterns of advanced prostate cancer
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4.5.4 Correlation with ciinicopathological variables

HER2 expression, topolla overexpression, T0P2A  amplification and HER2 amplification 

all correlated with high tumour stage and high combined Gleason score (Table 4.7).

Variable TNM  Stage Gleason Score

HER2 expression p = 0.010 p = 0.001

Topolla expression p = 0.000 p = 0.000

HER2 amplification p = 0.033 p = 0.007

T0P2A  amplification p = 0.000 p = 0.000

Table 4.7 Results from Fisher’s exact test for correlation between gene expression or 

amplification and ciinicopathological variables (stage and grade).

Expression or amplification o f either gene only occurred in stage T3 tumours or higher 

whereas levels and frequency o f gene expression or amplification increased with 

increasing Gleason score. Examples o f  these phenomena are shown in Figure 4.9.
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Figure 4.9 Bar charts of stage versus HER2 expression (left) and of Gleason grade 

versus top o lla  overexpression (right) for all cancers.
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In addition, overexpression (p = 0.007) or amplification (p = 0.036) of TOP2A was 

significantly associated with androgen resistance (Figure 4.10).
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Figure 4.10 Bar charts showing the association o f androgen resistance with top olla  

overexpression (p = 0.007) and TOP2A amplification (p = 0.036); gene amplification / 

expression only occurred in androgen resistant cases.

4.5.5 Correlation with survival

Length of available follow-up ranged from 0 to 39 months, with a mean o f 13.9 months. 

During this period, 34 patients with advanced (Group 2) tumours had developed androgen 

resistance and 19 patients with advanced tumours had died.

In patients with advanced tumours, the following variables were tested by univariate 

analysis for relation with survival: presence of T0P2A amplification, HER2 amplification, 

HER2 expression, topolla overexpression, age, Gleason score and serum PSA at diagnosis. 

The following variables were significantly related to survival: TOP2A amplification (p = 

0.007), PSA at diagnosis (p = 0.019), and topolla overexpression (p = 0.036) (Table 4.8).
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Condition

Mean survival in 

months if  condition 

satisfied

Mean Survival in 

months if  condition not 

satisfied

p-value

T0P2A  amplified 12(6-19) 28 (23-34) 0.007

PSA > 40 19(14-24) 33 (28-38) 0.019

TopoIIa overexpressed 18(11-25) 29 (24-34) 0.036

Gleason Score > 7 24(19-29) 30 (24,36) 0.123

HER2 expressed 15 (8,22) 27 (22-32) 0.268

Age < 60 13 (5-20) 26(19-32) 0.548

HER2 amplified 26(12-40) 26 (21-31) 0.824

Table 4.8 Results of univariate analysis for relation with survival. Variables showing 

an association with survival are highlighted in yellow.

Using multivariate analysis, TOP2A amplification (p = 0.047) and PSA at diagnosis (p = 

0.022) retained significant association with outcome; patients with -amplified

tumours had significantly poorer survival that those with non-amplified tumours. Survival 

for patients with 7’(9P2/4-amplified tumours was comparable to those with PSA at 

diagnosis > 40 (Figure 4.11).
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Figure 4.11 Survival curves for patients with PSA at diagnosis < 40 versus patients 

with PSA at diagnosis > 40 (left) and for patients with T0P2A non-amplifled tumours 

versus those with 70P2/i-amplified tumours (right).
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4.6 Discussion

Since the early 1980’s, there has been increasing interest and scientific research into anti

tumour therapy that targets tumour-specific molecular functions or surface antigens. The 

goal o f such therapy is improved tum our specificity and decreased patient morbidity 

compared to cytotoxic chemotherapy. Trastuzumab (or herceptin), a monoclonal antibody 

to HER2 protein, was one o f the first targeted therapies to show a survival benefit in 

patients with cancers that overexpressed HER2 (Cobleigh, 1999, Slamon, 2001). The 

recent discovery o f  a further improvement in survival in patients with //£'7?2-amplified 

breast cancers that show T0P2A  co-amplification when treated with topo lla  inhibitors 

places new significance on the presence o f  T0P2A  and HER2  co-amplification in other 

tumours. (Di Leo, 2002).

This is the first study to document TOP2A amplification in prostate cancer. We found that

T0P2A  was amplified in 14% o f prostate cancers and 26% o f advanced cancers. TOP2A

amplification was associated with HER2  amplification, but occurred approximately twice

as frequently (HER2 was amplified in 6.5% o f cancers and 12% o f advanced cancers). This

is in contrast to breast cancer, where TOP2A amplification occurs only in the setting of

HER2 amplification, being found in 25 -  41%  o f HER2 amplified tumours (Jarvinen, 1999,

Jacobson, 2004). In addition, only low-level amplification o f either HER2 or T0P2A  was

detected in this study. Again, these results differ from studies o f breast cancer, where most

tumours with amplification o f either gene show very high-level amplification, often with

gene/CEP 17 ratios or 10 or more (Kobayashi, 2002). Deletion o f T0P2A  (defined as

target:centromere ratio < 0.75), which is found in 23-43% o f HER2  amplified breast

cancers was not identified in any o f the prostate cancers in our study. These results suggest

that the amplified region within the 17q locus, the frequencies and the extent o f  gene

amplification can vary from tumour to tum our, with a predisposition for high-level HER2

amplification in breast cancer and an apparent predisposition for low-level T0P2A

amplification in prostate cancer. In support o f this theory, comparative genomic

hybridisation and FISH studies o f upper gastrointestinal cancer and malignant peripheral

nerve sheath tumours have identified over 23 different genes, that may be variably

amplified within the 17ql2 -  q21 region (Varis, 2002, Maqani, 2006, Storlazzi, 2006).

Most o f  these genes are located between HER2 and the chromosome 17 centromere

{PIP5K2B, MKP-L, LH X l, MLN51, MLN64, P P P IR IB  and TCAP). However, genes

located between HER2 and TOP2A (GRB7) and located downstream o f TOP2A {A C LY and
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RPL27) may be ampHfied in certain cases. The factors that determine the ampHcon 

boundaries in a particular tumour are poorly understood.

In our study we found a good correlation between gene expression and amplification; 80% 

o f cases that overexpressed to p o lla  showed T0P2A  amplification, and 80% o f HER2 

positive tumours that had 2+ or 3+ staining showed HER2 amplification. The correlation 

was not perfect:

•  3 cancers (3%) showed to p o lla  overexpression without T0P2A  amplification

• 2 cancers (2%) and one case o f BPH (2%) showed 1+ HER2 staining but no HER2 

amplification

• 2 cases o f  prostate cancer (2%) showed HER2  amplification but 0 staining by

immunohistochemistry

In the literature, there are reports o f HER2 negative, HER2 amplified prostate cancers as 

well as cases o f prostate cancer and BPH showing weak HER2 staining but no HER2 

amplification (Gu, 1996, Liu, 2001, Vemimmen, 2003). T opo lla  overexpression without 

gene amplification has also been reported in breast cancer (Cardoso, 2004). Therefore, 

while gene amplification is the most frequent mechanism for topo lla  / HER2 

overexpression, it is not the only one. Other transcriptional and post-transcriptional 

pathways must exist that can upregulate expression o f these genes in the absence o f 

amplification.

The biological significance o f HER2  amplification in the absence o f HER2 expression is 

unclear; in our study, HER2 expression showed a stronger correlation with advanced stage 

and high Gleason score than HER2  amplification. However, this could be due to the fact 

that numbers o f HER2 amplified tumours in this study were low (n = 6).

The association o f HER2 expression, to p o lla  overexpression and HER2  amplification with

high Gleason score and advanced tumour stage is consistent with published data. In this

study, we also found a strong correlation between TOP2A amplification / overexpression

and androgen resistance as well as an association between TOP2A amplification and

survival by multivariate analysis. T opo lla  expression was also related to decreased

survival by univariate analysis. These findings are reminiscent o f the initial studies of

T0P2A  amplification and expression in breast cancer in which amplification or expression
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of TOP2A was associated with adverse tumour characteristics and decreased survival 

(Depowski, 2000, Callagy, 2005). Subsequent clinical trials revealed improved survival in 

such patients when treated with topolla inhibitor chemotherapy, compared to patients with 

cancers with no T0P2A amplification (Di Leo, 2002). It is possible that TOP2A 

amplification in prostate cancer could be of similar significance. At the very least, it 

appears to identify a cohort of advanced prostate cancer patients likely to show early 

progression to androgen resistance. Utilisation of chemotherapy early on in the 

management of such patients could be beneficial, as androgen therapy is unlikely to have a 

prolonged effect. It is possible that topolla inhibitor therapy could be particularly effective 

as a chemotherapeutic agent in these patients. In cases showing HER2 co-amplification, 

treatment with herceptin may also be beneficial.

It is not clear from this study which of FISH or immunohistochemistry is the most 

prognostically informative test for T0P2A status. Topolla overexpression showed a higher 

level of association with androgen resistance. On the other hand, T0P2A amplification 

showed the strongest correlation with survival. Because of the relatively low prevalence of 

HER2 and TOP2A gene aberrations in prostate cancer, larger scale studies may help to 

answer this question. In addition, randomised controlled trials are necessary to investigate 

any survival benefit from topolla inhibitor therapy in patients with 7’OP2^-amplified 

prostate cancer.

4.7 Conclusion

In conclusion, this study documents T0P2A gene amplification in prostate cancer. 

Increased TOP2A copy number is associated with adverse clinical features and decreased 

survival. It is commonly accompanied by topolla overexpression, which shows similar 

clinicopathological associations. It is also associated with HER2 amplification / expression, 

which occurs less frequently than T0P2A aberrations.

Since treatment options for advanced prostate cancer are currently limited and prediction 

of individual patient outcome problematic, these findings suggest a possible method for 

identifying patients that are likely to do badly when treated with anti-androgen therapy 

alone. They also suggest a possible role for topolla inhibition as targeted therapy for 

advanced prostate cancer in a subset of patients. Further in vitro and in vivo work,
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particularly randomised controlled trials are needed to confirm the effectiveness o f topo lla  

inhibitor therapy against prostate cancer cases showing T0P2A  amplification.
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5.1 Summary

DNA microarrays have revolutionized expression analysis o f cultured cells and human 

tissues since their inception in 1995. The combination o f robotic technologies with 

sensitive detection chemistries and data analysis software allows simultaneous comparison 

o f  mRNA levels o f  tens o f  thousands o f  genes within a single specimen and between 

different biologic samples. The resultant expression signatures can give valuable 

information on key pathways and genes involved in carcinogenesis and tumour behaviour.

Over one hundred microarray studies o f prostate cancer have been published to date. Most 

studies have focused on specific genes showing differential expression between prostate 

cancer and benign prostate tissue (usually BPH), HGPIN and prostate cancer, localized and 

metastatic prostate cancer, prostate cancers o f different Gleason grades and cancers with 

different clinical outcomes. The output o f many o f these studies has been a list o f 

unrelated, but significantly differentially expressed genes between the groups examined in 

each study. In some cases, gene lists have been refined to a much smaller number o f genes 

that may be used as a diagnostic algorithm to differentiate between groups. Gene 

expression signatures associated with cancer recurrence, metastasis and poor clinical 

outcome have been identified. However, despite this huge mass o f scientific data, only one 

gene identified in a prostate cancer microarray study has been translated into clinical 

practice: AMACR. In addition, we still have a very limited understanding o f the molecular 

pathobiology o f prostate cancer.

The limitation o f  many o f  these studies is the focus on individual genes. While this 

approach is effective for the identification o f biomarkers, as in the case o f  AMACR, it has 

shortcomings in providing meaningful insight into the process o f malignant transformation 

and the molecular steps involved. Since genes and their proteins do not act in isolation, 

looking at the expression level o f  a single gene gives no information on the effect o f 

disregulated expression o f  that gene within the cell. Indeed, in many cases, altered 

expression o f a gene is a consequence o f the malignant state, not a direct cause.

By taking a pathway-orientated approach to the analysis o f microarray data, we have 

identified a number o f biological processes that are significantly disregulated in prostate 

cancer. These include detoxification, cellular response to oxidative stress, lipid metabolism 

and peroxisome proliferator regulated gene expression. These pathways provide new
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insight into the prostate cancer model and support the theoretical link between 

environmental risk factors, genetic predisposition and prostate cancer development. They 

also provide evidence for the mechanism o f AMACR overexpression in prostate cancer.

5.2 Introduction

The goal o f a great deal o f molecular cancer research is the identification o f  genes or 

proteins specific to a particular tumour type, stage, or behaviour. In recent years, it has 

become apparent that no one gene or protein completely defines the phenotype o f a tumour 

cell; most malignant cells demonstrate disarray o f a number o f cellular pathways, all o f 

which combine to give the tumour cell it’s specific characteristics. A summary o f the 

expression levels within a tumour o f all genes involved in these various pathways 

constitutes the molecular signature o f that tumour. Studying molecular signatures rather 

than specific molecules can give much greater insight into the pathogenesis o f tumour 

development and progression.

Functional expression o f a gene may be assessed by measuring levels o f messenger RNA 

(mRNA) for that gene. Northern blotting is an effective but labour-intensive and low 

throughput technique for detecting a single specific mRNA, based on the principle o f 

hybridisation; two nucleic acids strands will hybridise and bind if they are complementary 

to each other. In Northern blotting, an mRNA sample is run through a gel. A radio-labelled 

oligonucleotide probe complementary to the desired mRNA target is applied to the gel. If 

the target mRNA is present, the probe will bind to its location in the gel. The amount o f 

radiation captured on a photographic film is proportional to the amount o f target mRNA in 

the sample (Knudsen, 2004).

DNA microarray analysis is a high-throughput technique analogous to a massively parallel 

version o f Northern blotting. Like Northern blotting, DNA microarrays operate on the 

basis o f probe:RNA hybridisation; however, DNA microarrays utilise tens o f  thousands of 

oligonucleotide probes for RNA. They allow rapid comparison o f mRNA levels for 

thousands o f genes in muhiple biologic samples (Lobenhofer, 2001). Thus, instead of 

running a couple o f Northern blots in a day, one can analyse tens o f thousands o f genes in 

a dozen or so specimens in a single experiment. This allows simultaneous observation o f 

genes that act in a coordinate fashion, either within the same pathway or in related 

pathways and genes that regulate expression o f other genes. Thus, we can identify
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pathways that are consistently disregulated within a specific tumour type. We can also 

identify the genes within each pathway that show altered expression within a tumour, 

thereby gaining insight into the origin o f pathway disregulation and possibly tumour 

pathogenesis.

5.2.1 Expression microarray technology

Microarrays are created by synthesizing or transferring cDNA (500 -  2000 bases) or 

oligonucleotide (20 -  70 bases) probes onto a membrane or glass slide. Thousands o f 

probes, each complimentary to a different target sequence, can be attached onto a very 

small area, often a few cm . The RNA sample o f  interest is labelled (typically using 

fluorescent or chemiluminescent tags) and hybridised to the array. After washing away 

unhybridised material, the array is excited by a laser and the resultant image scanned. The 

amount o f light emitted from each probe is dependent on the amount o f hybridised 

material; thus the amount o f each o f  the target sequences present in the sample can be 

quantified from the image generated from the array.

5.2.2 Expression microarray studies

Since their inception in 1995, DNA microarrays have revolutionised genome-wide 

expression profiling o f tumours and other tissues (Schena, 1995). There has been an 

exponential rise in the number o f  microarray papers published since 1995 (Figure 5.1).

10000 -I-----------------------------------------------------------------------

1996 1997 1998 1999 2000 2001 2002

Figure 5.1 Number of DNA microarray papers published per year (Knudsen, 2004)
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Microarrays have a number o f applications in cancer research (Lobenhofer, 2001):

1) Determination o f differences between malignant cells and benign cells

2) Refining tumour classification to increase effectiveness o f tumour therapies

3) Identification o f genes implicated in tumour formation or progression

Genes that show marked differences in expression between malignant and benign cells can 

be useful in cancer screening or diagnosis. A good example o f this is AMACR, which was 

identified as being upregulated in prostate cancer compared to benign tissue by microarray 

studies (Xu, 2000). As discussed in chapter 3, AMACR immunohistochemistry is now 

widely used in the diagnosis o f prostate cancer in needle core biopsies. AMACR  is also 

upregulated in HGPIN. Genes such as AK4ACR, which are consistently overexpressed in 

malignant and premalignant conditions but not in benign tissues have potential as 

biomarkers o f disease in screening programmes for prevention and early detection o f 

cancer.

Currently, tumour diagnosis is primarily based on assessment o f the microscopic 

appearance o f a tumour. In cases where morphology is non-diagnostic, 

immunohistochemistry is often used as a supplementary test; identification o f proteins that 

are expressed by a tumour gives information on the differentiation o f the tumour and the 

likely lineage. Microarray studies give more extensive information about the gene 

expression pattern o f a tumour; so much so that it is possible to identify certain tumour 

types and subtypes based on expression analysis alone (Nielsen, 2002, Lu, 2003, Li, 2004). 

It is also possible to predict clinical behaviour o f  tumours based on their expression 

signature; such infonnation is often independent o f  prognostic information attained from 

histopathological parameters (Ohali, 2004, Brenton, 2005, Sigal, 2005). Despite these 

promising reports, microarray-based expression analysis o f individual tumours is currently 

only applied in the research setting; this type o f analysis is expensive, time-consuming and 

requires fresh tumour tissue. The aim o f many microarray studies is the identification o f a 

smaller subset o f genes that provides similar diagnostic or prognostic information, but is 

more applicable in the clinical setting. It would be feasible to analyse expression o f a 

smaller number o f informative genes in clinical specimens using immunohistochemistry or 

RT-PCR.
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Genome-wide expression analysis o f tumours at different stages o f development and o f 

premalignant lesions gives insight into genes or pathways that are disregulated early and 

late in tumourigenesis that may be important in malignant transformation and tumour 

progression. These genes could represent therapeutic targets or could be useful in 

identifying specific genetic risk factors or possible environmental triggers o f 

carcinogenesis that could be assessed in evaluation o f cancer risk or modified in cancer 

prevention.

High-throughput technologies such as DNA microarrays generate a wealth o f data. 

Extensive statistical analysis is required to obtain any meaningful results from this data; to 

identify genes and pathways o f interest from the thousands o f genes that are found to be 

significantly upregulated and downregulated in each study. Also, microarray studies are 

often performed on a limited number o f  samples. Findings identified in such a small cohort 

need to be validated on a larger cohort to establish whether they are representative o f the 

population being studied. Immunohistochemistry using tissue microarrays or RT-PCR on 

additional samples can be used to confirm upregulation or downregulation o f gene 

expression on a larger number o f samples. Such downstream high-throughput techniques 

can be used to further study key genes identified from DNA microarrays, to investigate the 

potential o f these genes as prognostic, diagnostic or screening markers or as therapeutic 

targets in the population o f interest.

5.2.3 Applied Biosystems Expression Array System

The Applied Biosystems Expression Array System (Figure 5.2) is an expression profiling 

system that combines highly sensitive chemiluminescence detection chemistries with a 

fially curated transcript data set with comprehensive coverage o f  the total human genome.
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Figure 5.2 The Applied Biosystems Expression Array System comprising 

Chemiluminescent RT-IVT Labelling Kit, Human Genome Survey Microarrays, 

Chemiluminescent Detection Kit and 1700 Chemiluminescent Microarray Analyzer

The AppHed Biosystems Human Genome Survey Microarray provides 31,700 probes for 

interrogation o f 27,868 genes. The system includes a complete searchable database 

containing Celera Discovery System™ and public database annotations for transcript 

sequences represented on the array. Each array offers extensive data reproducibility and 

quality control measured by chemiluminescent and fluorescent internal controls. The 

system integrates seamlessly with TaqMan® Gene Expression Assays and TaqMan® Low 

Density Custom Arrays for individual target validation.

5.3 Aims

The objectives o f this chapter were:

1) To identify genes that differentiate between

a) benign and malignant prostate tissue

b) early and late stage prostate cancer

2) To identify key pathways that are disregulated in early and late stage prostate cancer

3) To find correlations between gene expression and tumour biology

4) To identify genes or pathways which are disregulated in benign glands within tumour 

specimens.
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5.4 Materials and methods

A summary o f the materials and methods employed in this microarray study are shown in 

Figure 5.3. All except for Taqman RT-PCR validation are discussed in this chapter.

Labelling of mRNA ' 
component (RT -IVT)

Validation

Secondary
Analysis

Chemiluminesence
Reaction

Primary
Analysis

1700 Microarray 
Analyzer >

1. Fresh Frozen 
Material

9. Taqman RT- 
PCR

2. Total tissue

8. Disregulated 
Gene Pathways

7. Annotated Gene 
List

3. Hybridization to 
Microarray

6. Normalized 
Microarray Data

5. Captured 
Microarray Image

4. Chemiluniinescence 
Detection

Figure 5.3 Expression analysis methods

5.4.1 Sample collection

Samples from 25 patients who had prostate surgery in the Adelaide and Meath Hospital 

were utilised for microarray analysis. Consent from each patient was obtained prior to 

inclusion in the study. Fresh tissue was harvested from all 25 surgical specimens according 

to the methods outlined in section 2.3. These specimens included 7 TU RP’s for advanced 

prostate cancer, 9 radical prostatectomies for localized cancer, 1 TURP containing an 

incidental cancer and 7 TU RP’s and 1 simple prostatectomy for BPH (Table 5.1).

158



Chapter 5 Expression Arrays

Sam ple

ID
Diagnosis

Benign o r 

M alignan t

Sam ple

Type

T um our

stage

G leason

Score

1 C09 Prostate cancer Malignant TURP Advanced 4+5

2 C06 Prostate cancer Malignant TURP Advanced 5+4

3 C02 Prostate cancer Malignant TURP Advanced 5+4

4 C04 Prostate cancer Malignant TURP Advanced 4+4

5 COl Prostate cancer Malignant TURP Advanced 5+4

6 C05 Prostate cancer Malignant TURP Advanced 4+5

7 COS Prostate cancer Malignant TURP Advanced 4+5

8 R27M Prostate cancer Malignant Prostatectomy Localized 3+3

9 R31 Prostate cancer Malignant Prostatectomy Localized 3+3

10 R29M Prostate cancer Malignant Prostatectomy Localized 3+4

11 R20 Prostate cancer Malignant Prostatectomy Localized 3+3

12 R23 Prostate cancer Malignant Prostatectomy Localized 4+3

13 B04M Prostate cancer Malignant TURP Localized 3+3

14 R18 Prostate cancer Malignant Prostatectomy Localized 3+3

15 R19 Prostate cancer Malignant Prostatectomy Localized 3+4

16 R24 Prostate cancer Malignant Prostatectomy Localized 3+4

17 R32 Prostate cancer Malignant Prostatectomy Localized 3+3

18 R27B Benign glands Benign Prostatectomy - -

19 R29B Benign glands Benign Prostatectomy - -

20 801 BPH Benign TURP - -

21 B05 BPH Benign TURP - -

22 B ll BPH Benign TURP - -

23 B03 BPH Benign TURP - -

24 B02 BPH Benign TURP - -

25 BOS BPH Benign TURP - -

26 B07 BPH Benign TURP - -

27 MOl BPH Benign Prostatectomy - -

28 NOl Normal prostate Benign Pooled RNA - -

Table 5.1 Samples for microarray analysis

159



Chapter 5 Expression Arrays

As discussed in section 2.3.1, specimens were assigned an identification number (ID) 

based on the tissue type and chronological order o f tissue harvesting. Radical 

prostatectomies were assigned ROl to R30, TU RP’s for BPH were assigned BOl to B14, 

TURP’s for prostate cancer were assigned COl to C09 and the simple prostatectomy for 

BPH was assigned MOl. In two o f the radical prostatectomy cases, areas o f tumour and 

separate areas o f benign glands were harvested. These samples were designated R27M and 

R29M (for malignant) and R27B and R29B (for benign). The TURP that contained the 

incidental cancer was designated B04M (for malignant).

Tissue was snap frozen in liquid nitrogen or placed in RNALater solution prior to freezing. 

Lesional tissue in banked frozen samples was identified by frozen section and was 

dissected from non-lesional tissue (where necessary) prior to nucleic acid extraction. 

Samples o f benign glands from radical prostatectomy specimens were taken distant from 

areas containing tumour (based on frozen section analysis o f frozen tissue) or from blocks 

that contained no tumour (based on frozen section analysis o f frozen tissue and histologic 

assessment o f adjacent paraffin embedded tissue) to avoid tumour contamination.

A commercially available sample o f pooled normal prostate total RNA was also used; this 

was assigned the identifier NOl.

5.4.2 RNA extraction and in vitro transcription (IVT)

Total RNA was extracted from lesional tissue and the integrity and quantity o f extracted 

RNA was verified as outlined in sections 2.4.1 and 2.4.2. The mRNA fraction was then 

converted into labelled cRNA using the Applied Biosystems Chemiluminescent RT-IVT 

Labelling Kit, Version 2.0. This process involves three main steps:

1) Reverse transcription o f mRNA to copy DNA (cDNA)

2) Synthesis o f the second DNA strand to form double-stranded cDNA

3) Reverse transcription, labelling and amplification o f cDNA to labelled cRNA
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The last step utilises a T7 (oligo dT) prim er that binds to the polyA  tail o f  m RNA / cDNA 

derived from  m RNA. Therefore only the m RNA fraction o f  the sam ple is am plified. The 

dUTP nucleotides w ithin the reaction m ixture are labelled w ith digoxigenin. M ultiple 

transcription rounds result in the production o f  DIG -labelled cRN A  (see section 2.5.1 and 

figure 2.2). RT-IV T reactions typically yield 140 -  170 )ag labelled cRN A from  a starting 

sam ple o f  2 [ig o f  total RNA. Between 20 ng and 2 ^g o f  total RNA and up to 10 |il o f  

sam ple may be used for input to the RT-IVT reaction. G enerally 2 |ag o f  total RNA was 

used for each sam ple. However, if  the concentration o f  total RN A for the sam ple w as less 

than 200 ng / |il, 10 |al o f  sample was used.

5.4.3 Chemiluminescence reaction

The Applied Biosystem s Expression Array System  uses chem ilum inescence to detect 

hybridisation events; chem ilum inescence offers enhanced detection sensitivity com pared to 

other m icroarray detection technologies, such as fluorescence, due to very low read noise 

and low background chem ilum inescence. The chem ilum inescence detection m ethod is 

outlined in detail in section 2.5.2. The process involves the follow ing steps (Figure 5.4):

1) H ybridisation o f  fragm ented DIG -labelled cRN A (from  the RT-IV T reaction) to probes 

on the m icroarray by incubating for 16 hours at 55 °C.

2) W ashing m icroarrays to rem ove unhybridised D IG -labelled m olecules.

3) Addition o f  alkaline phosphatase-D IG  antibody conjugate to the m icroarray. DIG 

antibody (and the attached alkaline phosphatase) binds to D IG -labelled cRNA.

4) A ddition o f  substrate and chem ilum inescent enhancer. A lkaline phosphatase 

hydrolyses the chem ilum inescent substrate and em its light at a w avelength o f  ~458nm . 

The enhancer strengthens the signal which is proportional to the am ount o f  target RNA.

5) Capturing o f  chem ilum inescent im ages and analysis on the 1700 analyser.
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Figure 5.4 Chemiluminescence detection process

The 1700 Chemiluminescent Microarray Analyser (AB1700) images each microarray in 

fluorescent mode to grid, normalize and identify microarray features accurately even in the 

absence o f bound gene expression products. The AB1700 then captures 2 “short” 

chemiluminescent images for coarse image analysis, quality assessment and quality control 

and 2 “ long” chemiluminescent images for precise gene expression quantification.

5.4.4 Analysis of microarray data

After capturing array images and quantification o f chemiluminescence for each probe, the 

AB1700 performs initial quality control analysis. Each array must pass this quality control 

to be included in subsequent analysis. For the purposes o f  this study, microarray data was 

then imported into the Applied Biosystems Genome Survey Array Data Analysis program, 

also called the abl700gui. The abl700gui performs normalisation and quality assessment 

on output from the AB1700. It can also be used to perform primary analysis and output 

lists o f  significant genes. Much o f this analysis is carried out by a second program called 

R. This program applies filtering methods to identify genes that show differential 

expression across two study groups.

Names and functions o f all genes o f interest were downloaded from the PANTHER 

(Protein ANalysis THrough Evolutionary Relationships) Classification System, available
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at www.pantherdb.org. Secondary analysis was also perfonned using PANTHER; the 

annotated gene list was analysed to identify molecular functions, biological processes and 

pathways that showed increased representation between the two study groups, either due to 

upregulation or downregulation o f component genes. Cluster analysis was performed using 

SpotFire DecisionSite for Functional Genomics, a proprietary data analysis platform. The 

statistical analysis process is summarised in Figure 5.5 overleaf

Normalisation

Primary analysis

Secondary analysis

ANOVA 
on genes

t-test 
on genes

Fold Change 
Filtering

List of significant 
pathw'ays

Normalised 
Microarray Data

Microarray
Experiment

List of significant 
genes

Cluster analysis 
Patim ay analysis

Image analysis and 
Normalisation

Figure 5.5 Overview of data analysis methods 

5.4.4.1 Reducing bias: normalisation and replicates

Systematic bias is the inherent tendency o f a system to favour particular outcomes or to 

make particular errors. Random bias is due to inaccurate results or readings that occur 

randomly and cannot be predicted. In the case o f microarray experiments, comparing the 

output from two chips to which the same mRNA sample is applied reveals both systematic 

and random bias (Figure 5.6). All measurements from one chip should match those on the 

other exactly, so in Figure 5.6, all points on the graph should lie on the diagonal. 

Systematic bias is revealed by a deviation from the diagonal that increases with intensity -  

this bias is relatively predictable and is signal dependent. Normalisation is an attempt to 

correct for systematic bias in data.
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Figure 5.6 Comparison of output from 2 microarrays to which the same mRNA

sample was applied (Knudsen, 2004)

Normalisation involves equalising data from different channels before analysis. It corrects 

for technical variations between and within single hybridisations, namely quantity o f 

starting RNA and labelling and detection efficiencies for each sample. There are a variety 

o f normalisation schemes in use; global normalisation has been applied to the data 

presented in this chapter. Global nonnalisation assumes that given a large enough sample, 

the average signal intensity (corresponding to gene intensity level) is constant. M versus A 

plots or MA plots showing logarithm o f signal ratios against logarithm o f average signal 

intensity are often used to detect signal dependent biases and efficacy o f  normalisation. 

Effect o f global normalisation on an MA plot o f the data in the previous example is shown 

in Figure 5.7.

r i

9 10 11 12 13 14 1510 12 13 14 15

A A

Figure 5.7 Comparison of MA plots of data from Figure 5.6 before (left) and after 

(right) global normalisation. (Knudsen, 2004)

164



Chapter 5 Expression Arrays

Random bias is more unpredictable than systematic bias; this is often not a problem as 

random errors on average cancel each other out. One can minimise random bias by using 

replicates. Replicates estimate variation within the system and allow the use o f t tests or 

ANOVA to determine whether differences between results are real, or whether they could 

be due to noise within the system.

Technical replicates between arrays refers to replication in which the target mRNA is 

from the same pool, that is, from the same extraction (as in the previous example) or RT- 

IVT reaction. In this study, the following technical replicates were used: R20REP1 and 

R20REP2 using RNA from the same localized prostate cancer sample and C06REP1 and 

C06REP2 using RNA from the same advanced prostate cancer sample.

Biological replicates can refer to hybridisations that involve mRNA from a different 

extraction or from a completely different sample. In this study, biological replicates were 

defined as tissue from different patients showing the same pathology; there were 7 

replicates for advanced prostate cancer, 10 replicates for localized prostate cancer, 8 

replicates for BPH and 2 replicates for benign glands from radical prostatectomy cases. 

This form o f biological replication involves a much greater degree o f variation in 

measurements, which approximates the variation within the population being studied. 

Generating replicates is both time-consuming and expensive, but the more replicates, the 

better the statistics. Where possible, a minimum o f three biological replicates were used.

S.4.4.2 Primary analysis using the abl700gui

After normalisation and quality assessment, abl VOOgui was used to conduct t tests and fold 

change analysis, looking for genes that showed significantly different levels o f expression 

between two different cohorts (or classes). The classes examined were: a) all cases o f BPH, 

b) all localized cancers, c) all advanced cancers, d) all benign specimens, e) all malignant 

specimens and f) benign gland specimens from radical prostatectomies (“benign radicals”). 

The output o f this analysis was filtered to identify genes o f  interest.
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5.4.4.2.1 Class Comparison

Class com parison is a m ethod o f  data analysis that com pares expression profiles from 

predefined specim en classes. The aim s o f  class com parison are to determ ine w hether the 

expression profiles differ am ong the classes and if  so, to identify genes that are 

differentially  expressed betw een classes. I f  possible, class com parison aim s to develop a 

m ultivariate predictor o f  class m em bership based on level o f  expression o f  certain genes. 

Identification o f  differentially  expressed genes was based on fold change analysis and 

significance testing.

5.4.4.2.2 Significance

The ablVOOgui was used to perform  a tw o-sam ple t test betw een all o f  the 2-class groups 

listed in table 5.2. This testing w as preceded by a probe filtering procedure to rem ove 

undetected probes: probes in which the signal to noise ratio w as less than 3. A threshold 

value, usually 50% , was selected for t test analysis; if  a probe w as not detected in more 

than 50% o f  the sam ples in a class, then it was listed as being undetectable in that class. 

For each probe, the t test looked at the m ean and the variance o f  expression levels in class 

1 com pared to those in class 2 and calculated the probability o f  the observed difference in 

m eans occurring when the null hypothesis is true; i.e w hen the m ean o f  the tw o classes was 

equal. The t test in ablTOOgui assum es unequal variance betw een classes. The output o f  

this testing was a p value for each detected probe.

Analysis No. Class 1 Class 2

1 All benign All m alignant

2 All BPH All localized cancers

3 All BPH All advanced cancers

4 All localized cancers All advanced cancers

5 All BPH All “benign radicals”

Table 5.2 Groups used for analysis of microarray data

166



Chapter 5 Expression Arrays

5.4.4.2.3 Correction for multiple testing

It is important to consider the effect o f multiple testing in microairay experiments. A p 

value o f 0.05 implies a 5% probability o f  a false positive (type 1) error when looking at a 

single gene. However, the same p value implies 500 false positives when looking at 10,000 

genes. To get a 5% type 1 error rate with 10,000 genes requires a p value o f 0.000005. This 

is a very strict cutoff point, which very few genes will satisfy. A compromise is using a 

False Discovery Rate (FDR) or adjusted p value o f  5%. This implies 5 type 1 errors in a 

list o f 100 significant genes. The abl700gui calculates FDR values from p values using the 

Benjamini-Hochberg procedure (Benjamini, 2001).

5.4.4.2.4 Fold Change

Fold change (FC) and log2(FC) for detected probes were also calculated. FC compares the 

expression level o f the same gene in both classes and assesses how many fold up- or 

downregulated the gene is in one class compared to the other. In microarray studies, where 

number o f replicates is low, but number o f  genes is high, there is a significant risk o f 

experimental error. It is particularly difficult to estimate variance given a small number o f 

replicates. To allow for this, it is recommended that only genes with a FC > 2 are included 

for analysis. This guards against low p values that arise from underestimation o f variance 

(Knudsen, 2004).

5.4.4.2.5 Gene Filtering

Fold changes, p values from t tests and FDR values from multiple testing corrections were 

all used to filter gene lists from the 27,868 genes represented on each array to lists of 

between 100 to approximately 1000 genes that showed a significant difference in 

expression levels between 2 classes, e.g. in analysis 1, genes that were differentially 

expressed between benign and malignant prostate tissue. Initially, basic filtering was 

automafically applied by abl700gui, where flagged genes (that did not pass quality 

control) and those with a signal-to-noise ratio (S/N) o f less than 3 were deemed 

undetectable and removed from further analysis. All control elements on the array such as 

hybridisation controls, RT-IVT controls, etc. were also removed, after being screened to 

ensure the data met the quality control requirements.
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Preferentially, genes with an FDR < 0.05 were considered to show significant differential 

expression. However, if  no or very few genes passed the Benjamini-Hochberg corrections, 

those with the smallest p value were evaluated, using p < 0.01. Finally, only genes with a 

FC > 2 were included in subsequent analysis.

5.4.4.3 Secondary analysis using PANTHER

PANTHER is a unique resource that classifies genes by their functions, using published 

scientific experimental evidence as well as sequence analysis to predict function even in 

the absence o f direct experimental evidence. Gene products are classified into families and 

subfamilies o f shared function, which are then categorized by molecular function and 

biological process. For an increasing number o f  proteins, interactions in biochemical 

pathways are also characterised. A key function o f  the PANTHER system is the ability to 

analyse gene lists for over- or under- represented biological processes.

5.4.4.4 Cluster Analysis using SpotFire

Cluster analysis is based on a metric for measuring distance between expression profiles. 

Clustering involves grouping samples or genes together according to some measure o f 

similarity. Clustering can extract trends from raw data sets, but it does not give information 

about which genes are informative for discriminating among classes. There are two types 

o f clustering: supervised and unsupervised clustering. Supervised clustering uses a set of 

example data to classify the rest o f the data set. Unsupervised clustering, on the other hand, 

attempts to discover the natural groupings inside a data set without any input.

Unsupervised clustering was perfonned on all 28 samples using SpotFire DecisionSite 

software to evaluate the degree o f similarity between the expression profiles from all o f  the 

samples and to determine whether technical replicates and tissue types grouped 

appropriately.
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5.5 Results 

5.5.1 RNA Analysis

QuaHty and quantity o f RNA extracted from all 27 tissue samples and the pooled normal 

prostate RNA sample was examined prior to inclusion in microarray analysis. In most 

cases, this analysis was performed on the Agilent 2100 Bioanalyser. Concentrations o f 

total extracted RNA and amounts used in the RT-IVT reaction are shown in Table 5.3.

Sample

Total RNA 

conc. 

(ng/^l)

Amount for 

RT-IVT 

(^g)

Sample

Total RNA 

conc. 

(ng/^1)

Amount for 

RT-IVT 

( îg)No. ID No. ID

1 C09 279 2 15 R19 185 1.85

2 C06 1920 2 16 R24 446 2

3 C02 479 2 17 R32 1293 2

4 C04 377 2 18 R27B 286 2

5 COl 642 2 19 R29B 200 2

6 C05 69 0.69 20 BOl 484 2

7 C08 261 2 21 B05 429 2

8 R27M 693 2 22 B ll 586 2

9 R31 700 2 23 B03 631 2

10 R29M 747 2 24 B02 432 2

11 R20 810 2 25 B08 434 2

12 R23 350 2 26 B07 376 2

13 B04M 198 1.98 27 MOl 295 2

14 R18 97 0.97 28 NOl 1000 2

Table 5.3 Groups used for analysis of microarray data
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5.5.2 cRNA Analysis post RT-IVT

Quality and quantity o f cRNA output from the RT-IVT reaction was also assessed prior to 

array hybridisation. An example of a typical sample electrophoresed on an ethidium 

bromide-stained agarose gel is shown in Figure 5.8.

Ladder cDNA output Ladder

Figure 5.8 Agarose gel electrophoresis of a cRNA sample

Concentration of cRNA output for all samples ranged from 314 ng/|al to 722 ng/|j.l. Ten 

micrograms (10 |j.g) o f labelled cRNA was hybridised to each array.

5.5.3 Microarray Image Capture

Images of processed microarrays were captured and processed using the AB1700 system. 

Arrays were captured in two halves; an example is displayed in Fig 5.9.
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Figure 5.9 Captured image o f microarray for specimen C09. The AB1700 captures 

the microarray image in two halves. These images have been merged for the purposes 

of this figure.

5.5.4 Statistical Analysis

As described in chapter one, we elected to take a pathway specific approach to the analysis 

o f gene expression data. Once a particular pathway was selected for analysis, upstream and 

downstream components were examined to get an overview o f the level o f activity within 

the pathway. We focused either on:

1) Genes that showed marked over- or under-expression with high levels o f significance. 

We looked at the expression patterns o f other genes in the same pathway as the 

markedly disregulated gene.

2) Pathways that were significantly upregulated or downregulated.

Given the large number o f prostate cancer expression arrays studies in the literature, we 

felt that this approach would yield more informative results than a list o f unrelated genes 

showing differential expression.
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5.5.4.1 Normalisation

A 5% trimmed mean was the main normaHsation method used in this study; this method 

produces rehable resuhs when analysing low signal intensity genes. Figure 5.10 shows MA 

plots after normalisation for the technical replicates C06REP1 & C06REP2 and R20REP1 

& R20REP2. MA plots for replicates (C06REP1 vs. C06REP2 and R20REP1 vs. 

R20REP2) are symmetrical around zero and show no appreciable difference, whereas the 

MA plot for C06REP1 vs. R20REP2 shows much more marked variation, seen as 

increased spread o f the graph. This is entirely in keeping with what would be expected for 

a comparison between technical replicates versus a comparison o f two unrelated samples. 

After verification o f concordance between technical replicates, one replicate from each 

group was discarded from further analysis.

C06REP1 vs. C06REP2 C06REP1 vs. R20REP2 R20REP1 vs. R20REP2

Figure 5.10 MA plots of technical replicates C06REP1 & C06REP2 (left) and 

R20REP1 & R20REP2 (right) after normalisation. The centre plot shows the increase 

in spread of the graph when the unrelated samples C06REP1 and R20REP1 are 

plotted.

5.S.4.2 Filtering Genes

Step-wise filtering o f gene probes was performed for all 5 analyses as follows:

1) During normalisation in abl700gui, probes with a signal-to-noise ratio o f  less than 3 

(S/N<3) in all arrays were eliminated. In ablTOOgui, genes that appeared upregulated in 

one comparison and downregulated in another, or vice versa, were also eliminated.
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2) Detectable genes were then analysed using a t test in ablVOOgui and a correction for 

multiple testing. Genes with an FDR < 0.05 were considered to show significant 

differential expression between the two classes for analysis. In some cases, the cutoff 

point was too restrictive and subsequent pathway analysis yielded no significant 

results. In such cases, the selection criterion was relaxed to p value (from t test) o f  < 

0.01. Genes that were not significantly differentially expressed after t test or adjustment 

for multiple comparisons were eliminated.

3) Genes less than two-fold up- or down-regulated (FC < 2) between the two classes were 

eliminated.

S.5.4.3 Analysis 1: all benign samples versus all cancers

Gene filtering

All 28 samples were included in this group for analysis, each assigned to either the Benign 

or the Malignant class as shown in Table 5.1. As in all analyses, 31,700 probes for 

interrogation o f 27,868 genes were present on each array. After normalisation and quality 

control, 18986 probes were considered to be infonnative in all arrays. O f these, 1072 

probes had an FDR < 0.05. O f these, 524 probes showed a fold change > 2. This filtering 

process is illustrated in Figure 5.11.

31,700 probes 
27,868 genes

18,986 probes 
detected (S/N > 3)

Normalisation

Fold change 
filtering

t-test and multiple 
testing correction

1072 signincant probes 
(S/N > 3 AND FDR < 0.05)

524 probes showing signiflcant T or 4- expression 
(S/N > 3 AND FDR < 0.05 AND FC > 2)

Figure 5.11 Summary o f filtering procedure for analysis 1
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The 524 probe identification numbers (ID ’s) output from the filtering procedure were 

uploaded into PANTHER to identify the corresponding genes. Gene ID ’s were available 

for 486 probes representing 465 genes, which included 99 upregulated and 366 

downregulated genes. So, after gene filtering and gene identification in PANTHER, 

hundreds o f  significant genes remained for analysis 1, even after stringent statistical 

analysis including correction for multiple testing.

The challenge, as with many microarray studies, was how to get meaningful information 

from such a large number o f  significant genes. We first looked at genes that showed the 

greatest level o f upregulation and downregulation in prostate cancer compared to benign 

tissue (the highest and lowest fold changes). The top 5 upregulated and downregulated 

genes are shown in Table 5.4.

QHM Name lOtne Symbol Fold Change

Upregulated genes

Hepsin (transmembrane protease, serine 1) H PN 12.88

Olfactory receptor, family 51, subfamily E, m em ber 2 OR51E2 8.67

Aipha-methylacyl-CoA racemase AM ACR 6.53

M embrane-spanning 4-doniains, subfamily A, m em ber 8B MS4A8B 6.20

Tribbles homolog 1 (Drosophila) TRIBI 5.50

Downregulated genes

Solute carrier family 2 (facilitated glucose/fructose transporter), 

member 5 SLC2A5 17.02

Neurofilament, heavy polypeptide 200kDa NEFH 14.49

Similar to death-associated protein LOC92196 11.72

Chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant) CXCL13 11.65

Cocaine- and am phetamine-regulated transcript CART 10.45

Table 5.4 Top 10 genes showing differential expression in analysis 1

Hepsin was the number one upregulated gene with almost 13 times higher expression in 

prostate cancer compared to benign samples. AMACR  was the third most upregulated gene, 

with a fold change o f 6.53. The other genes in table 5.4 were less well characterised and so 

were unlikely to be helpful targets for the purposes o f  pathway analysis.
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We went on to search the 465 significant genes for other genes reported to have altered 

expression in prostate cancer. MYC was found to be upregulated (FC 3.04); GSTPl (FC 

3.07) and maspin (FC 4.26) were downregulated. The identification of gene expression 

patterns that were concordant with published findings was a reassuring result in our study.

Pathway analysis

For all 465 genes, the gene search in PANTHER returned the gene ID, name and symbol, 

gene family and function data as well as a list o f biological processes and pathways in 

which the gene product participates in the normal cell. The gene list was then analysed in 

PANTHER for biological processes, molecular functions or pathways that were over- or 

under-represented in prostate cancer compared to benign prostate tissue. In general, 

biological process analysis was more infonnative than molecular function analysis; 

biological process subgroups (e.g. apoptosis, cell cycle control, detoxification) tended to be 

more specific and more meaningful in the context o f cancer research than molecular 

function subgroups (e.g. protease, regulatory molecule). Pathway data was not available 

for all genes so pathway analysis seldom returned significant results.

Biological processes:

Developmental processes, signal transduction, ectoderm development, detoxification (p < 

0.001), cell communication (p = 0.030) and neurogenesis (p = 0.045) were over

represented in the list o f 465 genes. The majority of genes relating to each process were 

underexpressed; the pathways were downregulated. A pie chart of the number of genes 

from each pathway showing significant downregulation is shown in Figure 5.12.

Biological p ro c e ss  > dow nregulated

EJ Developmental p ro cesses
■  S igp^  transdix tion

□  E ctoderm  de»<elopment
□  Deto)Qfication

■  C el conrnm ica tion

B  N eurooer^sts___________

Figure 5.12 Processes downregulated in malignant versus benign prostate
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The detoxification pathway was o f particular interest, given previous consistent reporting 

of GSTPl loss in prostate cancer and the proposal that loss of the detoxifying abilities of 

GSTPl may act as an initiating event in carcinogenesis (Lee, 1994, De Marzo, 1999). Of 

the 366 significantly downregulated genes in this analysis, 7 were involved in 

detoxification (Table 5.5).

Gene Symbol Gene Name

CESl carboxylesterase 1

GPX7 glutathione peroxidase 7

GSTM2 glutathione S-transferase M2

GSTM3 glutathione S-transferase M3

GSTM5 glutathione S-transferase M5

GSTPl glutathione S-transferase pi

LOC442245 truncated glutathione S-transferase M 1

Table 5.5 Detoxification genes downregulated in malignant versus benign prostate

Downregulated genes include five glutathione S-transferases, enzymes that metabolize a 

broad range of xenobiotics and carcinogens, a carboxylesterase, an important enzyme in 

lipid and drug metabolism and a glutathione peroxidase (glutathione reductase), part o f the 

hydrogen peroxide scavenging system important in the detoxification of hydrogen 

peroxide. Such global reduction in enzymes involved in detoxification suggests a 

significant role for this pathway in the pathogenesis of prostate cancer. Numerous targets 

from this pathway were therefore selected for validation of array data and are discussed 

further in Chapter 6.

No biological process showed significant upregulation in the comparison between all 

cancers and all benign prostate tissues.

Molecular functions:

Genes with certain molecular functions were also downregulated in prostate cancer 

compared to benign tissue; these included genes that encode extracellular matrix proteins, 

protease inhibitors, nucleic acid binding proteins (all with p < 0.001), annexins (p = 0.001), 

signalling molecules (p = 0.001), oxidoreductases (p = 0.005) and calcium binding proteins
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(p = 0.018). This result may be due to some o f these fiinctions being upregulated in BPH 

rather than being downregulated in cancer, e.g. extracellular matrix proteins.

Pathways:

No pathway showed significant upregulation or downregulation in analysis 1.

S.5.4.4 Analysis 2: all BPH cases versus all localized cancers

Gene filtering

In analysis 2, all 10 localized cancers (assigned to the Malignant class) were compared to 

all 8 BPH cases (assigned to the Benign class). In this analysis, o f the 31,700 probes 

present on each array, 17461 probes were considered to be informative. O f these, 2619 

probes had an FDR < 0.05 and 1244 o f these probes showed a fold change > 2. Gene ID ’s 

were available in Panther for 1064 o f these probes, corresponding to 1045 genes, 539 o f 

which were upregulated and 506 were downregulated. The top thirteen upregulated genes 

and the corresponding fold changes are shown in Table 5.6.

Symbol Gene Name FC Subfamily

LOC440713 similar to 40S ribosomal protein S25 81 SUBFAMILY NOT NAMED

RPL7A ribosomal protein L7a 74 60S RIBOSOMAL PROTEIN L7A

EFNAl ephrin-A 1 53 EPHRIN-A 1

SIOOAIO S 100 calcium binding protein A 10 52 S I00 CALCIUM-BINDING PROTEIN

PPARA

peroxisome proliferative activated receptor, 

alpha 36

PEROXISOME PROLIFERATOR 

ACTIVATED RECEPTOR

GDFI5 growth differentiation factor 15 31 TGF-BETA FAMILY

NKX3-1 NK3 transcription factor related, locus 1 29 NK HOMEOBOX PROTEIN

FOSB

FBJ murine osteosarcoma viral oncogene 

homolog B 28 FOSB PROTO-ONCOGENE

RABI8 RAB18, member RAS oncogene family 27 RAB-18

LAPS leucine aminopeptidase 3 27 LEUCINE AMINOPEPTIDASE

C0LEC12 collectin sub-family member 12 26

SCAVENGER RECEPTOR WITH 

C-TYPE LECTIN

HPN hepsin 26 SERINE PROTEASE HEPSIN

RAPGEF2 Rap guanine nucleotide exchange factor 2 25

PDZ DOMAIN CONTAINING GUANINE 

NUCLEOTIDE EXCHANGE FACTOR,

Table 5.6 Top 13 genes showing increased expression in localized cancer versus BPH
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The upregulated genes in analysis 2 showed much higher fold changes than seen in 

analysis 1, with some genes showing up to an 81-fold increase in expression in localized 

cancer compared to BPH. Hepsin  was again among the most significantly upregulated 

genes with a fold change o f  26. Other genes that were previously reported as being 

upregulated in prostate cancer included GDF15, FO S  oncogene and NKX3.1. AMACR  (not 

shown in Table 5.6) was also significantly upregulated in localized prostate cancer with a 

fold change o f 12.6.

One o f the genes in Table 5.6 that we found particularly interesting was peroxisome 

proliferator activated receptor alpha (PPARA), which showed the third highest fold 

change. PPARA encodes a transcription factor that controls the expression o f  a number o f 

peroxisomal genes that act in the same pathway as AMACR. Because o f the link with 

AMACR  and the significant level o f  upregulation, PPARA was selected as a target for 

subsequent pathway analysis.

The top ten downregulated genes in analysis 2 were poorly characterised genes, with no 

obvious candidates for pathway analysis. Previously reported genes showing 

downregulation included the tumour suppressor gene PTEN {YC 2.0) and the detoxification 

gene G STPl (FC 2.3).

Pathway analysis:

The 1045 significant genes from analysis 2 were uploaded into PANTHER and analysed 

for over or under-represented biological processes, molecular functions or pathways.

Biological processes:

The following processes were significantly upregulated in localized prostate cancer 

compared to BPH (Figure 5.13): intracellular signalling (p = 0.002), cell proliferation and 

differentiation (p = 0.004), cell cycle control (p = 0.006). mRNA transcription (p = 0.043) 

and lipid, fatty acid and steroid metabolism (p = 0.050).
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Biological p ro cess  - upregulated

□  Intracellular signaling cascade

■  Cell proliferation and 
differentiation

□  Cell cycle control

□  nnRNAtranscription regulation

■  mRNA transcription

□  Lipid, fatty acid and steroid 
metabolism

■  Stress response

Figure 5.13 Processes upregulated in localized cancer compared to BPH

Thirty-one genes involved in lipid, fatty acid and steroid metabolism were upregulated 

(Table 5.7); this is particularly noteworthy due to the association between androgens, 

dietary fat intake and prostate cancer risk. In addition, the process o f fatty acid metabolism 

is of particular interest in relation to the role of AMACR in cancer.

The stress response process was also upregulated in prostate cancer, with a p value of 

0.068. Conditions for statistical significance were relaxed slightly to include this process in 

pathway analysis; it was of interest given the link between the processes of oxidative stress 

and detoxification; oxidative stress generally leads to upregulation of detoxification 

pathways. In the presence of defective detoxification, oxidative stress predisposes to 

cumulative genetic damage. Oxidative stress is also related to lipid metabolism; one o f the 

key molecules involved in signalling between these processes is PPARA. It was hoped that 

looking at related biological processes in unison would give enormous insight into 

interaction between these pathways in the microenvironment of the prostate cancer cell.
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Gene Symbol Gene Name

ACSL3 acyl-CoA synthetase long-chain family m em ber 3

ACS M I acyl-CoA synthetase m edium -chain family m em ber 1

ACSSl acyl-CoA synthetase short-chain family m em ber 1

AMACR alpha-m ethylacyl-CoA racemase

AN XAII annexin A 1 1

ANXA4 annexin A4

A L0X I5B arachidonate 15-lipoxygenase, second type

ARVI A RVI homolog (yeast)

ACLY ATP citrate lyase

A T P llB ATPase, Class VI, type 11B

ABCGl ATP-binding cassette, sub-fam ily G (W HITE), m em ber 1

CDS] CDP-diacylglycerol synthase (phosphatidate cytidylyltransferase) 1

CYP39A11 cytochrome P450, family 39, subfam ily A, polypeptide 1

CYP4A1I cytochrome P450, family 4, subfam ily A, polypeptide 11

CYP4A22 cytochrome P450, family 4, subfam ily A, polypeptide 22

DGKD diacylglycerol kinase, delta 130kDa

EL0VL7 elongation o f  long chain fatty acids, family m em ber 7

FABP5 fatty acid binding protein 5

FASN fatty acid synthase

GDPDl glycerophosphodiester phosphodiesterase dom ain containing 1

GLYATLl glycine-N-acyltransferase-like 1

LIPH lipase, m em ber H

PPARA peroxisome proliferative activated receptor, alpha

PPAP2A phosphatidic acid phosphatase type 2A

PCTP phosphatidylcholine transfer protein

PLA2G4F phospholipase A2, group IVF

PAQR6 progestin and adipoQ receptor family m em ber VI

PRKABI protein kinase, AM P-activated, beta 1 non-catalytic subunit

SLC37A1 solute carrier family 37 (glycerol-3-phosphate transporter), m em ber 1

SMPD2 sphingom yelin phosphodiesterase 2

SREBFl sterol regulatory element binding transcription factor 1

Table 5.7 Lipid, fatty acid and steroid metabolic genes upregulated in analysis
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Upregulated genes involved in stress response included growth arrest and DNA-damage- 

inducible, beta and gamma {GADD45B and GADD45G), nuclear receptor subfamily 4, 

group A, members 1, 2 and 3 {NR4A1, A2 and A3), dual specificity phosphatase 10 

(DUSPIO), IL2-inducible T-cell kinase (ITK) and peroxisome proliferative activated 

receptor, alpha (PPARA). Downregulated genes included glutathione peroxidase 6 and 7, 

genes involved in cellular detoxification in response to oxidative stress.

Downregulated biological processes in analysis 2 included immunity and defense, signal 

transduction, developmental processes and cell adhesion.

Molecular functions:

Kinases were significantly upregulated in localized cancer compared to BPH. Molecular 

functions that were downregulated were similar to those downregulated in analysis 1 and 

are shown in Figure 5.14.

Molecular function - downregulated

0  Extracellular rratrix
■ Defense/lmmLnlt^ protein
□  CytoskeletaI protein 
a  Protease inhibitor

■ Regulatory rrolecule
□ Protease

Figure 5.14 Molecular functions downregulated in localized cancer compared to BPH

Pathways:

No pathway showed significant upregulation or downregulation in analysis 2.

181



Chapter 5 Expression Arrays

S.5.4.5 Analysis 3: all BPH cases versus all advanced cancers

Gene filtering

In analysis 3, all advanced cancers (assigned to the M alignant class) were compared to the 

8 BPH cases (assigned to the Benign class). 19,364 probes were detectable after 

normalisation and quality control and 256 probes remained after FDR and fold change 

filtering. Gene ID ’s were available for 225 o f  these probes and 220 genes, which included 

54 upregulated and 166 downregulated genes. The top five up and downregulated genes 

are shown in Table 5.8.

Gene Symbol 6«lie  Name Fold Change

Upregulated genes

CRISP3 cysteine-rich secretory protein 3 36.38

HPN hepsin (transmembrane protease, serine 1) 20.34

O R5IE1 olfactory receptor, family 51, subfamily E, member 1 10.96

O R5IE2 olfactory receptor, family 51, subfamily E, member 2 8.77

LOC253012 hypothetical protein LOC253012 8.42

Downregulated genes

PAGE4 P antigen family, member 4 (prostate associated) 50.64

CART cocaine- and amphetamine-regulated transcript 57.85

MMP7 matrix metallopeptidase 7 (matrilysin) 61.43

SLC2A5 solute carrier family 2, member 5 82.59

NEFH neurofilament, heavy polypeptide 200kDa 278.48

Table 5,8 Top 10 genes showing differential expression in analysis 3

Many o f these {HPN, OR51E1, CART, SLC2A5, NEFH) were among the top up- and 

down-regulated genes in analysis 1, which compared all cancers with all benign tissues. 

Again hepsin  was one o f the top upregulated genes.
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AMACR  was also upregulated with a fold change o f 6.6; however this result was less 

significant with an FDR of 0.18 and a p value o f 0.02. Other previously reported genes 

showing altered expression in advanced prostate cancer compared to BPH, but an FDR > 

0.05 are shown in Table 5.9. These included T0P2A, which showed increased expression 

in advanced cancer and the tumour suppressor genes PTEN, GSTPl and maspin which 

were downregulated in cancer.

Gene

Change in 

expression Fold change p value

GDF15 Upregulated 6.18 p = 0.01

T0P2A Upregulated 4.63 p = 0.05

M SRl Upregulated 2.44 p = 0.01

RNASEL Downregulated 2.33 p = 0.02

PTEN Downregulated 2.96 p = 0.01

G STPl Downregulated 4.80 p = 0.02

Maspin Downregulated 7.44 p = 0.01

Table 5.9 Previously reported genes showing differentia! expression in analysis 3

Pathway analysis:

The 220 genes from analysis 3 were uploaded into PANTFIER and analysed for over or 

under-represented biological processes or molecular functions. However, this analysis 

returned no significant results due to the small number o f significant genes. Filtering o f 

genes was therefore repeated, using a cutoff point o f p < 0.01 instead o f  FDR < 0.05. This 

yielded a list o f  646 genes, including 215 upregulated and 431 downregulated genes. 

Pathway analysis in PANTHER was more successful with this expanded gene list.

Biological processes:

No biological process showed significant upregulation. Downregulated processes included 

those involved in development, signal transduction, and cell adhesion, structure and 

motility (Figure 5.15). This is not surprising given the undifferentiated appearance and 

single cell growth pattern often seen in advanced prostatic tumours.
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Biological process - downregulated

D Developmental processes 
■  Signal transduction 
□  Cell adhesion 

D Cell structure and motility

Figure 5.15 Processes downregulated in advanced cancer compared to BPH

Products o f downregulated genes involved in development included keratins 5 and 7, 

cadherin-like molecules (cadherin-like 23 and protocadherin 8), muscle proteins 

(tropomyosin 4 and myosin, heavy polypeptide 6), growth factors and their receptors 

(transforming growth factor, beta 3, fibroblast growth factor receptor 2, placental growth 

factor, nerve growth factor receptor, VGF nerve growth factor and fibroblast growth factor 

receptor-like 1). Bone morphogenetic protein 5 (BMPS) was downregulated whereas 

BMP6 was upregulated. Steroid 5-alpha reductase type 2 (SRD5A2) was also 

downregulated. It is possible that the results o f analysis 3 reflect upregulation o f many o f 

these genes in BPH, rather than downregulation in advanced cancer.

Molecular functions:

Extracellular matrix (ECM) genes showed significant downregulation in analysis 3. Again 

this may be related to upregulation o f  ECM production in BPH rather than downregulation 

in cancer.

Pathways:

The TGF-P pathway was over-represented in analysis 3. Downregulated members o f  this 

family included transforming growth factor beta 3 and BMPS and upregulated members 

included BMP6. Again this result may reflect upregulation o f this pathway in BPH rather 

than downregulation in cancer; increased TGF-(3 signalling has been reported in BPH (Lee, 

2004).
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5.S.4.6 Analysis 4: all localized cancers versus all advanced cancers

Gene filtering

In this analysis, the 10 localized cancers (assigned to the Localized class) were compared 

to all 7 advanced cancers (assigned to the Advanced class). After nonnalisation, 20500 

probes were detectable; 148 probes remained after filtering for FDR < 0.05 and fold 

change > 2. Gene ID’s were available for 127 genes in PANTHER, including 88 

upregulated and 39 downregulated genes. As with analysis 3, no processes, functions or 

pathways showed significant over-representation after analysis in PANTHER. Gene 

filtering was therefore repeated, using a cutoff of p < 0.01 instead of an FDR < 0.05. This 

yielded 706 significant genes; 273 upregulated and 433 downregulated.

Genes that showed significantly higher expression in localized than in advanced cancer 

included PPARA (fold change 34.5, p = 0.004), SRD5A2 (FC 2.8, p = 0.03) and e-cadherin 

(FC 2.0, p = 0.05). Retinoblastoma gene showed slightly higher expression in localized 

cancer (FC 1.5, p = 0.03) whereas p i 6 gene showed significantly lower expression (FC 

4.1, p = 0.05). In keeping with published works and the findings in chapter 3, AMACR 

appeared to show higher expression in localized tumours (FC 2.8); however, this result was 

not statistically significant (p = 0.30). Similarly T0P2A showed higher expression in 

advanced cancers (FC 4.8), but this result did not reach statistical significance (p = 0.21).

Pathwav analysis:

Biological processes:

A number of biological processes were downregulated in advanced prostate cancer 

compared to localized cancer (Figure 5.16). These included apoptosis, intracellular 

signalling, immunity and defense. Lipid, fatty acid and steroid metabolism were also 

downregulated in advanced cancer relative to localized cancer. Protein biosynthesis was 

upregulated in advanced cancer.
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Biological p ro cess  - dow nregulated

o  Sulfur metabolism

■  Apoptosis

□  Protein biosynthesis

□  Intracellular signaling cascade

■  Signal transduction 

D I mmunity and defense

■  Lipid, fatty acid and steroid 
metabolism_______________

Figure 5.16 Processes downregulated in localized cancer versus advanced cancer

Molecular functions and pathways:

No molecular function or pathway showed significant upregulation or downregulation in 

analysis 4.

S.5.4.7 Analysis 5: all BPH cases versus all “benign radicals”

Gene filtering

In analysis 5, both benign gland specimens from radical prostatectomies (assigned to the 

Benign Radical class) were compared to the 8 BPH (assigned to the Benign class) cases. 

In this analysis, 17922 probes were informative, 2337 had an FDR < 0.05 and 1033 of 

these had a fold change > 2. Gene ID’s were available on probes for 809 genes, which 

included 508 upregulated and 301 downregulated genes. The top five overexpressed genes 

in the “benign radicals” compared to BPH were eukaryotic translation elongation factor I 

delta (fold change = 801), spermine synthase (FC 195), two genes o f unknown function 

(W1PI2 and SRP72) and PPARA, which was expressed 112 times higher in the benign 

radicals than in BPH. The top five downregulated genes were poorly characterized and of 

unknown function.
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Unfortunately, AMACR was one of the genes that did not pass quality control in this 

analysis; therefore there was no microarray data on AMACR expression in “benign 

radicals”. As AMACR was chosen as one of the targets for validation of array data, RT- 

PCR results of AMACR expression in “benign radicals” are discussed in Chapter 7.

Twelve other genes involved in metabolism of lipids and steroids showed significantly 

higher expression in benign radicals than in BPH. Seven of these also showed differential 

expression in analysis 2, i.e. there was higher expression of these genes in cancers from 

radical prostatectomy specimens compared to BPH. Nine genes involved in stress response 

were upregulated in analysis 5 (in benign radicals versus BPH). Six of these were also 

upregulated in analysis 2. Finally no genes involved in detoxification were downregulated 

in the list of 809 significant genes from analysis 5.

Pathway analysis:

The following processes were upregulated in “benign radicals” compared to BPH: cell 

cycle, neurogenesis, signal transduction and protein phosphorylation. Protein biosynthesis, 

metabolism and modification processes were downregulated. Ribosomal proteins and 

proteins with nucleic acid binding properties were downregulated.

Cell cycle proteins that were upregulated included stress related proteins (GADD45B and 

DUSPl) as well as oncoproteins, growth factors and their receptors (insulin receptor, 

epidermal growth factor, vascular endothelial growth factor C, FOS, SRC, JUND, ERBB3 

and HER2). This suggests disregulation of the expression pattern of benign glands in 

radical prostatectomy specimens, with expression of proteins likely to confer a growth 

advantage and possibly other malignant characteristics.
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S.4.4.8 Cluster Analysis using SpotFire

Upon obtaining differentially regulated gene lists, hierarchical clustering was performed on 

all 30 arrays to detennine whether technical replicates and tissue types grouped 

appropriately. Results o f this clustering is shown overleaf in Figure 5.17. There were a 

number o f interesting findings from this analysis.

Firstly, technical replicates grouped appropriately. The 1** and 2"‘* arrays in the cluster 

arrangement were both replicates from the advanced cancer C06 and the 13'*’ and 15*'’ 

arrays in the cluster were replicates from the localized cancer R20. The intervening 14*'’ 

specimen was also a localized cancer.

Secondly, the advanced prostate cancers showed considerable heterogeneity; five o f the 

advanced cancer arrays (the 1*' to 5*'’ arrays in the cluster) grouped separately from all 

other cancers; to some extent they had more in common with the adjacent five BPH cases 

than they did with the other cancers. The remaining three cases grouped with localized 

cancers; it is possible that these represent more indolent advanced cancers.

The most significant finding from cluster analysis was that the “benign radicals” (the 

samples o f benign glands from radical prostatectomy specimens) clustered in the middle o f 

the localized cancers and not with the BPH cases. This was an unexpected finding, but was 

in keeping with the similarities in overexpressed genes in analysis 5 (“benign radical” 

versus BPH) compared to analysis 2 (localized cancer versus BPH).
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1 C06REP1 Advanced prostate cancer

2 C06REP2 Advanced prostate cancer

3 C04 )■ Ad\ anced prostate cancer

4 COl Advanced prostate canccr

5 COS J Advanced prostate cancer

6 B02 BPH

7 B03 BPH

8 B08 > BPH

9 B07 BPH

10 B ll J BPH

11 C05 > Advanced prostate cancer

12 B04M
A

Localized prostate cancer

13 R20REP1
>

Localized prostate cancer

14 R19 Localized prostate cancer

15 R20REP2 J Localized prostate cancer

16 NORMAL > Nonnal prostate

17 BOl BPH

18 B05 BPH

19 MOl J BPH

20 R23 Localized prostate cancer

21 R18 Localized prostate cancer

22 C02 Advanced prostate canccr

23 C09 Advanced prostate cancer

24 R27B > “Benign radical”

25 R24 > Localized prostate cancer

26 R29B > “Benign radical”

27 R29M Localized prostate cancer

28 R31
>

Localized prostate cancer

29 R27M
f

Localized prostate cancer

30 R32 > Localized prostate cancer

Figure 5.17 Hierarchical clustering of all 30 arrays
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5.6 Discussion

When microarray technology first became available, reports of genes that were 

differentially expressed in cancer compared to benign tissue were novel. Indeed, many 

important findings, including the identification o f AMACR as a marker of prostate cancer, 

arose from such studies. However, now that so many microarray papers are available, 

including over 100 on prostate cancer, a list of upregulated and downregulated genes from 

such a study is no longer an original or reportable finding. Reports o f microarray-identified 

genes in prostate cancer are now commonly supplemented with additional data, often an 

association with prognosis, treatment response or survival.

In this study, given the small number o f cancer patients (17 patients) and the short time of 

available follow-up (an average of 2 years), it was felt that a statistically significant clinical 

association could not be identified from microarray analysis alone. We therefore decided to 

take an alternative approach and focus on pathway disregulation in prostate cancer, in the 

hope that this would give greater insight into key processes and genes at work in malignant 

transformation and progression. We also looked at genes that showed markedly altered 

expression in different prostate tissues and compared results of this analysis with those of 

published studies.

Initial microarray papers focusing on genes that differentiated prostate cancer from BPH 

identified a number of prostate cancer specific genes, including AMACR and hepsin (Xu, 

2000, Luo, 2001). In analysis I (the comparison o f all benign samples with all cancers), we 

found that hepsin was the number one upregulated gene in prostate cancer. This finding 

was also reported in the initial study that identified hepsin overexpression (Luo, 2001). 

AMACR was also one of the top most upregulated genes in analysis 1, in concordance with 

the literature. Other findings such as MYC  overexpression and loss o f GSTPl expression 

are well-recognised in prostate cancer (Lin, 2001, DeMarzo, 2003). This consistency with 

published microarray analyses suggested that our array data was reliable and reflected the 

expression profiles o f malignant and benign prostate tissues described in other studies.

The finding o f significant downregulation of multiple detoxification genes in analysis 1 

was a very interesting result. Polymorphisms of GST-Al, -A2, -M l, -PI and -T1 genes have 

been associated with increased prostate cancer risk in Indian, Japanese, British and 

American populations (Kote-Jarai, 2001, Kidd, 2003, Mittal, 2004, Komiya, 2005).
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Consistent loss o f GSTAl and G STPl expression in prostate cancer and PIN have been 

reported, together with increased expression o f these genes in the putative malignant 

precursor PIA. (De Marzo, 1999, Parsons, 2001). While there are few microarray reports 

focusing on detoxification genes, decreased expression o f  GST-M l, -M5 and -P I  and GPX- 

1, -2 and -3 has previously been identified in microarray analysis o f prostate cancer and 

PIN (Dhanasekaran, 2001, Ashida, 2004). Loss o f multiple detoxification enzymes would 

theoretically render prostate cells exquisitely vulnerable to genetic damage secondary to 

chronic inflammation, oxidative stress and carcinogen exposure. The caretaking role of 

GST and other detoxification enzymes in prostate cancer pathogenesis is further explored 

in Chapter 6.

In analysis 2, we compared BPH cases with all localized cancers. Significantly upregulated 

genes in cancer compared to BPH included GDF15, NKX3.1, FOSB, hepsin and AMACR. 

Growth differentiation factor (GDF15), also called prostate-derived growth factor (PDF) is 

a member o f the TGF-beta superfamily. Increased levels o f this growth factor have been 

described in prostate cancer as well as decreased levels in BPH (Cheung, 2004, Kakehi, 

2004). NKJX3.1 is a candidate tumour suppressor that is associated with tumour 

progression. Loss o f NKX3.1 expression is reported in 6% o f localized cancers but up to 

78% o f metastases. Overexpression o f this genes in localized cancers compared to BPH is 

slightly unusual, but does not conflict with these published results (Bowen, 2000). FOSB is 

an oncogene that has been previously shown to be overexpressed in a subset o f localized 

cancers in association with a decreased risk o f cancer progression (Glinsky, 2004). 

Overexpression o f hepsin and AM ACR  was fully expected; the original studies that 

identified these two genes used mainly tissue from localized prostate cancers. 

Downregulated genes included the tumour suppressors PTEN  and G STPl. Decreased 

expression o f both o f these genes has been previously reported in microarray analysis o f 

localized prostate cancer (Dhanasekaran, 2001).

One o f the top overexpressed genes in analysis 2 was peroxisome proliferator activated 

receptor alpha (PPARA). PPARA encodes PPA Ra, a ligand-activated transcription factor 

that regulates the expression o f genes involved in catabolism o f fatty acids. The related 

protein peroxisome proliferator activated receptor gamma (PPARy), encoded by PPARG, 

affects the expression o f genes involved in the storage o f  the fatty acids. There have been 

numerous reports o f  PPARG  upregulation in prostate cancer (Kubota, 1998, Mueller, 

2000). Only one previous report showing PPARA upregulation in prostate cancer exists in
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the literature; this was a Northern blot study o f a prostate cancer cell line LNCaP (Collett, 

2000). PPARA is o f particularly interest as a number o f  its downstream target genes 

interact with AMACR. O ther target genes that were upregulated in prostate cancer in 

analysis 2 include CYP4A11 and CYP4A22, C 0X 2  and M YC  and well as the acyl-CoA 

synthetases ACSL3, A C SM l, A C SSl. Upregulation o f  a number o f PPARA-iax^Qi genes 

suggest a significant role for PPARA  in tumour pathology, particularly in the context o f 

lipid metabolism. PPARA was upregulated in “benign radical” cases compared to BPH, 

suggesting a role in early genetic change preceding frank malignant transformation.

Peroxisomal fatty acid oxidation, particularly beta-oxidation, also appears to be 

particularly important in prostate cancer. Selective over-activation o f  peroxisomal 

branched chain fatty acid beta-oxidation in prostate cancer has been reported in an RT- 

PCR study o f prostate cancer, where upregulation o f D-bifunctional protein, ACOX3, fatty 

acid synthase and AMACR were identified (Zha, 2005). In analysis 2, we found significant 

upregulation o f a number o f  genes involved in lipid, fatty acid and steroid metabolism 

including six genes involved in peroxisomal fatty acid oxidation. The role o f AMACR and 

these other enzymes in branched chain fatty acid oxidation is interesting in that cancer risk 

has been linked with intake o f  meat and dairy products, major sources o f branched chain 

fatty acids in the diet. This will be considered further in Chapter 6.

The cellular response to stress is also an interesting pathway found to be over-represented 

in analysis 2. The role o f  oxidative stress in prostate cancer pathogenesis has been the 

subject o f much study. The strong association between prostate cancer risk and age is 

thought to be somehow related to the progressive accumulation o f oxidative DNA damage 

associated with decline o f  antioxidant defenses with advancing age (Raschke, 2006). A 

number o f stress-related genes were upregulated in localized cancers (analysis 2) and in 

“benign radicals” (analysis 5) compared to BPH tissue, most notably GADD45B and G. 

These genes are induced by environmental stresses and stimulate cell cycle arrest, DNA 

repair and apoptosis via p38- and JNK-dependent pathways (Takekawa, 1998). In analyses 

2 and 5, we found upregulation o f  stress related genes, but no significant change in genes 

required for apoptosis or DNA repair. This suggests that prostate cancer cells (and “benign 

radicals”) show an abnormal response to oxidative stress, perhaps allowing inappropriate 

survival o f cells harbouring DNA damage. A number o f genes involved in stress response, 

apoptosis and cell cycle control were selected for the validation study to further investigate 

this hypothesis.
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Analysis 3, comparing the advanced cancers with BPH and analysis 4, comparing 

advanced cancers with localized cancers, yielded much fewer significant genes than 

analysis 2. There are a number o f possible explanations for this finding. Firstly, advanced 

prostate cancer in general represents quite a heterogeneous group, encompassing both 

androgen resistant and androgen sensitive, locally advanced and metastatic tumours. Lower 

levels o f significance due to greater variation in gene expression between samples are to be 

expected. Also, there were fewer biological replicates for advanced prostate cancer (7) than 

for localized prostate cancer (10), which would limit statistical significance. Nonetheless, a 

number o f important genes appeared to be associated with advanced prostate cancer.

We again found that hepsin was one o f the top upregulated genes in analysis 3, verifying 

hepsin as a marker o f malignancy even in advanced disease. AMACR  was also upregulated, 

but with lower statistical significance (p = 0.02). This is in keeping with decreased levels 

o f expression o f AMACR reported with tumour dedifferentiation and progression (Kuefer, 

2002). In comparing advanced cancer to BPH, downregulated genes included those 

encoding keratins, muscle fibres and a number o f  different growth factors. Many o f the 

“downregulated” genes, including BMPS and SRD5A2, have been previously shown to be 

upregulated in microarray studies o f BPH (Luo, 2002). Given the fibromuscular and 

epithelial proliferation characteristic o f BPH, it is likely that many o f these genes are 

actually upregulated in BPH, not downregulated in cancer. This result highlights the 

comparative nature o f microarray studies; fold changes from these studies are relative, not 

absolute values. We cannot always assume that upregulated genes from an analysis o f  two 

groups are overexpressed in group 1 -  the fold change may be a result o f downregulation 

in group 2. The opposite is true for downregulated genes.

In analysis 4, genes that showed higher levels o f expression in localized cancers included 

PPARA, e-cadherin, retinoblastoma  and AMACR. Genes that showed higher levels o f 

expression in advanced cancer included T0P2A  and p i 6. The results for AM ACR  and 

T0P2A  were not statistically significant; this is most likely due to the fact that decreased 

expression o f AMACR and overexpression o f to p o lla  only occurs in a percentage o f 

advanced prostate cancers, as seen in Chapters 3 and 4.
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In analysis 1 (all cancers vs BPH), maspin was downregulated (FC 4.26). Maspin was also 

significantly downregulated in analysis 3 (advanced cancers vs BPH) with a higher fold 

change (FC 7.44). This suggests maspin is more significantly downregulated in advanced 

cancers compared to localized cancers. Maspin is a tumour suppressor gene that regulates 

cell reponse to oxidative stress by association with glutathione S-transferase (Yin, 2005). 

Decreased maspin expression has been reported in prostate cancer and is associated with 

cancer progression and development of metastasis (Zou, 2002).

Finally, results of analysis 5 and cluster analysis revealed some interesting observations on 

the expression patterns of “benign radicals”. Sixteen genes involved in stress response and 

lipid metabolism that were upregulated in analysis 2 (malignant glands from radical 

prostatectomies vs BPH) were also upregulated in analysis 5 (benign glands from radical 

prostatectomies vs BPH). In contrast to analysis 2, no detoxification genes were 

downregulated in analysis 5. This suggests that benign glands have upregulation of stress 

related and lipid metabolic genes, but have intact detoxification pathways, theoretically 

protecting them from potential toxic effects of lipid metabolites and oxidative stress. 

Unsupervised hierarchical clustering of “benign radicals” with localized cancers suggests 

that these benign glands had more in common with cancers from radical prostatectomies 

than they did with the other benign specimens in the study. Another explanation for this 

finding would the presence o f a tiny focus of tumour within the “benign radical” specimen. 

This is unlikely as the presence of benign glands was confirmed by frozen section in each 

case (Figure 5.18). In addition, samples of benign glands were taken distant from areas 

containing tumour to minimize the risk of tumour contamination. It is more likely that the 

expression patterns of these glands represent a field effect o f genetic change present in 

prostates that harbour cancer. Such global genetic change, possibly due to mutagenic 

compound exposure, oxidative stress or inherent genetic instability involving the entire 

prostate, would explain the frequent finding of multiple foci o f prostate cancer and HGPIN 

in prostates resected for cancer. This interesting concept is explored further in Chapter 6.
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Figure 5.18 Benign glands (a) and tumour (c) sampled from a radical prostatectomy 

specimen (R27). The areas sampled are outlined (b & d). (Haematoxylin & eosin,

original magnification x 100).

5.7 Conclusion

In conclusion, using DNA microarrays, candidate genes and pathways showing 

disregulated expression in prostate cancer and in benign glands from radical prostatectomy 

specimens have been identified. These include stress response, lipid metabolism and 

peroxisome proliferator regulated gene expression, which are upregulated in prostate 

cancer and detoxification, which is downregulated. We hypothesize that some of these 

pathways are activated in benign glands prior to cancer development. When such 

activation is compounded by defects in detoxification genes, accumulated genetic damage 

may result in transformation to a malignant cell type. Altered expression of tumour 

suppressor genes such as mapsin, p l6 ,  and retinoblastoma may then be important in 

prostate cancer progression. Validation of these results by RT-PCR analysis of selected 

targets in all samples is described in the Chapter 6.
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6.1 Summary

DNA microarrays are useful tools for the analysis and quantification o f  gene expression; 

they allow analysis o f thousands o f  genes in parallel in a single specimen, facilitating 

comparison o f gene expression signatures between different tissues, hi Chapter 5, 

microarray analysis was performed on 17 prostate cancers and 11 benign prostate samples. 

Differentially expressed genes in a number o f different subgroups were identified by 

statistical analysis. In addition, several pathways were identified as being significantly up- 

or downregulated in prostate cancer and in benign glands in prostate cancer specimens.

Errors in microarray studies can arise due to technical variation at any stage during the 

array experiment or due to incorrect statistical analysis. For this reason, accuracy o f 

microarray results needs to be confirmed by validation. In this chapter, 47 target genes 

from the microarray experiment were validated using quantitative RT-PCR.

Representative targets were chosen from each o f the pathways o f  interest noted in Chapter 

5. Targets with high and low fold changes and p values were chosen to assess the accuracy 

o f  microarray results for significant and non-significant genes.

RT-PCR was successful in evaluating 45 target genes. There was good coiTclation between 

RT-PCR expression levels and microarray expression levels for the majority o f genes. 

Correlation was better for significant genes (Pearson correlation coefficient R = 0.67 to 

0.73) than for non-significant genes (R = 0.54). There were no false positive or false 

negative results. In addition, quantitative PCR confirmed the direction o f  fold change in 

the majority o f samples for each gene.

These results support the findings reported in Chapter 5.
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6.2 Introduction

Expression microarrays are powerful tools in investigation o f  genes important in tumour 

pathology and o f  potential diagnostic and prognostic biomarkers. However, there are 

technical aspects to using expression microarrays that can produce erroneous results 

relating to under- or overexpression o f  specific genes. False-negative results can arise due 

to low expression levels, non-representation o f  transcripts due to inefficient priming of 

specific mRNA’s, ineffective hybridisation and splice variants with sequences not included 

in the array (True, 2005). False-positives can result from sequence homology between 

functionally different transcripts, inappropriate reference standards and high background 

noise due to non-specific binding o f labelled nucleotides. Validation o f data sets obtained 

from microarray studies is important prior to drawing conclusions from results of 

microarray analysis or undertaking gene-specific experiments on the basis o f these results.

Validation o f microarray data involves three main steps: microarray quality control, same 

sample validation and new sample validation (Chuaqui, 2002). Microarray quality control 

involves testing o f control features for each array and data normalisation. Quality control 

and normalisation was performed automatically by abl700gui. Efficacy o f nonnalisation 

was assessed in section 5.5.4.1 by comparing results from technical replicates. Microarray 

quality control will not be discussed further in this chapter.

Same sample validation involves confirmation o f array data in the same RNA samples that 

were used for microarray analysis. There are a number o f different methods currently in 

use for such validation, including semi-quantitative reverse transcription PCR (RT-PCR), 

real-time RT-PCR, northern blotting, ribonuclease protection assay, in situ hybridisation, 

immunoblotting and immunohistochemistry. Real-time RT-PCR is the method o f choice; it 

is a rapid, relatively inexpensive method o f quantifying mRNA, the same substance 

quantified by microarray experiments. In addition, minimal amounts o f starting mRNA 

template are required, so validation may be performed on the same sample for multiple 

targets.

New sample validation may be performed using any o f the methods mentioned above. In 

situ hybridisation and immunohistochemistry are particularly useful in this setting as they 

may be performed on tissue microarrays containing hundreds o f different samples. In this 

way, upstream high throughput technology (DNA microarrays) can be combined with

203



Chapter 6 VaHdation of Microarray Data

downstream high throughput techniques (tissue microarrays) to give validated results on 

expression of microarray-identified genes in a large number of samples. New sample 

validation may also be performed by comparing results of microarray analysis to published 

microarray studies performed in different institutions. A meta-analysis of data sets from 4 

o f the original prostate cancer microarray studies identified several differentially expressed 

genes common to the majority of studies, one of which was hepsin (Rhodes, 2002).

Much of this chapter relates to same sample validation of array data using real-time RT- 

PCR. New sample validation was performed for one target gene, p i 6. Other aspects of new 

sample validation will be considered in the discussion at the end of this chapter.

6.3 Aims

The aims of this chapter were:

1) To validate expression data for 47 target genes identified in the microarray study.

2) To investigate patterns of expression of these genes within the pathways of 

detoxification, lipid metabolism and peroxisome proliferator regulated gene expression, 

stress response, apoptosis and cell cycle control.

6.4 Materials and methods 

6.4.1 Samples and validated genes

All 28 RNA samples from the microarray study were used for validation. Expression of 47 

targets was assessed; these targets were selected from the pathways of interest in the 

microarray study. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an 

endogenous control. Genes showing significant overexpression (fold change > 2 and p < 

0.05), significant underexpression (fold change > 2 and p < 0.05) and indeterminate 

expression (fold change < 2 and p > 0.05) in analyses 1 through 5 were selected for 

validation, as shown in Table 6.1. Inclusion of indeterminate genes tests the accuracy of 

microarrays in reporting low fold changes as well as high fold changes that only occur in a 

small number of samples.
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Ao t i d  iGeieSyalwl Gene Function
Change in 
dnression

Analyses showing 
differential eigiression

Hs00244853 m l ACSL3 Lipid metabolism Upregulated 2

Hs00204885 m l AM ACR Lipid metabolism Upregulated 1,2,3,4

HsOO180269 m l BAX Stress response Indeterm inate None

Hs00608023 m l BCL2 Stress response Indeterm inate None

HsOO156308 m l CAT catalase Detoxification Downregulated 3,4

Hs00277039 m l CC N Dl Cell cycle control Downregulated 1,2,3,5

Hs00175935 m l CDK4 Cell cycle control Upregulated 1,2,3

Hs00355782 m l
C D K N IA  (p21, 
C ip l) Stress response Indeterminate None

Hs00233365 m l CDKN2A (p l6 ) Cell cycle control Upregulated 4

Hs00366696 m l CITED2 (P35SRJ)
PPAR-regulated 
gene expression Upregulated 2,5

Hs00241350 m l CRAT Lipid metabolism Upregulated 3

HsOO167961 m l
CYP4A11 CYP4A22 
(CYP4A2)

PPAR-regulated 
gene expression Indeterminate None

Hs00610256 gl D U S P l(M K P -l)
PPAR-regulated 
gene expression Upregulated 3,4,5

Hs00605457 m l E2F3 Cell cycle control Upregulated 1

HsOO170433 m l ERBB2 (HER2) Cell cycle control Upregulated 5

Hs00818121 m l F 0 X 0 3 A Stress response Indeterminate None

HsOO 169255 m l GADD45A Stress response Indeterminate None

Hs00169587 m l GADD45B Stress response Upregulated 2,4,5

HsOO198672 m l GADD45G Stress response Upregulated 2,3,4

Hs00699698 m l GPX6 Detoxification Downregulated 1

Hs00210410 m l GPX7 Detoxification Downregulated 1,2

Hs00265266 gl GSTIV12 Detoxification Downregulated 1,2,3

Hs00757076 m l GSTM5 Detoxification Downregulated 1.2,3

H s02512067 si G STPl Detoxification Downregulated 1,2,3

Hs00153153 m l H IFIA Stress response Indeterminate None

Hs00264973 m l HSD17B4 Lipid metabolism Upregulated 1

Hs00245968 m l
M AP3K4 (M EKK4, 
M T K l) Stress response Downregulated 4

HsOO176248 m l
M APK14 (C S B Pl, 
p38) Stress response Indeterm inate None

HsOOl77083 m l MAPK8 (JNK) Stress response Indeterm inate None

Hs00242813 m l MDM2 Cell cycle control Indeterm inate None

HsOO153408 m l MYC
PPAR-regulated 
gene expression Upregulated 1,2,3

HsOO196920 m l N CO Rl (N-CoR)
PPAR-regulated 
gene expression Downregulated 5

Hs00231653 m l N FK Bl
PPAR-regulated 
gene expression Downregulated 3

Hs00534035 si N RIPl (R1P140)
PPAR-regulated 
gene expression Indeterminate None

HsOO196483 m l PHYH Lipid metabolism Indeterminate None

HsOO180679 m l PIK3CA (PI3K)
PPAR-regulated 
gene expression Upregulated 2,5

Table 6.1 Genes selected for validation of microarray results
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Function
Change in 
«n>ression

Analyses showing 
difTerentia! flnression

HsOO160263 ml POLB Cell cycle control Indeterminate None

Hs00231882 ml PPARA
PPAR-regulated 
gene expression Upregulated 2,4,5

Hs00234592 ml PPARG
PPAR-regulated 
gene expression Downregulated 3

Hs00153133 ml PTGS2 (C 0X 2)
PPAR-regulated 
gene expression Upregulated 2

Hs00153108 ml RBI Cell cycle control Downregulated 2,3

HsOOl72565 ml RXRA
PPAR-regulated 
gene expression Downregulated 1,2

HsOO186324 ml
SLC27A2 (FATP2, 
VLACS) Lipid metabolism Indeterminate None

HsOO167309 ml SOD2 Detoxification Downregulated 5

Hs00174128 ml TNF
PPAR-regulated 
gene expression Indeterminate None

Hs00172214 ml T 0P2A Cell cycle control Upregulated 3,4

HsOOl53349 ml TP53 Cell cycle control Upregulated 5

Table 6.1 continued

6.4.2 RT-PCR

6.4.2.1 Reverse transcription

The initial step in RT-PCR analysis was reverse transcription (RT) o f total RNA to single

stranded cDNA using the Applied Biosystems High-Capacity cDNA Archive Kit. Five |il 

o f  each RNA sample used in the microarray study was reverse transcribed, as described in 

section 2.6.2.

6.4.2.1 TaqMan® PCR

TaqMan® PCR was performed on cDNA output as outlined in section 2.6.3. TaqMan® 

Low Density Arrays (LD A ’s) used for mRNA quantitation are another example o f a 

downstream high throughput technology that may be used for validating microarray data. 

Each card contains eight loading ports, each o f  which supplies 48 reaction wells. Each o f 

these 48 wells contains primers for a different target gene. When each card is loaded, RT- 

PCR reactions for 48 genes can be performed in parallel for up to eight samples.
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Figure 6.1 Loading dock of a TaqM an® Low Density Array

Custom-made LDA’s containing probes for the 47 genes for validation and GAPDH, a 

housekeeping gene, were purchased from Applied Biosystems. For each sample, 5 fil o f 

sample cDNA was added to 45 |al o f nuclease-free water and 50 |il o f TaqMan® Universal 

PCR Master Mix, a solution that contains all components required for PCR using 

TaqMan® assays. Eight 100 fil reaction mixes were then pipetted into the loading ports o f 

a single LDA, which was centrifuged to load the sample mixes into the individual wells o f 

the card and sealed before loading in the 7900HT Real Time PCR System. Relative 

quantification was perfonned using the comparative C j method. All samples were 

normalised to GAPDH, the endogenous control. A BPH sample (B02) was used as the 

calibrator for most analyses; in analysis 4 (localized cancers versus advanced cancers), 

which contained no benign cases, a localized cancer (R27M) was used. TaqMan® PCR is 

described in detail in section 2.6 in Chapter 2. All PCR reactions were performed in 

triplicate.
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6.4.3 Comparison of expression array data and results of TaqMan® PCR

In TaqMan® PCR, the number o f cycles required for fluorescence to reach a threshold 

value of detection (the C j value) is inversely related to the amount o f nucleic acid in the 

sample (W alker, 2002). The quantity o f  cDNA in the sample can be obtained by 

interpolating its Ct value onto a standard curve o f  Ct values taken from a serially diluted 

sample o f  known concentration. For relative quantitation, quantity is expressed relative to 

some basis sample, known as the calibrator.

To prepare TaqMan® PCR results for comparison with the microarray results, a relative 

quantitation method was used, with quantitation normalized to a calibrator sample and an 

endogenous control (GAPDH). For each sample, the mean C j for GAPDH was subtracted 

from the mean Ct for a particular assay, giving the ACj (or delta C j) for that assay in that 

sample. The A Cj for the same assay in the calibrator (usually B02) was then subtracted 

from this, giving the AACj (or delta-delta Ct) for that assay. This gave a AACt result for 

all o f  the 47 gene assays in each sample. The relative quantitation for each assay (often 

referred to as the RQ value) was given by raising 2 to the power o f  the negative value o f 

AACt i.e.:

AA C t =  A C t sample - A C t calibrator 

RQ value = 2’̂ ^^'^

So the A A C t = 0 and the RQ value = 1 for each assay in the calibrator sample; the 

calibrator was the IX sample.

To prepare microarray results for comparison, normalised signal intensities for each o f the 

47 genes in each sample was divided by the calibrator. Again the signal:calibrator ratio for 

all genes in the calibrator sample = 1. For each sample, the AACt and the signahcalibrator 

ratios were then plotted against each other for all assays, giving a graph o f RT-PCR 

expression levels compared to microarray expression levels. In addition, for each analysis, 

a scatterplot o f  RQ values versus signakcalibrator ratios for all significant genes was 

plotted, a regression line was drawn and a Pearson correlation coefficient (R) with a 

corresponding p value was calculated. A perfect correlation between RQ values versus 

signahcalibrator ratios would be a straight line with a slope o f 1 and an R value o f  + 1. A 

value of zero would indicate no correlation whatsoever.
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6.4.4 Immunohistochemistry for p l6

Manual immunohistochemistry for p i 6 protein was performed using the Dako pi 

Research Kit as described in section 2.9.2. Staining intensity was assessed using a 0 to 3 

scoring system (0 = no staining, 1 = staining in <10% cells, 2 = staining in 10-50%  cells, 3 

= staining in >50% cells). Overexpression o f  p i 6 was defined as staining in >10% tumour 

cells; this cut off point showed the strongest correlation with Gleason score.

6.5 Results 

6.5.1 Analysis I: all benign samples versus all cancers

The results o f Pearson correlation o f array data and TaqMan® data for all significant genes 

in analysis 1 is shown in Figure 6.2. This showed a positive correlation between array data 

and RT-PCR data with R = 0.67 and p < 0.001. The slope o f the graph indicated that the 

RT-PCR result was on average 0.74 times the array result.
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Figure 6.2 Comparison of array data with TaqMan® data for analysis 1 genes

Taking all significant and non-significant genes into account, the Pearson correlation 

coefficient was lower (R = 0.54) indicating that estimated expression levels o f non-
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significant genes from the microarrays was less accurate than estimated levels for 

significant genes. The correlation was still significant however, with p < 0.001 and slope = 

0.55. From the graph, we see most o f the points that are furthest away from the regression 

line occur when the microarray signalxalibrator ratio is greater than 5; the arrays appear to 

be less accurate in quantifying large fold changes. Apart from outliers occurring at high 

fold changes, there appears to be quite a good correlation between array and RT-PCR data.

Looking at individual genes that were significant in analysis 1, we found a good 

correlation between AMACR  array values and RT-PCR results, as shown in Figure 6.3.
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Figure 6.3 Expression levels of AMACR  in all samples. In this and all subsequent 

graphs, samples 1 to 7 are advanced cancers, samples 8 to 17 are localized cancers, 18 

and 19 are “benign radicals”, 20 to 27 are BPH cases and 28 is the normal sample.

All the localized cancers show significantly higher levels o f AMACR  expression than BPH 

and normal prostate, with fold changes ranging from 3 to 25. The advanced cancers show 

more variation o f AM ACR  expression; 2 show very low levels o f expression similar to 

those seen in BPFI, 2 show intermediate levels o f  expression 2 - 3  times that o f BPH and 3 

show high levels o f expression similar to that seen in localized cancer. Interestingly, both 

o f the benign gland samples from radical prostatectomy specimens show significantly 

\\\g\\Qr AMACR  expression than BPH cases, with fold changes o f 4.5 to 9. In Figure 6.3, we 

see that microarrays showed lower fold changes than RT-PCR analysis in a number o f 

cancer specimens and higher fold changes in other. However, the trend o f overexpression 

in cancer and low expression in benign glands was reliably reproduced by the arrays and 

AM ACR  was correctly identified as a differentially expressed gene.
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MYC, another significant gene from analysis 1, showed a similar pattern to AMACR  

(Figure 6.4). MYC levels were increased in localized cancers (8 to 17), in most but not all 

advanced cancers (1 to 7) and, surprisingly, in both “benign radicals” (18 and 19). Again, 

while there was some discrepancy in absolute expression values, the trend o f increased or 

decreased expression seen on RT-PCR was faithfully reproduced by microarray analysis.
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Figure 6.4 Expression levels o f M YC  in all samples 

6.5.1.1 Analysis 1: detoxification pathway

A number o f detoxification genes showed lower levels o f expression in cancer than in 

benign glands by both RT-PCR and microarray analysis. Expression levels for the 

glutathione S-transferase genes GSTM2 and GSTM5 are shown in Figure 6.5.
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Figure 6.5 Expression levels o f detoxification genes in all samples
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Results for glutathione peroxidase 7 (GPX7) and GSTPl showed a similar decline in 

expression levels in localized prostate cancer with a more marked decline in advanced 

prostate cancer. Again there was a good but not perfect correlation between array and RT- 

PCR values. RT-PCR for GPX6  was unsuccessful in all samples. Superoxide dismutase 2 

(S0D2)  and catalase (CAT) showed decreased expression in cancer, but this appeared to be 

confined to advanced cancers and is discussed in section 6.5.3.

6.5.2 Analysis 2: all BPH cases versus all localized cancers

Results o f  Pearson correlation o f array data and RT-PCR data for significant genes in 

analysis 2 are shown in Figure 6.6.
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Figure 6.6 Comparison of array data with TaqMan® data for analysis 2 genes

Again, this showed a positive correlation between array data and RT-PCR data with R = 

0.67 and p < 0.001. The RT-PCR result was on average 0.71 fimes the array result. When 

all genes (significant and non-significant genes) were taken into account, the Pearson 

correlation coefficient was lower (R = 0.51). Again, most points were relatively close to 

the regression line, with the greatest inaccuracies seen when the microarray 

signal calibrator ratio was greater than 5.
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6.5.2.1 Analysis 2: lipid, fatty acid and steroid metabolism

In the microarray study, acyl-CoA synthetase long-chain family member 3 (ACSL3) and 

carnitine acetyltransferase {CRAT) were found to be significantly overexpressed in 

localized cancers compared to BPH (Figure 6.7). By RT-PCR, both genes were elevated in 

the majority o f localized cancers as well as in some advanced cancers. This pattern o f 

expression mirrored that o f AMACR. Interestingly, ACSL3 was also slightly elevated in 

both “benign radicals” . Again, these genes were correctly identified by microarray analysis 

as being upregulated in localized cancer compared to BPH. CRAT  showed a good 

correlation between array data and RT-PCR data. ACSL3 showed a good correlation 

overall, but array data suggested gene overexpression in 4 advanced cancers that in fact 

showed decreased levels o f  expression by RT-PCR.
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Figure 6.7 Expression levels o f lipid metabolising genes in all samples

Three additional genes involved in fatty acid metabolism were analysed by RT-PCR. 

SLC27A2, which was significantly upregulated in the arrays (FC 2.9, FDR = 0.01) was 

upregulated in localized and some advanced cancers by RT-PCR, but to a lesser degree 

(FC 1.5 to 2.5). HSD17B4 showed a trend towards upregulation in the arrays (FC = 1.6,
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FDR = 0.13). This gene showed increased expression in 4 cancers, two localized and two 

advanced tumours, but low expression levels in all other cancers and benign tissue. This 

explains why HSDl 7B4 was not significant by array analysis. PHYH  was increased in one 

localized cancer by RT-PCR. This gene was not differentially expressed by array analysis 

(FC = 1.0, FDR = 0.91). These results suggest that the statistical conditions used for 

microarray analysis were effective in separating differentially expressed genes from genes 

that are not differentially expressed.

6.5.2,2 Analysis 2: peroxisome proliferator regulated gene expression

Multiple genes whose expression is upregulated by PPARA were found to be 

overexpressed by both RT-PCR and microarray analysis. These included C0X2, ACSL3 

and MYC. C1TED2 and NRIPl, co-activators of PPARa regulated gene expression, were 

also upregulated in localized cancer in both types o f analysis (Figure 6.8). Interestingly, all 

of these genes showed increased expression in the “benign radicals” compared to BPH.
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Figure 6.8 Expression levels of PPARa regulated genes in all samples

Again with C0X2  and C1TED2, there was some discrepancy between array values and RT- 

PCR values. However, the trend of expression appeared the same in both analyses.
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DUSPl (MKP-1), which encodes a MAP kinase phosphastase that can upregulate PPARa 

activity, showed significantly higher levels of expression in localized prostate cancer and 

“benign radicals” compared to advanced cancers and BPH. In the arrays, DUSPl was 

overexpressed in localized cancers compared to advanced cancers (analysis 3) and in 

localized cancers compared to BPH (analysis 2). Fold change identified by RT-PCR was 

significantly higher (Figure 6.9a). Because of the impressive difference in fold change 

noted between the two datasets, comparison between microaiTay and RT-PCR results was 

repeated using two different calibrator samples (Figure 6.9b and c). This resulted in much 

better correlation between results, indicating the impact o f calibrator selection on 

correlation data. This finding supports the use o f multiple calibrators in validating 

microarray data.
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Figure 6.9 Increased expression of DUSPl in localized prostate cancer. Figures b «& c 

show a progressive improvement in microarray:RT-PCR data correlation with the 

use of different calibrator samples (calibrator a: B02 |BPH, sample 24 in graph], b: 

N02 [normal prostate, sample 28], c: R27M [radical prostatectomy, sample 8])
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PPARG, N C O R l, TNF, RXRA, N F K B l and PIK3CA  did not show any significant change 

in expression between benign specimens and cancers by RT-PCR or microarray analysis.

6.S.2.3 Analysis 2: stress response

GADD45B and G showed significantly higher expression in localized cancers compared to 

BPH and advanced cancers by both RT-PCR and microarray analysis. GADD45B was also 

increased in “benign radicals” while GADD45G  was not. GADD45A showed a minimal 

increase in expression in some, but not all localized cancers. GADD45B and G showed 

very good correlation between levels o f expression in the microarray study compared to 

levels o f expression by RT-PCR (Figure 6.10).
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Figure 6.10 Increased expression of GADD45B and G in localized prostate cancer

p21, a cell cycle inhibitor that interacts with GADD45, also showed 1.5 to 2.5-fold 

increased expression in localized cancer and in one benign radical compared to BPH. Two 

advanced cancers also showed increased p21 expression and 4 showed decreased levels o f 

expression. Again there was a good correlation between microarray and RT-PCR data 

(Figure 6.11).
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Figure 6.11 Altered expression of p21 in prostate cancer

Other genes whose products interact with GADD45, including F0X03A, MAP3K4, 

MAPKI4  and MAPK8 were upregulated in some cancers and downregulated in others. 

These genes therefore showed no consistent alteration in expression by RT-PCR and no 

significant differential expression by microarray analysis. The hypoxia inducible factor 

gene HIFIA did not appear to be increased in cancer.

6.5.3 Analysis 3: all BPH cases versus all advanced cancers

Regression analysis showed good correlation between results o f array data and RT-PCR 

data in analysis 3, with R = 0.73 and p < 0.001 (Figure 6.12). Similar results were obtained 

for regression testing of analyses 4 and 5. Again, the points furthest from the regression 

line were those with the highest fold changes.
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Figure 6.12 Comparison of array data with TaqM an® data for analysis 3
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6.5.3.1 Analysis 3: detoxification

As noted in section 6.5.1.1, a progressive decrease in expression o f a number of genes 

involved in detoxification, including GSTPl and GSTM2, was noted from BPH to localized 

to advanced cancer (Figure 6.13). In addition, SOD2 and CAT hoi\\ showed decreased 

expression in most advanced cancers compared to localized cancers and BPH. This 

suggests progressive loss of detoxification capabilities with advancing tumour stage and 

grade. RT-PCR and microarray analysis gave similar results for all detoxification genes.
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Figure 6.13 Altered expression of detoxification genes in advanced prostate cancer

A spike in expression seen in the advanced cancer sample 3 was noted in almost all of the 

graphs of gene expression. This is an interesting finding that may represent a technical 

problem with sample 3. Alternatively, there may be global gene overexpression in this 

cancer, possibly due to global hypomethylation or other cause of a global increase in 

transcriptional activity.

218



Chapter 6 Vahdation of Microarrav Data

6.5.4 Analysis 4: all localized cancers versus all advanced cancers 

6.5.4.1 Analysis 4: Stage specific genes

T0P2A, p l6  and POLB DNA polymerase showed significantly increased expression in 

advanced cancers compared to localized cancers, with good correlation between RT-PCR 

and microarray data (Figure 6.14). For all o f these genes, increased expression was seen in 

a proportion of the advanced cancers. A small reduction in p53 and RBI expression was 

seen in some advanced cancers; these genes were not significant in analysis 4, as is to be 

expected for genes showing a small fold change in some but not all members of a group.
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Figure 6.14 Stage specific genes in analysis 4

Increased expression of p l6  in advanced prostate cancer was confirmed using 

immunohistochemistry and the prostate tissue microarray. Forty-one percent (41%) of 

advanced cancers, 17% of localized cancers and a single case of BPH (2%) showed p l6  

overexpression. In addition, levels of p i6 expression correlated with Gleason score in 

localized and advanced PCa (p < 0.01, chi square analysis): 50% of tumors with Gleason 

score 9 or 10 showed overexpression, compared to 33% of Gleason 8 tumors, 22% of 

Gleason 7 tumors and 14% of Gleason 6 tumors. There was no association between p i 6 

expression and risk o f biochemical relapse, androgen resistance or survival.
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Confirmation of an association between topolla expression and advanced prostate cancer 

using immunohistochemistry was discussed in Chapter 4. These results appear to validate 

the identification by microarray analysis of TOP2A and p i 6 as genes associated with 

advanced prostate cancer.

HER2 was not a significantly upregulated gene in analysis 4. By RT-PCR analysis, 

increased HER2 expression was seen in one localized cancer and no advanced cancers 

(Figure 6.15). Also there appeared to be no association with T0P2A overexpression. It is 

not surprising that we identified no HER2 overexpression in 7 advanced cancers by 

expression analysis, given the low numbers of advanced prostate cancers that showed 

HER2 expression in Chapter 4 (6 of 59 advanced cancers). In addition, the lack of an 

association with TOP2A expression is concordant with the observation from Chapter 4 that 

TOP2A overexpression frequently occurs independently of HER2 overexpression in 

advanced prostate cancer.
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Figure 6.15 HER2 expression in ail samples 

6.5.5 Analysis 5: all BPH cases versus all “benign radicals”

Increased levels of genes involved in fatty acid metabolism {AMACR, ACSL3 and CRAT), 

peroxisome proliferator regulated gene expression (DUSPl, C1TED2, COX2, MYC  and 

ACSL3) and stress ip 16, GADD45A and B) were identified in “benign radicals” compared 

to BPH by RT-PCR and microarray analysis. These findings are reassuring in that even 

with a small number of technical replicates, valid results may be obtained from microarray 

analysis. RT-PCR analysis confirmed the microarray study finding that no genes involved 

in detoxification were downregulated in benign glands.

220



Chapter 6 Validation of Microarray Data

6.5.6 Genes with multiple microarray probes

The Applied Biosystems Human Genome Survey Microarray provides 31,700 probes for 

interrogation of 27,868 genes. Therefore, the array contains more than one probe for 

certain genes. For some of these genes, RT-PCR analysis showed greater concordance with 

array results corresponding to a particular probe. This phenomenon is illustrated in Figure 

6.16. Here we see that RT-PCR results for BAX  were very similar to results from probe 2 

on the microarray and showed considerable variation from probe 1 data. The opposite is 

seen for BCL2; here results for probe 1 were very similar to those for RT-PCR, whereas 

results for probe 2 were quite different. According to the RT-PCR and the closest probe, 

there was no variation in expression o f these apoptosis-related genes between cancer and 

benign tissue.
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Figure 6.16 Genes with multiple microarray probes

This phenomenon usually reflects the distance between probes and assay within the gene in 

question. Generally, probes / primers will give similar expression values when they
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hybridise to DNA sequences that are in close proximity to each other. Therefore, results for 

TaqMan® assays directed against a particular transcript sequence will show similar results 

to array probes directed against nearby sequences, but may show different results to probes 

directed against distant sequences.

Another reason for variation between different probes is variant transcripts. Four probes 

for PPARA are available on the Human Genome Survey Microarray. These probes 

correspond to four different PPARA transcripts; seven transcripts in total have been 

described for this gene. The two transcripts that are best characterised, BC0719332 and 

BC000052, were cloned by the National Institute of Health (NIH) Mammalian Gene 

Collection (MGC) Program in 2002 (Strausberg, 2002). BC000052 corresponds to the 

most common transcript identified in normal cells. Two different probes on the array each 

identify one of these variant transcripts; these are arbitrarily designated probes 1 and 2, 

which identify BC000052 and BC07I9332 respectively. The TaqMan® assay utilised in 

the LDA identifies BC000052, but does not identify BC0719332. Microarray and RT-PCR 

results for PPARA are shown in Figure 6.17.
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Figure 6.17 PPARA expression in all samples

In this graph, we see that array probe 1 and the TaqMan® assay show very similar results, 

with little variation in PPARA BC000052 expression between groups. In contrast, probe 2 

shows more significant variation, with markedly increased expression o f BC0719332 

transcript in 5 localized cancers, 1 advanced cancer and both “benign radicals”. Probe 2 

was the probe that identified PPARA as one of the most significantly differentially 

expressed genes in analyses 2, 4 and 5, i.e. as showing different patterns o f expression
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between localized cancer and BPH, localized and advanced cancer and between “benign 

radicals” and BPH. Given the marked differences between the data for this probe and other 

probes for PPARA and the RT-PCR results, it is possible that the former may be an 

erroneous result from the microarray experiment, possibly relating to an unreliable probe 

or cross-reactivity with other gene sequences. Alternatively, the BC0719332 transcript of 

PPARA, which is recognised only by probe 2 from the microarray but not by the other 

probes or the TaqMan® assay used in the LDA, may be important in the pathogenesis of 

prostate cancer. Further experiments using custom-designed assays for specific PPARA 

transcripts are required to validate this hypothesis.

6.6 Discussion

DNA microarray analysis is an increasingly popular scientific tool for interrogation of 

expression of thousands o f genes in cell culture and tissue samples. Because of the reliance 

on extensive statistical analysis and modification of microarray output, validation o f data is 

extremely important in verifying global expression results and the reliability of gene 

filtering techniques. RT-PCR is a well-established method for such validation.

In this chapter, we found good correlation between microarray and RT-PCR data in 42 of 

47 targets, with no false negative or false positive results. RT-PCR for two of the targets 

was unsuccessful in some or all of the specimens, so a data comparison for the two 

techniques was not possible. In the three remaining targets, multiple probes for each target 

were present on the array. In each case, the RT-PCR result showed good correlation with 

data from one of the target probes. For about half of the 42 genes for which a single probe 

was present on the microarray, variation in fold change between the microarray and the 

RT-PCR data was identified in some of the samples. Such variation may be due to the 

distance between the sequences complementary to the RT-PCR assay and microarray 

probe in the target mRNA transcript. Other explanations include variation in sample 

labelling, amplification, quantification or strength of hybridisation, as well as variation 

between individual microarrays and difficulties in quantifying high fold changes. Despite 

these confounding factors, microarray data and subsequent analysis appeared to be robust 

in identifying genes and pathways showing differential expression between groups.
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6.6.1 Detoxification

The detoxification pathway appears to be significantly downregulated in the majority of 

localized and advanced prostate cancers in this study. This result concurs with the prostate 

cancer model proposed by De Marzo et al. which suggested that loss of the detoxifying 

capabilities o f GSTPl is a key event in malignant transformation in the prostate (De 

Marzo, 1999). We identified downregulation o f multiple detoxification genes in prostate 

cancer, with a progressive decrease in expression levels of many genes with advancing 

stage. This suggests that loss o f multiple detoxifying enzymes may compound GSTPl 

deficiency and cell vulnerability to effects o f carcinogens and oxidative stress. In fact, 

global impairment in detoxification due to downregulation of multiple genes, not just 

GSTPl, may be required for carcinogenesis. This finding is supported by the association 

between polymorphisms of many of these identified genes, including GST-Al, -A2, -M l, - 

PI  and -T1 genes, with prostate cancer risk (Kote-Jarai, 2001, Kidd, 2003, Mittal, 2004, 

Komiya, 2005).

While many o f the downregulated genes in our study encoded glutathione S-transferases 

(GST’s), expression levels o f glutathione peroxidases (GPX) 6 and 7, catalase and 

superoxide dismutase (SOD) were also diminished. SOD is important in defense against 

reactive oxygen species; it converts highly reactive superoxide free radicals to peroxides. 

Peroxides may then trigger apoptosis or may be removed by GPX, which uses glutathione 

as a reducing agent. GST also uses reduced glutathione for detoxification o f many 

hydrophobic and electrophilic compounds. Catalase is a peroxisomal enzyme important in 

removal o f hydrogen peroxide. One can imagine how loss of some or all of these enzymes 

would cripple the cell’s ability to deal appropriately with oxidative stress; indeed 

inappropriate cell survival and defective repair o f oxidatively induced DNA lesions has 

been reported in prostate cancer cell lines (Trzeciak, 2004). The protective effects of 

selenium against prostate cancer may be due to its antioxidant properties. Selenium- 

derived selenoprotein P (SeP) can increase intracellular enzymatic activities o f GPX and 

another enzyme thioredoxin reductase (TR). While this effect has not been proven for 

prostate cancer cell lines, the benefit of selenium and other anti-oxidant agents in defence 

against prostate cancer in the face of impaired detoxification reserve warrants further 

investigation (Steinbrenner, 2006).
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No detoxification genes were significantly downregulated in the “benign radicals”; this is 

reminiscent o f findings in PIA, where GSTPl expression is maintained, with loss of 

expression in adjacent PIN and cancer. This supports the hypothesis that loss of 

detoxification genes are important, and possibly required for malignant transfonnation. 

The fact that many other cancer-related genes were overexpressed in these “benign 

radicals” suggests that detoxifying agents may act as gatekeeper genes in the face of stress 

in the prostate, and once lost, cumulative genetic damage progressing to cancer is 

inevitable.

6.6.2 Stress response

GADD45A, B and G are genes that are specifically upregulated in response to DNA 

damage, often secondary to ultraviolet radiation or oxidative stress. GADD45A, 

GADD45B, and GADD45G proteins share 55 to 58% sequence homology and have 

similar biologic effects. Expression of GADD45 usually induces p38 (MAPK14) or JNK 

(MAPK8) activation and p53-mediated apoptosis (Takekawa, 1998). GADD45 also 

prevents entry of damaged cells into S phase by activating p21 (CDKNIA), a cell cycle 

inhibitor (Kearsey, 1995). Finally, GADD45 stimulates DNA excision repair in the face of 

DNA damage by an interaction with proliferating cell nuclear antigen (PCNA) (Smith, 

1994).

In our study, we found that GADD45B and G were upregulated in localized prostate 

cancer compared to BPH and GADD45A and B were upregulated in “benign radicals”. 

There was an associated increase in p21 expression in localized cancer and “benign 

radicals”, but levels o f p38 and JNK expression were similar to those seen in benign tissue. 

Genes encoding apoptosis-related proteins, including p53, BAX and caspases, were also 

not increased. Upregulation of GADD45 provides further evidence for the role of oxidative 

stress in prostate cancer. Increased levels of p21 suggest inhibition of the cell cycle 

secondary to GADD45. However, the absence of a change in other downstream genes, 

particularly those related to apoptosis, suggests an abnormal cellular response to 

environmental stress and GADD45 activation. Indeed ongoing tumour growth despite 

GADD45 overexpression suggests escape of cancer cells from the growth inhibitory 

effects of GADD45, by some unknown mechanism. These results are supported by a recent 

RT-PCR study of BPH and prostate cancer, which revealed a positive correlation between 

expression of GADD45 and p l6  and oxidative DNA damage, measured by the presence of

225



Chapter 6 Validation o f Microarrav Data

DNA adducts (Giovannini, 2004). In BPH, oxidative DNA damage and GADD45 

expression were associated with a decrease in cell proliferation (estimated by levels o f 

Ki67 expression) whereas in cancer, there was no decrease in proliferation in response to 

DNA damage and GADD45 expression. Thus in normal cells, GADD45 expression 

favours senescence and apoptosis, whereas in prostate cancer, it is associated with 

inappropriate survival o f DNA-damaged cells.

Elevated levels o f  GADD45 and p 2 1 in benign glands in radical prostatectomy specimens 

suggests a field effect o f oxidative stress in prostates harbouring cancer.

6.6,3 Lipid metabolism and peroxisome proliferator regulated gene expression

The process o f PPARa-regulated gene expression is illustrated in Figure 6.18.
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Figure 6.18 PPARa-regulated gene expression pathway
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PPA R a is a nuclear hormone receptor involved in glucose and lipid homeostasis. It is 

activated by a number o f ligands, including fatty acids and it regulates the expression o f 

target genes involved in the catabolism o f fatty acids. In contrast, PPARy is activated by 

prostaglandins, leukotrienes and regulates the expression o f genes involved in fatty acid 

storage (Escher, 2000). The most common mechanism o f PPAR regulated gene 

expresssion is through binding to the retinoid X receptor (RXRA or RXR) (IJpenberg, 

2004). PPAR/RXR heterodimers then activate peroxisome proliferator-response elements 

(PPRE’s) in the target gene. PPA R a can upregulate genes via alternative mechanisms

(non-PPRE-regulated genes). PPA R a activity can be affected by certain growth factors,

kinases and phosphatases; however, how these factors affect peroxisome proliferator 

regulated gene expression is poorly characterised (Kersten, 2000). Genes that are 

upregulated by PPA Ra include acyl-coA oxidase, cytochrome P450 enzymes, lipoprotein 

lipase and nitric oxide synthase (Mandard, 2004). In our microarray study, many genes that 

encode proteins upstream and downstream o f PPARa in the peroxisome proliferator 

regulated pathway were overexpressed in cancer. These included:

• DUSPl (M KP-1), a phosphatase that modulates PPARa expression

• CITED2 (P35srj) and NRIPl (RIP 140), co-activators o f PPA Ra

• PPRE-regulated genes:

o Cytochrome P450 IVa (CYP4A2)

o Fatty acid binding protein 5

o Acyl-CoA synthetases for short, medium and long-chain fatty acids (A CSSl, 

ACSM l andA SCL3) 

o 17(3-HSD IV (HSDl 7B4) which showed a trend towards upregulation

• Non-PPRE-regulated genes:

o Cyclo-oxygenase 2 (C0X 2) 

o MYC

Increased expression of D U SPl, CITED2, N R IPI, ASCL3, HSD17B4, C 0X 2 and MYC 

was confirmed by RT-PCR in this chapter. In addition, many o f these genes were found to 

be upregulated in “benign radicals” .

Despite the fact that PPARA was one o f the most significant genes in our study, only one 

previous report o f PPARA upregulation in a prostate cancer cell line exists in the literature
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(Collett, 2000). However, it appears that the Applied Biosystems microarrays detected a 

variant transcript of PPARA, which may not have been represented on microarrays used in 

reported studies. This variant transcript may have enhanced transcriptional activity, or may 

activate transcription of additional genes. It is possible that overexpression o f this 

transcript may be directly related to the malignant phenotype. Again PPARA was found to 

be upregulated in “benign radicals”, localized cancer and in some advanced cancers. Of 

note, despite the fact that PPAR-regulated gene expression appeared upregulated in all 

localized cancers, PPARA was overexpressed in only 50% of cases. Therefore, there may 

be some other explanation for upregulation o f this pathway or other variant transcripts not 

represented on the Applied Biosystems microarray may be involved.

Many o f the genes upregulated by PPARa are involved in peroxisomal metabolism of fatty 

acids. Peroxisomal beta-oxidation o f fatty acids has been previously shown to be 

upregulated in prostate cancer, with upregulation of D-bifunctional protein, ACOX3, fatty 

acid synthase and AMACR (Zha, 2005). In this study, we identified upregulation of 

AMACR as well as overexpression of a number of additional peroxisomal genes, including 

upstream genes ACSSl, ACSMI and ASCL3, and the downstream transport proteins CRAT 

and SLC27A2. Many of these genes are targets of PPARa. It is interesting to speculate that 

AMACR may also be a target whose expression level is upregulated by PPARa and that 

the pathogenesis of AMACR overexpression in prostate cancer may be upregulation of 

peroxisome proliferator regulated gene expression due to increased levels of circulating 

fatty acids. This hypothesis would provide a direct link between circulating fatty acids and 

AMACR expression. The fact that PPARa upregulates the expression of many different 

genes that have been implicated in oncogenesis in the prostate, including MYC, NFKappaB 

and TNF suggests a possible link between circulating fatty acids, PPARa expression, 

AMACR expression and prostate cancer. Further study is required to substantiate such an 

association.
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6.6.4 New sample validation

New sample validation of p l6  expression using immunohistochemistry on 100 prostate 

cancers and 44 BPH cases confirmed that p l6  is a marker of advanced prostate cancer and 

is associated with increased Gleason score. T0P2A, which was found to be overexpressed 

in advanced prostate cancer by microarray and RT-PCR analysis was previously validated 

by TopoIIa immunohistochemistry in the same cohorts in Chapter 4. AMACR expression 

in cancer and in benign glands in radical prostatectomy specimens was validated by 

immunohistochemistry in 101 prostate cancers in Chapter 3. In addition, concordance with 

published microarray studies was confirmed for hepsin, AMACR, MYC, GSTPl, GSTM5, 

maspin, GDF15, FOSB, PTEN, FASN and BMPS. These findings corroborate the validity 

o f the microarray study and subsequent validation. Despite this, analysis of at least some of 

the new targets identified in this study in additional subjects would be necessary to 

establish any prognostic, therapeutic or diagnostic significance in the target population.

6.7 Conclusion

In this chapter, data collected from the expression array study has been validated. Key 

pathways and genes that are disregulated in prostate cancer and in benign glands in cancer 

specimens have been identified. Future work will involve additional RT-PCR validation of 

PPARA expression using custom-made assays for variant transcripts as well as sequence 

analysis o f AMACR looking for PPRE-regulatory sequences to investigate the possibility of 

a link between PPARA expression and AMACR. In addition, expression pattern of key 

genes from each o f the significantly altered pathways (stress response, detoxification, lipid 

metabolism and peroxisome proliferator regulated gene expression) will be studied in a 

larger cohort using immunohistochemistry +/- in situ hybridisation and prostate TMA’s.
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7.1 Introduction

Prostate cancer is the most prevalent form o f cancer worldwide. There are over 1800 new 

cases o f prostate cancer diagnosed in Ireland every year and the incidence is increasing 

(National Cancer Registry, 2006). It is the second most common fatal cancer in Irish men 

(National Cancer Registry, 2005). To date, there is no effective screening method for 

prostate cancer and no curative treatment for locally advanced or metastatic disease. 

Treatment for localized disease is associated with a relatively high incidence o f significant 

complications, including impotence and incontinence. The behaviour o f  tumours that are 

localized at the time o f diagnosis is difficult to predict; it is therefore not currently possible 

to identify patients in whom conservative management would allow avoidance o f these 

complications without running the risk o f cancer progression.

Because o f the significant social burden associated with this disease, it is a subject o f much 

scientific research. Almost 15,000 publications relating to prostate cancer were published 

in 2005 and over 5,000 o f these related to the molecular pathology o f  prostate cancer. 

Despite this body o f scientific data, there are many unanswered questions regarding the 

pathogenesis o f prostatic malignancy. We still have very little understanding o f why 

prostate cancer occurs, how it occurs, why it affects certain people, why some cancers 

progress and other do not and how it acquires metastatic potential. We do not know if 

advanced high grade cancers and localized low grade cancers represent two different 

diseases or whether advanced cancers arise from progression and dedifferentiation o f  low 

grade cancers. There is also significant controversy regarding whether a number o f lesions, 

including BPH, AAH, PIA and LGPIN, are precursors o f prostate cancer (Grignon, 1994, 

Helpap, 1995, De Marzo, 1999). It is accepted that HGPIN is a precursor lesion, but it is 

not an obligate precursor; not all prostate cancers arise from HGPIN.

In addition to controversy regarding the lesion and cell o f origin, many studies have shown 

conflicting evidence in relation to risk factors for prostate cancer. Nonetheless, it is largely 

accepted that prostate cancer risk is related to increasing age, race, dietary intake o f 

saturated fat and meat, vitamin D deficiency and polymorphisms in genes involved in 

androgen metabolism or detoxification (Chan, 1998, Chen, 2001, Kolonel, 2001). 

Selenium and plant phytochemicals are protective against prostate cancer. The mechanism 

by which many o f these various factors affect prostate cancer risk is unknown.
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There have been some significant advancements in prostate cancer research in recent years. 

These include the identification of consistent loss o f GSTPl expression in HGPIN and 

prostate cancer and the proposal that transcription downregulation of GSTPl may act as an 

initiating genomic lesion for malignant transformation (Nelson, 2001). In addition, the 

identification of AMACR as a molecular marker of prostate cancer and the translation of 

this discovery into a useftil diagnostic laboratory test for cancer was a triumph for 

microarray-based research. Other microarray studies have identified many genes whose 

expression correlates with malignancy, cancer stage, cancer grade, risk of recurrence and 

overall prognosis. However, in most cases, there is a long way left to go before any of 

these genes are in standard use in the clinical setting. Very few genes associated with 

response to chemotherapeutic and anti-androgenic agents have been identified to date.

The main focus of this thesis was microarray analysis of localized and advanced prostate 

cancer compared to a number of different types o f benign prostate tissue. In contrast to 

many published microarray studies, we took a pathway-focused approach to the process of 

target gene identification. We felt that this would give greater insight into the various 

pathways that are altered in prostate cancer, which contribute to tumour morphology and 

behaviour. We also performed focused analysis of AMACR expression and amplification 

and expression of TOP2A and HER2 in prostate cancer. AMACR was chosen as a target of 

interest due to its consistent overexpression in cancer and its role in fatty acid metabolism. 

We felt that in depth analysis of AMACR expression might give insight into the role of 

fatty acids in tumour pathogenesis. TOP2A and HER2 were chosen because o f their 

potential as targets of therapeutic agents, particularly in the context of recent advances in 

breast cancer research, where amplification of these genes was associated with improved 

response to topoisomerase inhibitors (Jarvinen, 2003a).
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7.2 AMACR, PPARa and localized cancer

AMACR has been consistently shown to be overexpressed in prostate cancer and HGPIN 

and in the prostatic secretions and urine o f prostate cancer patients (Jiang, 2001, Rogers, 

2004, Zielie, 2004). In Chapters 5 and 6, we confinned consistent overexpression o f  

AMACR in localized cancer and in some cases o f  advanced cancer. This is not a new 

finding; decreased expression o f  AMACR has been previously reported in high grade 

tumours and has been associated with increased recurrence risk (Kuefer, 2002, Rubin, 

2005). In Chapter 3, we did however identify a possible explanation for this phenomenon; 

heterogeneous AMACR expression within individual tumours occurs in over one third o f 

cancers and occurs more commonly in high grade lesions. Heterogeneous expression o f 

AMACR, with loss o f AMACR expression in some areas o f  a tumour, would certainly 

result in decreased overall expression o f  AM ACR by RT-PCR and microarray analysis. 

Other prostate research suggests that AMACR expression contributes to the malignant 

phenotype. Inhibition o f AM ACR enzyme activity using siRNA results in reduction in 

prostate cancer growth in vitro (Zha, 2003). Therefore loss or heterogeneity o f  AMACR 

expression in advanced cancer probably reflects dedifferentiation within the tumour, rather 

than contributing to tumour progression.

In Chapters 3, 5 and 6, AMACR expression in benign glands was identified. In Chapter 3, 

using immunohistochemistry for AMACR protein, we identified increased expression 

focally in 16% o f BPH and in benign glands in 25% o f radical prostatectomies. In Chapters 

5 and 6, increased expression o f  AM ACR  transcripts was identified in both benign glands 

specimens from radical prostatectomies, but in no case o f  BPH. Therefore, AMACR 

expression appears to be more common in benign glands from specimens containing 

cancer and levels o f expression o f  AMACR in these glands are higher than in BPH. If  

AMACR truly plays a role in carcinogenesis in the prostate, this suggests some element o f 

premalignant change in morphologically normal glands in cancer specimens.

What is the role o f  AMACR in prostate cancer development? What have we leam t from 

analysis o f fatty acid pathways in prostate cancer? To answer these questions, we first must 

consider the physiological role o f  AM ACR in peroxisomal fatty acid oxidation.

Peroxisomes play a major role in cellular metabolism particularly lipid metabolism. A 

number o f fatty acids cannot be metabolised in mitochondria and are dependent on
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peroxisomes for beta-oxidation. These include very long chain fatty acids (VLCFA’s), 

eicosanoids and branched chain fatty acids e.g. phytanic acid and pristanic acid. AMACR 

is involved in the metabolism o f branched chain fatty acids. In the peroxisome, phytanic 

acid and pristanic acid undergo a-oxidation to pristanoyl-CoA, due to the sequential action 

o f the following enzymes: acyl-CoA synthetase (ACS), PHYH, HPCL2 and aldehyde 

dehydrogenase (Figure 7.1). The latter enzyme is poorly characterised. Pristanoyl-CoA 

occurs as two stereoisomers; conversion o f the 2R to the 2S isomer is catalysed by 

AMACR. Such racemisation is required for (3-oxidation. Instead o f undergoing a -  

oxidation, phytanic acid can be converted to pristanoyl-CoA directly by the action of 

SLC27A2 (also called VLACS).

P-oxidation then requires the enzymes ACOX l or A C 0X 2, bifiinctional protein HSD17B4 

or EHHADH and sterol carrier protein ACAA l or SCP2. The end products o f P-oxidation 

may be transported out o f the peroxisome by CRAT, CROT, ABCD or ACOT transporter 

proteins and metabolised.

Cholesterol

(3S)-Phytanoyl-CoA(3R)-Phytanoyl-CoA

a-oxidation

> - (2S)-Pristanoyl-CoA (25S)-THC-CoA ►  (25R)-THC-CoA[2R)-PristarK>yl-CoA
racem ase racem ase

Branched-chain acyi-CoA oxidase

D-Bifunctional protein

Sterol carrier protein X

T rimethy Itridecanoyl-CoA Choloyl-CoA

Figure 7.1 Peroxisomal metabolism of fatty acids (W anders, 2001)

A previous RT-PCR study on peroxisomal p-oxidation in prostate cancer revealed 

increased expression o f  AMACR, HSD17B4 (D-bifunctional protein), A C0X3 and fatty 

acid synthase (Zha, 2005). In Chapters 5 and 6, we also identified upregulation o f multiple

237



Chapter 7 General Discussion

acyl-CoA synthetases, AMACR, SLC27A2 and CRAT in localized cancer. HSD17B4 and 

PHYH were upregulated in occasional cancers. These findings establish upregulation o f 

peroxisomal fatty acid metabolism in localized cancer, with increased expression o f genes 

involved in the processes o f a-oxidation, racemisation, P-oxidation and transport o f P- 

oxidation end products out o f the peroxisome. M any o f these genes were also upregulated 

in “benign radicals” .

Serum levels o f  phytanic acid have been associated with increased prostate cancer risk 

(Xu, 2005). This is o f particular interest because phytanic acid and its metabolite pristanic 

acid directly activate PPA Ra and RXR nuclear receptors. Activated PPARa-RXR 

heterodimers that activate transcription o f  genes involved in fatty acid metabolism, 

including acyl-CoA synthetases, SLC27A2, HSD17B4 and CRAT. The fact that many o f 

the overexpressed genes related to fat metabolism in our study are in the same pathway as 

AMACR and are all targets o f PPA R a is highly significant. In addition, many o f these 

genes show very similar expression patterns to AMACR in our study, with exclusive 

upregulation in localized cancers and “benign radicals” . This suggests that PPARa plays a 

key role in upregulation o f peroxisomal pathways, including P-oxidation, in prostate 

cancer. It is also possible that the expression o f  AMACR is directly regulated by PPARa. 

As mentioned in Chapter 6, PPA Ra upregulates a number o f  oncogenes and growth factors 

including MYC and TNF. It has been implicated in carcinogenesis o f other organs, 

including liver cancer (Peters, 2005). Therefore, it is possible that PPA R a represents the 

missing link between AMACR overexpression, peroxisomal pathway upregulation and 

carcinogenesis.
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7.3 Topoisomerase l la , HER2 and advanced cancer

When a survival benefit from treatments directed against HER2 protein was first reported 

in breast cancer patients, there was enormous interest in the expression o f  HER2 and the 

response to trastuzumab therapy in other cancers (Cobleigh, 1999). In prostate cancer, 

research into the potential o f HER2 as a therapeutic target was disappointing; rates of 

HER2 positive tumours were very low and trastuzumab therapy appeared to have no 

significant anti-tumour effect (Wulfing, 2005). However, HER2 and the adjacent gene, 

TOP2A, have been the subject o f increased interest o f late since the discovery that co- 

amplification o f  these genes in breast cancer is associated with improved survival and 

response to anti-topoisomerase therapy (Jarvinen, 2003b). This was our main interest in 

testing for HER2 and TOP2A amplification and overexpression in prostate cancer.

Identification o f  topo lla  overexpression in advanced cancer is not a novel finding. 

Expression o f this gene has been related to increased tumour stage and high Gleason score 

in separate studies (Willman, 2000). An association with HER2 expression has not been 

previously reported. The highly significant finding in Chapter 4, however, was the 

association o f TOP2A amplification with androgen resistance and decreased survival by 

multivariate analysis. This finding is o f importance in the context o f increasing rates o f 

prostate cancer diagnosis, including increased numbers o f younger patients and the fact 

that curative treatments for advanced prostate cancer do not exist and anti-androgen 

therapy provides only temporary tumour suppression. Topoisomerase II inhibitors have 

been used in the treatment o f advanced prostate cancer with evidence o f  a positive 

response in some but not all cases (Kamradt, 2000, Olson, 2000). In addition, 

topoisomerase II inhibitors have growth-inhibitory effects on prostate cancer cell lines in 

vitro (Furuya, 1997). In fact, the effects are very similar to those seen in hormone- 

dependent breast cancer cell lines, with activation o f  the same molecular pathways. 

However, topoisomerase inhibitors (like other chemotherapeutic agents) are associated 

with multiple adverse side effects and can cause significant morbidity. Since not all 

patients respond to these agents, the possibility o f a molecular signature that predicts 

enhanced sensitivity to anti-topoisomerase treatment is an attractive prospect.

Based on the correlation with androgen resistance and decreased survival identified in

Chapter 4, T0P2A  expression or amplification, at the very least, identifies patients who are

likely to develop early androgen insensitivity and who might benefit from additional
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treatment with chemotherapy. Randomised controlled trials are required to investigate any 

survival benefit from topoisomerase II inhibitors in these patients. The occasional finding 

o f HER2 co-amplification may be o f relevance in a small percentage o f patients in whom 

dual therapy with topoisomerase II inhibitors and trastuzumab may be beneficial.

7.4 Microarrays and pathway analysis

While microarray experiments are a highly effective method o f gene expression analysis, 

they have many limitations, mainly due to the large volume o f data they produce. It is very 

difficult, even with stringent statistical analysis, to separate key genes in tumour 

pathogenesis from genes that are disregulated as a consequence o f the malignant state. 

Thus, with over 100 published microarray experiments on prostate cancer in the literature, 

we still have a limited understanding o f why prostate cancer occurs. While this study could 

not hope to solve the prostate cancer conundrum, we hoped that taking a pathway-specific 

approach rather than looking at individual genes in isolation would lead to a greater 

understanding o f the prostate cancer system.

This analysis revealed significant upregulation o f  stress response, lipid metabolism and 

PPARa regulated gene expression and downregulation o f  detoxification. The most 

interesting aspect o f this result is the fact that all o f these pathways are related. The 

connection between lipid metabolism and PPA R a was discussed in section 7.2. Increased 

serum fatty acids upregulate PPA R a activity, which in turn upregulates transcription o f 

genes involved in lipid metabolism, particularly peroxisomal fatty acid oxidation. A 

byproduct o f peroxisomal fatty acid oxidation is hydrogen peroxide, an excess o f which 

can lead to oxidative stress and generation o f reactive oxygen species. The combination o f 

oxidative stress with deficiency in detoxifying enzymes important in neutralisation o f 

oxygen free radicals can result in DNA damage and possibly tumour initiation. Therefore, 

from the results o f the microarray study, we have identified a theoretical model for 

malignant transformation in the prostate.

Altered expression o f key enzymes in the four main pathways was verified by RT-PCR in 

Chapter 6. In addition, expression o f many o f these enzymes has also been reported in 

prostate cancer in the literature.
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The finding o f  disregulation o f all pathways except detoxification in “benign radicals” is 

consistent with the findings o f GSTPl expression in PI A, PIN and prostate cancer; all three 

conditions show expression profiles consistent with oxidative stress, but GSTPI is 

preserved in the benign condition PIA, but is lost in PIN and cancer (De Marzo, 2003). 

This suggests that detoxification is one o f the final pathways to be disregulated in 

malignant transformation. The alterations seen in the other three pathways and the results 

o f cluster analysis suggest that there are global changes in gene expression that occur in 

prostates harbouring cancer. These changes are seen even in morphologically normal 

glands. This suggests a field effect due to an environmental stressor and/or genetic defect 

that affects the entire prostate. This hypothesis is consistent with the frequent identification 

o f multifocal prostate cancer and HGPIN in resection specimens for cancer.

These genetic changes may be useful in screening for patients at risk o f prostate cancer. 

However, until we identify reliable markers o f  disease progression, identification o f  a risk 

o f prostate cancer may cause more problems than it solves. Many patients with a small 

volume o f localized invasive prostate cancer currently present a diagnostic dilemma; some 

of these cancers will never progress in the patient’s lifetime and treatment o f the cancer 

does more hann than good. The correct management o f a patient with early premalignant 

genetic changes but no invasive cancer has not been established. While watchful waiting 

would be the most likely management, this might cause considerable psychological harm 

to a patient whose actual risk o f prostate cancer may be relatively low. More importantly, 

these changes in benign glands may be a source o f false positive results in a screening 

program for prostate cancer based on molecular testing.

7.5 Conclusions and future work

In this thesis, a number o f important phenomena relating to prostate cancer have been 

identified. Firstly, while AMACR does appear to be a very important enzyme in prostate 

cancer, its expression can vary within individual tumours and expression in benign glands 

can occur. Variable expression is associated with increased Gleason score. No association 

with prognosis was identified. Additional work on AMACR will involve interrogation o f 

the gene sequence for peroxisome proliferator-response elements to determine whether its 

expression is directly regulated by PPARa.
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The second important conclusion from this work is the identification of TOP2A 

amplification in advanced cancer and an association with androgen resistance and 

decreased survival. Clinical trials are required to evaluate the impact o f TOP2A 

amplifications on treatment response. Cell culture work may provide some insight into the 

dependency of response to anti-topoisomerase therapy on T0P2A  copy number.

Finally, the four key pathways in the prostate cancer microarray study will be further 

interrogated in additional samples, looking at immunohistochemistry for selected genes in 

the prostate TMA’s. RT-PCR for PPARA variant transcripts will be conducted to validate 

the microarray results for this gene. Further, cell culture experiments, investigating the 

effect o f PPARA overexpression on fatty acid pathways, AMACR levels and cell 

phenotype in benign and malignant prostate cell lines will be conducted.

In this study, a prognostic marker {T0P2A amplification) and a possible molecular marker 

o f sensitivity to a specific chemotherapeutic agent has been identified in advanced prostate 

cancer. Multiple early genetic changes in “benign radicals” and in localized cancers, which 

could be of possible value in a screening program, were also identified. Significantly, a 

possible molecular model for prostate cancer pathogenesis was discovered. It is hoped that 

the results herein have led us one step further along the path to discovering the molecular 

basis o f prostate cancer. In addition, it is hoped that some of these results may be clinically 

useful in screening or in the development of new treatment strategies for prostate cancer. 

Earlier detection and more effective treatment of prostate cancer would improve quality of 

life for prostate cancer sufferers and their families and hopefiilly reduce mortality from this 

unpredictable, but often aggressive disease.

7.6 References

Chan JM, Giovannucci E, Andersson SO, Yuen J, Adami HO & Wolk A (1998). Dairy 

products, calcium, phosphorous, vitamin D, and risk of prostate cancer (Sweden). Cancer 

Causes Control; 9: 559-566.

Chen C (2001). Risk of prostate cancer in relation to polymorphisms o f metabolic genes. 

Epidemiol Rev; 23: 30-35.

242



Chapter 7 General Discussion

Cobleigh MA, Vogel CL, Tripathy D, Robert NJ, Scholl S, Fehrenbacher L, W olter JM, 

Paton V, Shak S, Lieberman G & Slamon DJ (1999). Multinational study o f the efficacy 

and safety o f humanized anti-HER2 monoclonal antibody in women who have HER2- 

overexpressing metastatic breast cancer that has progressed after chemotherapy for 

metastatic disease. J Clin Oncol; 17: 2639-2648.

De Marzo AM, Marchi VL, Epstein JI & Nelson WG (1999). Proliferative inflammatory 

atrophy o f the prostate: implications for prostatic carcinogenesis. Am J Pathol; 155: 1985- 

1992.

De Marzo AM, Meeker AK, Zha S, Luo J, Nakayama M, Platz EA, Isaacs WB & Nelson 

WG (2003). Human prostate cancer precursors and pathobiology. Urology; 62: 55-62.

Furuya Y, Ohta S & Ito H (1997). Apoptosis o f androgen-independent mammary and 

prostate cell lines induced by topoisomerase inhibitors: common pathway o f gene 

regulation. Anticancer Res; 17: 2089-2093.

Grignon D & Sakr W (1994). Benign prostatic hyperplasia: it is a premalignant lesion? In 

Vivo; 8: 415-418.

Helpap BG, Bostwick DG & Montironi R (1995). The significance o f atypical 

adenomatous hyperplasia and prostatic intraepithelial neoplasia for the development of 

prostate carcinoma. An update. Virchows Arch; 426: 425-434.

Jarvinen TA & Liu ET (2003a). HER-2/neu and topoisomerase Ilalpha in breast cancer. 

Breast Cancer Res Treat; 78: 299-311.

Jarvinen TA & Liu ET (2003b). HER-2/neu and topoisomerase Ilalpha—simultaneous drug 

targets in cancer. Comb Chem High Throughput Screen; 6: 455-470.

Jiang Z, Woda BA, Rock KL, Xu Y, Savas L, Khan A, Pihan G, Cai F, Babcook JS, 

Rathanaswami P, Reed SG, Xu J & Fanger GR (2001). P504S: a new molecular marker for 

the detection o f prostate carcinoma. Am J Surg Pathol; 25: 1397-1404.

Kamradt JM & Pienta KJ (2000). Etoposide in prostate cancer. Expert Opin Pharmacother; 

1: 271-275.

243



Chapter 7 General Discussion

Kolonel LN (2001). Fat, meat, and prostate cancer. Epidemiol Rev; 23: 72-81.

Kuefer R, Varambally S, Zhou M, Lucas PC, Loeffler M, W olter H, Mattfeldt T, 

Hautmann RE, Gschwend JE, Barrette TR, Dunn RL, Chinnaiyan AM & Rubin MA 

(2002). alpha-Methylacyl-CoA racemase: expression levels o f this novel cancer biomarker 

depend on tumor differentiation. Am J Pathol; 161: 841-848.

National Cancer Registry. (2005). Cancer in Ireland 1994-2001, incidence, mortality and 

treatment, http://www.ncri.ie/pubs/pubfiles/proj_2020.pdf

National Cancer Registry. (2006). Trends in Irish cancer incidence 1994-2002. 

http://www.ncri.ie/pubs/pubfiles/proj_2020.pdf

Nelson WG, De Marzo AM & DeWeese TL (2001). The molecular pathogenesis o f 

prostate cancer: Implications for prostate cancer prevention. Urology; 57: 39-45.

Olson KB & Pienta KJ (2000). Recent advances in chemotherapy for advanced prostate 

cancer. Curr Urol Rep; 1: 48-56.

Peters JM, Cheung C & Gonzalez FJ (2005). Peroxisome proliferator-activated receptor- 

alpha and liver cancer: where do we stand? J Mol Med; 83: 774-785.

Rogers CG, Yan G, Zha S, Gonzalgo ML, Isaacs WB, Luo J, De Marzo AM, Nelson WG 

& Pavlovich CP (2004). Prostate cancer detection on urinalysis for alpha methylacyl 

coenzyme a racemase protein. J Urol; 172: 1501-1503.

Rubin MA, Bismar TA, Andren O, Mucci L, Kim R, Shen R, Ghosh D, Wei JT, 

Chinnaiyan AM, Adami HO, K antoff PW & Johansson JE (2005). Decreased alpha- 

methylacyl CoA racemase expression in localized prostate cancer is associated with an 

increased rate o f biochemical recurrence and cancer-specific death. Cancer Epidemiol 

Biomarkers Prev; 14: 1424-1432.

Wanders RJ, Vreken P, Ferdinandusse S, Jansen GA, W aterham HR, van Roermund CW 

& Van Grunsven EG (2001). Peroxisomal fatty acid alpha- and beta-oxidation in humans: 

enzymology, peroxisomal metabolite transporters and peroxisomal diseases. Biochem Soc 

Trans; 29: 250-267.

244



Chapter 7 General Discussion

Willman JH & Holden JA (2000). Immunohistochemical staining for DNA topoisomerase 

Il-alpha in benign, premalignant, and malignant lesions o f the prostate. Prostate; 42: 280- 

286.

Wulfing C, Bierer S, Bogemann M, Piechota H & Hertle L (2005). [Therapy o f hormone 

refractory prostate cancer: new standards, new trends]. Aktuelle Urol; 36: 342-348.

Xu J, Thornburg T, Turner AR, Vitolins M, Case D, Shadle J, Hinson L, Sun J, Liu W, 

Chang B, Adams TS, Zheng SL & Torti FM (2005). Serum levels o f phytanic acid are 

associated with prostate cancer risk. Prostate; 63: 209-214.

Zha S, Ferdinandusse S, Denis S, Wanders RJ, Ewing CM, Luo J, De Marzo AM & Isaacs 

WB (2003). Alpha-methylacyl-CoA racemase as an androgen-independent growth 

modifier in prostate cancer. Cancer Res; 63: 7365-7376.

Zha S, Ferdinandusse S, Hicks JL, Denis S, Dunn TA, Wanders RJ, Luo J, De Marzo AM 

& Isaacs WB (2005). Peroxisomal branched chain fatty acid beta-oxidation pathway is 

upregulated in prostate cancer. Prostate; 63: 316-323.

Zielie PJ, Mobley JA, Ebb RG, Jiang Z, Blute RD & Ho SM (2004). A novel diagnostic 

test for prostate cancer emerges from the determination o f alpha-methylacyl-coenzyme a 

racemase in prostatic secretions. J Urol; 172: 1130-1133.

245



Appendix 1. Genes differentially expressed in malignant versus benign samples

Fold Adjusted 
Change p-value

Gene Name Gene Symbol (FC) (FDR)
Genes up-regulated in malignant vs. benign samples

abhydrolase domain containing 2 ABHD2 2.0774 0.0431
activated leukocyte cell adhesion molecule ALCAM 2.3427 0.0083
adenylate kinase 5 AK5 3.9147 0.0083
alpha-methylacyl-CoA racemase AMACR 6.5258 0.0065
asporin (LRR class 1) ASPN 3.5489 0.0170
B-cell scaffold protein with ankyrin repeats 1 BANK1 3.1352 0.0482
block of proliferation 1 B0P1 2.1314 0.0298
calcium/calmodulin-dependent protein kinase kinase 2,

beta CAMKK2 2.3644 0.0120
chromosome 12 open reading frame 34 C12orf34 4.1866 0.0147
chromosome 18 open reading frame 45 C18orf45 2.5220 0.0144
chromosome 20 open reading frame 102 C20orf102 2.1318 0.0284
chromosome 9 open reading frame 116 C9orf116 2.3438 0.0050
claudin 3 CLDN3 3.7514 0.0305
coiled-coil domain containing 41 CCDC41 2.0095 0.0132
coiled-coil domain containing 78 CCDC78 2.1704 0.0121
death-associated protein kinase 1 DAPK1 2.1790 0.0138
distal-less homeobox 1 DLX1 3.8609 0.0486
dysbindin (dystrobrevin binding protein 1) domain

containing 1 DBNDD1 2.1248 0.0102
E2F transcription factor 5, p i 30-binding E2F5 2.6534 0.0390
elongation factor RNA polymerase ll-like 3 ELL3 3.5815 0.0158
endoplasmic reticulum-golgi intermediate compartment 1 ERGIC1 2.1656 0.0360
epithelial cell transforming sequence 2 oncogene ECT2 2.0742 0.0317
family with sequence similarity 77, member C FAM77C 2.2324 0.0147
fatty acid binding protein 5 (psoriasis-associated) FABP5 3.2489 0.0371
fatty acid synthase FASN 3.2775 0.0277
feline leukemia virus subgroup C cellular receptor unassigned 2.0426 0.0319
fibroblast growth factor receptor-like 1 FGFRL1 2.7649 0.0328
GDP-mannose 4,6-dehydratase GMDS 2.2950 0.0258
glucosaminyl (N-acetyl) transferase 1, core 2 GCNT1 3.8406 0.0269
glycine-N-acyltransferase-like 1 GLYATL1 3.6877 0.0277
hepsin (transmembrane protease, serine 1) HPN 12.8753 0.0170
histone cluster 1, H2bn HIST1H2BN 2.3366 0.0199
histone cluster 3, H2a HIST3H2A 3.6561 0.0456
histone cluster 3, H2a HIST3H2A 3.7872 0.0391
hyaluronan-mediated motility receptor HMMR 2.8196 0.0394
hypothetical gene supported by BC052596 unassigned 2.5438 0.0084
hypothetical LOC90024 unassigned 2.5702 0.0122
hypothetical protein FLJ20184 unassigned 3.1822 0.0295
hypothetical protein LOC253012 unassigned 3.1081 0.0450
hypothetical protein MGC2408 unassigned 2.5657 0.0107
kallikrein-related peptidase 15 KLK15 2.7041 0.0084
KIAA1155 protein unassigned 2.4089 0.0167
LIM domain kinase 2 LIMK2 2.0216 0.0038
mal, T-cell differentiation protein 2 MAL2 2.7871 0.0054
MARCKS-like 1 MARCKSL1 2.0802 0.0081
matrin 3 MATR3 2.7187 0.0219
MAX dimerization protein 3 MXD3 2.3625 0.0287
membrane-spanning 4-domains, subfamily A, member 8B MS4A8B 6.1963 0.0129
myeloid leukemia factor 1 MLF1 2.4568 0.0127
N-acetylated alpha-linked acidic dipeptidase-like 2 NAALADL2 2.3307 0.0166
neural precursor cell expressed, developmentally down-

regulated 4-like NEDD4L 2.5380 0.0196
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Gene Name__________________________________________ Gene Symbol FC______ FDR
Genes up-regulated in malignant vs. benign samples 
(cont.)

nudix-type motif 14 NUDT14 2.1054 0.0201
nudix-type motif 8 NUDT8 3.5917 0.0375
olfactory receptor, family 4, subfamily X, member 1 OR4X1 2.2049 0.0372
olfactory receptor, family 51, subfamily E, member 1 OR51E1 4.3715 0.0202
olfactory receptor, family 51, subfamily E, member 2 OR51E2 8.6737 0.0121
organic solute transporter alpha unassigned 2.1065 0.0405
ornithine decarboxylase 1 0DC1 2.0168 0.0252
PDZ and LIM domain 5 PDLIM5 4.9995 0.0013
phosphoribosyl pyrophosphate amidotransferase PPAT 2.0057 0.0129
podocalyxin-like 2 P0DXL2 2.6173 0.0418
prenyl (decaprenyl) diphosphate synthase, subunit 1 PDSS1 2.1131 0.0227
proline rich 16 PRR16 2.5233 0.0249
proprotein convertase subtilisin/kexin type 6 PCSK6 2.4751 0.0285
protein phosphatase 1, regulatory (inhibitor) subunit 14B PPP1R14B 2.1671 0.0020
protein phosphatase 1, regulatory (inhibitor) subunit 9A PPP1R9A 3.2581 0.0299
protein tyrosine phosphatase type IVA, member 3 PTP4A3 2.0915 0.0330
protein tyrosine phosphatase, receptor type, T PTPRT 2.8335 0.0301
pyrroline-5-carboxylate reductase 1 PYCR1 2.5727 0.0041
RAB17, member RAS oncogene family RAB17 3.6923 0.0121
RALBP1 associated Eps domain containing 2 REPS2 2.1744 0.0391
receptor-interacting serine-threonine kinase 2 RIPK2 2.1137 0.0171
retinal degeneration 3 RD3 2.9017 0.0422
ribosomal protein L27 RPL27 2.4290 0.0288
ribosomal protein S2 RPS2 2.0820 0.0299
serine hydrolase-like 2 SERHL2 2.1782 0.0353
similar to KIAA1680 protein unassigned 2.1738 0.0431
single-minded homolog 2 (Drosophila) SIM2 3.7365 0.0144
solute carrier family 19 (folate transporter), member 1 SLC19A1 2.3468 0.0346
solute carrier family 19 (thiamine transporter), member 2 SLC19A2 2.1503 0.0127
solute carrier family 25, member 10 SLC25A10 2.5393 0.0046
solute carrier family 25, member 33 SLC25A33 2.5071 0.0065
Src homology 3 domain-containing guanine nucleotide

exchange factor unassigned 3.6875 0.0050
suppression of tumorigenicity 14 (colon carcinoma) STM 2.0486 0.0221
syntaxin 19 STX19 4.4687 0.0129
thyroid hormone receptor interactor 13 TRIP13 2.6717 0.0401
TLC domain containing 1 TLCD1 2.7224 0.0094
transglutaminase 3 TGM3 2.8197 0.0167
tribbles homolog 1 (Drosophila) TRIB1 5.5017 0.0078
tripartite motif-containing 36 TRIM36 3.5211 0.0188
tripartite motif-containing 68 TRIM68 2.0037 0.0301
UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-

acetylgalactosaminyltransferase 7 GALNT7 2.1253 0.0287
urocortin UCN 2.5571 0.0162
v-myb myeloblastosis viral oncogene homolog (avian) MYB 2.1068 0.0458
v-myc myelocytomatosis viral oncogene homolog (avian) MYC 3.0407 0.0156
yippee-like 1 (Drosophila) YPEL1 2.0062 0.0196

Genes down-regulated in malignant vs. benign samples
3-hydroxyanthranilate 3,4-dioxygenase HAAO 3.0402 0.0050
3-hydroxybutyrate dehydrogenase, type 2 BDH2 2.6203 0.0013
5-hydroxytryptamine (serotonin) receptor 1E HTR1E 2.8250 0.0215
5'-nucleotidase, ecto (CD73) NT5E 2.7935 0.0375
A kinase (PRKA) anchor protein 7 AKAP7 2.9184 0.0051
acyl-Coenzyme A oxidase 2, branched chain AC0X2 3.0138 0.0071
ADAM metallopeptidase with thrombospondin type 1 motif, 

5 ADAMTS5 2.5724 0.0285
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Gene Name Gene Symbol FC FDR
Genes down-regulated in malignant vs. benign samples 
(cont.)

adenylate cyclase 5 ADCY5 3.2359 0.0129
adenylosuccinate synthase like 1 ADSSL1 2.0523 0.0079
aldehyde dehydrogenase 2 family (mitochondrial) ALDH2 3.1905 0.0456
aldehyde dehydrogenase 4 family, member A1 ALDH4A1 2.3869 0.0133
aldehyde oxidase 1 A0X1 2.7651 0.0122
aldo-keto reductase family 1, member B1 AKR1B1 2.0967 0.0263
aminomethyltransferase AMT 2.6282 0.0140
angiopoietin 1 ANGPT1 4.4251 0.0120
angiopoietin-like 1 ANGPTL1 3.1951 0.0305
angiopoietin-like 2 ANGPTL2 2.0367 0.0486
ankyrin repeat domain 25 ANKRD25 2.3150 0.0270
ankyrin repeat domain 35 ANKRD35 2.8228 0.0076
annexin A6 ANXA6 2.2379 0.0171
anthrax toxin receptor 2 ANTXR2 2.4032 0.0040
apolipoprotein B mRNA editing enzyme, catalytic

polypeptide-like 3C AP0BEC3C 3.5507 0.0066
apolipoprotein B mRNA editing enzyme, catalytic

polypeptide-like 3G AP0BEC3G 2.9293 0.0122
apolipoprotein L, 1 AP0L1 2.5227 0.0369
apoptosis-inducing factor, mitochondrion-associated, 2 AIFM2 2.3305 0.0078
armadillo repeat containing, X-linked 1 ARMCX1 3.1074 0.0253
ataxin 2-binding protein 1 unassigned 2.7272 0.0407
ATPase, Class 1, type 8B, member 4 ATP8B4 5.1107 0.0111
ATPase, Na+/K+ transporting, alpha 2 (+) polypeptide ATP1A2 4.1033 0.0034
attractin-like 1 ATRNL1 6.3857 0.0019
bone marrow stromal cell antigen 2 BST2 2.6052 0.0322
bone morphogenetic protein 5 BMPS 4.3776 0.0093
brain expressed, X-linked 1 BEX1 2.4296 0.0353
bruno-like 6, RNA binding protein (Drosophila) BRUN0L6 2.4150 0.0285
BTB and CNC homology 1, basic leucine zipper

transcription factor 2 BACH2 2.2863 0.0348
butyrophilin, subfamily 3, member A3 BTN3A3 2.5920 0.0151
C1q and tumor necrosis factor related protein 1 C1QTNF1 5.4899 0.0272
cache domain containing 1 CACHD1 2.0579 0.0463
cadherin 3, type 1, P-cadherin (placental) CDH3 2.6769 0.0156
cadherin-like 23 CDH23 2.8107 0.0449
calpain 6 CAPN6 3.1083 0.0402
capping protein (actin filament), gelsolin-like CAPG 2.6360 0.0027
carbohydrate (chondroitin 4) sulfotransferase 11 CHST11 2.1459 0.0198
carbonic anhydrase III, muscle specific CA3 2.4336 0.0317
carbonic anhydrase XI CA11 2.0770 0.0144
carbonic anhydrase XIV CA14 2.8450 0.0216
carboxylesterase 1 CES1 3.4467 0.0360
carboxypeptidase X (M14 family), member 1 CPXM1 3.9851 0.0130
CART prepropeptide CARTPT 10.4465 0.0084
caveolin 2 CAV2 2.1811 0.0281
CD177 molecule CD177 4.2340 0.0408
CD38 molecule CD38 4.0764 0.0216
CD40 molecule, TNF receptor superfamily member 5 CD40 2.0851 0.0098
cell division cycle associated 7 CDCA7 2.0560 0.0456
chemokine (C-X-C motif) ligand 13 CXCL13 11.6545 0.0225
chloride intracellular channel 6 CLIC6 3.4435 0.0158
cholecystokinin CCK 4.0168 0.0148
chordin-like 1 CHRDL1 3.6357 0.0288
chromogranin B (secretogranin 1) CHGB 8.5886 0.0111
chromosome 1 open reading frame 165 C1orf165 2.2837 0.0086
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Gene Name Gene Symbol FC______ FDR
Genes down-regulated in malignant vs. benign samples 
(cant.)

chromosome 1 open reading frame 54 C1orf54 2.1991 0.0211
chromosome 10 open reading frame 65 C10orf65 2.9150 0.0270
chromosome 13 open reading frame 21 C13orf21 2.4717 0.0219
chromosome 14 open reading frame 159 C14orf159 2.5840 0.0135
chromosome 14 open reading frame 37 C14orf37 2.5749 0.0048
chromosome 18 open reading frame 34 C18orf34 2.3163 0.0243
chromosome 20 open reading frame 42 C20orf42 2.3283 0.0144
chromosome 3 open reading frame 18 C3orf18 2.3992 0.0284
chromosome 4 open reading frame 31 C4orf31 3.5392 0.0135
chromosome 5 open reading frame 4 C5orf4 2.3210 0.0335
chromosome 6 open reading frame 174 C6orf174 2.2863 0.0163
chromosome 7 open reading frame 23 C7orf23 2.0482 0.0360
chromosome X open reading frame 6 CXorfe 3.4354 0.0036
cingulin-like 1 CGNL1 2.7531 0.0470
clusterin CLU 2.2218 0.0162
coagulation factor X F10 4.0885 0.0041
coatomer protein complex, subunit zeta 2 C0PZ2 2.1089 0.0122
coiled-coil domain containing 80 CCDC80 3.1746 0.0379
collagen, type IV, alpha 6 COL4A6 4.3990 0.0029
collagen, type VI, alpha 2 COL6A2 11.7233 0.0002
collagen, type XIII, alpha 1 C0L13A1 4.7172 0.0084
collagen, type XXVII, alpha 1 COL27A1 2,3518 0.0047
collectin sub-family member 10 (C-type lectin) COLEC10 4.1169 0.0142
complement factor D (adipsin) CFD 4.8231 0.0125
copine VI (neuronal) CPNE6 4.0390 0.0102
crystallin, gamma D CRYGD 3.9182 0.0159
culiin-associated and neddylation-dissociated 2 CAND2 2.3404 0.0349
cyclin D2 CCND2 2.2544 0.0144
cystatin A (stefin A) CSTA 4.0464 0.0120
cysteine and glycine-rich protein 2 CSRP2 2.7197 0.0087
cysteine-rich protein 3 CRIP3 3.5728 0.0120
cysteine-rich secretory protein LCCL domain containing 2 CRISPLD2 3.4639 0.0046
cytochrome c oxidase subunit Vila polypeptide 1 C0X7A1 2.6255 0.0431
cytochrome P450, family 27, subfamily A, polypeptide 1 CYP27A1 2.1458 0.0259
cytochrome P450, family 3, subfamily A, polypeptide 5 CYP3A5 4.6523 0.0158
cytochrome P450, family 4, subfamily B, polypeptide 1 CYP4B1 6.7908 0.0045
cytokine-like 1 CYTL1 3.1250 0.0184
cytoplasmic polyadenylation element binding protein 1 CPEB1 2.6964 0.0104
dachshund homolog 1 (Drosophila) DACH1 2.0211 0.0470
DAZ interacting protein 1 DZIP1 2.6606 0.0422
defensin, beta 1 DEFB1 3.2922 0.0394
deleted in bladder cancer 1 DBC1 3.1666 0.0365
DEP domain containing 7 DEPDC7 2.6467 0.0102
dermatopontin DPT 4.9868 0.0097
dermokine DMKN 3.2016 0.0037
desmocollin 3 DSC3 4.0076 0.0078
dickkopf homolog 3 (Xenopus laevis) DKK3 3.1193 0.0046
dishevelled associated activator of morphogenesis 2 DAAM2 2.2000 0.0242
DKFZP56400823 protein unassigned 2.7699 0.0129
dual oxidase 1 DU0X1 2.4154 0.0297
dual oxidase maturation factor 1 DUOXA1 5.0564 0.0014
dysbindin domain containing 2 DBNDD2 2.0921 0.0120
early B-cell factor 1 EBF1 2.0439 0.0373
ectonucleoside triphosphate diphosphohydrolase 3 ENTPD3 3.6968 0.0040
ectonucleotide pyrophosphatase/phosphodiesterase 2 ENPP2 2.0128 0.0453
EGF-containing fibulin-like extracellular matrix protein 2 EFEMP2 2.0921 0.0301
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Gene Name Gene Symbol FC FDR
Genes down-regulated in malignant vs. benign samples 
(cont.)

EGF-like, fibronectin type IN and laminin G domains EGFLAM 2.5842 0.0259
elastin microfibril interfacer 3 EMILIN3 2.2002 0.0027
embryonal Fyn-associated substrate EFS 2.9470 0.0018
endothelial differentiation, lysophosphatidic acid G-protein-

coupled receptor, 2 EDG2 2.3239 0.0158
endothelin converting enzyme 2 ECE2 4.4117 0.0143
endothelin receptor type A EDNRA 2.6778 0.0397
EPH receptor B1 EPHB1 2.9769 0.0258
EPH receptor B6 EPHB6 2.1471 0.0316
epithelial membrane protein 3 EMP3 2.6359 0.0258
erythrocyte membrane protein band 4.1-like 3 EPB41L3 2.9368 0.0129
extracellular matrix protein 1 ECM1 2.2220 0.0259
family with sequence similarity 107, member A FAM107A 2.8390 0.0066
family with sequence similarity 19, member A1 FAM19A1 4.1960 0.0169
family with sequence similarity 46, member A FAM46A 2.0982 0.0305
fasciculation and elongation protein zeta 1 (zygin 1) FEZ1 2.5542 0.0391
F-box and leucine-rich repeat protein 21 FBXL21 2.6820 0.0279
F-box protein 17 FBX017 2.2321 0.0076
fer-1-like 3, myoferlin (C. elegans) FER1L3 2.8279 0.0298
FERM domain containing 6 FRMD6 2.9677 0.0169
fibrillin 2 (congenital contractural arachnodactyly) FBN2 2.0265 0.0473
fibroblast growth factor receptor 2 FGFR2 3.3905 0.0227
fibronectin leucine rich transmembrane protein 2 FLRT2 2.4981 0.0305
fibulin 1 FBLN1 3.7438 0.0175
fibulin 2 FBLN2 2.5741 0.0135
FLJ21963 protein unassigned 3.3596 0.0038
FXYD domain containing ion transport regulator 1 FXYD1 3.5554 0.0073
FXYD domain containing ion transport regulator 6 FXYD6 4.0001 0.0085
G protein-coupled receptor 124 GPR124 2.6754 0.0328
G protein-coupled receptor 87 GPR87 2.4931 0.0391
G protein-coupled receptor associated sorting protein 1 GPRASP1 2.0983 0.0120
G protein-coupled receptor, family C, group 5, member B GPRC5B 2.1250 0.0304
G0/G1 switch 2 G0S2 3.9139 0.0155
galactose mutarotase (aldose 1-epimerase) GALM 2.1454 0.0477
galactose-3-O-sulfotransferase 4 GAL3ST4 2.4890 0.0157
gap junction protein, alpha 1, 43kDa (connexin 43) GJA1 2.4016 0.0127
GATA binding protein 3 GATA3 3.6826 0.0371
GDNF family receptor alpha 1 GFRA1 2.2369 0.0317
glutathione peroxidase 7 GPX7 2.9613 0.0120
glutathione S-transferase M2 (muscle) GSTM2 3.7764 0.0027
glutathione S-transferase M3 (brain) GSTM3 2.6054 0.0075
glutathione S-transferase M5 GSTM5 3.0417 0.0013
glutathione S-transferase pi GSTP1 3.0705 0.0128
glycerol-3-phosphate dehydrogenase 1-like GPD1L 2.0027 0.0056
glycoprotein M6B GPM6B 3.2361 0.0046
guanine nucleotide binding protein, alpha activating activity

polypeptide 0 GNA01 3.6961 0.0050
heat shock 70kDa protein 1A HSPA1A 2.2733 0.0343
hedgehog acyltransferase HHAT 2.1579 0.0391
hemochromatosis HFE 2.6819 0.0168
heparan sulfate (glucosamine) 3-0-sulfotransferase 3A1 HS3ST3A1 2.6021 0.0348
hyaluronan and proteoglycan link protein 1 HAPLN1 4.4103 0.0284
hydroxysteroid (11-beta) dehydrogenase 1 HSD11B1 3.2773 0.0431
hypothetical protein DKFZp434J1015 unassigned 2.3478 0.0249
hypothetical protein FLJ10357 unassigned 2.1603 0.0082
hypothetical protein FLJ 10781 unassigned 3.7733 0.0115
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hypothetical protein LO C I20376 unassigned 2.0234 0.0279
hypothetical protein LOC152485 unassigned 2.0887 0.0325
hypothetical protein LOC25900 unassigned 2.2901 0.0431
hypothetical protein MGC13057 unassigned 5.2174 0.0013
hypothetical protein MGC45438 unassigned 2.3269 0.0375
hypothetical protein MGC4655 unassigned 2.2628 0.0027
inositol polyphosphate-1 -phosphatase INPP1 2.6797 0.0175
insulin-like growth factor 1 (somatomedin C) IGF1 3.4195 0.0054
insulin-like growth factor binding protein 6 IGFBP6 2.6259 0.0480
integral membrane protein 2A ITM2A 2.0990 0.0391
inter-alpha (globulin) inhibitor H5 ITIH5 2.1362 0.0453
interleukin 11 receptor, alpha IL11RA 2.5181 0.0117
interleukin 17D IL17D 2.3529 0.0174
IQ motif containing with AAA domain IQCA 2.2299 0.0163
ISL1 transcription factor, LIM/homeodomain ISL1 3.7905 0.0305
ISL2 transcription factor, LIM/homeodomain ISL2 4.6400 0.0013
JAZF zinc finger 1 JAZF1 2.4495 0.0129
keratin 14 KRT14 5.5094 0.0174
keratin 15 KRT15 5.1622 0.0352
keratin 222 pseudogene KRT222P 3.5003 0.0050
keratin 23 (histone deacetylase inducible) KRT23 5.0458 0.0239
keratin 5 KRT5 5.7535 0.0297
keratin 7 KRT7 2.8191 0.0236
KIAA0363 protein unassigned 2.4196 0.0288
KIAA0408 KIAA0408 2.1010 0.0093
KIAA0513 KIAA0513 2.1853 0.0351
KIAA0980 protein unassigned 2.6444 0.0084
KIAA1210 protein unassigned 5.6048 0.0209
KIAA1305 KIAA1305 2.3066 0.0127
KIAA1914 KIAA1914 2.8633 0.0013
lactate dehydrogenase B LDHB 2.4902 0.0372
latent transforming growth factor beta binding protein 4 LTBP4 2.0051 0.0168
lectin, galactoside-binding, soluble, 1 (galectin 1) LGALS1 2.2305 0.0405
lectin, galactoside-binding, soluble, 3 binding protein 
leucine rich repeat and fibronectin type III domain

LGALS3BP 2.1555 0.0201

containing 5 LRFN5 2.6273 0.0285
leucine rich repeat containing 17 LRRC17 2.7662 0.0168
leucine rich repeat neuronal 3 LRRN3 4.1707 0.0196
like-glycosyltransferase LARGE 2.2947 0.0074
limbic system-associated membrane protein LSAMP 3.4750 0.0158
loss of heterozygosity, 11, chromosomal region 2, gene A L0H11CR2A 2.4141 0.0169
lymphocyte antigen 6 complex, locus G6D LY6G6D 4.7597 0.0013
mal, T-cell differentiation protein MAL 2.4959 0.0169
mal, T-cell differentiation protein-like MALL 2.5497 0.0317
malic enzyme 1, NADP(+)-dependent, cytosolic ME1 2.5279 0.0363
MARVEL domain containing 1
megalencephalic leukoencephalopathy with subcortical

MARVELD1 2.2152 0.0075

cysts 1 MLC1 4.3005 0.0133
Meisi, myeloid ecotropic viral integration site 1 homolog 2 MEIS2 3.6972 0.0438
metallothionein 1M MT1M 3.0896 0.0361
monoamine oxidase B MAOB 3.0087 0.0259
myocardin MYOCD 2.6109 0.0227
myomesin (M-protein) 2, 165kDa MYOM2 2.0885 0.0081
myosin, heavy chain 6, cardiac muscle, alpha MYH6 5.3714 0.0304
natriuretic peptide receptor B/guanylate cyclase B NPR2 2.2011 0.0078
NDRG family member 2 NDRG2 2.1106 0.0078
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NEL-like 2 (chicken) NELL2 8.0413 0.0076
netrin 4 NTN4 2.2831 0.0326
neurofilament, heavy polypeptide 200kDa NEFH 14.4919 0.0259
neuroligin 3 NLGN3 2.0428 0.0390
neurotrophin 5 (neurotrophin 4/5) NTF5 2.3923 0.0259
NLR family, pyrin domain containing 1 NLRP1 2.7903 0.0066
nucleophosmin/nucleoplasmin, 2 NPM2 2.6688 0.0038
oculocutaneous albinism II 0CA2 3.3541 0.0130
odd-skipped related 2 (Drosophila) 0SR2 2.5061 0.0338
olfactomedin-like 1 0LFML1 2.8576 0.0339
P antigen family, member 4 (prostate associated) PAGE4 7.3548 0.0174
p21 (CDKNIA)-activated kinase 3 PAK3 2.2852 0.0341
parathyroid hormone receptor 1 PTHR1 2.4563 0.0185
PBX/knotted 1 homeobox 2 PKN0X2 2.1134 0.0132
PDZ and LIM domain 1 (elfin) PDLIM1 2.1547 0.0107
PDZ domain containing RING finger 4 PDZRN4 2.7600 0.0270
peptidase inhibitor 15 PI15 2.6569 0.0266
peroxisome proliferator-activated receptor gamma,

coactivator 1 alpha PPARGC1A 2.5986 0.0397
phosphatidic acid phosphatase type 2B PPAP2B 2.2998 0.0133
phosphodiesterase 4A, cAMP-specific PDE4A 2.6764 0.0065
phosphodiesterase 8B PDE8B 2.0526 0.0431
phosphoribosyl transferase domain containing 1 PRTFDC1 2.3919 0.0374
phosphorylase, glycogen muscle PYGM 2.3976 0.0500
phytanoyl-CoA dioxygenase domain containing 1 PHYHD1 2.4065 0.0400
placental growth factor, vascular endothelial growth factor-

related protein PGF 2.3922 0.0068
placenta-specific 9 PLAC9 5.4753 0.0121
platelet derived growth factor C PDGFC 2.8146 0.0387
pleiomorphic adenoma gene 1 PLAG1 3.1110 0.0089
pleiotrophin PTN 4.1274 0.0065
plexin A2 PLXNA2 2.1708 0.0214
poly (ADP-ribose) polymerase family, member 6 PARP6 2.3421 0.0391
potassium channel tetramerisation domain containing 14 KCTD14 2.5552 0.0135
potassium channel, subfamily K, member 3 KCNK3 4.0183 0.0034
potassium inwardly-rectifying channel, subfamily J,

member 15 KCNJ15 3.5217 0.0353
potassium inwardly-rectifying channel, subfamily J,

member 3 KCNJ3 3.6302 0.0243
potassium voltage-gated channel, shaker-related

subfamily, beta member 1 KCNAB1 3.3971 0.0391
prickle homolog 2 (Drosophila) PRIGKLE2 2.1656 0.0463
proenkephalin PENK 5.7949 0.0027
prostaglandin D2 synthase 21kDa (brain) PTGDS 3.4037 0.0089
prostaglandin F receptor (FP) PTGFR 3.2772 0.0314
protein kinase C, alpha PRKCA 3.0065 0.0270
protein kinase, cGMP-dependent, type II PRKG2 2.5025 0.0470
protein phosphatase 1, regulatory subunit 1A PPP1R1A 3.0488 0.0029
protocadherin 18 PCDH18 2.4791 0.0405
PYD and CARD domain containing PYCARD 2.1048 0.0337
quinolinate phosphoribosyltransferase QPRT 2.9364 0.0014
RAB34, member RAS oncogene family RAB34 2.0805 0.0078
RAB37, member RAS oncogene family RAB37 2.2657 0.0013
RAB7B, member RAS oncogene family RAB7B 2.4655 0.0083
RAB9B, member RAS oncogene family RAB9B 2.8184 0.0288
receptor tyrosine kinase-like orphan receptor 2 R0R2 2.9477 0.0317
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regucalcin (senescence marker protein-30) RGN 2.7441 0.0402
regulating synaptic membrane exocytosis 3 RIMS3 2.5800 0.0209
regulator of G-protein signalling 7 binding protein RGS7BP 2.4850 0.0285
related RAS viral (r-ras) oncogene homolog RRAS 2.2582 0.0449
reprimo, TP53 dependent G2 arrest mediator candidate RPRM 4.6214 0.0036
retinoic acid induced 2 RAI2 2.5000 0.0498
retinoic acid receptor responder 2 RARRES2 2.4522 0.0488
retinol binding protein 1, cellular RBP1 3.6467 0.0156
retinol binding protein 4, plasma RBP4 3.1020 0.0173
Rho guanine nucleotide exchange factor (GEF) 4 ARHGEF4 2.2507 0.0232
roundabout, axon guidance receptor, homolog 2 R0B02 2.7040 0.0305
roundabout, axon guidance receptor, homolog 3 R0B03 2.9228 0.0028
S100 calcium binding protein A16 S100A16 2.5448 0.0129
S100 calcium binding protein A4 S100A4 3.7354 0.0201
sarcoglycan, delta SGCD 2.4091 0.0065
scavenger receptor class A, member 3 SCARA3 2.1080 0.0175
sema domain, immunoglobulin domain (Ig), short basic 

domain, secreted, 3E SEMA3E 3.3306 0.0277
sema domain, seven thrombospondin repeats,

transmembrane domain and short cytoplasmic domain, 
5A SEMA5A 2.4485 0.0252

serpin peptidase inhibitor, clade B (ovalbumin), member 5 SERPINB5 4.2637 0.0107
serpin peptidase inhibitor, clade F, member 1 SERPINF1 3.8425 0.0328
serpin peptidase inhibitor, clade F, member 2 SERPINF2 2.8725 0.0219
SET and MYND domain containing 4 SMYD4 2.2020 0.0059
SH3 and cysteine rich domain STAC 2.6854 0.0270
similar to death-associated protein unassigned 2.2806 0.0083
similar to R28379_1 unassigned 2.0688 0.0065
similar to RIKEN cDNA A730055C05 gene unassigned 2.9310 0.0333
snail homolog 2 (Drosophila) SNAI2 4.6113 0.0017
sodium channel, voltage-gated, type IV, beta SCN4B 2.1365 0.0169
solute carrier family 14 (urea transporter), member 1 SLC14A1 7.7623 0.0112
solute carrier family 16, member 2 SLC16A2 2.9038 0.0098
solute carrier family 16, member 5 SLC16A5 5.7309 0.0013
solute carrier family 2, member 5 SLC2A5 17.0207 0.0013
solute carrier family 22, member 17 SLC22A17 2.7979 0.0064
solute carrier family 27 (fatty acid transporter), member 3 SLC27A3 2.0327 0.0083
sorting nexin 7 SNX7 2.0865 0.0144
SPARC related modular calcium binding 1 SMOC1 4.2385 0.0014
sparc/osteonectin, cwcv and kazal-like domains 

proteoglycan (testican) 3 SP0CK3 5.6348 0.0201
spastic paraplegia 20, spartin (Troyer syndrome) SPG20 2.1868 0.0280
sprouty homolog 2 (Drosophila) SPRY2 2.3182 0.0084
START domain containing 8 STARD8 3.4360 0.0047
sterile alpha motif domain containing 12 SAMD12 2.8142 0.0169
steroid-5-alpha-reductase, alpha polypeptide 2 SRD5A2 3.4924 0.0360
sushi-repeat-containing protein, X-linked SRPX 4.0267 0.0098
SWI/SNF related, matrix associated, actin dependent 

regulator of chromatin, subfamily d, member 3 SMARCD3 2.4608 0.0430
synaptic vesicle glycoprotein 28 SV2B 4.3435 0.0439
synaptotagmin-like 4 (granuphilin-a) SYTL4 2.0416 0.0069
TAF7-like RNA polymerase II, TATA box binding protein- 

associated factor, 50kDa TAF7L 3.1421 0.0132
TBC1 domain family, member 2 TBC1D2 2.1998 0.0314
teashirt family zinc finger 2 TSHZ2 2.4783 0.0174
thymic stromal lymphopoietin unassigned 6.3458 0.0036
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thyroid hormone receptor interactor 6 TRIP6 2.3911 0.0148
thyrotropin-releasing hormone degrading enzyme TRHDE 4.0231 0.0078
TIMP metallopeptidase inhibitor 3 TIMP3 2.4924 0.0317
TIMP metallopeptidase inhibitor 4 TIMP4 2.9303 0.0321
tissue factor pathway inhibitor TFPI 2.2363 0.0458
toll-like receptor 3 TLR3 2.1835 0.0221
transcription factor 21 TCF21 4.2245 0.0221
transforming growth factor, beta 3 TGFB3 4.7383 0.0013
transient receptor potential cation channel, subfamily C, 

member 4 TRPC4 3.1351 0.0017
transmembrane protein 132C TMEM132C 4.8081 0.0013
transmembrane protein 16D TMEM16D 2.3053 0.0406
transmembrane protein 35 TMEM35 4.0396 0.0169
transmembrane protein 37 TMEM37 2.9697 0.0398
transmembrane protein 45A TMEM45A 2.0114 0.0431
trimethyllysine hydroxylase, epsilon TMLHE 2.0706 0.0243
tripartite motif-containing 2 TRIM2 2.4895 0.0352
tripartite motif-containing 34 TRIM34 2.1434 0.0078
ubiquitin carboxyl-terminal esterase L1 UCHL1 3.4352 0.0063
villin-like VILL 2.5217 0.0078
vimentin VIM 2.0440 0.0463
vinculin VCL 2.1828 0.0328
vitrin VIT 3.7484 0.0047
v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene 

homolog KIT 2.7833 0.0477
v-maf musculoaponeurotic fibrosarcoma oncogene 

homolog MAP 3.0296 0.0325
V-set domain containing T cell activation inhibitor 1 VTCN1 3.7934 0.0468
WAP four-disulfide core domain 2 WFDC2 5.3677 0.0069
wingless-type MMTV integration site family, member 6 WNT6 2.2270 0.0132
WNT inhibitory factor 1 WIFI 5.5200 0.0158
zinc finger protein 179 ZNF179 8.8535 0.0013
zinc finger protein 423 ZNF423 2.8480 0.0187
zinc finger protein 655 ZNF655 2.4722 0.0331

Appendix 2, Genes differentially expressed in localized cancer versus BPH

Gene Name Gene Symbol FC FDR
Genes up-regulated in localized cancer vs. BPH

24-dehydrocholesterol reductase DHCR24 2.5673 0.0312
abhydrolase domain containing 13 ABHD13 2.6788 0.0175
abhydrolase domain containing 2 ABHD2 2.6646 0.0208
absent in melanoma 1 AIM1 2.9650 0.0103
activated leukocyte cell adhesion molecule ALCAM 3.3129 0.0081
activating transcription factor 3 ATF3 17.3326 0.0062
activin A receptor, type IB ACVR1B 2.2636 0.0362
acyl-CoA synthetase long-chain family member 3 ACSL3 2.5198 0.0145
acyl-CoA synthetase medium-chain family member 1 ACSM1 7.0046 0.0057
acyl-CoA synthetase short-chain family member 1 ACSS1 2.1850 0.0210
ADAM metallopeptidase with thrombospondin type 1

motif, 13 ADAMTS13 2.3837 0.0491
adaptor-related protein complex 1, mu 2 subunit API M2 2.1905 0.0368
adenosine deaminase-like ADAL 2.4891 0.0318
adenylate kinase 2 AK2 2.3539 0.0145
adenylate kinase 3-like 1 AK3L1 2.1694 0.0268
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adenylate kinase 5 AK5 3.8928 0.0258
ADP-ribosylation factor-like 15 ARL15 2.4140 0.0089
ADP-ribosyiation factor-like 5B ARL5B 2.4362 0.0118
adrenergic, beta, receptor kinase 1 ADRBK1 12.9938 0.0349
adrenergic, beta-2-, receptor, surface ADRB2 2.8011 0.0448
AF-1 specific protein phosphatase unassigned 2.2422 0.0160
aldehyde dehydrogenase 3 family, mennber B2 ALDH3B2 6.6804 0.0350
alpha-methylacyl-CoA racemase AMACR 12.5991 0.0132
amyotrophic lateral sclerosis 2 chromosome region, 

candidate 2 ALS2CR2 2.1393 0.0077
angiomotin like 2 AM0TL2 2.3867 0.0282
ankyrin repeat and KH domain containing 1 ANKHD1 2.0886 0.0095
ankyrin repeat domain 16 ANKRD16 2.4825 0.0434
ankyrin repeat domain 22 ANKRD22 2.0387 0.0298
ankyrin repeat domain 37 ANKRD37 2.7719 0.0184
annexin A11 ANXA11 13.2132 0.0203
annexin A4 ANXA4 11.3478 0.0451
apolipoprotein L domain containing 1 AP0LD1 4.0273 0.0331
arachidonate 15-lipoxygenase, type B AL0X15B 16.3408 0.0100
ARV1 homolog (S. cerevisiae) ARV1 2.0230 0.0161
arylformamidase AFMID 2.1179 0.0342
astrotactin 2 ASTN2 2.1039 0.0354
AT hook, DNA binding motif, containing 1 AHDC1 2.6105 0.0034
ATP citrate lyase ACLY 2.0440 0.0081
ATP synthase, H+ transporting, mitochondrial FI complex, 

epsilon subunit ATP5E 2.2604 0.0065
ATPase family, AAA domain containing 4 ATAD4 2.1784 0.0137
ATPase, Class VI, type 118 ATP11B 2.1519 0.0209
ATP-binding cassette, sub-family C, member 4 ABCC4 3.4638 0.0154
ATP-binding cassette, sub-family G, member 1 ABCG1 2.4042 0.0135
bactericidal/permeability-increasing protein-like 1 BPIL1 6.1285 0.0194
BAI1-associated protein 2 BAIAP2 2.8821 0.0077
BAM-associated protein 2-like 1 BAIAP2L1 2.0567 0.0189
BAM-associated protein 2-like 2 BAIAP2L2 2.0150 0.0134
BarH-like homeobox 2 BARX2 2.2320 0.0390
basal cell adhesion molecule BCAM 2.2940 0.0112
B-cell scaffold protein with ankyrin repeats 1 BANK1 4.2927 0.0335
BCL2-like 1 BCL2L1 3.9202 0.0137
bestrophin 2 BEST2 2.5664 0.0409
brain protein 44 BRP44 2.3520 0.0078
BTB (POZ) domain containing 7 BTBD7 2.3636 0.0469
BTG family, member 2 BTG2 3.4977 0.0228
calcium activated nucleotidase 1 CANT1 2.4907 0.0113
calcium and integrin binding 1 (calmyrin) CIB1 3.2579 0.0388
calcium binding protein 39-like GAB39L 2.3622 0.0448
calcium/calmodulin-dependent protein kinase kinase 2, 

beta CAMKK2 2.9896 0.0269
calmin (calponin-like, transmembrane) CLMN 2.2156 0.0282
calpain 7 CAPN7 4.3122 0.0425
cAMP responsive element binding protein 3-like 4 CREB3L4 2.1933 0.0168
carbonic anhydrase VB, mitochondrial CA5B 4.3707 0.0269
carboxypeptidase D CPD 2.2521 0.0145
carcinoembryonic antigen-related cell adhesion molecule 

21 CEAGAM21 14.8804 0.0335
casein kinase 1, delta GSNK1D 18.5115 0.0205
catenin, delta 2

GTNND2 4.6535 0.0154
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Cbp/p300-interacting transactivator, with Glu/Asp-rich 
carboxy-terminal domain, 2 CITED2 2.6779 0.0421

CD58 molecule CD58 2.0444 0.0320
CDP-diacylglycerol synthase 1 CDS1 2.2043 0.0169
cell growth regulator with EF-hand domain 1 CGREF1 2.2279 0.0422
choline dehydrogenase CHDH 3.8035 0.0228
chondroitin beta1,4 N-acetylgalactosaminyltransferase unassigned 2.0850 0.0331
chromosome 1 open reading frame 115 C1orf115 2.2819 0.0193
chromosome 1 open reading frame 116 C1orf116 2.6958 0.0434
chromosome 1 open reading frame 168 C1orf168 2.7555 0.0144
chromosome 1 open reading frame 64 C1orf64 9.3294 0.0380
chromosome 10 open reading frame 81 C10orf81 5.3308 0.0218
chromosome 12 open reading frame 34 C12orf34 3.9312 0.0381
chromosome 14 open reading frame 173 C14orf173 2.2195 0.0337
chromosome 14 open reading frame 177 C14orf177 2.6048 0.0168
chromosome 14 open reading frame 79 C14orf79 2.0690 0.0107
chromosome 15 open reading frame 48 C15orf48 21.5427 0.0074
chromosome 16 open reading frame 14 C16orf14 2.2403 0.0077
chromosome 17 open reading frame 28 C17orf28 2.6709 0.0050
chromosome 17 open reading frame 65 C17orf65 2.2195 0.0171
chromosome 17 open reading frame 81 C17orf81 7.9249 0.0490
chromosome 18 open reading frame 45 C18orf45 3.3590 0.0080
chromosome 19 open reading frame 10 C19orf10 2.2783 0.0119
chromosome 19 open reading frame 16 C19orf16 2.0165 0.0178
chromosome 20 open reading frame 102 C20orf102 3.0587 0.0174
chromosome 21 open reading frame 119 C21orf119 2.1309 0.0052
chromosome 21 open reading frame 57 C21orf57 2.0027 0.0133
chromosome 21 open reading frame 6 C21orf6 2.9105 0.0368
chromosome 3 open reading frame 52 C3orf52 4.5423 0.0228
chromosome 6 open reading frame 105 C6orf105 3.0946 0.0202
chromosome 6 open reading frame 106 C6orf106 7.9916 0.0356
chromosome 6 open reading frame 170 C6orf170 2.3300 0.0148
chromosome 6 open reading frame 85 C6orf85 2.5681 0.0253
chromosome 9 open reading frame 58 C9orf58 2.2843 0.0132
chromosome 9 open reading frame 6 C9orf6 5.3851 0.0368
chromosome 9 open reading frame 61 C9orf61 2.1266 0.0408
chromosome 9 open reading frame 91 C9orf91 2.1288 0.0186
claudin 3 CLDN3 5.5600 0.0080
claudin 4 CLDN4 4.1801 0.0115
coagulation factor III F3 3.9815 0.0132
coatomer protein complex, subunit gamma COPG 2.0557 0.0149
Coenzyme A synthase COASY 20.3349 0.0254
cofilin 1 (non-muscle) CFL1 4.8164 0.0268
coiled-coil domain containing 108 CCDC108 2.8739 0.0198
coiled-coil domain containing 112 CCDC112 3.0019 0.0115
coiled-coil domain containing 41 CCDC41 2.4760 0.0309
coiled-coil domain containing 52 CCDC52 2.1583 0.0263
coiled-coil domain containing 60 CCDC60 2.6252 0.0248
collectin sub-family member 12 C0LEC12 26.3339 0.0152
connective tissue growth factor CTGF 3.4214 0.0116
crumbs homolog 3 (Drosophila) CRB3 4.0918 0.0069
CTD (carboxy-terminal domain) phosphatase, subunit 1 CTD PI 2.1518 0.0414
cut-like 1, CCAAT displacement protein CUTL1 5.3417 0.0335
cut-like 2 (Drosophila) CUTL2 2.4880 0.0259
eye!in K CCNK 3.0782 0.0189
cyclin N-terminal domain containing 1 CNTD1 14.1788 0.0052
cyclin-dependent kinase 4 CDK4 11.4059 0.0293
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cysteine-rich, angiogenic inducer, 61 CYR61 4.5333 0.0203
cytochrome c oxidase subunit VIb polypeptide 2 COX6B2 2.0121 0.0387
cytochrome P450, family 39, subfamily A, polypeptide 1 CYP39A1 2.1904 0.0239
cytochrome P450, family 4, subfamily A, polypeptide 11 CYP4A11 2.4110 0.0078
cytochrome P450, family 4, subfamily A, polypeptide 22 CYP4A22 7.6151 0.0401
DAZ associated protein 1 DAZAP1 2.8768 0.0169
death-associated protein kinase 1 DAPK1 2.6150 0.0476
dedicator of cytokinesis 4 D0CK4 2.5841 0.0170
delta-like 4 (Drosophila) DLL4 2.3725 0.0335
deoxyribonuclease 1 DNASE1 2.1679 0.0462
desmoplakin DSP 2.1523 0.0051
diacylglycerol kinase, delta 130kDa DGKD 3.1143 0.0346
dihydropyrimidinase-like 5 DPYSL5 2.2418 0.0230
dihydroxyacetone kinase 2 homolog DAK 2.4548 0.0268
dispatched homolog 2 (Drosophila) DISP2 2.6229 0.0392
DnaJ homolog, subfamily C, member 10 DNAJC10 2.0424 0.0200
dopey family member 2 D0PEY2 3.9937 0.0042
dual specificity phosphatase 1 DUSP1 3.3377 0.0386
dual specificity phosphatase 10 DUSP10 2.7991 0.0464
dual specificity phosphatase 2 DUSP2 2.0993 0.0297
dual specificity phosphatase 5 DUSP5 5.0597 0.0282
dynein, axonemal, heavy chain 5 DNAH5 3.7135 0.0136
dynein, axonemal, light intermediate chain 1 DNALI1 2.7716 0.0250
dynein, light chain, roadblock-type 2 DYNLRB2 2.3095 0.0367
dysbindin domain containing 1 DBNDD1 2.4560 0.0036
dystrobrevin, beta DTNB 2.8697 0.0067
E2F transcription factor 5, p130-binding E2F5 2.8258 0.0338
E74-like factor 3 ELF3 3.8838 0.0421
early growth response 1 EGR1 4.3379 0.0086
early growth response 2 EGR2 12.1170 0.0164
early growth response 3 EGR3 18.2072 0.0057
ectonucleoside triphosphate diphosphohydrolase 5 ENTPD5 3.7634 0.0120
ectonucleoside triphosphate diphosphohydrolase 6 ENTPD6 2.7532 0.0077
ectonucleotide pyrophosphatase/phosphodiesterase 4 ENPP4 2.0591 0.0398
EF-hand calcium binding domain 4A EFGAB4A 2.9190 0.0149
elongation factor RNA polymerase ll-like 3 ELL3 4.4798 0.0307
elongation factor Tu GTP binding domain containing 1 EFTUD1 2.2351 0.0361
ELOVL family member 7, elongation of long chain fatty 

acids (yeast) EL0VL7 2.8948 0.0337
endoplasmic reticulum-golgi intermediate compartment 1 ERGIC1 3.3916 0.0178
ephrin-AI EFNA1 52.9789 0.0210
epidermal growth factor (beta-urogastrone) EGF 6.0372 0.0115
epithelial cell transforming sequence 2 oncogene EGT2 2.1790 0.0320
erythrocyte membrane protein band 4.1 like 4B EPB41L4B 2.6656 0.0186
eukaryotic translation initiation factor 2-alpha kinase 3 EIF2AK3 2.1422 0.0084
eukaryotic translation initiation factor 4E binding protein 3 EIF4EBP3 2.1870 0.0184
exocyst complex component 6 EX0C6 4.7289 0.0257
family with sequence similarity 100, member A FAM100A 2.0248 0.0365
family with sequence similarity 38, member A FAM38A 2.0433 0.0226
family with sequence similarity 44, member B FAM44B 3.2940 0.0408
family with sequence similarity 73, member A FAM73A 2.7712 0.0340
fatty acid binding protein 5 FABP5 4.6219 0.0395
fatty acid synthase FASN 3.1935 0.0464
FBJ murine osteosarcoma viral oncogene homolog B FOSB 28.4922 0.0064
F-box and WD-40 domain protein 9 FBXW9 2.3332 0.0234
F-box protein 25 FBX025 2.1219 0.0037
F-box protein 4 FBX04 5.6628 0.0324
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feline leukemia virus subgroup C cellular receptor unassigned 2.3139 0.0268
FEV (ETS oncogene family) FEV 5.9454 0.0113
FK506 binding protein 2, 13kDa FKBP2 15.7539 0.0264
flavin containing monooxygenase 5 FM05 5.4464 0.0455
forkhead box A1 F0XA1 2.3533 0.0061
fragile histidine triad gene FHIT 2.5068 0.0312
frizzled homolog 8 (Drosophila) FZD8 2.9774 0.0448
fucosyltransferase 1 FUT1 2.5857 0.0064
fuzzy homolog (Drosophila) FUZ 2.5584 0.0455
FXYD domain containing ion transport regulator 7 FXYD7 2.0847 0.0258
G protein-coupled receptor 160 GPR160 3.1101 0.0312
G protein-coupled receptor 37 GPR37 3.5502 0.0186
G protein-coupled receptor 92 GPR92 3.1617 0.0128
gamma-aminobutyric acid A receptor, beta 3 GABRB3 5.8009 0.0400
gap junction protein, beta 1, 32kDa GJB1 5.2554 0.0063
GDP-mannose 4,6-dehydratase GMDS 4.4447 0.0068
general transcription factor INC, polypeptide 1, alpha

220kDa GTF3C1 2.2564 0.0087
giant axonal neuropathy (gigaxonin) GAN 2.2477 0.0129
glucosamine-2-epimerase/N-acetylmannosamine kinase GNE 2.1377 0.0335
glucosaminyl transferase 1, core 2 GCNT1 7.0009 0.0122
glutamine-fructose-6-phosphate transaminase 1 GFPT1 2.1118 0.0107
glycerophosphodiester phosphodiesterase domain

containing 1 GDPD1 2.7171 0.0241
glycine-N-acyltransferase-like 1 GLYATL1 5.6908 0.0170
golgi phosphoprotein 2 G0LPH2 7.2833 0.0034
gremlin 2, cysteine knot superfamily, homolog GREM2 4.3029 0.0339
grow t̂h arrest and DNA-damage-inducible, beta GADD45B 3.4776 0.0192
growth arrest and DNA-damage-inducible, gamma GADD45G 2.7716 0.0174
growth differentiation factor 15 GDF15 30.7345 0.0037
guanine nucleotide binding protein, alpha inhibiting activity

polypeptide 3 GNAI3 8.6511 0.0489
HD domain containing 3 HDDC3 2.0084 0.0411
HEAT repeat containing 5B HEATR5B 2.0125 0.0049
heparin-binding EGF-like growth factor HBEGF 4.1087 0.0189
hepsin (transmembrane protease, serine 1) HPN 26.3302 0.0074
hexokinase 2 HK2 3.8277 0.0365
histone cluster 1, H2bn HIST1H2BN 3.2131 0.0198
histone cluster 3, H2a HIST3H2A 4.7422 0.0198
holocarboxylase synthetase HLCS 3.0200 0.0333
Huntingtin interacting protein K unassigned 2.2654 0.0042
hypothetical gene supported by AK123662 unassigned 2.3224 0.0145
hypothetical gene supported by BC022385 BC035868 9.4668 0.0123
hypothetical gene supported by BC052596 unassigned 3.5905 0.0034
hypothetical LOCI46439 unassigned 2.2791 0.0137
hypothetical LOC340094 unassigned 2.2433 0.0235
hypothetical LOG344405 unassigned 2.1094 0.0351
hypothetical LOC90024 unassigned 3.6743 0.0089
hypothetical protein BC009862 unassigned 2.2355 0.0324
hypothetical protein DKFZp761B107 unassigned 2.0052 0.0242
hypothetical protein FLJ20184 unassigned 6.9390 0.0084
hypothetical protein FLJ22531 unassigned 2.9894 0.0366
hypothetical protein LOCI44233 unassigned 2.1190 0.0076
hypothetical protein LOCI 96264 unassigned 2.7000 0.0267
hypothetical protein LOC90835 unassigned 2.0234 0.0154
hypothetical protein MGC2408 unassigned 2.6900 0.0240
IBR domain containing 2 IBRDC2 2.1852 0.0255
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IL2-inducible T-cell kinase ITK 2.3142 0.0076
immediate early response 2 IER2 3.4948 0.0171
immunoglobulin-like domain containing receptor 1 ILDR1 2.6892 0.0277
Indian hedgehog homolog (Drosophila) IHH 2.0868 0.0351
inositol 1,4,5-triphosphate receptor, type 2 ITPR2 2.6123 0.0222
interleukin 1 receptor accessory protein 1 LI RAP 2.9487 0.0411
interleukin 20 receptor, alpha IL20RA 2.8306 0.0180
IQ motif containing F2 IQCF2 4.3016 0.0146
islet cell autoantigen 1, 69kDa ICA1 2.1198 0.0209
jun B proto-oncogene JUNB 3.9236 0.0319
jun D proto-oncogene JUND 2.5787 0.0219
junction-mediating and regulatory protein unassigned 2.2575 0.0334
kallikrein-related peptidase 15 KLK15 3.5547 0.0217
kallikrein-related peptidase 3 KLK3 3.7237 0.0342
kelch-like 8 (Drosophila) KLHL8 2.8869 0.0184
keratin 8 KRT8 3.1579 0.0037
KIAA0319-like KIAA0319L 7.0903 0.0200
KIAA0494 KIAA0494 4.4138 0.0191
KIAA0556 KIAA0556 2.1765 0.0127
KIAA0746 protein unassigned 2.2515 0.0355
KIAA1155 protein unassigned 2.5445 0.0194
KIAA1217 KIAA1217 2.6507 0.0100
KIAA1718 protein unassigned 2.5745 0.0107
Kruppel-like factor 6 KLF6 3.1318 0.0077
La ribonucleoprotein domain family, member 2 LARP2 2.5009 0.0136
ladinin 1 LAD1 2.5669 0.0437
leucine aminopeptidase 3 LAPS 26.5244 0.0281
leucine-rich repeat LGI family, member 3 LGI3 2.1365 0.0201
leucine-rich repeats and immunoglobulin-like domains 1 LRIG1 2.6692 0.0201
lipase, member H LIPH 4.1539 0.0069
lipolysis stimulated lipoprotein receptor LSR 2.4399 0.0076
LRP16 protein unassigned 2.0275 0.0257
LysM, putative peptidoglycan-binding, domain containing 

4 LYSMD4 2.1076 0.0382
lysyl-tRNA synthetase KARS 6.2625 0.0358
mal, T-cell differentiation protein 2 MAL2 2.4175 0.0160
mannosyl-glycoprotein beta-1,4-N-

acetylglucosaminyltransferase, isozyme A MGAT4A 2.2102 0.0183
MANSC domain containing 1 MANSC1 2.0420 0.0080
MARCKS-like 1 MARCKSL1 2.8027 0.0241
MARVEL domain containing 3 MARVELD3 3.1967 0.0037
MASK-4E-BP3 alternate reading frame gene unassigned 11.8656 0.0342
matrix metallopeptidase 26 MMP26 7.1597 0.0143
melanophilin MLPH 3.1680 0.0107
membrane-spanning 4-domains, subfamily A, member 8B MS4A8B 15.6848 0.0034
metastasis associated 1 family, member 2 MTA2 3.0475 0.0355
microsomal glutathione S-transferase 3 MGST3 26.4960 0.0485
microtubule-associated protein 7 MAP7 2.3435 0.0201
midnolin MIDN 3.6283 0.0061
mitochondrial ribosomal protein S22 MRPS22 2.5785 0.0325
mitochondrial ribosomal protein S7 MRPS7 6.8930 0.0223
MOCO sulphurase C-terminal domain containing 1 M0SC1 2.9441 0.0120
mucin 6, oligomeric mucus/gel-forming MUC6 15.7011 0.0072
mucosa associated lymphoid tissue lymphoma 

translocation gene 1 MALT1 2.2173 0.0414
myosin VC MY05C 2.4467 0.0145
N-acetylated alpha-linked acidic dipeptidase-like 2 NAALADL2 2.6785 0.0364
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N-ethylmaleimide-sensitive factor attachment protein,
gamma NAPG 6.4621 0.0294

neural cell adhesion molecule 2 NGAM2 3.2932 0.0162
neural precursor cell expressed, developmentally down-

regulated 4-like NEDD4L 3.8950 0.0084
neural precursor cell expressed, developmentally down-

regulated 9 NEDD9 2.0091 0.0260
NK3 transcription factor related, locus 1 NKX3-1 28.9679 0.0255
N0L1/N0P2/Sun domain family, member 7 NSUN7 5.8621 0.0228
nuclear factor of kappa light polypeptide gene enhancer in

B-cells inhibitor, zeta NFKBIZ 5.7177 0.0169
nuclear receptor subfamily 4, group A, member 1 NR4A1 8.4484 0.0122
nuclear receptor subfamily 4, group A, member 2 NR4A2 10.5469 0.0175
nuclear receptor subfamily 4, group A, member 3 NR4A3 6.1810 0.0393
nucleoporin 210kDa NUP210 2.0524 0.0081
nudix-type motif 8 NUDT8 5.7579 0.0193
olfactory receptor, family 4, subfamily X, member 1 0R4X1 2.5746 0.0145
olfactory receptor, family 51, subfamily E, member 2 OR51E2 22.1495 0.0055
oligodendrocyte transcription factor 1 OLIG1 2.3247 0.0182
organic solute transporter alpha unassigned 2.4726 0.0170
ornithine decarboxylase 1 ODG1 2.4451 0.0190
ovo-like 2 (Drosophila) OVOL2 2.2179 0.0098
paired box gene 7 PAX7 2.2480 0.0469
paroxysmal nonkinesiogenic dyskinesia PNKD 2.6414 0.0229
PDZ and LIM domain 5 PDLIM5 7.1264 0.0051
peptidyl-tRNA hydrolase 2 PTRH2 2.0320 0.0060
peroxiredoxin 4 PRDX4 2.5213 0.0253
peroxisome proliferator-activated receptor alpha PPARA 36.2051 0.0338
peter pan homolog (Drosophila) PPAN 4.5607 0.0080
PH domain and leucine rich repeat protein phosphatase PHLPP 2.0362 0.0061
PHD finger protein 12 PHF12 2.0449 0.0160
phosphatidic acid phosphatase type 2A PPAP2A 2.0242 0.0355
phosphatidylcholine transfer protein PCTP 9.5389 0.0455
phosphatidylinositol glycan anchor biosynthesis, class A PIGA 2.1172 0.0092
phospholipase A2, group IVF PLA2G4F 2.2561 0.0335
phospholipase A2, group XIlA PLA2G12A 2.3361 0.0096
phosphoribosyl pyrophosphate amidotransferase PPAT 2.3728 0.0034
phosphoribosyl pyrophosphate synthetase-associated

protein 1 PRPSAP1 19.4943 0.0350
phosphoserine aminotransferase 1 PSAT1 2.5317 0.0130
pim-3 oncogene PIM3 3.0201 0.0084
pleckstrin 2 PLEK2 2.3289 0.0403
pleckstrin and Sec7 domain containing 3 PSD3 3.8592 0.0095
podocalyxin-iike 2 P0DXL2 3.2508 0.0348
poly (ADP-ribose) polymerase family, member 9 PARP9 17.1260 0.0392
polycomb group ring finger 5 PCGF5 2.0734 0.0069
polymerase (RNA) 1 polypeptide B, 128kDa P0LR1B 3.2470 0.0045
progestin and adipoQ receptor family member VI PAQR6 2.6518 0.0427
proprotein convertase subtilisin/kexin type 6 PCSK6 3.0764 0.0336
prostaglandin-endoperoxide synthase 2 PTGS2 3.5457 0.0359
protease, serine, 8 (prostasin) PRSS8 2.4907 0.0359
protein disulfide isomerase family A, member 3 PDIA3 2.0468 0.0270
protein disulfide isomerase family A, member 5 PDIA5 2.7029 0.0222
protein kinase C, delta PRKCD 2.1167 0.0331
protein kinase, AMP-activated, beta 1 non-catalytic

subunit PRKAB1 3.2393 0.0365
protein phosphatase 1, regulatory subunit 13B PPP1R13B 2.8589 0.0095
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protein phosphatase 1, regulatory subunit 15A PPP1R15A 4.1111 0.0144
protein phosphatase 1, regulatory subunit 9A PPP1R9A 4.3643 0.0170
protein phosphatase 1, regulatory subunit 10 PPP1R10 2.0565 0.0135
protein phosphatase 3, regulatory subunit B, 19kDa, alpha 

isoform (calcineurin B, type 1) PPP3R1 2.0337 0.0168
protein tyrosine phosphatase, receptor type, N polypeptide 

2 PTPRN2 2.1724 0.0155
protein tyrosine phosphatase, receptor type, T PTPRT 2.8236 0.0304
PRP39 pre-mRNA processing factor 39 homolog PRPF39 2.4103 0.0158
purinergic receptor P2Y, G-protein coupled, 10 P2RY10 2.0851 0.0356
pyrroline-5-carboxylate reductase 1 PYCR1 2.4246 0.0180
RAB17, member RAS oncogene family RAB17 4.5657 0.0146
RAB18, member RAS oncogene family RAB18 27.0145 0.0267
RAB26, member RAS oncogene family RAB26 2.3949 0.0431
RAB3A interacting protein (rabin3) RAB3IP 2.0866 0.0161
RALBP1 associated Eps domain containing 2 REPS2 3.0605 0.0170
Rap guanine nucleotide exchange factor 2 RAPGEF2 25.2031 0.0254
RAP1 GTPase activating protein RAP1GAP 4.3990 0.0113
RAS, dexamethasone-induced 1 RASD1 5.5663 0.0171
receptor-interacting serine-threonine kinase 2 RIPK2 2.4620 0.0145
regulating synaptic membrane exocytosis 2 RIMS2 2.8894 0.0034
regulatory solute carrier protein, family 1, member 1 RSC1A1 2.1467 0.0374
replication factor C (activator 1) 3, 38kDa RFC3 2.1727 0.0364
ret proto-oncogene RET 2.4284 0.0463
Rho GTPase activating protein 12 ARHGAP12 2.1166 0.0146
rhomboid domain containing 3 RHBDD3 2.0142 0.0170
Rho-related BTB domain containing 3 RH0BTB3 6.4387 0.0170
ribophorin 1 RPN1 2.2942 0.0365
ribosomal protein L34 RPL34 2.5037 0.0133
ribosomal protein L7a RPL7A 73.9556 0.0359
ribosomal protein S26 RPS26 5.9849 0.0498
RNA methyltransferase domain containing 2 RG9MTD2 2.3765 0.0255
RNA binding motif protein 22 RBM22 10.0860 0.0409
RNA binding motif protein 35A RBM35A 2.8984 0.0244
RNA binding motif protein 35B RBM35B 2.4112 0.0132
RWD domain containing 2 RWDD2 2.9529 0.0103
SI 00 calcium binding protein A10 S100A10 52.3682 0.0335
SAM pointed domain containing ets transcription factor SPDEF 2.6479 0.0084
SAP30 binding protein SAP30BP 3.7438 0.0306
SATB family member 2 SATB2 2.2237 0.0430
SCYI-like 3 (S. cerevisiae) SCYL3 2.0853 0.0368
selectin E (endothelial adhesion molecule 1) SELE 6.6010 0.0368
serine hydrolase-like 2 SERHL2 3.1123 0.0248
serpin peptidase inhibitor, clade E, member 1 SERPINE1 6.8679 0.0160
SH3 and multiple ankyrin repeat domains 2 SHANK2 2.6586 0.0078
SH3 domain containing ring finger 1 SH3RF1 3.0102 0.0084
SH3-domain binding protein 4 SH3BP4 2.0097 0.0084
shroom family member 4 SHR00M4 2.3884 0.0248
SID1 transmembrane family, member 1 SIDT1 3.2577 0.0217
sideroflexin 2 SFXN2 2.0304 0.0240
similar to 40S ribosomal protein SA unassigned 14.0923 0.0361
similar to CG12314 gene product unassigned 2.1363 0.0429
similar to CG14903-PA unassigned 2.5438 0.0097
similar to Homeobox even-skipped homolog protein 2 unassigned 2.0284 0.0227
single-minded homolog 2 (Drosophila) SIM2 6.6657 0.0048
SLIT and NTRK-like family, member 5 SLITRK5 4.1109 0.0139
SMAD specific E3 ubiquitin protein ligase 1 SMURF1 2.5549 0.0118
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small nuclear ribonucleoprotein polypeptide E-like 1 SNRPEL1 3.0351 0.0336
small nuclear RNA activating complex, polypeptide 4, 

190kDa SNAPC4 2.3118 0.0318
SNF1-like kinase SNF1LK 7.0165 0.0218
solute carrier fam ly 11, member 2 SLC11A2 2.2320 0.0273
solute carrier fam ly 19 (folate transporter), member 1 SLC19A1 3.3166 0.0090
solute carrier fam ly 19 (thiamine transporter), member 2 SLC19A2 2.2501 0.0271
solute carrier fam ly 2, member 3 SLC2A3 3.5924 0.0404
solute carrier fam ly 25, member 10 SLC25A10 2.6137 0.0113
solute carrier fam ly 25, member 33 SLC25A33 3.4793 0.0055
solute carrier fam ly 26, member 6 SLC26A6 2.0119 0.0335
solute carrier fam ly 27 (fatty acid transporter), member 2 SLC27A2 2.9018 0.0081
solute carrier fam ly 35, member A3 SLC35A3 4.4056 0.0218
solute carrier fam ly 37, member 1 SLC37A1 2.2609 0.0057
solute carrier fam ly 39 (zinc transporter), member 8 SLC39A8 2.5937 0.0451
solute carrier fam ly 43, member 1 SLC43A1 2.2471 0.0239
solute carrier fam ly 44, member 4 SLC44A4 2.9538 0.0187
solute carrier fam ly 9, member 2 SLC9A2 3.1314 0.0457
sorting nexin 22 SNX22 2.3238 0.0170
special AT-rich sequence binding protein 1 (binds to 

nuclear matrix/scaffold-associating DNA's) SATB1 2.0637 0.0269
sperm autoantigenic protein 17 SPA17 2.0020 0.0291
spermatogenesis associated 8 SPATA8 2.2665 0.0338
sphingomyelin phosphodiesterase 2, neutral membrane SMPD2 2.3852 0.0165
sphingomyelin phosphodiesterase, acid-like 3B SMPDL3B 4.0513 0.0136
sprouty homolog 1, antagonist of FGF signaling SPRY1 2.3287 0.0333
SPT2, Suppressor of Ty, domain containing 1 SPTY2D1 2.2777 0.0289
Src homology 3 domain-containing guanine nucleotide 

exchange factor unassigned 4.5539 0.0221
SRY (sex determining region Y)-box 12 S0X12 2.1878 0.0419
SRY (sex determining region Y)-box 17 SOX17 2.7745 0.0462
statherin STATH 5.2930 0.0037
STEAP family member 4 STEAP4 5.5714 0.0095
sterol regulatory element binding transcription factor 1 SREBF1 2.0521 0.0235
structural maintenance of chromosomes flexible hinge 

domain containing 1 SMCHD1 8.0017 0.0239
suppression of tumorigenicity 14 (colon carcinoma) STM 3.2876 0.0034
surfactant, pulmonary-associated protein A2 SFTPA2 4.1524 0.0391
synaptogyrin 2 SYNGR2 2.1157 0.0119
synaptotagmin VII SYT7 2.2330 0.0333
synaptotagmin XVII SYT17 3.7484 0.0120
synovial apoptosis inhibitor 1, synoviolin SYVN1 2.0529 0.0187
syntaxin 19 STX19 8.3367 0.0034
testis-specific kinase 2 TESK2 2.3789 0.0034
tetraspanin 13 TSPAN13 3.5105 0.0084
tetratricopeptide repeat domain 6 TTC6 3.0523 0.0175
thrombospondin 4 THBS4 8.9934 0.0230
thymidine kinase 2, mitochondrial TK2 11.3273 0.0472
thymosin-like 8 TMSL8 2.8135 0.0343
tigger transposable element derived 7 TIGD7 2.1291 0.0332
TLC domain containing 1 TLCD1 2.2495 0.0134
TNF receptor-associated factor 4 TRAF4 2.6069 0.0122
transcription factor 2, hepatic LF-B3 2.0510 0.0445
transducin (beta)-like IX-linked receptor 1 TBL1XR1 2.0576 0.0468
transglutaminase 3 TGM3 3.9025 0.0124
transient receptor potential cation channel, subfamily M, 

member 3 TRPM3 2.2657 0.0366
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transient receptor potential cation channel, subfamily M,

member 4 TRPM4 8.2644 0.0034
transient receptor potential cation channel, subfamily M, 

member 8 TRPM8 6.5506 0.0350
transmembrane and coiled-coil domain family 1 TMCC1 2.0130 0.0352
transmembrane and tetratricopeptide repeat containing 4 TMTC4 2.6601 0.0060
transmembrane channel-like 4 TMC4 2.1635 0.0277
transmembrane protein 144 TMEM144 2.6650 0.0463
transmembrane protein 16J TMEM16J 4.4714 0.0287
transmembrane protein 17 TMEM17 2.6160 0.0171
transmembrane protein 52 TMEM52 3.0150 0.0157
transmembrane protein 87B TMEM87B 2.4303 0.0196
transmembrane, prostate androgen induced RNA TMEPAI 2.0052 0.0239
tribbles homolog 1 (Drosophila) TRIB1 10.9761 0.0016
tripartite motif-containing 36 TRIM36 5.7016 0.0057
tripartite motif-containing 68 TRIM68 2.5224 0.0150
tubby homolog (mouse) TUB 2.4062 0.0077
tubulin, beta 2A TUBB2A 3.1007 0.0244
tumor necrosis factor superfamily, member 10 TNFSF10 3.2115 0.0142
tumor necrosis factor receptor superfamily, member 12A TNFRSF12A 2.5100 0.0352
tumor protein D52 TPD52 2.4294 0.0037
tumor-associated calcium signal transducer 1 TACSTD1 3.1276 0.0062
tumor-associated calcium signal transducer 2 TACSTD2 2.2445 0.0156
UDP-N-acetyl-alpha-D-galactosamine;polypeptide N- 

acetylgalactosaminyltransferase 12 GALNT12 3.9037 0.0345
UDP-N-acetyl-alpha-D-galactosamine:polypeptide N- 

acetylgalactosaminyltransferase 7 GALNT7 3.6759 0.0034
urocortin UCN 3.4526 0.0136
vacuolar protein sorting 13 homolog A VPS13A 2.0285 0.0244
VAMP-associated protein B and C VAPB 8.7842 0.0370
v-erb-b2 erythroblastic leukemia viral oncogene homolog 

3 ERBB3 2.4185 0.0057
v-fos FBJ murine osteosarcoma viral oncogene homolog FOS 5.7431 0.0335
VGF nerve growth factor inducible VGF 2.6540 0.0210
v-maf musculoaponeurotic fibrosarcoma oncogene 

homolog F MAFF 2.5637 0.0228
v-myc myelocytomatosis viral oncogene homolog MYC 3.7547 0.0312
WD repeat domain 21A WDR21A 2.0165 0.0137
WD repeat domain 5 WDR5 6.2956 0.0178
yippee-like 1 (Drosophila) YPEL1 2.5070 0.0230
zinc finger and BTB domain containing 10 ZBTB10 2.3095 0.0277
zinc finger and BTB domain containing 22 ZBTB22 2.1906 0.0234
zinc finger CCCH-type containing 12A ZC3H12A 2.8412 0.0078
zinc finger protein 146 ZNF146 7.0944 0.0439
zinc finger protein 165 ZNF165 2.8317 0.0230
zinc finger protein 180 ZNF180 2.8048 0.0354
zinc finger protein 239 ZNF239 2.0889 0.0136
zinc finger protein 268 ZNF268 2.1624 0.0065
zinc finger protein 350 ZNF350 2.0375 0.0263
zinc finger protein 36, C3H type, homoiog ZFP36 9.4340 0.0060
zinc finger protein 37B ZNF37B 2.3944 0.0144
zinc finger protein 432 ZNF432 2.0814 0.0240
zinc finger protein 452 ZNF452 3.4126 0.0192
zinc finger protein 614 ZNF614 2.3927 0.0178
zinc finger protein 664 ZNF664 3.6588 0.0212
zinc finger protein 676 ZNF676 2.1816 0.0218
zinc finger protein 681 ZNF681 4.3057 0.0167
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zinc finger protein 99 ZNF99 2.3951 0.0271
zinc finger, BED-type containing 4 ZBED4 2.0461 0.0298
zinc finger, CCHC domain containing 6 ZCCHC6 3.8448 0.0052
zinc finger, DHHC-type containing 24 ZDHHC24 2.0266 0.0287
zinc finger, MYND-type containing 12 ZMYND12 4.9192 0.0145
zinc metallopeptidase ZMPSTE24 2.9376 0.0248

Senes down-regulated in localized cancer versus BPH:
3-hydroxybutyrate dehydrogenase, type 2 BDH2 2.5918 0.0195
5-azacytidine induced 1 AZI1 5.8266 0.0170
5'-nucleotidase domain containing 2 NT5DG2 2.1950 0.0157
5'-nucleotidase, ecto (CD73) NT5E 2.1470 0.0123
actin related protein 2/3 complex, subunit 2, 34kDa ARPC2 2.2376 0.0087
actin, alpha, cardiac muscle 1 ACTC1 2.5335 0.0294
actin, beta ACTB 3.8786 0.0376
acyloxyacyl hydrolase (neutrophil) AOAH 5.1271 0.0195
ADAM metallopeptidase with thrombospondin type 1 

motif, 5 ADAMTS5 3.6466 0.0335
adaptor-related protein complex 3, beta 2 subunit AP3B2 3.0727 0.0479
adducin 3 (gamma) ADD3 3.8237 0.0208
adenylate cyclase 5 ADCY5 4.4284 0.0175
adenylate cyclase 7 ADCY7 2.1208 0.0416
ADP-ribosylation factor-like 4C ARL4C 2.4641 0.0213
ADP-ribosylhydrolase like 1 ADPRHL1 3.9260 0.0270
alpha-2-macroglobulin A2M 2.6639 0.0455
amyloid beta precursor protein-binding, family B, member 

1 interacting protein APBB1IP 3.4045 0.0112
angiomotin AMOT 2.2989 0.0335
angiopoietin 1 ANGPT1 4.0405 0.0037
ankyrin repeat domain 25 ANKRD25 2.1378 0.0238
ankyrin repeat domain 35 ANKRD35 3.0823 0.0052
annexin A6 ANXA6 2.4413 0.0057
anthrax toxin receptor 1 ANTXR1 2.3054 0.0321
apolipoprotein B mRNA editing enzyme, catalytic 

polypeptide-like 3C AP0BEC3C 2.8079 0.0059
apolipoprotein B mRNA editing enzyme, catalytic 

polypeptide-like 3G AP0BEC3G 2.7352 0.0034
apolipoprotein L, 1 APOL1 2.2255 0.0183
apolipoprotein L, 3 AP0L3 2.2656 0.0291
apoptosis-inducing factor, mitochondrion-associated, 1 AIFM1 12.9175 0.0414
arachidonate 5-lipoxygenase-activating protein AL0X5AP 2.3378 0.0254
ariadne homolog 2 (Drosophila) ARIH2 3.9333 0.0481
ARP6 actin-related protein 6 homolog (yeast) ACTR6 3.0532 0.0356
ASCL830 unassigned 7.2241 0.0420
aspartate beta-hydroxylase ASPH 2.8664 0.0174
ataxin 2-binding protein 1 unassigned 3.4270 0.0269
ATPase, Na+/K+ transporting, alpha 2 (+) polypeptide ATP1A2 3.9818 0.0168
ATPase, Na+/K+ transporting, beta 1 polypeptide ATP1B1 2.2169 0.0157
ATP-binding cassette, sub-family G, member 2 ABCG2 2.0241 0.0140
attractin-like 1 ATRNL1 4.3134 0.0274
AXL receptor tyrosine kinase AXL 2.3999 0.0065
beta-site APP-cleaving enzyme 1 BACE1 2.3496 0.0258
bone marrow stromal cell antigen 2 BST2 2.8749 0.0092
bone morphogenetic protein 5 BMP5 9.6338 0.0068
BRCA1 associated RING domain 1 BARD1 2.2694 0.0252
butyrophilin, subfamily 3, member A3 BTN3A3 2.4300 0.0076
C1q and tumor necrosis factor related protein 1 C1QTNF1 2.3851 0.0309
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Ca2+-dependent activator protein for secretion 2 CADPS2 2.7077 0.0313
cadherin 3, type 1, P-cadherin (placental) CDH3 2.2766 0.0479
cadherin-like 23 CDH23 2.4320 0.0413
caldesmon 1 CALD1 2.3635 0.0171
capping protein (actin filament), gelsolin-like CAPG 2.3668 0.0113
carbonic anhydrase III, muscle specific CAS 10.3153 0.0095
carboxylesterase 1 CES1 3.3579 0.0335
carboxypeptidase A3 (mast cell) CPAS 3.3727 0.0145
carboxypeptidase X (M14 family), member 1 CPXM1 3.6542 0.0223
CART prepropeptide CARTPT 6.0064 0.0376
caspase 1, apoptosis-related cysteine peptidase CASP1 2.0670 0.0325
caspase recruitment domain family, member 6 CARD6 2.0271 0.0396
catechol-O-methyltransferase COMT 2.3837 0.0403
cathepsin C CTSC 2.5015 0.0416
cathepsin K CTSK 3.1415 0.0063
caveolin 2 CAV2 2.0537 0.0351
CD2 molecule CD2 2.8982 0.0234
CD36 molecule (thrombospondin receptor) CDS6 3.2364 0.0301
CD52 molecule CD52 6.0825 0.0277
CD74 molecule, major histocompatibility complex, class II 

invariant chain CD74 3.0136 0.0162
CDC42 binding protein kinase alpha (DMPK-like) CDC42BPA 2.6574 0.0218
chemokine (C motif) ligand 1 XCL1 2.7773 0.0329
chemokine (C-X-C motif) ligand 12 CXCL12 2.5501 0.0151
chimerin (chimaerin) 1 CHN1 3.4597 0.0146
chloride intracellular channel 6 CLIC6 3.0741 0.0209
chordin-like 1 CHRDL1 4.6320 0.0160
chromogranin B (secretogranin 1) CHGB 6.4348 0.0225
chromosome 1 open reading frame 165 C1orf165 2.4841 0.0186
chromosome 1 open reading frame 170 C1orf170 6.6141 0.0421
chromosome 1 open reading frame 54 C1orf54 2.0604 0.0259
chromosome 10 open reading frame 54 C10orf54 2.9716 0.0061
chromosome 10 open reading frame 6 C10orf6 2.2261 0.0419
chromosome 10 open reading frame 92 C10orf92 6.6350 0.0160
chromosome 11 open reading frame 70 C11orf70 5.2195 0.0128
chromosome 12 open reading frame 11 C12orf11 2.2437 0.0297
chromosome 16 open reading frame 45 C16orf45 2.0016 0.0437
chromosome 18 open reading frame 56 C18orf56 5.6313 0.0486
chromosome 2 open reading frame 32 C2orf32 2.7291 0.0061
chromosome 2 open reading frame 40 C2orf40 3.3839 0.0366
chromosome 20 open reading frame 112 C20orf112 2.0806 0.0186
chromosome 22 open reading frame 9 C22orf9 3.7994 0.0122
chromosome 3 open reading frame 18 CSorfIS 2.2996 0.0084
chromosome 4 open reading frame 31 C4orf31 2.7119 0.0490
chromosome 5 open reading frame 13 CSorfIS 2.9721 0.0081
chromosome 5 open reading frame 5 C5orf5 2.0077 0.0190
chromosome 6 open reading frame 174 C6orf174 3.0037 0.0356
chromosome X open reading frame 6 CXorf6 3.6585 0.0081
coagulation factor X F10 3.6576 0.0043
coatomer protein complex, subunit zeta 2 C0PZ2 2.1180 0.0076
cofilin 2 (muscle) CFL2 2.0386 0.0291
coiled-coil domain containing 80 CCDC80 2.4696 0.0377
cold shock domain containing E l, RNA-binding CSDE1 2.1746 0.0034
collagen, type VI, alpha 2 COL6A2 2.0510 0.0153
collagen, type VI, alpha 3 COL6A3 3.0770 0.0134
collagen, type XIV, alpha 1 (undulin) COL14A1 2.9419 0.0174
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collagen, type XVI, alpha 1 C0L16A1 2.5002 0.0309
collectin sub-family member 10 (C-type lectin) COLEC10 4.1820 0.0278
complement component 1, r subcomponent C1R 2.2213 0.0349
complement component 1, s subcomponent CIS 3.1374 0.0098
complement component 7 C7 4.6632 0.0076
complement factor D (adipsin) CFD 7.9560 0.0267
CREB regulated transcription coactivator 3 CRTC3 2.0259 0.0222
crystallin, gamma D CRYGD 4.4206 0.0164
C-type lectin domain family 3, member B CLEC3B 2.0277 0.0222
cullin-associated and neddylation-dissociated 2 CAND2 2.6783 0.0268
cyclin D1 CCND1 2.2192 0.0034
cyclin D2 CCND2 3.7126 0.0113
cysteine and glycine-rich protein 2 CSRP2 2.9657 0.0165
cysteine-rich protein 1 (intestinal) CRIP1 2.9786 0.0174
cystin 1 CYS1 2.0117 0.0385
cytochrome c oxidase subunit Vila polypeptide 1 C0X7A1 2.6070 0.0079
cytochrome P450, family 4, subfamily B, polypeptide 1 CYP4B1 3.4409 0.0347
cytoplasmic polyadenylation element binding protein 1 CPEB1 3.8775 0.0143
DEAD box polypeptide 3, Y-linked DDX3Y 42.6651 0.0457
DEAH (Asp-Glu-Ala-His) box polypeptide 16 DHX16 2.0886 0.0229
deoxyribonuclease l-like 3 DNASE1L3 2.1775 0.0356
dermatopontin DPT 7.4012 0.0135
dermokine DMKN 2.2963 0.0437
dickkopf homolog 3 (Xenopus laevis) DKK3 2.5050 0.0057
DiGeorge syndrome critical region gene 8 DGCR8 2.1531 0.0379
dihydropyrimidinase-like 2 DPYSL2 2.0375 0.0190
disabled homolog 1 (Drosophila) DAB1 2.4954 0.0365
dishevelled associated activator of morphogenesis 2 DAAM2 2.2012 0.0302
DNA-damage-inducible transcript 4-like DDIT4L 2.9769 0.0404
Down syndrome critical region gene 1-iike 1 DSCR1L1 2.3778 0.0280
dual oxidase maturation factor 1 DU0XA1 3.9303 0.0282
dysbindin domain containing 2 DBNDD2 2.1356 0.0035
early B-cell factor 1 EBF1 2.8449 0.0034
ectonucleoside triphosphate diphosphohydrolase 3 ENTPD3 2.6398 0.0170
ectonucleotide pyrophosphatase/phosphodiesterase 2 ENPP2 2.5398 0.0057
EGF-containing fibulin-like extracellular matrix protein 1 EFEMP1 3.4440 0.0081
EGF-containing fibulin-like extracellular matrix protein 2 EFEMP2 2.5916 0.0034
elastase 3A, pancreatic ELA3A 7.5359 0.0471
elastin microfibril interfacer 3 EMILIN3 2.0608 0.0124
embryonal Fyn-associated substrate EFS 2.8821 0.0365
emerin (Emery-Dreifuss muscular dystrophy) EMD 2.5298 0.0499
endothelin converting enzyme 2 ECE2 5.5159 0.0175
endothelin receptor type B EDNRB 2.2760 0.0308
EPH receptor A3 EPHA3 6.7212 0.0179
EPH receptor B1 EPHB1 3.5592 0.0495
epithelial membrane protein 3 EMP3 3.0583 0.0069
epithelial stromal interaction 1 (breast) EPSTI1 4.8747 0.0078
erythrocyte membrane protein band 4.1-like 3 EPB41L3 2.0976 0.0130
family with sequence similarity 19, member A1 FAM19A1 3.7397 0.0454
family with sequence similarity 20, member A FAM20A 2.9034 0.0194
family with sequence similarity 46, member A FAM46A 2.3828 0.0062
family with sequence similarity 80, member A FAM80A 9.7734 0.0269
fasciculation and elongation protein zeta 1 FEZ1 2.4093 0.0164
FAT tumor suppressor homolog 4 (Drosophila) FAT4 40.4934 0.0492
F-box protein 28 FBX028 14.8377 0.0485
Fc fragment of IgG, receptor, transporter, alpha FCGRT 2.1136 0.0096
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fibrinogen-like 2 FGL2 2.7263 0.0293
fibroblast growth factor 10 FGF10 2.7746 0.0308
fibroblast growth factor 7 FGF7 2.8575 0.0495
fibronectin leucine rich transmembrane protein 2 FLRT2 2.3855 0.0298
fibulin 1 FBLN1 3.4601 0.0057
fibulin 2 FBLN2 2.2048 0.0485
FK506 binding protein 10, 65 kDa FKBP10 2.2924 0.0192
FLJ21963 protein unassigned 3.1278 0.0447
FLJ45422 protein unassigned 2.0446 0.0255
formin-like 2 FMNL2 2.9076 0.0335
frizzled homolog 7 (Drosophila) FZD7 2.0323 0.0280
frizzled-related protein FRZB 2.5861 0.0217
fucosyltransferase 10 FUT10 2.8434 0.0464
FXYD domain containing ion transport regulator 1 FXYD1 2.5709 0.0177
FXYD domain containing ion transport regulator 6 FXYD6 4.1559 0.0185
FYN oncogene related to SRC, FGR, YES FYN 5.3471 0.0092
G protein-coupled receptor 103 GPR103 2.9731 0.0157
G protein-coupled receptor 124 GPR124 2.2038 0.0175
G0/G1 switch 2 G0S2 3.4225 0.0037
GABA(A) receptor-associated protein GABARAP 2.1270 0.0195
galactose-3-O-sulfotransferase 4 GAL3ST4 2.3109 0.0133
gap junction protein, alpha 12, 47kDa GJA12 2.2335 0.0332
GATA binding protein 3 GATA3 4.0252 0.0283
GDNF family receptor alpha 1 GFRA1 3.3273 0.0200
glia maturation factor, gamma GMFG 2.1896 0.0414
glutathione peroxidase 6 (olfactory) GPX6 2.1899 0.0156
glutathione peroxidase 7 GPX7 2.0982 0.0289
glutathione S-transferase M2 (muscle) GSTM2 3.2520 0.0150
glutathione S-transferase M5 GSTM5 3.0113 0.0076
glutathione S-transferase pi GSTP1 2.3132 0.0103
glycophorin C (Gerbich blood group) GYPC 2.9126 0.0055
glycoprotein M6B GPM6B 2.7047 0.0203
golgi autoantigen, golgin subfamily a, 8B G0LGA8B 2.1919 0.0325
granzyme A GZMA 2.4691 0.0473
growth arrest-specific 6 GAS6 2.7337 0.0052
GTPase, IMAP family member 4 GIMAP4 3.1072 0.0034
guanine nucleotide binding protein, alpha activating 

activity polypeptide 0 GNA01 2.5749 0.0415
guanine nucleotide binding protein, alpha z 

A159polypeptide GNAZ 2.5971 0.0292
guanylate binding protein 2, interferon-inducible GBP2 12.7368 0.0158
heat shock 27kDa protein family, member 7 HSPB7 2.1054 0.0471
hemoglobin, alpha 1 HBA1 8.0119 0.0034
hemoglobin, alpha 2 HBA2 2.3734 0.0331
hemoglobin, beta HBB 7.6659 0.0034
hemoglobin, gamma G HBG2 7.9555 0.0037
hephaestin HEPH 2.3176 0.0313
heterogeneous nuclear ribonucleoprotein A1 HNRPA1 2.2191 0.0034
heterogeneous nuclear ribonucleoprotein A3 HNRPA3 2.3728 0.0086
HtrA serine peptidase 3 HTRA3 2.2748 0.0168
hydrogen voltage-gated channel 1 HVCN1 2.0903 0.0253
hydroxysteroid (11-beta) dehydrogenase 1 HSD11B1 3.3808 0.0321
hypothetical LOC388323 unassigned 3.9793 0.0468
hypothetical protein BC002926 unassigned 20.2861 0.0464
hypothetical protein FLJ10357 unassigned 2.8688 0.0037
hypothetical protein FLJ 10781 unassigned 2.7075 0.0332
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hypothetical protein FLJ20701 unassigned 2.2995 0.0218
hypothetical protein FLJ20920 unassigned 2.0937 0.0244
hypothetical protein L0C136306 unassigned 16.7437 0.0312
hypothetical protein LOC25900 unassigned 3.2725 0.0037
hypothetical protein LOC338667 unassigned 2.4121 0.0268
hypothetical protein MGC45438 unassigned 2.5545 0.0195
immunoglobulin superfamily containing leucine-rich repeat ISLR 2.2154 0.0353
inhibitor of DNA binding 3, dominant negative helix-loop-

helix protein ID3 2.0285 0.0319
inhibitory caspase recruitment domain protein unassigned 2.6276 0.0256
IN080 complex homolog 1 (S. cerevisiae) IN0C1 2.2750 0.0335
inositol polyphosphate-5-phosphatase, 145kDa INPP5D 3.0860 0.0189
insulin-like growth factor 1 (somatomedin C) IGF1 2.7706 0.0422
insulin-like growth factor binding protein 6 IGFBP6 2.4085 0.0279
inter-alpha (globulin) inhibitor H4 ITIH4 2.0443 0.0467
interferon induced transmembrane protein 1 IFITM1 2.4529 0.0094
interferon induced transmembrane protein 3 IFITM3 2.0565 0.0170
interferon, gamma-inducible protein 16 IFI16 2.2511 0.0298
interferon-induced protein with tetratricopeptide repeats 1 IFIT1 2.0881 0.0193
interferon-induced protein with tetratricopeptide repeats 2 IFIT2 2.5178 0.0134
interferon-induced protein with tetratricopeptide repeats 3 IFIT3 2.2965 0.0498
interleukin 17 receptor A IL17RA 2.1895 0.0444
interleukin 6 signal transducer IL6ST 3.6950 0.0034
ISG15 ubiquitin-like modifier ISG15 2.1196 0.0371
ISL1 transcription factor, LIM/homeodomain ISL1 2.0859 0.0092
ISL2 transcription factor, LIM/homeodomain ISL2 3.8118 0.0194
JAZF zinc finger 1 JAZF1 2.1883 0.0133
junctional adhesion molecule 3 JAM3 2.1461 0.0267
kelch domain containing 5 KLHDC5 2.3384 0.0187
KIAA0363 protein unassigned 3.1995 0.0174
KIAA0644 gene product unassigned 7.1895 0.0073
KIAA0737 KIAA0737 2.4185 0.0421
KIAA0980 protein unassigned 2.6297 0.0282
KIAA1005 protein unassigned 73.1036 0.0500
killer cell immunoglobulin-like receptor, two domains, long

cytoplasmic tail, 4 KIR2DL4 17.4655 0.0303
killer cell lectin-like receptor subfamily C, member 4 KLRC4 2.7591 0.0430
kin of IRRE like 3 (Drosophila) KIRREL3 52.8113 0.0408
kinase suppressor of ras 2 KSR2 6.9049 0.0344
kinesin family member C3 KIFC3 3.2358 0.0194
lactate dehydrogenase B LDHB 3.1452 0.0187
lectin, galactoside-binding, soluble, 1 LGALS1 2.2679 0.0047
lectin, galactoside-binding, soluble, 3 binding protein LGALS3BP 3.3409 0.0143
leiomodin 1 (smooth muscle) LM0D1 2.2640 0.0382
leucine rich repeat neuronal 3 LRRN3 5.8938 0.0220
LIM domain binding 2 LDB2 2.2124 0.0034
LIM domain only 3 (rhombotin-like 2) LM03 4.0678 0.0171
Lixl homolog (mouse)-like LIX1L 4.8778 0.0299
loss of heterozygosity, 11, chromosomal region 2, gene A L0H11CR2A 2.6014 0.0084
lumican LUM 2.7180 0.0189
lysosomal associated protein transmembrane 4 beta LAPTM4B 2.4914 0.0312
MADS box transcription enhancer factor 2, polypeptide A MEF2A 2.0995 0.0332
major histocompatibility complex, class 1, C HLA-C 2.0730 0.0297
major histocompatibility complex, class II, DR beta 3 HLA-DRB3 2.6188 0.0500
mal, T-cell differentiation protein MAL 2.9290 0.0473
malic enzyme 1, NADP(+)-dependent, cytosolic ME1 2.0693 0.0273
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matrilin 2 MATN2 2.0862 0.0228
matrix metallopeptidase 2+A231 MMP2 2.0772 0.0339
matrix metallopeptidase 23B MMP23B 3.4961 0.0132
mediator of RNA polymerase II transcription, subunit 4

homolog MED4 2.2214 0.0304
megalencephalic leukoencephalopathy with subcortical

cysts 1 MLC1 4.8592 0.0178
microphthalmia-associated transcription factor MITF 2.1432 0.0189
microtubule-associated protein 1B MAP1B 2.1680 0.0315
microtubule-associated protein, RP/EB family, member 2 MAPRE2 3.3138 0.0069
midkine (neurite growth-promoting factor 2) MDK 2.1505 0.0175
minichromosome maintenance deficient 6 homolog MCM6 2.2646 0.0054
mitogen-activated protein kinase kinase kinase 1 MAP3K1 2.0979 0.0078
M-phase phosphoprotein, mpp8 unassigned 6.3462 0.0411
mucolipin 3 MC0LN3 12.4757 0.0210
myeloid cell nuclear differentiation antigen MNDA 3.6850 0.0170
myeloid/lymphoid or mixed-lineage leukemia 5 MLL5 3.4443 0.0336
myocardin MYOCD 2.9692 0.0421
MyoD family inhibitor MDFI 3.1881 0.0354
myosin, heavy chain 6, cardiac muscle, alpha MYH6 9.1256 0.0180
myosin, light chain kinase MYLK 2.4606 0.0264
myxovirus resistance 1, interferon-inducible protein p78 MX1 2.2657 0.0200
natriuretic peptide receptor B/guanylate cyclase B NPR2 2.4750 0.0045
NCK interacting protein with SH3 domain NCKIPSD 3.9705 0.0140
necdin homolog (mouse) NDN 2.1640 0.0092
NEL-like 2 (chicken) NELL2 6.3419 0.0273
neuroblastoma breakpoint family, member 10 NBPF10 2.1892 0.0144
neurofascin homolog (chicken) NFASC 2.0052 0.0321
neuroplastin NPTN 2.5224 0.0101
nicotinamide nucleotide adenylyltransferase 3 NMNAT3 3.6102 0.0061
Nik related kinase NRK 3.3236 0.0309
NIPA-like domain containing 3 NPAL3 3.5992 0.0455
nipsnap homolog 3B (C. elegans) NIPSNAP3B 13.6398 0.0149
NK6 transcription factor related, locus 3 NKX6-3 19.2003 0.0374
NLR family, CARD domain containing 5 NLRC5 2.3032 0.0454
NLR family, pyrin domain containing 1 NLRP1 2.9354 0.0034
N-myristoyltransferase 2 NMT2 4.1926 0.0268
nuclear casein kinase and cyclin-dependent kinase

substrate 1 NUCKS1 2.4407 0.0160
nuclear receptor subfamily 1, group D, member 2 NR1D2 2.4499 0.0170
nucleotide binding protein 1 NUBP1 2.1210 0.0376
odd-skipped related 2 (Drosophila) 0SR2 2.4257 0.0175
olfactomedin-like 1 0LFML1 2.7578 0.0401
olfactory receptor, family 5, subfamily K, member 2 OR5K2 34.2217 0.0463
osteoglycin (osteoinductive factor, mimecan) OGN 2.8706 0.0424
overexpressed in colon carcinoma-1 unassigned 3.1740 0.0462
P antigen family, member 4 PAGE4 6.3634 0.0428
paired-like homeodomain transcription factor 2 PITX2 8.4882 0.0136
papilin, proteoglycan-like sulfated glycoprotein PAPLN 3.3456 0.0172
paraneoplastic antigen MA1 PNMA1 2.3072 0.0393
PDZ domain containing RING finger 4 PDZRN4 2.0093 0.0291
peripheral myelin protein 22 PMP22 3.5002 0.0050
phosphatase and tensin homolog PTEN 2.0305 0.0217
phosphatidic acid phosphatase type 2B PPAP2B 2.1614 0.0197
phosphoglucomutase 2-like 1 PGM2L1 4.1765 0.0267
phospholamban PLN 2.6019 0.0356
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phosphoiipase C, epsilon 1 PLCE1 2.3536 0.0242
phospholipase C-like 2 PLCL2 2.9393 0.0359
phospholipid scramblase 1 PLSCR1 2.3654 0.0084
phospholipid transfer protein PLTP 2.3157 0.0310
phosphoribosyl transferase domain containing 1 PRTFDC1 4.7074 0.0034
placenta-specific 9 PLAC9 7.7632 0.0244
platelet endothelial aggregation receptor 1 unassigned 2.3653 0.0174
platelet-derived growth factor receptor, beta polypeptide PDGFRB 2.0592 0.0336
pleckstrin homology domain containing, family Q member

1 PLEKHQ1 2.0076 0.0107
pleiomorphic adenoma gene-like 1 PLAGL1 2.0656 0.0352
potassium channel tetramerisation domain containing 12 KCTD12 3.7421 0.0108
potassium inwardly-rectifying channel, subfamily J,

member 15 KGNJ15 3.8597 0.0345
potassium inwardly-rectifying channel, subfamily J,

member 8 KCNJ8 2.8082 0.0115
potassium large conductance calcium-activated channel,

subfamily M, beta member 1 KGNMB1 2.6112 0.0300
prion protein (p27-30) PRNP 2.0233 0.0428
procollagen C-endopeptidase enhancer PGOLGE 3.0766 0.0076
proenkephalin PENK 4.5168 0.0414
progesterone receptor membrane component 2 PGRMG2 4.9437 0.0084
proprotein convertase subtilisin/kexin type 5 PGSK5 2.1372 0.0342
prostaglandin D2 synthase 21kDa (brain) PTGDS 2.7014 0.0475
prostaglandin E receptor 2+A303, 53kDa PTGER2 2.5086 0.0437
prostaglandin F receptor (FP) PTGFR 4.2898 0.0479
prostaglandin-endoperoxide synthase 1 PTGS1 6.8849 0.0212
proteasome subunit, beta type, 9 PSMB9 2.0857 0.0368
protein kinase, cGMP-dependent, type 1 PRKG1 3.3740 0.0395
protein phosphatase 1, regulatory subunit 14A PPP1R14A 2.7419 0.0267
protein phosphatase 2, catalytic subunit, beta isoform PPP2CB 3.1044 0.0178
protein tyrosine phosphatase, non-receptor type 12 PTPN12 2.0370 0.0265
protein tyrosine phosphatase, non-receptor type 22 PTPN22 2.3539 0.0411
protein tyrosine phosphatase, receptor type, C PTPRG 5.3863 0.0172
protein tyrosine phosphatase, receptor type, f polypeptide.

interacting protein, alpha 1 PPFIA1 7.4162 0.0363
protocadherin 18 PCDH18 2.0748 0.0282
PTPRF interacting protein, binding protein 1 PPFIBP1 3.1767 0.0355
quiescin Q6 QSCN6 2.1380 0.0481
quinolinate phosphoribosyltransferase QPRT 4.2175 0.0081
RAB34, member RAS oncogene family RAB34 2.2418 0.0064
RAB37, member RAS oncogene family RAB37 2.1672 0.0319
RAB7B, member RAS oncogene family RAB7B 2.1058 0.0377
RAB9B, member RAS oncogene family RAB9B 3.2632 0.0201
radixin RDX 2.6548 0.0143
RAP1B, member of RAS oncogene family RAP IB 2.2525 0.0170
RAR-related orphan receptor C RORC 19.1140 0.0329
Ras association (RalGDS/AF-6) domain family 5 RASSF5 2.3261 0.0138
ras homolog gene family, member J RHOJ 4.8510 0.0045
ras-related C3 botulinum toxin substrate 2 RAG2 2.2693 0.0484
rearranged L-myc fusion RLF 14.7519 0.0285
regulator of G-protein signalling 2, 24kDa RGS2 2.3558 0.0273
reprimo, TP53 dependent G2 arrest mediator candidate RPRM 3.4046 0.0154
retinoic acid receptor responder 2 RARRES2 2.4609 0.0170
retinol binding protein 1, cellular RBP1 3.5797 0.0096
reversion-inducing-cysteine-rich protein with kazal motifs REGK 2.0206 0.0382
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Rho GTPase activating protein 25 ARHGAP25 2.0522 0.0228
Rho GTPase-activating protein unassigned 11.7848 0.0160
Rho guanine nucleotide exchange factor 17 ARHGEF17 12.6765 0.0411
Rho guanine nucleotide exchange factor 4 ARHGEF4 2.3534 0.0498
ribonuclease, RNase A family, 1 (pancreatic) RNASE1 2.5252 0.0210
RNA binding motif protein 9 RBM9 2.1168 0.0061
RNA binding motif, single stranded interacting protein 1 RBMS1 2.3557 0.0122
RNA binding protein with multiple splicing RBPMS 2.1091 0.0261
roundabout, axon guidance receptor, homolog 2 R0B02 3.4696 0.0188
runt-related transcription factor 1, translocated to, 1 RUNX1T1 2.2419 0.0076
S I00 calcium binding protein A4 S100A4 3.6720 0.0045
S100 calcium binding protein A6 S100A6 2.8718 0.0097
sarcoglycan, beta SGCB 2.6269 0.0053
scavenger receptor class A, member 3 SCARA3 2.2443 0.0298
secernin 1 SCRN1 2.3913 0.0279
secreted frizzled-related protein 1 SFRP1 2.6494 0.0133
sema domain, seven thrombospondin repeats, 

transmembrane domain and short cytoplasmic domain, 
5A SEMA5A 3.6686 0.0122

septin 11 SEPT11 2.7731 0.0013
serpin peptidase inhibitor, clade B, member 1 SERPINB1 3.0979 0.0292
serpin peptidase inhibitor, clade F, member 1 SERPINF1 2.5950 0.0156
SH2 domain protein 2A SH2D2A 2.6550 0.0081
SH3 and PX domains 2B SH3PXD2B 2.3642 0.0335
signaling threshold regulating transmembrane adaptor 1 SIT1 3.2191 0.0227
signal-transducing adaptor protein-2 unassigned 19.7151 0.0291
similar to R28379_1 unassigned 2.3452 0.0180
similar to RIKEN cDNA A530016L24 gene unassigned 6.1071 0.0389
slit homolog 3 (Drosophila) SLITS 5.1409 0.0048
snail homolog 2 (Drosophila) SNAI2 4.7866 0.0195
sodium channel, voltage-gated, type IV, beta SCN4B 2.4185 0.0170
solute carrier family 16, member 5 SLC16A5 3.9928 0.0270
solute carrier family 2, member 9 SLC2A9 46.0952 0.0347
solute carrier family 2, member 5 SLC2A5 5.8546 0.0421
solute carrier family 25, member 34 SLC25A34 30.7044 0.0479
solute carrier family 26 (sulfate transporter), member 1 SLC26A1 2.1123 0.0201
solute carrier family 27 (fatty acid transporter), member 3 SLC27A3 2.5287 0.0263
sorting nexin 7 SNX7 2.1121 0.0220
SPARC related modular calcium binding 1 SM0C1 3.7558 0.0101
sparc/osteonectin, cwcv and kazal-like domains 

proteoglycan 3 SP0CK3 3.0308 0.0169
spastic paraplegia 20, spartin SPG20 2.3187 0.0081
spectrin, beta, erythrocytic SPTB 2.2053 0.0395
spectrin, beta, non-erythrocytic 1 SPTBN1 2.4270 0.0170
S-phase kinase-associated protein 2 (p45) SKP2 16.2570 0.0224
spindle assembly 6 homolog (C. elegans) SASS6 13.9256 0.0307
spindlin family, member 28 SPIN2B 3.3848 0.0145
ST3 beta-galactoside alpha-2,3-sialyltransferase 1 ST3GAL1 2.0669 0.0368
START domain containing 8 STARD8 3.7585 0.0078
sterile alpha motif domain containing 12 SAMD12 2.5945 0.0488
steroid-5-alpha-reductase, alpha polypeptide 2 SRD5A2 3.2470 0.0337
stomatin STOM 2.3922 0.0063
sushi domain containing 3 SUSD3 2.5225 0.0225
sushi-repeat-containing protein, X-linked SRPX 3.4976 0.0304
SWI/SNF related, matrix associated, actin dependent 

regulator of chromatin, subfamily e, member 1 SMARCE1 2.1082 0.0041
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synaptopodin SYNPO 2.0359 0.0412
synaptosomal-associated protein, 25kDa SNAP25 2.9479 0.0290
syntaxin 2 STX2 2.0808 0.0270
syntaxin binding protein 3 STXBP3 2.0563 0.0335
TAF7-like RNA polymerase II, TATA box binding protein-

associated factor, 50kDa TAF7L 3.4595 0.0312
TBC1 domain family, member 23 TBC1D23 2.0496 0.0140
teashirt family zinc finger 3 TSHZ3 2.2119 0.0162
tetraspanin 18 TSPAN18 3.1080 0.0486
tetraspanin 4 TSPAN4 2.1094 0.0144
tetratricopeptide repeat domain 23 TTC23 6.9383 0.0092
THAP domain containing 11 THAP11 2.3261 0.0076
thioredoxin interacting protein TXNIP 2.3145 0.0380
thymic stromal lymphopoietin unassigned 4.7256 0.0262
thymidylate synthetase TYMS 3.0173 0.0157
thyroid hormone receptor interactor 6 TRIP6 3.2032 0.0077
TIMP metallopeptidase inhibitor 3 TIMP3 2.3597 0.0280
tissue factor pathway inhibitor TFPI 2.9111 0.0035
toll-like receptor 3 TLR3 2.2813 0.0222
transcription factor 21 TCF21 4.0627 0.0063
transcription factor 8 TCF8 2.5829 0.0077
transforming growth factor beta 1 induced transcript 1 TGFB1I1 3.0114 0.0178
transforming growth factor, beta 3 TGFB3 4.5583 0.0122
transgelin TAGLN 2.6046 0.0298
transient receptor potential cation channel, subfamily C,

member 4 TRPG4 2.8107 0.0086
transmembrane and tetratricopeptide repeat containing 1 TMTC1 2.3257 0.0145
transmembrane protein 100 TMEM100 3.9638 0.0248
transmembrane protein 132C TMEM132C 4.3912 0.0404
transmembrane protein 16F TMEM16F 2.2581 0.0260
transmembrane protein 176A TMEM176A 10.9290 0.0135
transmembrane protein 176B TMEM176B 2.7889 0.0280
transmembrane protein 35 TMEM35 2.3445 0.0373
tripartite motif-containing 29 TRIM29 5.2928 0.0261
tripartite motif-containing 34 TRIM34 2.9096 0.0178
tropomyosin 2 (beta) TPM2 2.6754 0.0222
tropomyosin 3 TPM3 2.0285 0.0145
tryptase alpha/beta 1 TPSAB1 3.1082 0.0272
tubulin, beta TUBB 2.0839 0.0095
tudor domain containing 3 TDRD3 2.0878 0.0145
tumor necrosis factor receptor superfamily, member 10c,

decoy without an intracellular domain TNFRSF10G 2.4661 0.0359
tumor necrosis factor, alpha-induced protein 8-like 3 TNFAIP8L3 2.4294 0.0370
tyrosylprotein sulfotransferase 1 TPST1 2.1560 0.0286
ubiquitin specific peptidase 12 USP12 7.2415 0.0227
ubiquitin specific peptidase 27, X-linked USP27X 3.7600 0.0162
ubiquitin-conjugating enzyme E2G 2 UBE2G2 2.5807 0.0034
UTP18, small subunit processome component, homolog UTP18 2.0389 0.0492
vasohibin 1 VASH1 2.0208 0.0403
vesicle-associated membrane protein 3 VAMP3 2.5400 0.0174
vesicle-associated membrane protein 5 VAMPS 2.0697 0.0081
vimentin VIM 2.5708 0.0088
visinin-like 1 VSNL1 4.5980 0.0200
v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene

homolog KIT 3.0119 0.0314
von Willebrand factor A domain containing 1 VWA1 10.0211 0.0448
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WAP four-disulfide core domain 2 WFDC2 3.8437 0.0095
zinc finger and BTB domain containing 38 ZBTB38 3.7344 0.0308
zinc finger and BTB domain containing 47 ZBTB47 2.0963 0.0209
zinc finger homeobox 1b ZFHX1B 2.0499 0.0332
zinc finger protein 179 ZNF179 5.7833 0.0154
zinc finger protein 19 ZNF19 10.0429 0.0350
zinc finger protein 234 ZNF234 2.3077 0.0154
zinc finger protein 326 ZNF326 5.7803 0.0260
zinc finger protein 423 ZNF423 2.8095 0.0263
zinc finger, RAN-binding domain containing 2 ZRANB2 2.0124 0.0120

Appendix 3. Genes differentially expressed in advanced cancer versus BPH

Gene Name Gene Symbol FC p value
Genes up-regulated in advanced cancer vs. BPH
absent in melanoma 1-like AIM1L 2.9202 0.0010
actin binding LIM protein family, member 2 ABLIM2 2.2898 0.0056
activated leukocyte cell adhesion molecule ALCAM 2.9609 0.0001
adenylate kinase 5 AK5 6.2075 0.0029
ankyrin repeat domain 16 ANKRD16 2.4733 0.0045
ASF1 anti-silencing function 1 homolog B (S. cerevisiae) ASF1B 2.8039 0.0095
ATPase, Class VI, type 11A ATP11A 4.7243 0.0070
ATP-binding cassette, sub-family A (ABC1), member 9 ABCA9 2.2519 0.0080
BarH-like homeobox 2 BARX2 3.0057 0.0086
bestrophin 4 BEST4 2.8917 0.0096
BMP and activin membrane-bound inhibitor homolog BAMBI 3.8231 0.0013
bone morphogenetic protein 6 BMP6 2.5199 0.0054
brix domain containing 1 BXDC1 2.3362 0.0026
C lq  and tumor necrosis factor related protein 5 C1QTNF5 2.0797 0.0098
calcium channel, voltage-dependent, alpha IE  subunit CACNA1E 2.3139 0.0068
catenin (cadherin-associated protein), delta 2 CTNND2 3.8408 0.0092
CDV3 homolog (mouse) CDV3 2.1134 0.0092
centaurin, gamma 2 CENTG2 2.0128 0.0081
centromere protein A CENPA 5.6634 0.0041
centromere protein K CENPK 2.7077 0.0043
centromere protein N CENPN 3.8959 0.0058
choline phosphotransferase 1 CHPT1 2.7033 0.0070
chromobox homolog 3 (HP1 gamma homolog. Drosophila) CBX3 2.0429 0.0073
chromosome 1 open reading frame 182 C1orf182 2.4132 0.0002
chromosome 12 open reading frame 34 C12orf34 6.0715 0.0005
chromosome 16 open reading frame 14 C16orf14 2.7821 0.0010
chromosome 19 open reading frame 24 C19orf24 2.2246 0.0046
chromosome 19 open reading frame 48 C19orf48 3.2159 0.0012
chromosome 20 open reading frame 102 C20orf102 2.5135 0.0036
chromosome 3 open reading frame 32 C3orf32 2.0615 0.0067
chromosome 5 open reading frame 30 C5orf30 3.7135 0.0007
chromosome 6 open reading frame 85 C6orf85 2.3379 0.0008
chromosome 9 open reading frame 163 C9orf163 3.3502 0.0008
CKLF-like MARVEL transmembrane domain containing 4 CMTM4 2.0606 0.0035
claudin 3 CLDN3 4.5605 0.0003
claudin 7 CLDN7 3.0966 0.0094
coiled-coil domain containing 106 CCDC106 2.5074 0.0085
coiled-coil domain containing 112 CCDC112 2.1994 0.0017
coiled-coil domain containing 78 CCDC78 3.1817 0.0092
coronin 7 C 0R 07 2.2086 0.0022
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CTF18, chromosome transmission fidelity factor 18 homolog CHTF18 3.6939 0.0016
cyclin C CCNC 2.1973 0.0085
cyclin-dependent kinase inhibitor 3 CDKN3 6.9484 0.0016
cysteine-rich secretory protein 3 CRISP3 36.3779 0.0086
cytoplasmic FMR1 interacting protein 2 CYFIP2 2.2565 0.0001
death-associated protein kinase 1 DAPK1 3.0407 0.0001
dihydropyrimidinase-like 5 DPYSL5 2.9733 0.0080
dipeptidyl-peptidase 9 DPP9 2.9669 0.0060
distal-less homeobox 1 DLX1 6.8693 0.0027
ELK1, member of ETS oncogene family ELK1 2.4176 0.0092
elongation factor RNA polymerase ll-like 3 ELL3 4.1991 0.0012
elongation factor, RNA polymerase II, 2 ELL2 2.1588 0.0062
ELOVL family member 6, elongation of long chain fatty acids EL0VL6 2.8557 0.0096
essential meiotic endonuclease 1 homolog 1 (S. pombe) EME1 2.8146 0.0072
essential meiotic endonuclease 1 homolog 2 (S. pombe) EME2 2.4575 0.0046
exportin 6 XP06 2.0981 0.0038
family with sequence similarity 113, member A FAM113A 2.2617 0.0057
family with sequence similarity 80, member A FAM80A 2.7724 0.0073
family with sequence similarity 83, member D FAM83D 3.6811 0.0023
fibroblast growth factor receptor-like 1 FGFRL1 5.7636 0.0009
folate hydrolase (prostate-specific membrane antigen) 1 F0LH1 6.2037 0.0011
galanin receptor 3 GALR3 2.0343 0.0017
GDNF family receptor alpha 4 GFRA4 2.3749 0.0068
glucosamine-phosphate N-acetyltransferase 1 GNPNAT1 2.0415 0.0092
glutaminase 2 (liver, mitochondrial) GLS2 3.3209 0.0004
glycine-N-acyltransferase-like 1 GLYATL1 3.7475 0.0071
growth differentiation factor 1 GDF1 3.5673 0.0020
growth-inhibiting protein 26 unassigned 2.5960 0.0019
growth-inhibiting protein 26 unassigned 5.9937 0.0008
helicase, lymphoid-specific HELLS 2.0644 0.0025
hepsin (transmembrane protease, serine 1) HPN 20.3385 0.0002
histone cluster 3, H2a HIST3H2A 5.5056 0.0037
histone cluster 4, H4 HIST4H4 2.8268 0.0048
hypothetical gene supported by AF275804 unassigned 2.8812 0.0002
hypothetical gene supported by BC052596 unassigned 2.3623 0.0011
hypothetical LOG 146439 unassigned 2.0479 0.0082
hypothetical protein FLJ20184 unassigned 2.7962 0.0069
hypothetical protein HSPC111 unassigned 2.2375 0.0054
hypothetical protein LOC253012 unassigned 8.4190 0.0049
hypothetical protein MGC2408 unassigned 3.1941 0.0024
IMP (inosine monophosphate) dehydrogenase 2 IMPDH2 2.3993 0.0027
importin 4 IP04 2.5232 0.0004
interleukin 17F IL17F 2.0611 0.0074
JTV1 gene unassigned 2.1246 0.0016
kallikrein-related peptidase 15 KLK15 3.1743 0.0028
keratin associated protein 5-8 KRTAP5-8 3.5540 0.0002
kinesin family member 2C KIF2C 2.1501 0.0018
kinesin family member Cl KIFC1 3.8277 0.0097
leucine rich repeat containing 50 LRRC50 3.0906 0.0042
leucine-rich repeat kinase 2 LRRK2 2.9236 0.0049
LIM domain kinase 2 LIMK2 2.9356 0.0002
limb bud and heart development homolog (mouse) LBH 4.2676 0.0016
mal, T-cell differentiation protein 2 MAL2 4.9447 0.0008
male-specific lethal 3-like 1 (Drosophila) MSL3L1 2.6326 0.0083
maternal embryonic leucine zipper kinase MELK 5.1072 0.0033
matrin 3 MATR3 4.8188 0.0062
meteorin, glial cell differentiation regulator METRN 2.2219 0.0007
misato homolog 1 (Drosophila) MST01 2.3369 0.0047
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mitochondrial ribosomal protein L12 MRPL12 2.1916 0.0004
msh homeobox 2 MSX2 2.1274 0.0025
multiple EGF-like-domains 6 MEGF6 2.0076 0.0046
neural precursor cell expressed, developmentally down-

regulated 4-like NEDD4L 3.4219 0.0003
neurolysin (metallopeptidase M3 family) NLN 2.1240 0.0008
nicotinamide nucleotide adenylyltransferase 2 NMNAT2 2.0223 0.0088
non-metastatic cells 1, protein (NM23A) expressed in NME1 2.4269 0.0002
notchless homolog 1 (Drosophila) NLE1 2.0944 0.0010
nudix (nucleoside diphosphate linked moiety X)-type motif 14 NUDT14 2.1284 0.0064
nudix (nucleoside diphosphate linked moiety X)-type motif 8 NUDT8 4.5881 0.0058
olfactory receptor, family 4, subfamily X, member 1 0R4X1 2.9936 0.0023
olfactory receptor, family 51, subfamily E, member 1 0R51E1 10.9632 0.0000
olfactory receptor, family 51, subfamily E, member 2 OR51E2 8.7696 0.0037
0-linked N-acetylglucosamine transferase OGT 2.0284 0.0003
organic solute transporter alpha unassigned 3.5832 0.0020
outer dense fiber of sperm tails 2 0DF2 2.7065 0.0087
paired box gene 4 PAX4 2.3842 0.0021
PDZ and LIM domain 5 PDLIM5 3.9166 0.0054
PHD finger protein 12 PHF12 2.4469 0.0000
phosphoinositide-3-kinase adaptor protein 1 PIK3AP1 2.4147 0.0000
phosphoribosyl pyrophosphate amidotransferase PPAT 2.7811 0.0010
phosphoribosylaminoimidazole carboxylase,

phosphoribosylaminoimidazole succinocarboxamide
synthetase PAICS 2.8202 0.0002

phosphoserine aminotransferase 1 PSAT1 2.5256 0.0002
pituitary tumor-transforming 1 PTTG1 4.6130 0.0024
pituitary tumor-transforming 2 PTTG2 3.1240 0.0058
plakophilin 3 PKP3 2.4399 0.0018
pleckstrin and Sec7 domain containing 3 PSD3 2.6164 0.0070
pleckstrin homology, Sec7 and coiled-coil domains 3 PSCD3 2.5383 0.0020
podocalyxin-like 2 P0DXL2 2.7226 0.0063
polymerase (RNA) II (DNA directed) polypeptide H P0LR2H 2.0575 0.0015
prenyl (decaprenyl) diphosphate synthase, subunit 1 PDSS1 3.5854 0.0016
proprotein convertase subtilisin/kexin type 5 PCSK5 3.1665 0.0039
proprotein convertase subtilisin/kexin type 6 PCSK6 3.1965 0.0089
protease, serine, 2 (trypsin 2) PRSS2 2.9765 0.0004
protease, serine, 3 (mesotrypsin) PRSS3 3.0021 0.0011
protein inhibitor of activated STAT, 4 PIAS4 2.1909 0.0006
protein kinase, membrane associated tyrosine/threonine 1 PKMYT1 2.5895 0.0033
protein phosphatase 1, regulatory (inhibitor) subunit 14B PPP1R14B 3.0638 0.0001
protein tyrosine phosphatase, receptor type, T PTPRT 7.3276 0.0053
pseudouridylate synthase 7 homolog (S. cerevisiae) PUS7 2.0749 0.0058
pyrroline-5-carboxylate reductase 1 PYCR1 3.2100 0.0000
RAB17, member RAS oncogene family RAB17 4.1393 0.0001
ribosomal protein L36a RPL36A 2.6377 0.0081
ribosomal protein L6 RPL6 3.0864 0.0012
ribosomal protein S I5 RPS15 3.7573 0.0048
ribosomal protein S I9 RPS19 2.1020 0.0022
ribosomal protein S2 RPS2 3.0230 0.0004
ring finger protein 157 RNF157 3.1484 0.0040
RNA polymerase II associated protein 1 RPAP1 2.0957 0.0054
RRS1 ribosome biogenesis regulator homolog (S. cerevisiae) RRS1 2.5183 0.0003
RuvB-like 1 (E. coli) RUVBL1 2.3677 0.0047
sideroflexin 4 SFXN4 2.0143 0.0001
similar to forkhead box 12 unassigned 2.7351 0.0008
solute carrier family 18, member 1 SLC18A1 2.2187 0.0023
solute carrier family 19, member 1 SLG19A1 2.5551 0.0006
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solute carrier family 25, member 10 SLC25A10 2.6846 0.0015
solute carrier family 25, member 33 SLG25A33 2.9354 0.0009
Sp2 transcription factor SP2 2.9624 0.0057
spondin 2, extracellular matrix protein SPON2 4.5228 0.0084
Src homology 3 domain-containing guanine nucleotide 

exchange factor unassigned 5.2910 0.0018
sterile alpha motif domain containing 14 SAMD14 2.1686 0.0002
suppression of tumorigenicity 14 (colon carcinoma) ST14 2.3393 0.0019
syntaxin 19 STX19 6.4487 0.0018
tectorin alpha TECTA 2.6886 0.0018
tetraspanin 13 TSPAN13 2.2079 0.0046
thioesterase superfamily member 4 THEM4 2.1698 0.0015
thyroid hormone receptor interactor 13 TRIP13 4.4190 0.0086
TLC domain containing 1 TLCD1 5.1729 0.0006
TNF receptor-associated factor 4 TRAF4 2.1410 0.0017
transcription factor 15 (basic helix-loop-helix) TCF15 2.3063 0.0019
transcription factor Dp family, member 3 TFDP3 2.5827 0.0033
transmembrane protein 142A TMEM142A 2.0705 0.0094
transmembrane protein 151 TMEM151 2.4887 0.0049
transmembrane protein 52 TMEM52 3.7778 0.0005
transmembrane protein 97 TMEM97 2.3538 0.0018
tribbles homolog 1 (Drosophila) TRIB1 2.6438 0.0068
trinucleotide repeat containing 9 TNRC9 2.7715 0.0080
tripartite motif-containing 36 TRIM36 4.3360 0.0016
tripartite motif-containing 68 TRIM68 2.5904 0.0017
TTK protein kinase TTK 4.1536 0.0024
tubby homolog (mouse) TUB 2.9579 0.0090
tumor protein p53 inducible protein 11 TP53I11 2.0254 0.0090
ubiquitin-conjugating enzyme E2E3 UBE2E3 2.0505 0.0084
ubiquitin-conjugating enzyme E2T (putative)

UBE2T 4.2264 0.0090
UDP-Gal:betaGal beta 1,3-galactosyltransferase polypeptide 

6 B3GALT6 2.1456 0.0047
uridine-cytidine kinase 2 UCK2 2.5416 0.0048
urocortin UCN 3.7431 0.0001
valyl-tRNA synthetase VARS 2.2846 0.0002
VGF nerve growth factor inducible VGF 2.8709 0.0020
v-myb myeloblastosis viral oncogene homolog (avian) MYB 2.3623 0.0091
v-myc myelocytomatosis viral oncogene homolog (avian) MYC 4.5556 0.0000
WD repeat domain 12 WDR12 2.0177 0.0089
WD repeat domain 24 WDR24 2.5840 0.0053
WD repeat domain 74 WDR74 3.5532 0.0009
zinc finger protein 37B ZNF37B 2.1622 0.0041
zinc finger, DHHC-type containing 11 ZDHHC11 4.2481 0.0000
zinc finger, DHHC-type containing 24 ZDHHC24 3.2604 0.0001

Genes down-regulated in advanced cancer vs. BPH
3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 HMGCS2 6.5594 0.0021
3-hydroxyanthranilate 3,4-dioxygenase HAAO 3.6142 0.0011
3-hydroxybutyrate dehydrogenase, type 2 BDH2 3.1711 0.0047
5-hydroxytryptamine (serotonin) receptor IE HTR1E 2.8099 0.0082
A kinase (PRKA) anchor protein 7 AKAP7 6.4848 0.0001
acetyl-Coenzyme A acetyltransferase 2 ACAT2 2.6526 0.0013
actin related protein M l unassigned 2.9235 0.0004
ADP-ribosylation-like factor 6 interacting protein 5 ARL6IP5 2.0945 0.0011
alanyl aminopeptidase ANPEP 6.4252 0.0008
aldehyde dehydrogenase 3 family, member A2 ALDH3A2 3.3812 0.0004
aldehyde dehydrogenase 4 family, member A1 ALDH4A1 4.0584 0.0005
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aldehyde oxidase 1 A0X1 5.6903 0.0083
aminomethyltransferase AMT 5.1575 0.0067
amylo-1, 6-glucosidase, 4-alpha-glucanotransferase AGL 2.1318 0.0002
angiogenin, ribonuclease, RNase A family, 5 ANG 2.3243 0.0040
angiopoietin 1 ANGPT1 9.9929 0.0004
angiopoietin-like 1 ANGPTL1 4.1022 0.0014
ankyrin repeat and SOCS box-containing 3 ASB3 2.0383 0.0019
ankyrin repeat domain 35 ANKRD35 4.2087 0.0050
annexin A2 ANXA2 3.3031 0.0002
annexin A4 ANXA4 2.1497 0.0075
anthrax toxin receptor 2 ANTXR2 4.0421 0.0000
armadillo repeat containing, X-linked 1 ARMCX1 5.2364 0.0099
aspartoacylase (Canavan disease) ASPA 2.7344 0.0068
ATPase, Class 1, type 8B, member 4 ATP8B4 9.7732 0.0001
ATPase, Na+/K+ transporting, alpha 2 (+) polypeptide ATP1A2 8.0952 0.0004
ATP-binding cassette, sub-family C (CFTR/MRP), member 3 ABCC3 8.4326 0.0050
attractin-like 1 ATRNL1 13.4936 0.0000
B cell RAG associated protein unassigned 2.6875 0.0001
BCL2/adenovirus E1B 19kD interacting protein like BNIPL 3.6121 0.0011
bone morphogenetic protein 5 BMPS 6.5237 0.0029
breast carcinoma amplified sequence 1 BCAS1 14.6190 0.0034
BTB and CNC homology 1, basic leucine zipper transcription

factor 2 BACH2 4.1030 0.0002
C1q and tumor necrosis factor related protein 1 C1QTNF1 4.6435 0.0004
C3 and PZP-like, alpha-2-macroglobulin domain containing 8 CPAMD8 3.6442 0.0006
cadherin 3, type 1, P-cadherin (placental) CDH3 7.4825 0.0002
cadherin-like 23 CDH23 3.8098 0.0001
caldesmon 1 CALD1 2.9364 0.0094
calpain 6 CAPN6 8.7380 0.0001
capping protein (actin filament), gelsolin-like CAPG 3.6379 0.0081
carbonic anhydrase III, muscle specific CA3 8.4998 0.0000
carbonic anhydrase XI CA11 2.9091 0.0042
carbonic anhydrase XIV CA14 3.7960 0.0012
carboxypeptidase E CPE 3.1035 0.0032
carboxypeptidase M CPM 7.5834 0.0000
carboxypeptidase X (M l4 family), member 1 CPXM1 8.7808 0.0005
carcinoembryonic antigen-related cell adhesion molecule 1 CEACAM1 4.3562 0.0001
cathepsin B CTSB 2.1634 0.0052
CD177 molecule CD177 16.2191 0.0004
CD207 molecule, langerin CD207 2.1510 0.0073
CD38 molecule CD38 7.2450 0.0000
CD40 molecule, TNF receptor superfamily member 5 CD40 3.6005 0.0021
CD9 molecule CD9 2.7745 0.0039
CDC42 effector protein (Rho GTPase binding) 4 CDC42EP4 2.5225 0.0079
cerebral endothelial cell adhesion molecule 1 CEECAM1 2.8307 0.0010
chemokine (C-X3-C motif) ligand 1 CX3CL1 3.7927 0.0048
chemokine (C-X-C motif) ligand 13 CXCL13 19.8764 0.0013
chemokine (C-X-C motif) ligand 6 CXCL6 3.9712 0.0052
chloride intracellular channel 6 CLIC6 6.4430 0.0074
cholecystokinin CCK 8.0956 0.0000
chordin-like 1 CHRDL1 8.6492 0.0096
chromosome 1 open reading frame 106 C1orf106 3.3215 0.0076
chromosome 1 open reading frame 165 C1orf165 3.3208 0.0066
chromosome 10 open reading frame 58 C10orf58 2.9466 0.0086
chromosome 10 open reading frame 6 C10orf6 2.3892 0.0065
chromosome 13 open reading frame 21 C13orf21 4.7894 0.0088
chromosome 14 open reading frame 159 C14orf159 5.2656 0.0058
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chromosome 14 open reading frame 37 C14orf37 3.7063 0.0025
chromosome 18 open reading frame 34 C18orf34 4.6953 0.0000
chromosome 20 open reading frame 132 C20orf132 3.7845 0.0052
chromosome 20 open reading frame 42 C20orf42 4.9077 0.0033
chromosome 21 open reading frame 63 C21orf63 3.4983 0.0054
chromosome 3 open reading frame 14 C3orf14 3.8795 0.0087
chromosome 4 open reading frame 33 C4orf33 2.9586 0.0029
chromosome 5 open reading frame 5 C5orf5 2.0696 0.0044
chromosome 6 open reading frame 168 C6orf168 2.1199 0.0087
chromosome 8 open reading frame 46 C8orf46 2.0556 0.0085
chromosome 9 open reading frame 125 C9orf125 4.5011 0.0028
chromosome X open reading frame 6 CXorf6 6.1233 0.0040
clusterin CLU 3.0536 0.0054
coagulation factor VII F7 2.7963 0.0030
coagulation factor X F10 7.0491 0.0030
coatomer protein complex, subunit zeta 2 C0PZ2 2.9411 0.0059
cocaine and amphetamine-regulated transcript prepropeptide CARTPT 57.8456 0.0000
collagen, type IX, alpha 1 C0L9A1 9.9216 0.0085
collagen, type XIII, alpha 1 COL13A1 3.6544 0.0000
collagen, type XXVII, alpha 1 COL27A1 3.5296 0.0036
collectin sub-family member 10 (C-type lectin) COLEC10 4.3127 0.0007
component of oligomeric golgi complex 3 COG3 2.3331 0.0011
copine VI (neuronal) CPNE6 11.2725 0.0000
crystallin, gamma D CRYGD 3.6563 0.0069
cyclin D2 CCND2 2,3216 0.0067
cyclin-dependent kinase-like 1 (CDC2-related kinase) CDKL1 2.5816 0.0037
cystatin A (stefin A) CSTA 9.2492 0.0013
cysteine and glycine-rich protein 2 CSRP2 3.8714 0.0031
cysteine-rich protein 3 CRIP3 8.0787 0.0002
cysteine-rich secretory protein LCCL domain containing 2 CRISPLD2 5.6761 0.0082
cytochrome b5 reductase 3 CYB5R3 2.0057 0.0001
cytochrome P450, family 27, subfamily A, polypeptide 1 CYP27A1 4.1423 0.0000
cytochrome P450, family 3, subfamily A, polypeptide 5 CYP3A5 12.2793 0.0000
cytochrome P450, family 4, subfamily B, polypeptide 1 CYP4B1 18.9108 0.0004
cytokine-like 1 CYTL1 5.0868 0.0005
defensin, beta 1 DEFB1 7.5621 0.0001
dehydrogenase/reductase (SDR family) member 7B DHRS7B 2.0105 0.0050
DEP domain containing 7 DEPDC7 4.6330 0.0001
dermatopontin DPT 7.4010 0.0000
dermokine DMKN 5.9697 0.0004
desmocollin 3 DSC3 8.5138 0.0003
DKFZP56400823 protein unassigned 7.1514 0.0006
DKFZP56400823 protein unassigned 6.3623 0.0063
DMRT-like family C l DMRTC1 2.8968 0.0005
DNA-damage-inducible transcript 4-like DDIT4L 3.3936 0.0018
dual oxidase 1 DU0X1 3.4982 0.0038
dual oxidase maturation factor 1 DU0XA1 8.7951 0.0000
dual specificity phosphatase 1 DUSP1 4.6761 0.0013
dystonin DST 5.3306 0.0042
early growth response 1 EGR1 3.5805 0.0046
ectonucleoside triphosphate diphosphohydrolase 3 ENTPD3 7.1593 0.0055
ectonucleotide pyrophosphatase/phosphodiesterase 2 ENPP2 2.8900 0.0053
EGF-like, fibronectin type III and laminin G domains EGFLAM 4.4698 0.0002
elastin microfibril interfacer 3 EMILIN3 2.9482 0.0006
embryonal Fyn-associated substrate EFS 4.9797 0.0020
endothelin 3 EDN3 3.1949 0.0017
endothelin converting enzyme 2 ECE2 4.3992 0.0011
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engulfment and cell motility 2 ELM02 2.2689 0.0028
EPH receptor B2 EPHB2 2.5077 0.0015
EPH receptor B6 EPHB6 4.3100 0.0049
epithelial membrane protein 2 EMP2 3.0358 0.0003
epithelial V-like antigen 1 EVA1 2.7617 0.0014
epoxide hydrolase 2, cytoplasmic EPHX2 3.5313 0.0009
erythrocyte membrane protein band 4.1-like 1 EPB41L1 2.0222 0.0035
erythrocyte membrane protein band 4.1-like 3 EPB41L3 3.8614 0.0064
family with sequence similarity 107, member A FAM107A 5.7390 0.0012
family with sequence similarity 19, member A1 FAM19A1 5.5884 0.0006
family with sequence similarity 20, member A FAM20A 3.9855 0.0086
family with sequence similarity 89, member A FAM89A 2.2495 0.0001
Fas apoptotic inhibitory molecule 2 FAIM2 2.7200 0.0067
F-box protein 16 FBX016 2.2993 0.0049
F-box protein 32 FBX032 2.9538 0.0058
fer-1-like 3, myoferlin (C. elegans) FER1L3 4.4404 0.0087
FERM domain containing 6 FRMD6 6.8997 0.0028
fibroblast growth factor 10 FGF10 4.9469 0.0044
fibroblast growth factor receptor 2 FGFR2 9.7802 0.0018
fibronectin leucine rich transmembrane protein 1 FLRT1 3.6762 0.0003
fibronectin leucine rich transmembrane protein 3 FLRT3 6.2608 0.0006
fibronectin type III domain containing 4 FNDC4 2.1138 0.0091
FLJ21963 protein unasslgned 6.5590 0.0008
FLJ44968 protein unassigned 3.9048 0.0071
forkhead box C l F0XC1 4.7626 0.0022
forkhead box F2 F0XF2 3.6848 0.0046
frequently rearranged in advanced T-cell lymphomas FRAT1 2.3547 0.0006
frizzled homolog 1 (Drosophila) FZD1 4.3156 0.0004
FXYD domain containing ion transport regulator 1 FXYD1 5.0521 0.0057
G protein-coupled receptor 155 GPR155 2.7258 0.0026
G protein-coupled receptor 87 GPR87 4.1158 0.0001
G protein-coupled receptor, family C, group 5, member B GPRC5B 2.7526 0.0005
gamma-aminobutyric acid (GABA) A receptor, pi GABRP 7.0204 0.0003
gap junction protein, alpha 12, 47kDa GJA12 4.3689 0.0065
glutathione peroxidase 6 (olfactory) GPX6 2.1056 0.0082
glutathione S-transferase M3 (brain) GSTM3 4.2310 0.0013
glutathione S-transferase M5 GSTM5 4.0306 0.0021
glycerol-3-phosphate dehydrogenase 1-like GPD1L 2.5175 0.0000
glycoprotein M6B GPM6B 5.5462 0.0029
glypican 1 GPC1 2.4458 0.0024
growth differentiation factor 10 GDF10 2.9311 0.0022
GTPase activating Rap/RanGAP domain-like 3 GARNL3 2.6645 0.0077
guanine nucleotide binding protein, alpha activating activity

polypeptide 0 GNA01 7.5011 0.0004
heat shock 70kDa protein 1A HSPA1A 3.7733 0.0100
hedgehog acyltransferase HHAT 4.5606 0.0091
Hemochromatosis HFE 7.1406 0.0001
heparan sulfate (glucosamine) 3-0-sulfotransferase 3A1 HS3ST3A1 5.5800 0.0008
HIV-1 Tat interactive protein 2, 30kDa HTATIP2 4.2852 0.0054
homocysteine-inducible, endoplasmic reticulum stress-

inducibie, ubiquitin-like domain member 1 HERPUD1 2.0903 0.0007
hyaluronan and proteoglycan link protein 1 HAPLN1 4.9698 0.0048
hydroxysteroid (11-beta) dehydrogenase 1 HSD11B1 4.6537 0.0063
hypothetical gene supported by AK095347 unassigned 2.9899 0.0048
hypothetical gene supported by X97260 BC070289 2.4342 0.0039
hypothetical protein FLJ10357 unassigned 2.5944 0.0015
hypothetical protein LOCI 52485 unasslgned 2.9011 0.0099
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hypothetical protein MGC13057 unassigned 9.5911 0.0000
hypothetical protein MGC34824 unassigned 2.2377 0.0051
hypothetical protein MGC4655 unassigned 3.0594 0.0049
immediate early response 2 IER2 2.5720 0.0027
immediate early response 3 IER3 3.0414 0.0003
inhibitor of DNA binding 1, dominant negative helix-loop-helix

protein ID1 3.4802 0.0025
inhibitor of DNA binding 3, dominant negative helix-loop-helix

protein ID3 3.8433 0.0002
inhibitor of DNA binding 4, dominant negative helix-loop-helix

protein ID4 4.2284 0.0020
inositol hexaphosphate kinase 3 IHPK3 3.3143 0.0005
inositol polyphosphate-1 -phosphatase INPP1 3.8228 0.0077
inositol polyphosphate-5-phosphatase F INPP5F 2.3461 0.0071
integral membrane protein 2C ITM2C 2.6973 0.0079
IQ motif containing with AAA domain IQGA 2.4178 0.0062
ISL2 transcription factor, LIM/homeodomain, (islet-2) ISL2 6.4402 0.0001
JAZF zinc finger 1 JAZF1 3.8578 0.0041
jun B proto-oncogene JUNB 5.7950 0.0042
keratin 14 KRT14 29.6218 0.0000
keratin 15 KRT15 35.6799 0.0000
keratin 17 KRT17 15.6618 0.0044
keratin 23 KRT23 23.9854 0.0000
keratin 5 KRT5 29.7891 0.0001
keratin 7 KRT7 7.0538 0.0000
KIAA0363 protein unassigned 3.0788 0.0002
KIAA0495 unassigned 2.0516 0.0031
KIAA0513 KIAA0513 3.2554 0.0059
KIAA1210 protein unassigned 19.5304 0.0000
KIAA1305 KIAA1305 3.0434 0.0100
KIAA1822-like KIAA1822L 2.8390 0.0092
KIAA1914 KIAA1914 4.3056 0.0000
lactotransferrin LTF 42.8705 0.0006
lactotransferrin LTF 33.2206 0.0015
laminin, beta 3 LAMB3 3.4531 0.0004
lectin, mannose-binding, 1 like LMAN1L 5.5792 0.0039
leprecan-like 1 LEPREL1 7.2681 0.0001
leptin receptor overlapping transcript LEPROT 2.2416 0.0006
leucine rich repeat containing 17 LRRC17 4.6978 0.0018
leucine rich repeat neuronal 3 LRRN3 4.0729 0.0027
like-glycosyltransferase LARGE 3.0963 0.0002
loss of heterozygosity, 11, chromosomal region 2, gene A L0H11CR2A 3.1482 0.0022
lymphocyte antigen 6 complex, locus G6D LY6G6D 5.9642 0.0000
mal, T-cell differentiation protein MAL 3.1643 0.0002
matrix metallopeptidase 7 (matrilysin, uterine) MMP7 61.4287 0.0001
megalencephalic leukoencephalopathy with subcortical cysts

1 MLC1 5.0329 0.0006
melanoma antigen family D, 2 MAGED2 2.1189 0.0098
metallophosphoesterase domain containing 2 MPPED2 6.5124 0.0092
metallothionein 1A (functional) MT1A 7.1499 0.0000
metallothionein 1B (functional) MT1B 10.1639 0.0014
metallothionein 1E (functional) MT1E 6.7262 0.0002
metallothionein IF  (functional) MT1F 6.4008 0.0001
metallothionein 1H MT1H 10.6646 0.0000
metallothionein 1M MT1M 9.6907 0.0000
metallothionein IX MT1X 5.4714 0.0001
metallothionein IX MT1X 3.7527 0.0000

280



Gene Name Gene Symbol FC p value
Genes down-regulated in advanced cancer vs. BPH 
(cont.)

metallothionein 2A MT2A 5.0938 0.0002
metallothionein IV MT4 3.0392 0.0003
methyltransferase like 7A METTL7A 2.8723 0.0008
microseminoprotein, beta- MSMB 16.0338 0.0033
mohawk homeobox MKX 3.1043 0.0042
monoamine oxidase B MAOB 5.4674 0.0072
myomesin (M-protein) 2, 165kDa MY0M2 2.9665 0.0076
myosin, heavy chain 6, cardiac muscle, alpha MYH6 6.3169 0.0008
MYST histone acetyltransferase (monocytic leukemia) 4 MYST4 2.2319 0.0010
Nanog homeobox NANOG 3.6198 0.0006
natriuretic peptide receptor B/guanylate cyclase B NPR2 3.3661 0.0088
NDRG family member 2 NDRG2 3.6411 0.0013
NEL-like 2 (chicken) NELL2 12.7323 0.0002
nerve growth factor receptor (TNFR superfamily, member 16) NGFR 2.7550 0.0091
netrin 4 NTN4 4.6577 0.0040
neurofilament, heavy polypeptide 200kDa NEFH 278.4775 0.0015
neuroplastin NPTN 2.2093 0.0014
neurotrophin 5 (neurotrophin 4/5) NTFS 4.5245 0.0039
Nik related kinase NRK 3.1959 0.0064
nischarin NISCH 2.0057 0.0031
NLR family, pyrin domain containing 1 NLRP1 3.3527 0.0037
non-SMC condensin II complex, subunit D3 NCAPD3 6.5976 0.0003
nucleophosmin/nucleoplasmin, 2 NPM2 4.4788 0.0001
oculocutaneous albinism II (pink-eye dilution homolog.

mouse) 0CA2 3.0151 0.0033
odz, odd Oz/ten-m homolog 3 (Drosophila) 0DZ3 2.5327 0.0041
P antigen family, member 4 (prostate associated) PAGE4 50.6425 0.0000
p21 (CDKNIA)-activated kinase 3 PAK3 3.1988 0.0051
p300/CBP-associated factor PCAF 2.9976 0.0049
PAK1 interacting protein 1 PAK1IP1 3.3772 0.0054
palmdelphin PALMD 3.2746 0.0037
parathyroid hormone receptor 1 PTHR1 2.3787 0.0081
parvin, alpha PARVA 2.4820 0.0059
PDZ and LIM domain 1 (elfin) PDLIM1 2.8561 0.0040
PDZ domain containing RING finger 4 PDZRN4 6.4773 0.0050
peptidase inhibitor 15 PI15 5.1683 0.0023
peroxisome proliferator-activated receptor gamma.

coactivator 1 alpha PPARGC1A 4.3384 0.0001
phosphatase and tensin homolog PTEN 2.9577 0.0093
phosphatidic acid phosphatase type 2B PPAP2B 3.8872 0.0003
phosphatidylethanolamine-binding protein 4 unassigned 17.3649 0.0005
phosphodiesterase 4A, cAMP-specific PDE4A 3.0477 0.0056
phosphodiesterase 5A, cGMP-specific PDE5A 2.2038 0.0087
phosphoglucomutase 1 PGM1 2.3240 0.0000
phospholipase C-like 1 PLGL1 3.6486 0.0061
phosphorylase, glycogen muscle PYGM 4.6762 0.0044
phytanoyl-CoA dioxygenase domain containing 1 PHYHD1 8.3715 0.0006
pipecolic acid oxidase PIPOX 3.3439 0.0038
placental growth factor, vascular endothelial growth factor-

related protein PGF 3.3271 0.0097
placenta-specific 9 PLAC9 7.5078 0.0026
plakophilin 2 PKP2 3.3842 0.0095
pleckstrin homology domain containing, family A member 2 PLEKHA2 2.9055 0.0040
pleckstrin homology-like domain, family A, member 2 PHLDA2 3.0616 0.0025
pleiomorphic adenoma gene 1 PLAG1 4.7213 0.0001
pleiotrophin PTN 14.5654 0.0001
polo-like kinase 2 (Drosophila) PLK2 2.1747 0.0014
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potassium channel tetramerisation domain containing 1 KCTD1 3.4635 0.0085
potassium channel tetramerisation domain containing 14 KCTD14 5.7466 0.0005
potassium channel tetramerisation domain containing 9 KCTD9 2.0871 0.0016
potassium channel, subfamily K, member 3 KCNK3 7.5941 0.0009
potassium inwardly-rectifying channel, subfamily J, member

15 KCNJ15 6.8672 0.0005
potassium voltage-gated channel, shaker-related subfamily.

beta member 1 KCNAB1 8.3413 0.0035
praja 1 PJA1 2.3039 0.0088
prion protein (p27-30) PRNP 2.4346 0.0017
proenkephalin PENK 5.9865 0.0002
progesterone receptor membrane component 1 PGRMC1 2.4686 0.0001
proline rich Gla (G-carboxyglutamic acid) 4 (transmembrane) PRRG4 3.9873 0.0001
protein kinase, cGMP-dependent, type II PRKG2 2.7425 0.0086
protein phosphatase 1, regulatory (inhibitor) subunit 1A PPP1R1A 4.6853 0.0005
protocadherin 8 PCDH8 3.7193 0.0018
purinergic receptor P2Y, G-protein coupled, 5 P2RY5 2.8189 0.0011
quinolinate phosphoribosyltransferase QPRT 3.5911 0.0013
RAB11 family interacting protein 2 (class 1) RAB11FIP2 2.2194 0.0029
RAB37, member RAS oncogene family RAB37 2.5242 0.0092
RAB4A, member RAS oncogene family RAB4A 2.1098 0.0065
RAP1B, member of RAS oncogene family RAP IB 2.0094 0.0002
ras homolog gene family, member B RHOB 2.5586 0.0013
ras homolog gene family, member J RHOJ 3.2477 0.0042
ras homolog gene family, member Q RHOQ 2.0618 0.0003
receptor tyrosine kinase-like orphan receptor 1 ROR1 2.1074 0.0092
regulator of G-protein signalling 13 RGS13 3.3668 0.0021
regulator of G-protein signalling 7 binding protein RGS7BP 3.8100 0.0000
reprimo, TP53 dependent G2 arrest mediator candidate RPRM 12.2264 0.0020
resistance to inhibitors of cholinesterase 3 homolog RIC3 3.8304 0.0021
ret finger protein-like 1 RFPL1 10.8370 0.0002
ret finger protein-like 2 RFPL2 5.0398 0.0006
ret finger protein-like 3 RFPL3 5.4795 0.0025
retina and anterior neural fold homeobox RAX 2.7522 0.0051
retinal pigment epithelium-specific protein 65kDa RPE65 3.7584 0.0046
retinoic acid receptor responder (tazarotene induced) 1 RARRES1 5.1649 0.0025
retinoic acid receptor, beta RARB 4.1018 0.0073
ribonuclease, RNase A family, 4 RNASE4 2.8323 0.0001
ring finger protein 39 RNF39 5.9210 0.0040
roundabout, axon guidance receptor, homolog 3 (Drosophila) R0B03 5.6260 0.0017
SI 00 calcium binding protein A16 S100A16 3.1788 0.0039
sarcoglycan, beta (43kDa dystrophin-associated

glycoprotein) SGCB 2.1609 0.0012
sarcoglycan, delta (35kDa dystrophin-associated

glycoprotein) SGCD 2.8416 0.0030
scrapie responsive protein 1 unassigned 3.9591 0.0068
secretoglobin, family 1A, member 1 (uteroglobin) SCGB1A1 4.4341 0.0092
sema domain, immunoglobulin domain (Ig), short basic

domain, secreted, 3E SEMA3E 5.0675 0.0002
serine carboxypeptidase 1 SCPEP1 2.2051 0.0039
serpin peptidase inhibitor, clade A, member 3 SERPINA3 7.7132 0.0044
serpin peptidase inhibitor, clade B (ovalbumin), member 5 SERPINB5 7.4432 0.0081
serpin peptidase inhibitor, clade F, member 2 SERPINF2 6.5636 0.0006
SET and MYND domain containing 4 SMYD4 3.2699 0.0028
SH2 domain containing 3A SH2D3A 4.4030 0.0000
SH3 and PX domains 2B SH3PXD2B 2.0323 0.0001
signal peptide, CUB domain, EGF-like 3 SCUBE3 3.3389 0.0016
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similar to death-associated protein unassigned 16.1224 0.0000
similar to Epithelial membrane protein 2 unassigned 3.0501 0.0010
similar to Group IIC secretory phospholipase A2 precursor unassigned 2.4318 0.0012
similar to metallothionein 1G unassigned 3.3677 0.0001
similar to RIKEN cDNA 6030419C18 gene unassigned 3.3189 0.0043
similar to RIKEN cDNA A730055C05 gene unassigned 9.0061 0.0006
SMAD family member 3 SMAD3 2.2158 0.0006
SMAD family member 9 SMAD9 3.1686 0.0054
snail homolog 2 (Drosophila) SNAI2 6.5506 0.0029
solute carrier family 1, member 1 SLC1A1 2.7947 0.0004
solute carrier family 14 (urea transporter), member 1 SLC14A1 34.2529 0.0000
solute carrier family 15 (H+/peptide transporter), member 2 SLC15A2 8.0422 0.0083
solute carrier family 16, member 2 SLC16A2 5.7908 0.0080
solute carrier family 16, member 5 SLC16A5 12.1029 0.0001
solute carrier family 2, member 10 SLC2A10 2.7354 0.0019
solute carrier family 2, member 5 SLC2A5 82.5932 0.0000
solute carrier family 22, member 3 SLC22A3 13.4108 0.0005
solute carrier family 22, member 17 SLC22A17 4.2774 0.0033
solute carrier family 27 (fatty acid transporter), member 3 SLC27A3 2.5207 0.0040
solute carrier family 38, member 5 SLC38A5 2.9944 0.0000
SPARC related modular calcium binding 1 SMOC1 8.6778 0.0001
SPARC related modular calcium binding 1 SM0C1 7.0516 0.0025
sparc/osteonectin, cwcv and kazal-like domains proteoglycan

3 SP0CK3 11.8126 0.0008
spastic paraplegia 20, spartin (Troyer syndrome) SPG20 3.4910 0.0009
S-phase response (cyclin-related) unassigned 2.3946 0.0025
sprouty homolog 2 (Drosophila) SPRY2 4.0125 0.0009
ST6-N-acetylgalactosaminide alpha-2,6-sialyltransferase 2 ST6GALNAC2 3.6750 0.0008
START domain containing 4, sterol regulated STARD4 6.1320 0.0005
START domain containing 8 STARD8 7.5877 0.0003
steroid-5-alpha-reductase, alpha polypeptide 2 SRD5A2 8.4424 0.0000
stomatin STOM 3.4545 0.0018
stratifin SFN 7.0375 0.0056
sulfotransferase family, cytosolic, 2B, member 1 SULT2B1 2.6549 0.0073
synaptic vesicle glycoprotein 2B SV2B 10.4078 0.0002
synaptosomal-associated protein, 25kDa SNAP25 10.0777 0.0001
synaptotagmin 1 SYT1 5.3056 0.0040
synaptotagmin-like 4 (granuphilin-a) SYTL4 2.4319 0.0034
TAF7-like RNA polymerase II, TATA box binding protein

(TBP)-associated factor, 50kDa TAF7L 2.9924 0.0024
Taxi (human T-cell leukemia virus type 1) binding protein 3 TAX1BP3 2.5601 0.0061
TBC1 domain family, member 2 TBC1D2 3.9817 0.0042
TCDD-inducible poly(ADP-ribose) polymerase TIPARP 2.6180 0.0006
teashirt family zinc finger 2 TSHZ2 4.4393 0.0029
tetraspanin 18 TSPAN18 3.6898 0.0025
thioredoxin domain containing 10 TXNDC10 2.3457 0.0091
thymic stromal lymphopoietin unassigned 15.2247 0.0029
thyroid hormone receptor interactor 6 TRIP6 3.2740 0.0032
thyrotropin-releasing hormone degrading enzyme TRHDE 5.9627 0.0002
toll-like receptor 3 TLR3 3.0858 0.0016
TRAF3 interacting protein 2 TRAF3IP2 3.4058 0.0000
transcription elongation factor A (Sll)-like 3 TCEAL3 2.2065 0.0029
transferrin TF 8.1205 0.0004
transferrin TF 6.7423 0.0028
transforming growth factor, beta 3 TGFB3 8.1695 0.0001
transient receptor potential cation channel, subfamily C,

member 4 TRPC4 6.0787 0.0000
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transmembrane protein 100 TMEM100 8.6218 0.0000
transmembrane protein 132C TMEM132C 9.9489 0.0003
transmembrane protein 16G TMEM16G 6.8768 0.0034
transmembrane protein 170 TMEM170 2.0803 0.0055
transmembrane protein 35 TMEM35 13.1147 0.0073
transmembrane protein 79 TMEM79 4.4938 0.0071
trimethyllysine hydroxylase, epsilon TMLHE 4.4636 0.0001
tropomyosin 4 TPM4 2.1242 0.0076
TSC22 domain family, member 3 TSC22D3 3.7658 0.0026
tumor protein p53 inducible protein 3 TP53I3 2.9692 0.0063
tumor protein p73-like TP73L 3.3119 0.0003
tumor protein, translationally-controlled 1 TPT1 2.0864 0.0043
ubiquitin carboxyl-terminal esterase L1 UCHL1 5.0011 0.0072
ubiquitin-like, containing PHD and RING finger domains, 2 UHRF2 2.4334 0.0084
UBX domain containing 3 UBXD3 3.7754 0.0025
UDP-Gal:betaGlcNAc beta 1,4- galactosyltransferase.

polypeptide 6 B4GALT6 3.0204 0.0066
vang-like 2 (van gogh. Drosophila) VANGL2 4.6752 0.0007
ventricular zone expressed PH domain homolog 1 (zebrafish) VEPH1 2.2238 0.0038
villin-like VILL 3.6036 0.0005
visinin-like 1 VSNL1 3.4345 0.0095
vitrin VIT 5.7283 0.0066
V-set domain containing T cell activation inhibitor 1 VTCN1 4.8429 0.0052
WAP four-disulfide core domain 2 WFDC2 28.0241 0.0000
wingless-type MMTV integration site family, member 6 WNT6 3.4952 0.0013
WNT inhibitory factor 1 WIF1 18.1420 0,0091
zinc finger and BTB domain containing 38 ZBTB38 2.0613 0.0003
zinc finger protein 179 ZNF179 23.5946 0.0001
zinc finger protein 215 ZNF215 4.0317 0.0012
zinc finger protein 454 ZNF454 2.2652 0.0052
zinc finger protein 532 ZNF532 3.4350 0.0010
zinc finger protein 655 ZNF655 2.5692 0.0005

Appendix 4. Genes differentially expressed in localized cancer vs. advanced cancer

Gene Name Gene Symbol FC p value
Genes up-regulated in localized cancer vs. advanced
cancer

3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 HMGGS2 17.07673 0.007449
4-aminobutyrate aminotransferase ABAT 4.035585 0.006316
5'-nucleotidase, cytosolic ll-like 1 NT5C2L1 2.593582 0.002221
acetyl-Coenzyme A acetyltransferase 2 ACAT2 3.357588 0.000466
acetyl-Coenzyme A acyltransferase 1 ACAA1 2.073106 0.002399
acid phosphatase 2, lysosomal ACP2 2.355694 0.006576
activating transcription factor 3 ATF3 21.32171 6.23E-05
acyl-CoA synthetase short-chain family member 1 ACSS1 2.188666 0.001329
acyl-Coenzyme A dehydrogenase family, member 8 ACAD8 3.228503 2.45E-05
ADAM metallopeptidase domain 9 (meltrin gamma) ADAM9 2.489412 0.006339
ADP-ribosyiation-like factor 6 interacting protein 5 ARL6IP5 2.5943 0.000588
adrenomedullin ADM 3.991259 0.009867
AF4/FMR2 family, member 1 AFF1 2.019949 5.13E-05
alanyl (membrane) aminopeptidase ANPEP 22.35582 0.003438
aldehyde dehydrogenase 1 family, member A3 ALDH1A3 11.94186 0.009664
aldehyde dehydrogenase 4 family, member A1 ALDH4A1 2.644247 0.007626
aminoacylase 1-like 2 ACY1L2 3.144074 0.001494
angiogenin, ribonuclease, RNase A family, 5 ANG 2.565958 0.006086
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angiotensin II receptor-associated protein AGTRAP 2.804885 0.000285
ankyrin repeat donnain 37 ANKRD37 13.69989 0.000181
annexin A2 ANXA2 2.695889 0.000191
AP2 associated kinase 1 AAK1 3.278685 0.001167
apolipoprotein F APOF 5.514922 0.003081
arachidonate 15-lipoxygenase, second type AL0X15B 25.43929 0.001503
arrestin domain containing 1 ARRDC1 2.250419 0.002766
arylacetamide deacetylase-like 1 AADACL1 6.684181 0.000446
ATPase, Class II, type 9B ATP9B 2.52205 0.003353
attractin-like 1 ATRNL1

GALNAC4S-
4.568074 0.001651

B cell RAG associated protein 6ST 2.893171 7.89E-05
basic helix-loop-helix domain containing, class B, 2 BHLHB2 7.721506 0.004072
B-cell linker BLNK 2.10471 0.007168
BCL2/adenovirus E1B 19kD interacting protein like BNIPL 3.694607 0.002634
BCL2/adenovirus E l8 19kDa interacting protein 3 BNIP3 2.467399 0.003379
BCL2/adenovirus E1B 19kDa interacting protein 3-like BNIP3L

RP11-
2.006771 0.001164

beta 3-glycosyltransferase-like 367C11.1 2.238713 0.002033
beta-1,3-glucuronyltransferase 1 (glucuronosyltransferase P) B3GAT1 4.904559 0.00969
breast carcinoma amplified sequence 1 BCAS1 51.79274 0.005141
breast carcinoma amplified sequence 3
BTB and CNC homology 1, basic leucine zipper transcription

BCAS3 2.394145 0.004224

factor 2 BACH2 4.096991 1.77E-05
BTG family, member 2 BTG2 5.239342 0.001307
Ca2+-dependent secretion activator CADPS 6.034276 5.27E-05
calcium and integrin binding 1 (calmyrin) CIB1 2.306424 0.001268
calcium channel, voltage-dependent, alpha 2/delta 3 subunit CACNA2D3 3.497775 0.000825
cAMP responsive element binding protein-like 1 CREBL1 2.91675 0.005922
carbohydrate (N-acetylgalactosamine 4-0) sulfotransferase 9 CHST9 4.516312 8.82E-05
carboxypeptidase M CPM 5.854009 0.00276
carcinoembryonic antigen-related cell adhesion molecule 1 CEACAM1 5.845901 0.000732
carcinoembryonic antigen-related cell adhesion molecule 21 CEACAM21 15.7672 0.003414
cat eye syndrome chromosome region, candidate 6 CECR6 9.727889 0.000978
cathepsin H CTSH 2.063567 0.000646
cathepsin L CTSL 2.030721 0.009381
CCAAT/enhancer binding protein (C/EBP), delta CEBPD 4.577044 0.00051
CD58 antigen, (lymphocyte function-associated antigen 3) CD58 2.809045 0.001202
CDC42 effector protein (Rho GTPase binding) 2 CDC42EP2 6.084783 0.001035
cell adhesion molecule with homology to L1CAM CHL1 4.073171 0.00205
ceroid-lipofuscinosis, neuronal 5 CLN5 3.144695 0.000124
checkpoint suppressor 1 CHES1 3.116659 0.008545
chemokine (C-X-C motif) ligand 2 CXCL2 15.70597 8.91 E-05
chemokine (C-X-C motif) ligand 6 CXCL6 3.362382 0.004662
chitobiase, di-N-acetyl- CTBS 3.359908 0.003224
chromosome 1 open reading frame 115 C1orf115 3.616068 0.00668
chromosome 1 open reading frame 34 C1orf34 5.71967 0.00419
chromosome 1 open reading frame 64 C1orf64 9.831621 0.009731
chromosome 10 open reading frame 118 C10orf118 2.099896 0.004552
chromosome 10 open reading frame 12 C10orf12 2.741909 0.009366
chromosome 10 open reading frame 26 C10orf26 3.209699 2.51 E-05
chromosome 10 open reading frame 45 C10orf45 2.633031 0.005292
chromosome 13 open reading frame 23 C13orf23 2.109417 0.009438
chromosome 13 open reading frame 24 C13orf24 2.626705 0.004414
chromosome 14 open reading frame 173 C14orf173 2.263589 0.005094
chromosome 14 open reading frame 24 C14orf24 2.551587 0.002167
chromosome 16 open reading frame 44 C16orf44 2.133066 0.002473
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chromosome 17 open reading frame 28 C17orf28 2.071492 0.000154
chromosome 17 open reading frame 48 C17orf48 3.485061 0.006437
chromosome 17 open reading frame 59 C17orf59 4.399478 0.00333
chromosome 18 open reading frame 34 C18orf34 2.175368 0.008853
chromosome 19 open reading frame 10 C19orf10 2.086761 0.001
chromosome 2 open reading frame 34 C2orf34 3.497922 0.005805
chromosome 21 open reading frame 25 C21orf25 2.091148 0.000192
chromosome 21 open reading frame 56 C21orf56 2.613751 0.008914
chromosome 3 open reading frame 14 C3orf14 5.670274 0.002413
chromosome 9 open reading frame 125 C9orf125 6.34403 0.009728
chromosome 9 open reading frame 85 C9orf85 3.31478 0.004507
chromosome 9 open reading frame 91 C9orf91 2.789883 0.004724
claudin 4 CLDN4 2.304079 0.007233
claudin 8 CLDN8 8.26509 0.000997
coagulation factor V (proaccelerin, labile factor) F5 11.62615 0.00748
coagulation factor VII F7 2.160497 0.000996
cocaine- and amphetamine-regulated transcript CART 15.93645 0.00057
cold autoinflammatory syndrome 1 CIAS1 2.376471 0.006159
component of oligomeric golgi complex 6 COG6 2.548137 0.001294
contactin 3 (plasmacytoma associated) CNTN3 2.112714 0.000478
copine IV CPNE4 8.480286 0.000216
copine VI (neuronal) CPNE6 6.468821 0.000244
coronin, actin binding protein, IB C0R01B 2.316349 0.003044
craniofacial development protein 1 CFDP1 2.113018 0.001621
CXXC finger 4 CXXC4 4.014795 0.001355
cyclin K CCNK 2.89828 0.001894
cystatin A (stefin A) CSTA 5.115398 0.008001
cystatin C (amyloid angiopathy and cerebral hemorrhage) CST3 2.430078 0.007942
cysteine-nch, angiogenic inducer, 61 CYR61 12.63351 0.001577
cystic fibrosis transmembrane conductance regulator, ATP- 

binding cassette (sub-family C, member 7) CFTR 6.312296 0.004832
cytochrome c oxidase subunit VIb polypeptide 2 (testis) COX6B2 3.83014 2.37E-05
cytochrome P450, family 27, subfamily A, polypeptide 1 CYP27A1 3.647285 0.001818
cytochrome P450, family 3, subfamily A, polypeptide 5 CYP3A5 6.711384 0.004572
cytochrome P450, family 4, subfamily B, polypeptide 1 CYP4B1 7.791275 0.003051
DEAH (Asp-Glu-Ala-His) box polypeptide 32 DHX32 2.260134 0.009721
death-associated protein DAP 2.269966 0.003488
dedicator of cytokinesis 4 D0CK4 2.549399 0.004662
desmoglein 2 DSG2 2.52758 0.002893
diazepam binding inhibitor DBI 3.331779 0.001335
dickkopf homolog 1 (Xenopus laevis) DKK1 7.621401 0.000969
dipeptidylpeptidase 4 DPP4 40.56481 0.002719
DMRT-like family C l DMRTC1 2.985264 0.003672
DNA polymerase-transactivated protein 6 DNAPTP6 2.436558 0.003069
DnaJ (Hsp40) homolog, subfamily B, member 9 DNAJB9 2.16642 0.000238
dual specificity phosphatase 1 DUSP1 14.29017 6.01 E-05
dynein, light chain, roadblock-type 2 DYNLRB2 3.190795 0.005257
early growth response 1 EGR1 15.85553 0.005252
early growth response 3 EGR3 21.21071 7.93E-05
ELL associated factor 2 EAF2 7.410057 0.000489
endoplasmic reticulum to nucleus signalling 1 ERN1 4.775869 0.009839
enoyl Coenzyme A hydratase domain containing 2 ECHDC2 2.136515 0.002727
enoyl Coenzyme A hydratase, short chain, 1, mitochondrial ECHS1 2.089304 0.007368
epidermal growth factor (beta-urogastrone) EGF 15.72497 0.000483
exocyst complex component 1 EX0C1 2.216616 0.008616
eyes absent homolog 1 (Drosophila) EYA1 7.27566 0.00035
family with sequence similarity 13, member C1 FAM13C1 10.15778 0.008458
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family with sequence similarity 41, member C FAM41C 2.279402 8.89E-05
family with sequence similarity 44, member B FAM44B 10.16124 0.000171
family with sequence similarity 49, member A FAM49A 3.606306 0.005416
family with sequence similarity 82, member A FAM82A 6.585535 0.007932
family with sequence similarity 89, member A FAM89A 2.088588 0.00562
fatty acid amide hydrolase FAAH 2.254438 0.008336
FBJ murine osteosarcoma viral oncogene homolog B FOSB 48.56262 2.36E-05
PERM domain containing 6 FRMD6 6.875678 0.009507
FEV (ETS oncogene family) FEV 13.58133 2.01 E-05
fibronectin leucine rich transmembrane protein 3 FLRT3 9.317115 0.004196
flavin containing monooxygenase 5 FM05 13.16013 0.000617
FLJ21963 protein FLJ21963 3.669498 0.006811
G protein-coupled receptor 87 GPR87 3.376181 0.007185
G protein-coupled receptor, family C, group 5, member C GPRC5C 2.975054 0.000602
galactosamine (N-acetyl)-6-sulfate sulfatase GALNS 2.77301 0.001238
glutaminyl-peptide cyclotransferase (glutaminyl cyclase) QPCT 6.295324 0.000593
glycine N-methyltransferase GNMT 8.507005 0.008843
golgi autoantigen, golgin subfamily b, macrogolgin, 1 G0LGB1 2.252152 0.001257
golgi phosphoprotein 2 G0LPH2 4.725317 0.001369
gremlin 2, cysteine knot superfamily, homolog GREM2 7.132756 0.006576
growth arrest and DNA-damage-inducible, beta GADD45B 6.076552 0.007012
growth arrest and DNA-damage-inducible, gamma GADD45G 2.517882 0.005459
growth hormone inducible transmembrane protein GHITM 3.196155 0.001601
growth hormone receptor GHR 6.115521 5.10E-05
hemochromatosis HFE 4.501965 0.001614
heparan sulfate (glucosamine) 3-0-sulfotransferase 3A1 HS3ST3A1 6.183203 0.002748
heparin-binding EGF-like growth factor HBEGF 9.927369 0.000779
hexosaminidase B (beta polypeptide) HEXB 2.200992 0.001346
high-mobility group 20B HMG20B

RP11-
2.174632 0.003934

histone 2, H2bf 196G18.6 2.548491 0.000296
HIV-1 Tat interactive protein 2, 30kDa HTATIP2 6.476681 0.00151
homocysteine-inducible, endoplasmic reticulum stress-

inducible, ubiquitin-like domain member 1 HERPUD1 3.313424 1.82E-05
hypothetical BC282485_1 LOC388554 4.489386 0.000373
hypothetical gene supported by AK095347 FLJ38028 5.066912 0.009574
hypothetical gene supported by BC014163 LOC387647 2.878721 0.008714
hypothetical gene supported by BC039664 LOC400604 3.523548 0.003772
hypothetical LOC342979 LOC342979 3.613672 0.003483
hypothetical LOC388910 RP3-474I12.5 4.127495 0.000428
hypothetical protein BC008326 LOC89944 2.459366 0.004698
hypothetical protein BC011840 LOC93343

DKFZP434F03
2.987287 0.000743

hypothetical protein DKFZp434F0318 18 5.141175 0.004172
hypothetical protein FLJ10916 FLJ10916 7.955114 0.001312
hypothetical protein FLJ22639 FLJ22639 2.884523 0.002852
hypothetical protein FLJ34969 FLJ34969 3.537981 0.000417
hypothetical protein FLJ35630 FLJ35630 2.424616 0.000107
hypothetical protein LOCI 32321 LOCI 32321 3.140281 0.003926
hypothetical protein LOC91894 MGC14839 2.643587 0.007142
hypothetical protein MGC13024 MGC13024 2.238306 0.0011
hypothetical protein MGC17299 MGC17299 3.072927 0.000705
hypothetical protein MGC34824 MGC34824 4.408059 0.000206
IBR domain containing 2 IBRDC2 4.246881 0.005338
immediate early response 2 IER2 8.029786 0.000266
immediate early response 3 IER3 5.321089 0.000129
IMP3, U3 small nucleolar ribonucleoprotein, homolog (yeast) IMP3 2.008814 0.001543
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inhibitor of DNA binding 4, dominant negative helix-loop-helix
protein ID4 2.374454 0.00163

integral membrane protein 2B ITM2B 2.353476 0.00811
interferon induced transmembrane protein 2 (1-8D) IFITM2 9.058464 0.001523
interleukin 13 receptor, alpha 2 IL13RA2 3.910905 0.005415
interleukin 17 receptor C IL17RC 2.617212 0.000919
interleukin 20 receptor, alpha IL20RA 6.680638 0.002355
interleukin 6 (interferon, beta 2) IL6 6.565287 0.000407
interleukin-1 receptor-associated kinase 1 binding protein 1 IRAK1BP1 4.188853 0.006705
interleukin-1 receptor-associated kinase 3 IRAK3 2.472263 0.007063
islet cell autoantigen 1, 69kDa ICA1 2.810594 0.000216
isopentenyl-diphosphate delta isomerase 1 IDI1 3.110136 0.000421
Janus kinase 2 (a protein tyrosine kinase) JAK2 2.985944 0.003189
jun B proto-oncogene JUNB 19.51258 0.008677
jun D proto-oncogene JUND 2.770378 0.001483
keratin 14 KRT14 27.11466 2.14E-06
keratin 15 KRT15 12.73269 0.009634
keratin 17 KRT17 7.37947 0.003398
keratin 23 (histone deacetylase inducible) KRT23 16.20656 1.6 IE-06
keratin 5 KRT5 27.93674 0.00621
keratin 7 KRT7 3.739182 0.002758
keratin 8 KRT8 3.84615 0.000887
KIAA0056 protein hCAP-D3 13.90372 0.000302
KIAA0494 KIAA0494 6.59548 0.009158
KIAA0746 protein KIAA0746 3.41485 0.009516
KIAA1458 protein KIAA1458 2.943328 0.000309
KIAA1632 KIAA1632 3.123651 0.005298
KIAA1841 protein KIAA1841 3.211001 0.00185
KIAA1914 KIAA1914 2.128689 0.000782
kinesin family member 138 KIF13B 2.768032 0.006707
Kruppel-llke factor 6 KLF6 3.931471 0.002162
kynurenine aminotransferase III RP11-82K18.3 2.523284 0.000103
lactotransferrin LTF 82.24616 0.000104
laminin, gamma 2 LAMC2 4.832353 0.004139
leprecan-like 1 LEPREL1 9.8318 0.00253
leucine rich repeat and fibronectin type III domain containing 

4 LRFN4 3.213302 0.003174
leucine rich repeat containing 17 LRRC17 4.309396 0.00788
leucine-rich repeat LGI family, member 3 LGI3 2.10705 0.000973
like-glycosyltransferase LARGE 2.176598 0.00499
likely ortholog of androgen down regulated gene expressed 

in mouse prostate ADMP 6.986631 0.002471
lipase, member H LIPH 5.626035 0.005524
lunatic fringe homolog (Drosophila) LFNG 2.619223 0.008214
MAP/microtubule affinity-regulating kinase 1 MARK1 2.679468 0.007455
matrix metallopeptidase 7 (matrilysin, uterine) MMP7 36.59177 0.002559
M eis i, myeloid ecotropic viral integration site 1 homolog MEISI 31.84763 0.009492
melanoma antigen family D, 4 MAGED4 4.147228 0.000463
melanophilin MLPH 2.322044 0.005743
membrane cofactor protein MCP 2.160106 0.00104
metallothionein 1H MT1H 9.172147 2.46E-05
metallothionein 1J MTU 34.49331 0.006739
metallothionein 1X MT1X 2.534529 0.008846
microfibrillar-associated protein 4 MFAP4 17.70229 6.03E-05
microseminoprotein, beta- MSMB 50.12417 0.004725
microsomal glutathione S-transferase 3 MGST3 2.098625 0.002612
mitogen-activated protein kinase kinase 3 MAP2K3 2.03204 0.004435
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myosin regulatory light chain MRCL3 
N-acetylglucosamine-1-phosphodiester alpha-N-

MRCL3 2.321901 0.003215

acetylglucosaminidase NAG PA 2.338659 0.001616
N-acetylneuraminic acid synthase (sialic acid synthase) NANS 2.764449 7.71 E-06
N-deacetylase/N-sulfotransferase (heparan glucosaminyl) 2 NDST2 5.607823 0.008474
NDRG family member 2 NDRG2 3.009623 0.001474
NDRG family member 3 NDRG3 3.257272 0.002754
nebuiette NEBL 3.440738 0.006689
NEL-like 1 (chicken) NELLI 12.4707 6.82E-05
nerve growth factor receptor (TNFR superfamily, member 16) NGFR 4.228876 0.000875
nerve growth factor receptor associated protein 1 
neural precursor cell expressed, developmentally down-

NGFRAP1 2.125563 0.001076

regulated 4
neural precursor cell expressed, developmentally down-

NEDD4 2.909275 0.000163

regulated 9 NEDD9 2.243187 0.005248
novel 58.3 KDA protein LOC91614 3.983119 0.002743
NPIP-like locus LOC388221 3.947146 0.000497
nuclear factor, interleukin 3 regulated NFIL3 2.314329 0.009594
nuclear receptor coactivator 7 NC0A7 3.596312 0.00724
nuclear receptor subfamily 4, group A, member 1 NR4A1 42.40268 3.42E-07
nuclear receptor subfamily 4, group A, member 2 NR4A2 37.41076 0.001763
nucleolar protein 3 (apoptosis repressor with CARD domain) N0L3 3.942622 0.000361
odz, odd Oz/ten-m homolog 3 (Drosophila) 0DZ3 2.659598 0.000893
olfactory receptor, family 1, subfamily S, member 1 0R1S1 3.011818 0.006664
olfactory receptor, family 2, subfamily W, member 1 0R2W1 2.2196 0.000391
oligodendrocyte transcription factor 1 0LIG1 4.248641 0.000642
P antigen family, member 4 (prostate associated) PAGE4 13.60463 0.000886
palmdelphin PALMD 5.326699 0.002315
periplakin PPL 10.32039 0.008921
peroxisome proliferative activated receptor, alpha 
peroxisome proliferative activated receptor, gamma,

PPARA 2.504066 0.003855

coactivator 1, alpha PPARGC1A 3.175591 0.004303
PH domain and leucine rich repeat protein phosphatase PHLPP 2.307972 0.009905
PHD finger protein 7 PHF7 2.661212 0.004106
phosphatidylethanolamine-binding protein 4 PEBP4 31.43312 0.003261
phospholipase A2, group IVF PLA2G4F 9.139237 0.001044
phospholipase A2, group XIIA PLA2G12A 2.214425 0.000557
phosphorylase, glycogen brain 2.321535 0.006606
phytanoyl-CoA dioxygenase domain containing 1 PHYHD1 5.559103 0.008566
pleckstrin homology, Sec7 and coiled-coil domains 1 PSCD1 2.199908 0.001383
pleiomorphic adenoma gene 1 PLAG1 3.549849 0.000563
poly (ADP-ribose) polymerase family, member 11 PARP11 2.985446 0.001742
potassium channel tetramerisation domain containing 9 KCTD9 2.196305 0.000223
prenylcysteine oxidase 1
procollagen-proline, 2-oxoglutarate 4-dioxygenase (proline 4-

PCY0X1 2.764469 0.006759

hydroxylase), alpha polypeptide II P4HA2 2.058723 0.008293
proline rich 4 (lacrimal) PRR4 9.367814 0.006792
proline rich Gla (G-carboxyglutamic acid) 4 (transmembrane) PRRG4 3.988353 0.001799
prominin 1 PR0M1 7.470924 0.001617
prostaglandin E receptor 4 (subtype EP4) PTGER4 3.95857 0.000438
prostaglandin-endoperoxide synthase 2 PTGS2 27.77214 0.009355
protein disulfide isomerase family A, member 3 PDIA3 2.959502 0.000207
protein disulfide isomerase family A, member 5 PDIA5 4.198646 0.000194
protein kinase C and casein kinase substrate in neurons 2 PACSIN2 2.307031 2.28E-05
protein kinase, cAMP-dependent, catalytic, beta PRKAGB 4.211389 0.00988
protein phosphatase 1 (formerly 2C)-like PPM1L 3.020207 0.00274
protein phosphatase 1, regulatory (inhibitor) subunit 15A PPP1R15A 3.903032 0.001091
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protein phosphatase 1D magnesium-dependent, delta 
isoform

purinergic receptor P2Y, G-protein coupled, 5 
Rap guanine nucleotide exchange factor (GEF) 4 
Ras association (RalGDS/AF-6) domain family 6 
Ras association (RalGDS/AF-6) domain family 7 
ras homolog gene family, member B 
RAS, dexamethasone-induced 1 
ret finger protein-like 1 
ret finger protein-like 2 
Rho GTPase activating protein 12 
Rho GTPase activating protein 26 
Rho-guanine nucleotide exchange factor 
ribosomal protein L19 
ring finger protein 39 
ropporin, rhophilin associated protein 1B 
S100 calcium binding protein A10 
S100 calcium binding protein A11 (calgizzarin)
SAM and SH3 domain containing 1 
scavenger receptor class B, member 2 
SEC14-like 2 (S. cerevisiae) 
secreted frizzled-related protein 2 
secretoglobin, family 2A, member 1 
selectin E (endothelial adhesion molecule 1) 
sema domain, immunoglobulin domain (Ig), short basic

domain, secreted, (semaphorin) 3E SEMA3E 3.471556 0.004494
sema domain, transmembrane domain (TM), and cytoplasmic

domain, (semaphorin) 6A SEMA6A 3.097995 0.002601
serine incorporator 2 SERINC2 4.999356 0.00247
serpin peptidase inhibitor, clade A, member 3 SERPINA3 14.18358 0.007693
SERTA domain containing 1 SERTAD1 2.510879 0.000715
SH2 domain containing 3A SH2D3A 8.167018 1.73E-06
signal recognition particle 14kDa SRP14 2.19294 0.000127
similar to adenylate kinase 3 alpha like LOC392347 2.106271 0.004304
similar to alpha-2-glycoprotein 1, zinc LOG392965 5.180571 0.00012
similar to heat shock factor binding protein 1 LOCI 32706 2.200241 0.005987
similar to histone H2B histone family RP5-998N21.6 2.555942 0.003776
similar to Ig kappa variable region LOC440871 19.13174 0.008319
similar to Keratin, type 1 cytoskeletal 18 LOC391827 2.031488 0.000195
similar to metallothionein isoform 2 LOC441771 4.423809 0.000262
similar to Zinc finger protein 192 (LD5-1) LOC222701 3.520424 0.009273
similar to Zinc-alpha-2-glycoprotein precursor LOC401393 4.176121 0.000523
solute carrier fam ly 1, member 1 SLC1A1 3.710702 0.000599
solute carrier fam ly 14, member 1 (Kidd blood group) SLC14A1 37.62723 0.002241
solute carrier fam ly 2, member 10 SLC2A10 4.125456 0.005739
solute carrier fam ly 2, member 3 SLC2A3 4.088697 0.006921
solute carrier fam ly 2, member 5 SLC2A5 21.14037 0.000302
solute carrier fam ly 22, member 3 SLC22A3 11.54141 0.00068
solute carrier fam ly 22, member 4 SLC22A4 9.144076 0.006438
solute carrier fam ly 24, member 1 SLC24A1 2.859429 0.006841
solute carrier fam ly 26 (sulfate transporter), member 2 SLC26A2 5.308343 0.00887
solute carrier fam ly 26, member 4 SLC26A4 29.77583 1.04E-06
solute carrier fam ly 35, member A1 SLC35A1 3.037253 2.94E-06
solute carrier fam ly 35, member F2 SLC35F2 2.425988 0.008959
solute carrier fam ly 37, member 1 SLC37A1 2.288733 0.000822
sorting nexin 14 SNX14 2.041822 0.009237
sorting nexin 25 SNX25 2.305771 0.001298

PPM1D 2.145643 0.002183
P2RY5 2.779475 0.005524
RAPGEF4 3.393422 0.002832
RASSF6 3.165348 0.000782
RASSF7 2.382919 0.005024
RHOB 2.838386 0.001067
RASD1 5.566823 0.008472
RFPL1 12.69045 0.001726
RFPL2 7.530039 9.77E-05
ARHGAP12 2.679295 0.001462
ARHGAP26 5.436563 0.000188
RGNEF 4.436496 0.001409
RPL19 10.84673 0.009667
RNF39 20.22713 0.003677
R0PN1B 3.418318 0.008567
S100A10 43.71652 0.003861
S100A11 2.346359 0.000635
SASH1 2.061961 0.001572
SCARB2 2.464018 0.00915
SEC14L2 13.01802 0.00436
SFRP2 2.353084 0.004646
SGGB2A1 4.394512 0.004186
SELE 28.11456 0.001521
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sparc/osteonectin, cwcv and kazal-like domains proteoglycan
3 SP0CK3 8.413268 0.000171

spastic paraplegia 3A (autosomal dominant) SPG3A 2.646467 0.006486
spermidine/spermine N1 -acetyltransferase SAT 3.916552 2.15E-05
spermine synthase SMS 60.32465 0.009285
sprouty homolog 1, antagonist of FGF signaling (Drosophila) SPRY1 4.063158 3.93E-05
sprouty homolog 2 (Drosophila) SPRY2 3.946018 0.001121
src family associated phosphoprotein 1 SCAP1 2.080716 0.008973
SRY (sex determining region Y)-box 17 S0X17 4.578488 0.003242
SRY (sex determining region Y)-box 7 S0X7 2.81881 0.006875
ST6 -N-acetylgalactosaminide alpha-2,6-sialyltransferase 2 ST6GALNAC2 4.952095 2.82E-06
statherin STATH 5.824315 0.00018
sterile alpha motif and leucine zipper containing kinase AZK ZAK 2.099734 0.00447
steroid sulfatase (microsomal), arylsulfatase C, isozyme S STS 3.2467 0.000281
sterol-C5-desaturase-like SC5DL 4.734639 0.006518
stratifin SFN 11.59682 0.008562
succinate-CoA ligase, ADP-forming, beta subunit SUCLA2 2.494185 0.002526
suppressor of cytokine signaling 2 S0CS2 4.819467 0.000187
suppressor of cytokine signaling 3 S0CS3 3.248011 0.003331
synaptosomal-associated protein, 25kDa SNAP25 5.752226 0.000341
synaptotagmin XVII SYT17 4.322774 0.000568
synaptotagmin-like 1 SYTL1 5.04027 0.001085
synovial apoptosis inhibitor 1, synoviolin SYVN1 2.670385 0.000297
synuclein, alpha (non A4 component of amyloid precursor) SNCA 9.907996 0.009994
TBC1 domain family, member 10A TBC1D10A 3.270106 4.39E-05
TCDD-inducible poly(ADP-ribose) polymerase TIPARP 5.066782 0.001391
testis enhanced gene transcript (BAX inhibitor 1) TEGT 2.279859 0.006718
tetraspanin 13 TSPAN13 2.102607 0.005715
thioredoxin domain containing 10 TXNDC10 3.573505 0.003825
thymidine kinase 2, mitochondrial TK2 14.96568 0.004039
thymocyte nuclear protein 1 THYN1 2.262075 0.006276
tigger transposable element derived 2 TIGD2 2.445998 1.76E-05
TPTI-like protein FLJ44635 2.349116 0.005037
TRAF3 interacting protein 2 TRAF3IP2 2.750564 0.000253
transcription elongation factor A (Sll), 3 TCEA3 2.791904 0.003728
transcription factor 12 TCF12 2.105062 0.007209
transcription factor 7 (T-cell specific, HMG-box) TCF7 2.968811 0.009617
transcription factor EB TFEB 2.313428 0.002993
transferrin TF 6.845719 0.000498
transient receptor potential cation channel, subfamily C,

member 4 TRPG4 2.556084 0.003911
transient receptor potential cation channel, subfamily M,

member 8 TRPM8 14.84005 0.000534
translocation protein 1 TL0C1 2.981319 0.002097
transmembrane 4 L six family member 1 TM4SF1 3.579649 0.002179
transmembrane 9 superfamily member 2 TM9SF2 2.087135 0.000554
transmembrane protein 106B TMEM106B 2.108319 0.00714
transmembrane protein 16G TMEM16G 3.993754 0.002341
transmembrane protein 44 TMEM44 3.740721 0.000967
transmembrane protein 59 TMEM59 2.353302 0.002692
transmembrane protein 63A TMEM63A 3.040564 0.004165
transmembrane protein induced by tumor necrosis factor

alpha TMPIT 2.156172 0.003066
TSC22 domain family, member 1 TSC22D1 2.610201 0.001295
tubulin, beta polypeptide 4, member Q TUBB4Q 11.24229 0.005364
tubulointerstitial nephritis antigen TINAG 2.541155 0.003638
tumor necrosis factor (ligand) superfamily, member 10 TNFSF10 18.07994 0.009819
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Genes up-regulated in localized cancer vs. advanced 
cancer (cont.)

tumor necrosis factor, alpha-induced protein 6 TNFAIP6 4.775256 0.002893
tumor protein p73-like TP73L 2.984226 0.001531
tumor protein, translationally-controlled 1 TPT1 2.539833 0.003806
tumor-associated calcium signal transducer 2 TACSTD2 3.078452 0.006247
ubiquitin-activating enzyme E1-like UBE1L 8.408177 0.006325
ubiquitin-conjugating enzyme E2, J1 (UBC6 homolog, yeast) UBE2J1 3.016385 0.000534
ubiquitin-fold modifier 1 UFM1 2.099834 0.007125
U-box domain containing 5 UB0X5 3.243846 0.005319
vacuolar protein sorting 48 (yeast) VPS4B 2.397648 0.008153
vang-like 2 (van gogh. Drosophila) VANGL2 6.711316 0.002393
very low density lipoprotein receptor VLDLR 3.947746 0.007313
vestigial like 3 (Drosophila) VGLL3 5.777162 0.003632
villin-like VILL 3.366631 0.006869
V-set and immunoglobulin domain containing 2 VSIG2 6.174707 0.005322
WAP four-disulfide core domain 2 WFDC2 5.045318 0.00463
WD repeat and FYVE domain containing 2 WDFY2 2.6693 0.005586
Wilms tumor 1 associated protein WTAP 2.336189 1.42E-05
wingless-type MMTV integration site family, member 7A WNT7A 2.365981 0.001213
X-box binding protein 1 XBP1 2.306733 0.002756
Yip1 domain family, member 1 YIPF1 2.454766 6.35E-05
zinc finger and BTB domain containing 20 ZBTB20 3.750517 0.00303
zinc finger protein 18 (KOX 11) ZNF18 2.013164 0.006549
zinc finger protein 215 ZNF215 4.597248 0.002204
zinc finger protein 218 ZNF218 4.527321 0.000387
zinc finger protein 318 ZNF318 26.09949 0.002597
zinc finger protein 36, C3H type, homolog (mouse) ZFP36 24.14173 0.002233
zinc finger protein 532 ZNF532 9.560442 0.002029
zinc finger, CCHC domain containing 6 ZCCHC6 3.244452 0.002593
zinc finger, DHHC-type containing 1 ZDHHC1 4.408494 0.000421

Genes down-regulated in localized cancer vs. 
advanced cancer

5-azacytidine induced 1 AZI1 6.5032 0.0010
5-oxoprolinase (ATP-hydrolysing) OPLAH 3.5210 0.0012
actin binding LIM protein family, member 2 ABLIM2 2.6271 0.0091
adaptor-related protein complex 3, beta 2 subunit AP3B2 5.6437 0.0004
amelogenin, Y-linked AMELY 2.2673 0.0092
aminopeptidase-like 1 NPEPL1 3.1189 0.0000
arginine/serine-rich coiled-coil 1 RSRG1 2.0374 0.0022
ARP6 actin-related protein 6 homolog (yeast) ACTR6 3.7928 0.0016
aspartate beta-hydroxylase ASPH 3.3390 0.0042
AT rich interactive domain 3A (BRIGHT- like) ARID3A 2.3953 0.0083
ataxin 7-like 3 ATXN7L3 2.0347 0.0037
ATP-binding cassette, sub-family E (OABP), member 1 ABCE1 3.0441 0.0000
brix domain containing 1 BXDC1 2.7456 0.0008
bromodomain containing 7 BRD7 2.7823 0.0036
CAP-binding protein complex interacting protein 1 FLJ23588 19.2794 0.0078
CD300 antigen like family member B CD300LB 6.1579 0.0002
CDC42 binding protein kinase gamma (DMPK-like) GDC42BPG 2.9322 0.0074
cell division cycle 26 CDC26 8.2304 0.0060
cell division cycle 2-like 1 (PITSLRE proteins) CDG2L1 2.0909 0.0095
centromere protein H CENPH 3.1183 0.0028
centrosomal protein 1 GEP1 23.5275 0.0097
centrosome and spindle pole associated protein 1 CSPP1 3.7082 0.0006
chloride channel 2 GLCN2 6.7436 0.0004
chloride channel 6 CLCN6 3.3345 0.0040
chloride intracellular channel 5 GLIC5 3.5615 0.0070
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chromosome 1 open reading frame 187 C1orf187 2.2361 0.0029
chromosome 1 open reading frame 58 C1orf58 2.3947 0.0005
chromosome 1 open reading frame 92 G1orf92 3.6424 0.0099
chromosome 10 open reading frame 129 C10orf129 6.6814 0.0019
chromosome 12 open reading frame 11 G12orf11 2.9013 0.0094
chromosome 13 open reading frame 10 C13orf10 2.6494 0.0061
chromosome 14 open reading frame 114 C14orf114 3.7635 0.0011
chromosome 14 open reading frame 49 C14orf49 4.6190 0.0018
chromosome 14 open reading frame 92 C14orf92 3.7712 0.0006
chromosome 17 open reading frame 28 C17orf28 5.9181 0.0014
chromosome 18 open reading frame 56 G18orf56 5.3384 0.0084
chromosome 19 open reading frame 19 C19orf19 3.0058 0.0049
chromosome 20 open reading frame 129 C20orf129 2.9295 0.0071
chromosome 6 open reading frame 155 C6orf155 2.4584 0.0087
chromosome 6 open reading frame 68 C6orf68 2.6023 0.0027
chromosome 9 open reading frame 116 C9orf116 2.1371 0.0035
coiled-coil domain containing 36 GGDC36 68.3259 0.0032
collagen, type XIX, alpha 1 CGL19A1 7.3431 0.0041
collagen, type XXIV, alpha 1 COL24A1 9.4391 0.0001
colony stimulating factor 2 receptor, beta, low-affinity GSF2RB 4.0007 0.0000
cytoplasmic linker associated protein 1 GLASP1 2.8125 0.0023
development and differentiation enhancing factor 1 DDEF1 2.0845 0.0085
DiGeorge syndrome critical region gene 8 DGCR8 2.8843 0.0005
Down syndrome critical region gene 4 DSCR4 3.1344 0.0000
ectonucleoside triphosphate diphosphohydrolase 2 ENTPD2 5.4045 0.0017
ectonucleotide pyrophosphatase/phosphodiesterase 7 ENPP7 4.3101 0.0010
EGF-like-domain, multiple 3 EGFL3 3.0470 0.0003
elastase 3A, pancreatic ELA3A 10.3989 0.0029
elongation factor RNA polymerase II ELL 2.0702 0.0068
emerin (Emery-Dreifuss muscular dystrophy) EMD 2.9041 0.0046
essential meiotic endonuclease 1 homolog 1 (S. pombe) EME1 3.5495 0.0034
essential meiotic endonuclease 1 homolog 2 (S. pombe) EME2 3.5360 0.0051
eukaryotic translation initiation factor 3, subunit 6 48kDa EIF3S6 2.9791 0.0015
eve, even-skipped homeobox homolog 1 (Drosophila) EVX1 2.2191 0.0001
Ewing sarcoma breakpoint region 1 EWSR1 2.3897 0.0058
exosome component 4 EXOSC4 7.9303 0.0018
family with sequence similarity 19, member A5 FAM19A5 2.4408 0.0023
family with sequence similarity 72, member A FAM72A 20.3692 0.0032
FAT tumor suppressor homolog 4 (Drosophila) FAT4 80.9376 0.0031
G protein-coupled receptor 133 GPR133 6.6079 0.0061
G protein-coupled receptor 41 GPR41 84.2737 0.0051
G protein-coupled receptor 42 GPR42 84.2737 0.0051
gamma-glutamyltransferase-like activity 1 GGTLA1 2.6653 0.0081
gem (nuclear organelle) associated protein 5 GEMIN5 2.5852 0.0021
glutaminase 2 (liver, mitochondrial) GLS2 4.9948 0.0014
golgi associated, gamma adaptin ear containing, ARF binding

protein 1 GGA1 2.2598 0.0059
growth arrest and DNA-damage-inducible, gamma interacting

protein 1 GADD45GIP1 2.1384 0.0002
growth arrest-specific 7 GAS7 2.4584 0.0012
growth differentiation factor 1 GDF1 6.3637 0.0022
guanine nucleotide binding protein (G protein), q polypeptide GNAQ 2.6308 0.0033
heat shock protein, alpha-crystallin-related, B9 HSPB9 18.2822 0.0043
HECT domain containing 2 HEGTD2 3.8187 0.0036
hepatitis delta antigen-interacting protein A DIPA 2.3001 0.0010
heterogeneous nuclear ribonucleoprotein A3 HNRPA3 3.2772 0.0010
HSPC065 protein HSPG065 4.2329 0.0021
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HSPC072 protein HSPC072 3.4745 0.0079
hydroxymethylbilane synthase HMBS 2.1180 0.0077
hypothetical gene supported by BC031979 LOC399978 4.1049 0.0002
hypothetical LOC388638 LOC388638 3.7253 0.0005
hypothetical LOC389413 LOC389413 3.0645 0.0076
hypothetical LOC401491 FLJ35024 2.8129 0.0055
hypothetical LOC402538 LOC402538 2.4336 0.0030
hypothetical protein BC002926 LOC90379 24.9217 0.0043

DKFZp434K19
hypothetical protein DKFZp434K191 1 2.9615 0.0000
hypothetical protein FLJ10925 FLJ10925 2.2044 0.0039
hypothetical protein FLJ 14397 FLJ14397 2.4384 0.0010
hypothetical protein FLJ 14627 FLJ14627 3.8801 0.0005
hypothetical protein FLJ23322 RP5-1119A7.4 2.0908 0.0033
hypothetical protein FLJ31306 FLJ31306 2.1059 0.0013
hypothetical protein HSPC196 HSPC196 3.4659 0.0050
hypothetical protein LOC286149 LOC286149 3.5105 0.0002
hypothetical protein LOC338667 LOC338667 2.1810 0.0087
hypothetical protein MGC13040 MGC13040 5.9777 0.0028
hypothetical protein MGC3020 MGG3020 2.3408 0.0095
hypothetical protein MGC35308 MGC35308 2.0774 0.0019
hypothetical protein MGC39518 MGC39518 7.0534 0.0037
importin 4 IP04 3.6591 0.0032
IN080 complex homolog 1 (S. cerevisiae) IN0C1 2.2071 0.0046
insulin-like growth factor 2 antisense IGF2AS 4.0657 0.0019
inter-alpha (globulin) inhibitor H5-like ITIH5L 5.2560 0.0030
interleukin 4 induced 1 IL4I1 2.0985 0.0060
kelch domain containing 5 KLHDC5 2.3307 0.0032
keratin associated protein 5-8 KRTAP5-8 5.3199 0.0023
KIAA0774 KIAA0774 2.2431 0.0029
KIAA0888 protein KIAA0888 2.3863 0.0079
kinesin family member 2C KIF2C 4.5872 0.0016
kinesin family member 5A KIF5A 2.1338 0.0073
kinesin family member C3 KIFC3 3.6894 0.0084
leucine zipper protein FKSG14 FKSG14 7.1259 0.0006
lipoic acid synthetase LIAS 2.1281 0.0094
LOC440524 LOC440524 2.6154 0.0024
LOC441111 LOC441111 7.8190 0.0016
LON peptidase N-terminal domain and ring finger 2 LONRF2 3.0934 0.0022
lymphocyte-specific protein 1 LSP1 4.0156 0.0000
lymphoid enhancer-binding factor 1 LEF1 3.6328 0.0022
lysophospholipase 1 LYPLA1 2.3834 0.0080
male-specific lethal 3-like 1 (Drosophila) MSL3L1 3.1731 0.0034
MAS-related GPR, member X3 MRGPRX3 3.6125 0.0045
matrin 3 MATR3 4.1798 0.0038
melanoma associated antigen (mutated) 1 MUM1 2.6779 0.0026
metadherin MTDH 2.4047 0.0037
misato homolog 1 (Drosophila) MST01 2.9807 0.0051
mitochondrial ribosomal protein L38 MRPL38 3.3485 0.0082
mitogen-activated protein kinase kinase 3 MAP2K3 28.2364 0.0029
mitogen-activated protein kinase kinase kinase 1 MAP3K1 2.3540 0.0005
msh homeobox homolog 2 (Drosophila) MSX2 2.1817 0.0012
mucin 11 MUC11 2.7505 0.0079
mucin 5, subtype B, tracheobronchial MUC5B 6.6526 0.0001
mucolipin 3 MC0LN3 17.6146 0.0038
NCK interacting protein with SH3 domain NCKIPSD 3.2816 0.0016
nebulette NEBL 2.6943 0.0015
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neurogenin 2 NEUR0G2 3.5885 0.0016
nipsnap homolog 3B (C. elegans) NIPSNAP3B 24.2783 0.0046
nitric oxide synthase 2A (inducible, hepatocytes) N0S2A 3.0470 0.0064
non-metastatic cells 2, protein (NM23B) expressed in 
nuclear casein kinase and cyclin-dependent kinase substrate

NME2 2.4545 0.0021

1 NUCKS1 2.9792 0.0035
nuclear pore complex interacting protein NPIP 2.3582 0.0024
nucleosome assembly protein 1-like 1 NAP1L1 2.2913 0.0002
nurim (nuclear envelope membrane protein) NRM 2.0660 0.0004
olfactory receptor, family 13, subfamily J, member 1 0R13J1 6.6686 0.0040
olfactory receptor, family 2, subfamily M, member 5 OR2M5 3.1639 0.0043
paired-like homeodomain transcription factor 2 
phosphodiesterase 4D, cAMP-specific (phosphodiesterase

PITX2 10.3548 0.0027

E3 dunce homolog. Drosophila) PDE4D 77.3527 0.0078
phosphoinositide-3-kinase adaptor protein 1 PIK3AP1 2.1855 0.0005
phospholipase B1 PLB1 3.3169 0.0000
phosphoribosyl pyrophosphate synthetase 1-like 1 PRPS1L1 3.2435 0.0090
pleckstrin homology domain containing, family H member 1 PLEKHH1 3.4319 0,0024
pleckstrin homology domain containing, family N member 1 PLEKHN1 4.5124 0.0010
poly (ADP-ribose) polymerase family, member 14 PARP14 2.2741 0.0088
polymerase (RNA) II (DNA directed) polypeptide E, 25kDa POLR2E 3.0752 0.0001
polymerase (RNA) II (DNA directed) polypeptide L, 7.6kDa 
potassium voltage-gated channel, KQT-like subfamily.

P0LR2L 2.3981 0.0039

member 5 KCNQ5 3.8359 0.0019
programmed cell death 8 (apoptosis-inducing factor) PDCD8 14.7448 0.0047
proliferation-associated 2G4, 38kDa PA2G4 2.2936 0.0005
proline dehydrogenase (oxidase) 1 PRODH 2.0602 0.0100
protease, serine, 2 (trypsin 2) PRSS2 3.6961 0.0018
protease, serine, 3 (mesotrypsin) PRSS3 3.9203 0.0034
protease, serine, 36 PRSS36 7.3205 0.0002
protein geranylgeranyltransferase type 1, beta subunit PGGT1B 4.5297 0.0047
protein phosphatase 2, regulatory subunit B, beta isoform PPP2R5B 2,0247 0.0026
protein predicted by clone 23882 HSU79303 4.9947 0.0008
Purkinje cell protein 2 PCP2 2.4192 0.0022
pxl 9-like protein PX19 2.2135 0.0002
quiescin Q6 QSCN6 2.1877 0.0039
radixin RDX 2,0701 0.0044
RasGEF domain family, member 1C RASGEF1C 2.0684 0.0017
receptor-interacting serine-threonine kinase 3 RIPK3 2.3366 0.0093
retinitis pigmentosa 9 (autosomal dominant) RP9 2.1244 0.0001
Rhesus blood group, D antigen RHD 5.4923 0.0025
ribonuclease III, nuclear RNASEN 2.1887 0.0028
ribosomal protein L23a RPL23A 2.0219 0.0013
ribosomal protein L36a RPL36A 2.1628 0.0043
ribosomal protein L37 RPL37 2.2546 0.0030
ribosomal protein L6 RPL6 2.9001 0.0013
ribosomal protein L7 RPL7 2.1646 0.0025
ribosomal protein S14 RPS14 2.3968 0.0050
ribosomal protein S15 RPS15 2.7036 0.0021
ribosomal protein S19 RPS19 3.2490 0.0008
ribosomal protein S2 RPS2 2.3917 0.0095
ribosomal protein S6 kinase, 70kDa, polypeptide 1 RPS6KB1 2.4125 0.0081
ring finger protein 4 RNF4 2.5314 0.0004
RNA binding motif, single stranded interacting protein RBMS3 16.4029 0.0004
RuvB-like 1 (E. coli)
Sec23 homolog B (S. cerevisiae)

RUVBL1 3.2168 0.0082

SEC23B 2.5811 0.0014
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sema domain, immunoglobulin domain (Ig), transmembrane
domain (TM) and short cytoplasmic domain, (semaphorin)
4D SEMA4D 2.6454 0.0009

septin 11 SEPT11 3.2906 0.0008
similar to 40S ribosomal protein S16 LOC388519 2.4448 0.0035
similar to 60S acidic ribosomal protein P1 LOC440927 2.7088 0.0005
similar to alpha NAC/1.9.2. protein LOC389240 2.1805 0.0015
similar to dJ871G17.4 (novel 3-beta hydroxysteroid

dehydrogenase/isomerase family member) LOC440606 6.5280 0.0015
similar to FLJ12363 protein LOC400509 3.2696 0.0003
similar to hypothetical protein LOC402360 2.5090 0.0010
similar to hypothetical protein LOC221091 2.6916 0.0024
similar to Methionine aminopeptidase 2 LOC442053 2.4994 0.0053
similar to NADH dehydrogenase 1 beta subcomplex, 9,

22kDa LOC442345 2.7716 0.0045
similar to ribosomal protein L18a LOC285053 2.1903 0.0012
similar to ribosomal protein L27 LOC442344 2.3412 0.0018
similar to ribosomal protein L7 LOCI 20872 2.6486 0.0020
similar to ribosomal protein S15 LOC401019 2.0225 0.0015
similar to ribosomal protein S2 LOC91561 2.5543 0.0026
similar to ribosomal protein S26 LOC390009 2.7459 0.0047
similar to SET protein LOC389217 3.0433 0.0001
similar to sodium- and chloride-dependent creatine

transporter FLJ43855 2.2259 0.0091
small nuclear ribonucleoprotein polypeptide E SNRPE 43.3755 0.0046
small nuclear ribonucleoprotein polypeptide F SNRPF 2.0536 0.0080
Snf2-related CBP activator protein SRCAP 2.2028 0.0080
solute carrier family 1 (glutamate transporter), member 7 SLC1A7 2.0951 0.0087
solute carrier family 17, member 6 SLC17A6 5.1616 0.0002
solute carrier family 22 (organic anion transporter), member 7 SLC22A7 2.5878 0.0045
solute carrier family 25, member 34 SLC25A34 55.3794 0.0032
solute carrier family 25, member 36 SLC25A36 2.1123 0.0002
solute carrier family 26 (sulfate transporter), member 1 SLC26A1 6.1696 0.0003
sortilin-related VPS10 domain containing receptor 3 S0RCS3 7.9015 0.0002
spectrin, beta, erythrocytic SPTB 3.2779 0.0024
spermatogenesis associated 3 SPATA3 4.3925 0.0071
spindlin-like protein 2 SPIN-2 4.5912 0.0063
spinster SPIN1 2.3902 0.0013
sprouty homolog 4 (Drosophila) SPRY4 2.6460 0.0094
sprouty-related, EVH1 domain containing 3 SPRED3 2.2345 0.0044
sterile alpha motif domain containing 14 SAMD14 2.0790 0.0024
syncollin SYCN 2.2629 0.0071
TEA domain family member 4 TEAD4 2.0533 0.0075
thioredoxin reductase 1 TXNRD1 2.2683 0.0001
thymic stromal co-transporter TSCOT 5.6559 0.0064
TIP41, TOR signalling pathway regulator-like (S. cerevisiae) TIPRL 2.4898 0.0023
TNF receptor-associated protein 1 TRAP1 2.7386 0.0021
toll-interleukin 1 receptor domain containing adaptor protein TIRAP 4.3378 0.0083
translocase of inner mitochondrial membrane 13 homolog TIMM13 2.3174 0.0010
transmembrane protein 105 TMEM105 2.0013 0.0021
transmembrane protein 16F TMEM16F 3.5231 0.0001
triosephosphate isomerase 1 TPI1 2.0328 0.0047
tripartite motif-containing 25 TRIM25 3.4035 0.0006
tripartite motif-containing 54 TRIM54 17.2393 0.0000
tropomyosin 3 TPMS 2.4058 0.0007
tubulin-specific chaperone c TBCC 2.2080 0.0042
tumor necrosis factor receptor superfamiiy, member 25 TNFRSF25 18.5878 0.0007
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ubiquitin specific peptidase 12 USP12 4.7108 0.0061
ubiquitin specific peptidase 36 USP36 2.6545 0.0006
uropiakin 3B UPK3B 2.4431 0.0061
vacuolar protein sorting 13B (yeast) VPS13B 3.2771 0.0008
valyl-tRNA synthetase VARS 2.2514 0.0004
von Willebrand factor A domain containing 2 VWA2 2.1307 0.0020
WD repeat domain 24 WDR24 5.3232 0.0001
WD repeat domain 43 WDR43 2.0524 0.0057
WD repeats and SOF1 domain containing WDS0F1 2.6122 0.0004
zinc finger protein 207 ZNF207 2.3502 0.0009
zinc finger protein 234 ZNF234 2.4153 0.0006
zinc finger protein 265 ZNF265 2.3450 0.0023
zinc finger protein 326 ZNF326 6.5426 0.0020
zinc finger protein 429 ZNF429 2.8873 0.0076
zinc finger protein 652 ZNF652 6.1273 0.0021
zinc finger protein 679 ZNF679 6.4694 0.0084
zinc finger protein 707 ZNF707 2.4158 0.0008
zinc finger protein 75 (D8C6) ZNF75 2.1517 0.0054
zinc finger protein KIAA0961 KIAA0961 2.4263 0.0087
zinc finger, DHHC-type containing 19 ZDHHC19 2.4654 0.0068
zinc finger, DHHC-type containing 22 ZDHHC22 2.3525 0.0010
zinc finger, DHHC-type containing 8 ZDHHCB 2.8526 0.0020

Appendix 5: Genes differentially expressed in1 benign glands from radical
prostatectomy specimens (“benign radicals”) versus BPH

Gene Name Gene Symbol FC FDR
Genes up-regulated in benign radicals vs. BPH

5,10-methylenetetrahydrofolate reductase (NADPH) MTHFR 2.3940 0.0003
absent in melanoma 1 AIM1 3.4807 0.0005
absent in melanoma 1-like AIM1L 2.0767 0.0005
actin related protein 2/3 complex, subunit 4, 20kDa ARPC4 28.1309 0.0007
activated leukocyte cell adhesion molecule ALCAM 2.2242 0.0001
activating transcription factor 3 ATF3 35.0501 0.0001
ADAM metallopeptidase with thrombospondin type 1 motif.

13 ADAMTS13 3.8540 0.0011
adaptor-related protein complex 1, gamma 1 subunit AP1G1 2.0225 0.0022
adaptor-related protein complex 1, gamma 2 subunit AP1G2 2.2670 0.0001
ADP-ribosylation factor 4 ARF4 2.0683 0.0000
adult retina protein LOCI 53222 2.3593 0.0037
AF4/FMR2 family, member 1 AFF1 2.0136 0.0001
AHA1, activator of heat shock 90kDa protein ATPase

homolog 2 (yeast) AHSA2 2.0725 0.0002
Alstrom syndrome 1 ALMS1 3.7011 0.0022
amyotrophic lateral sclerosis 2 chromosome region,

candidate 2 ALS2CR2 9.6997 0.0037
ankyrin repeat domain 16 ANKRD16 3.0237 0.0037
ankyrin repeat domain 37 ANKRD37 2.6562 0.0025
ankyrin repeat domain 9 ANKRD9 3.0372 0.0002
annexin A l l ANXA11 13.6795 0.0027
annexin A9 ANXA9 2.7271 0.0014
arachidonate 15-lipoxygenase, second type AL0X15B 18.2767 0.0028
arginine vasopressin-induced 1 AVPI1 2.7109 0.0002
aryl-hydrocarbon receptor repressor AHRR 2.6396 0.0011
astrotactin 2 ASTN2 2.1015 0.0040
ataxin 2 ATXN2 2.0298 0.0010
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ATP citrate lyase ACLY 2.4338 0.0007
ATP synthase, H+ transporting, mitochondrial F1 complex.

epsilon subunit ATP5E 2.5105 0.0004
ATPase, aminophospholipid transporter (APLT), Class 1, type

8A, member 1 ATP8A1 3.0955 0.0032
AXIN1 up-regulated 1 AXUD1 5.4289 0.0056
BAM-associated protein 2 BAIAP2 2.9130 0.0001
BAM-associated protein 2-like 1 BAIAP2L1 2.1543 0.0051
B-cell CLL/lymphoma 7A BCL7A 2.0917 0.0043
biogenesis of lysosome-related organelles complex-1,

subunit 2 BL0C1S2 102.6629 0.0000
breast carcinoma amplified sequence 4 BCAS4 2.0862 0.0037
bromodomain and PHD finger containing, 1 BRPF1 2.0982 0.0047
butyrylcholinesterase BCHE 4.8377 0.0037
cadherin, EGF LAG seven-pass G-type receptor 2 CELSR2 2.2763 0.0023
calcium activated nucleotidase 1 CANT1 2.5660 0.0001
carbohydrate (N-acetylgalactosamine 4-0) sulfotransferase 9 CHST9 5.5567 0.0013
carbohydrate kinase-like CARKL 2.0671 0.0055
carcinoembryonic antigen-related cell adhesion molecule 16 CEACAM16 2.3272 0.0001
carcinoembryonic antigen-related cell adhesion molecule 21 CEACAM21 30.3065 0.0000
casein kinase 1, delta CSNK1D 12.3809 0.0051
casein kinase 1, epsilon CSNK1E 2.0037 0.0055
cathepsin L CTSL 2.1946 0.0055
Cbp/p300-interacting transactivator, with Glu/Asp-rich

carboxy-terminal domain, 2 CITED2 3.1858 0.0006
cellular repressor of E l A-stimulated genes 2 CREG2 22.2523 0.0000
centrobin LIP8 2.5967 0.0008
centrosomal protein 164kDa CEP164 4.0804 0.0001
ceroid-lipofuscinosis, neuronal 3, ju ven ile CLN3 2.0319 0.0000
checkpoint suppressor 1 CHES1 2.7231 0.0020
chloride channel 7 CLCN7 2.1937 0.0022
choline dehydrogenase CHDH 3.6264 0.0040
cholinergic receptor, muscarinic 3 CHRM3 6.7172 0.0028
cholinergic receptor, muscarinic 5 CHRM5 2.2917 0.0007
chondroitin sulfate glucuronyltransferase CSGIcA-T 2.0784 0.0014
chorionic gonadotropin, beta polypeptide CGB 2.8512 0.0016
chromosome 1 open reading frame 115 C1orf115 2.6655 0.0003
chromosome 1 open reading frame 16 C1orf16 2.9992 0.0001
chromosome 1 open reading frame 190 C1orf190 2.4071 0.0009
chromosome 10 open reading frame 61 C10orf61 2.0432 0.0000
chromosome 10 open reading frame 76 C10orf76 2.0827 0.0005
chromosome 14 open reading frame 173 C14orf173 2.4088 0.0028
chromosome 15 open reading frame 29 C15orf29 2.6334 0.0011
chromosome 15 open reading frame 48 C15orf48 36.1664 0.0001
chromosome 16 open reading frame 34 C16orf34 2.3603 0.0036
chromosome 16 open reading frame 52 C16orf52 2.7860 0.0053
chromosome 18 open reading frame 1 C18orf1 2.0760 0.0001
chromosome 19 open reading frame 10 C19orf10 2.5751 0.0026
chromosome 19 open reading frame 34 C19orf34 2.6393 0.0053
chromosome 2 open reading frame 34 C2orf34 2.3692 0.0003
chromosome 20 open reading frame 67 C20orf67 2.0517 0.0008
chromosome 21 open reading frame 13 C21orf13 4.6313 0.0000
chromosome 21 open reading frame 25 C21orf25 2.5203 0.0052
chromosome 21 open reading frame 5 C21orf5 3.8029 0.0013
chromosome 22 open reading frame 3 C22orf3 2.0195 0.0003
chromosome 4 open reading frame 8 C4orf8 2.1138 0.0010
chromosome 6 open reading frame 145 C6orf145 2.2659 0.0062
chromosome 6 open reading frame 176 C6orf176 2.0383 0.0053
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chromosome 9 open reading frame 57 C9orf57 2.9416 0.0020
chromosome 9 open reading frame 58 C9orf58 2.1306 0.0000
chromosome 9 open reading frame 64 C9orf64 2.1971 0.0039
chromosome X open reading frame 17 CXorf17 2.7099 0.0052
claudin 4 CLDN4 4.4165 0.0033
c-myc promoter binding protein MYCPBP 3.6489 0.0001
coagulation factor III (thromboplastin, tissue factor) F3 5.1414 0.0006
coagulation factor V (proaccelerin, labile factor) F5 5.5402 0.0005
Coenzyme A synthase COASY 16.5424 0.0057
coiled-coil domain containing 52 CCDC52 2.3259 0.0003
collagen, type IX, alpha 2 COL9A2 6.0012 0.0002
collectin sub-family member 12 C0LEC12 20.2202 0.0021
contactin associated protein-like 3 CNTNAP3 3.1668 0.0030
cordon-bleu homolog (mouse) COBL 2.1532 0.0027
crumbs homolog 3 (Drosophila) CRB3 3.1008 0.0001
CTD phosphatase, subunit 1 CTDP1 2.5712 0.0014
CTF 18, chromosome transmission fidelity factor 18 homolog CHTF18 3.3094 0.0055
cut-like 1, CCAAT displacement protein (Drosophila) CUTL1 5.5234 0.0038
cut-like 2 (Drosophila) CUTL2 2.9445 0.0008
CXXC finger 4 CXXC4 2.4690 0.0005
CXXC finger 6 CXXC6 3.0727 0.0012
CXYorfI-related protein FLJ25222 2.3074 0.0000
cyclic AMP phosphoprotein, 19 kD ARPP-19 2.1183 0.0021
cyclin G associated kinase GAK 2.3523 0.0007
cyclin-dependent kinase-like 4 CDKL4 87.6125 0.0000
cytochrome P450, family 2, subfamily C, polypeptide 18 CYP2C18 2.2294 0.0047
cytochrome P450, family 8, subfamily B, polypeptide 1 CYP8B1 2.2632 0.0019
DEAD (Asp-Glu-Ala-Asp) box polypeptide 31 DDX31 2.6827 0.0058
deafness locus associated putative guanine nucleotide 

exchange factor DELGEF 11.8056 0.0000
dedicator of cytokinesis 3 D0CK3 4.4699 0.0045
dedicator of cytokinesis 4 D0CK4 2.5271 0.0006
dehydrogenase/reductase (SDR family) member 10 DHRS10 2.5078 0.0059
deleted in lung and esophageal cancer 1 DLEC1 3.6655 0.0033
Deri-like domain family, member 1 DERL1 2.1324 0.0000
desmoplakin DSP 3.4892 0.0001
DiGeorge syndrome critical region gene 2 DGCR2 2.2317 0.0006
dihydropyrimidinase-like 5 DPYSL5 2.7327 0.0017
DKFZP564J102 protein DKFZP564J102 2.4327 0.0008
dual specificity phosphatase 1 DUSP1 4.6348 0.0017
dual specificity phosphatase 10 DUSP10 4.1001 0.0017
dual specificity phosphatase 5 DUSP5 7.2217 0.0004
dynein, axonemal, light intermediate polypeptide 1 DNALI1 3.8517 0.0000
dynein, light chain, roadblock-type 2 DYNLRB2 3.1931 0.0004
E74-like factor 3 ELF3 7.5753 0.0001
early growth response 1 EGR1 4.1897 0.0009
early growth response 3 EGR3 12.0299 0.0028
endogenous retroviral family W, env(C7), member 1 ERVWE1 2.2612 0.0045
EPH receptor A1 EPHA1 2.3519 0.0030
ephrin-AI EFNA1 29.7035 0.0047
epidermal growth factor (beta-urogastrone) EGF 3.8309 0.0038
eukaryotic translation elongation factor 1 delta EEF1D 801.4172 0.0000
eukaryotic translation initiation factor 2-alpha kinase 3 EIF2AK3 2.4519 0.0001
family with sequence similarity 38, member A FAM38A 2.4696 0.0001
family with sequence similarity 53, member C FAM53C 2.1960 0.0000
family with sequence similarity 60, member A FAM60A 2.3384 0.0010
family with sequence similarity 62 (C2 domain containing), 

member C FAM62C 3.2064 0.0026
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family with sequence similarity 73, member A FAM73A 3.8087 0.0006
FAT tumor suppressor homolog 1 (Drosophila) FAT 3.2719 0.0001
fatty acid amide hydrolase FAAH 2.1060 0.0054
F-box and WD-40 domain protein 9 FBXW9 2.1938 0.0053
F-box protein 25 FBX025 2.5698 0.0000
F-box protein 27 FBX027 3.1236 0.0001
fibroblast growth factor receptor 3 FGFR3 3.0247 0.0045
fibroblast growth factor receptor-like 1 FGFRL1 2.5027 0.0046
filamin B, beta (actin binding protein 278) FLNB 2.6450 0.0006
FLJ16478 protein FLJ16478 2.4433 0.0024
FLJ35740 protein FLJ35740 3.0844 0.0022
FLJ38451 protein FLJ38451 2.2654 0.0009
FLJ43654 protein FLJ43654 2.1630 0.0024
FLJ46156 protein FLJ46156 11.3041 0.0004
follicle stimulating hormone, beta polypeptide FSHB 2.4061 0.0032
forkhead box 03A F0X03A 3.3409 0,0001
forkhead box P4 F0XP4 2.3313 0.0061
FOS-like antigen 2 F0SL2 2.5814 0.0008
frataxin FXN 2.9708 0.0021
frizzled homolog 3 (Drosophila) FZD3 2.6899 0.0002
frizzled homolog 8 (Drosophila) FZDB 2.0577 0.0016
FXYD domain containing ion transport regulator 7 FXYD7 2.5177 0.0001
FYVE, RhoGEF and PH domain containing 1 FGD1 2.0223 0.0008
G protein-coupled receptor, family C, group 5, member C GPRC5C 2.0064 0.0011
gap junction protein, beta 1, 32kDa GJB1 2.6818 0.0053
GLI-Kruppel family member HKR1 HKR1 2.0638 0.0002
glucosaminyl (N-acetyl) transferase 1, core 2 GCNT1 6.2426 0.0000
glycoprotein, synaptic 2 GPSN2 2.3359 0.0001
GRB2-associated binding protein 1 GAB1 3.2673 0.0019
growth arrest and DNA-damage-inducible, beta GADD45B 2.6000 0.0002
growth differentiation factor 15 GDF15 22.3278 0.0000
growth hormone receptor GHR 2.2662 0.0003
guanidinoacetate N-methyltransferase
guanine nucleotide binding protein (G protein), alpha

GAMT 2.2157 0.0003

inhibiting activity polypeptide 3 
guanine nucleotide binding protein (G protein), beta

GNAI3 27.1100 0.0015

polypeptide 1 GNB1 2.4115 0.0000
hairy and enhancer of split 2 (Drosophila) HES2 2.3275 0.0060
hairy and enhancer of split 4 (Drosophila) HES4 15.0406 0.0013
hect domain and RLD 3 HERC3 2.1263 0.0009
HECT domain containing 2 HECTD2 3.3225 0.0057
helicase with zinc finger HELZ 2.8218 0.0000
heparin-binding EGF-like growth factor HBEGF 3.4856 0.0034
hepatocellular carcinoma antigen gene 520 LOC63928 4.0275 0.0053
hepsin (transmembrane protease, serine 1) HPN 13.8180 0.0010
Hermansky-Pudlak syndrome 4 HPS4 2.2437 0.0002
heterogeneous nuclear ribonucleoprotein C (C1/C2) HNRPC 2.2133 0.0000
histone 1, H3h HIST1H3H 2.2657 0.0018
histone 3, H2a HIST3H2A 4.7901 0.0024
hook homolog 3 (Drosophila) H00K3 2.2786 0.0036
huntingtin (Huntington disease) HD 3.0604 0.0005
Huntingtin interacting protein K HYPK 2.7127 0.0003
hydroxyacylglutathione hydrolase HAGH 2.0766 0.0001
hypothetical BC282485_1 LOC388554 8.4744 0.0000
hypothetical gene supported by AK075564 LOC400451 2.2433 0.0035
hypothetical gene supported by AK123662 LOC388690 2.8587 0.0000
hypothetical gene supported by BC063892 LOC401399 2.1583 0.0014
hypothetical LOCI48915 LOC148915 2.8203 0.0044
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hypothetical LOC200491 LOC200491 6,3031 0,0000
hypothetical LOC388170 LOC388170 3.4739 0,0007
hypothetical LOC388227 LOC388227 2.5293 0,0002
hypothetical LOC389695 LOC389695 3.3014 0.0001
hypothetical protein BC007307 LOC91664 3.3621 0,0044
hypothetical protein BC008326 LOC89944 2.7265 0,0002
hypothetical protein CG003 RP11-37E23.6

DKFZP434G14
2.2716 0,0018

hypothetical protein DKFZp434G1415 15
DKFZp761l212

2.1466 0,0020

hypothetical protein DKFZp76112123 3
DKFZp779017

2.1372 0,0001

hypothetical protein DKFZp7790175 5 6.0976 0,0002
hypothetical protein FLJ14001 FLJ14001 4.5487 0,0055
hypothetical protein FLJ20054 FLJ20054 2.2804 0,0042
hypothetical protein FLJ21439 FLJ21439 2.3645 0.0000
hypothetical protein FLJ23554 FLJ23554 2.8398 0.0017
hypothetical protein FLJ25773 FLJ25773 3.4742 0.0001
hypothetical protein FLJ30313 FLJ30313 3.1963 0.0031
hypothetical protein LOC149134 LOC149134 2.5026 0.0037
hypothetical protein LOCI 50084 LOCI 50084 2.1193 0.0041
hypothetical protein LOCI 53684 LOCI 53684 2.3815 0.0001
hypothetical protein LOC223075 LOC223075 43.4815 0.0000
hypothetical protein LOC283278 LOC283278 5.1211 0.0007
hypothetical protein LOC284751 LOC284751 2.3876 0.0018
hypothetical protein LOC90167 RP6-213H19.2 2.4293 0.0020
hypothetical protein MGC13005 MGC13005 3.6562 0.0029
hypothetical protein MGC39827 MGC39827 2.9736 0.0012
hypothetical protein MGC50559 MGC50559 2.3160 0.0017
immediate early response 2 IER2 2.9988 0.0010
IMP3, U3 small nucleolar ribonucleoprotein, homolog (yeast) IMP3 
inhibitor of DNA binding 1, dominant negative helix-loop-helix

2.4288 0.0000

protein ID1 3.4631 0.0007
Inhibitor of growth family, member 1 ING1 2.0468 0.0001
insulin receptor INSR 5.5674 0.0000
integrator complex subunit 1 INTI 2.0647 0.0000
interferon regulatory factor 2 binding protein 1 IRF2BP1 2.2576 0.0001
interferon regulatory factor 6 IRF6 2.1070 0.0006
interleukin 20 receptor, alpha IL20FJA 3.0627 0.0017
interleukin 9 receptor IL9R 2.1132 0.0006
intraflagellar transport 140 homolog (Chlamydomonas) IFT140 2.8194 0.0007
iroquois homeobox protein 2 IRX2 2.2367 0.0039
Jumonji, AT rich interactive domain IB  (RBP2-like) JARID1B 2.2688 0.0004
jun D proto-oncogene JUND 3.3300 0.0000
kallikrein 3, (prostate specific antigen) KLK3 3.9412 0.0028
kelch repeat and BTB (POZ) domain containing 7 KBTBD7 2.4542 0.0000
kelch-like 21 (Drosophila) KLHL21 2.2063 0.0032
kelch-like 25 (Drosophila) KLHL25 2.1934 0.0002
kelch-like 8 (Drosophila) KLHL8 2.3523 0.0042
keratin 17 KRT17 3,1544 0.0008
KIAA0182 protein KIAA0182 2.3491 0.0020
KIAA0494 KIAA0494 6,0660 0.0008
KIAA0556 protein KIAA0556 3,1273 0.0000
KIAA1285 protein KIAA1285 2,0490 0.0032
KIAA1414 protein KIAA1414 2,5941 0.0000
KIAA1468 KIAA1468 2,2915 0.0006
KIAA1698 KIAA1698 2,1656 0.0028
KIAA1718 protein KIAA1718 2,0222 0.0036
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KIAA1754 KIAA1754 2.9529 0.0001
kinase non-catalytic C-lobe domain (KIND) containing 1 KNDC1 3.1121 0.0000
kinesin family member 6 KIF6 4.7691 0.0000
Kruppel-like factor 5 (intestinal) KLF5 3.1247 0.0059
Kruppel-like factor 6 KLF6 3.3151 0.0000
LATS, large tumor suppressor, homolog 2 (Drosophila) LATS2 2.7813 0.0000
LEM domain containing 2 LEMD2 2.2235 0.0007
leucine aminopeptidase 3 LAP3 20.7282 0.0055
leucine rich repeat containing 40 LRRC40 2.1018 0.0001
leucine rich repeat containing 8 family, member C LRRC8C 4.0871 0.0009
leucine-rich repeat LGI family, member 3 LGI3 2.5885 0.0002
leukotriene C4 synthase LTG4S 2.0483 0.0009
ligand-dependent corepressor MLR2 2.8270 0.0059
lipase, member H LIPH 2.8842 0.0001
LOC440441 LOC440441 2.1945 0.0061
major facilitator superfamily domain containing 2 MFSD2 2.8352 0.0013
malic enzyme 3, NADP(+)-dependent, mitochondrial ME3 2.4571 0.0065
mannosidase, alpha, class 1A, member 2 MAN1A2 8.9303 0.0000
mannosidase, alpha, class 2A, member 1 MAN2A1 2.0502 0.0007
melanophilin MLPH 2.7221 0.0025
membrane-spanning 4-domains, subfamily A, member 8B MS4A8B 7.2534 0.0000
metastasis associated 1 family, member 2 MTA2 3.8015 0.0008
microcephaly, primary autosomal recessive 1 MCPH1 2.7335 0.0035
microtubule-associated protein, RP/EB family, member 3 MAPRE3 2.0474 0.0020
midnolin MIDN 3.1639 0.0064
mitochondrial ribosomal protein L41 MRPL41 2.3570 0.0003
mitochondrial ribosomal protein S7 MRPS7 5.5872 0.0065
mitochondrial rRNA methyltransferase 1 homolog MRM1 2.0851 0.0024
MOCO sulphurase C-terminal domain containing 1 M0SC1 2.1927 0.0063
monoamine oxidase A MAOA 2.0457 0.0024
mucin 6, gastric MUC6 6.4041 0.0034
musashi homolog 2 (Drosophila) MSI2 2.1192 0.0032
myofibrillogenesis regulator 1 MR-1 3.4933 0.0001
myosin, heavy polypeptide 15 MYH15 4.1429 0.0006
myotubularin related protein 11 MTMR11 2.2476 0.0046
N-acetylglucosamine-1 -phosphodiester alpha-N-

acetylglucosaminidase NAGPA 2.1687 0.0005
NADPH oxidase activator 1 N0XA1 2.5997 0.0000
neogenin homolog 1 (chicken) NE01 2.7274 0.0035
neural precursor cell expressed, developmentally down-

regulated 9 NEDD9 2.6060 0.0004
neurocalcin delta NCALD 2.9096 0.0010
nicotinamide nucleotide adenylyltransferase 2 NMNAT2 2.7568 0.0021
NK3 transcription factor related, locus 1 (Drosophila) NKX3-1 25.8892 0.0051
non-SMC element 1 homolog (S. cerevisiae) NSMCE1 2.0597 0.0064
nuclear factor of kappa light polypeptide gene enhancer in B-

cells inhibitor, zeta NFKBIZ 5.3057 0.0036
nuclear receptor subfamily 4, group A, member 1 NR4A1 10.8756 0.0041
nucleoporin 188kDa NUP188 2.2003 0.0000
nucleoporin 205kDa NUP205 2.2408 0.0036
nucleoporin 210kDa NUP210 2.0423 0.0023
olfactory receptor, family 2, subfamily AG, member 2 OR2AG2 2.7569 0.0036
olfactory receptor, family 4, subfamily B, member 1 0R4B1 2.3928 0.0027
olfactory receptor, family 6, subfamily Y, member 1 0R6Y1 3.0861 0.0000
organic solute transporter alpha OSTalpha 2.2258 0.0022
ovo-like 2 (Drosophila) 0V0L2 2.5831 0.0004
p21(CDKN1A)-activated kinase 7 PAK7 2.1747 0.0052
paired-like homeodomain transcription factor 1 PITX1 5.2813 0.0038
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PCTAIRE protein kinase 3 PCTK3 2.8658 0.0000
PDZ and LIM domain 4 PDLIM4 2.7808 0.0036
peptidylglycine alpha-amidating monooxygenase PAM 2.5635 0.0005
peroxisomal biogenesis factor 14 PEX14 55.9418 0.0000
peroxisome proliferative activated receptor, alpha PPARA 112.9181 0.0003
peter pan homolog (Drosophila) PPAN 3.0214 0.0031
PH domain and leucine rich repeat protein phosphatase PHLPP 2.2479 0.0000
phospholipase A2, group IIA (platelets, synovial fluid) 
phosphoribosyl pyrophosphate synthetase-associated protein

PLA2G2A 7.0752 0.0007

1 PRPSAP1 21.5979 0.0061
pim-1 oncogene PIM1 2.4306 0,0007
pim-3 oncogene PIM3 2.9802 0.0000
placental protein 6 PL6 2.2413 0.0013
pleckstrin 2 PLEK2 5.5178 0.0031
pleckstrin and Sec7 domain containing 3 PSD3 4.9903 0.0003
pleckstrin homology domain containing, family A member 6 PLEKHA6 2.0337 0.0005
pleckstrin homology domain containing, family H member 2 PLEKHH2 3.6009 0.0000
plectin 1, intermediate filament binding protein SOOkDa PLEC1 2.0117 0.0006
poly (ADP-ribose) polymerase family, member 16 PARP16 3.2753 0.0005
polyhomeotic-like 2 (Drosophila) PHC2 2.2059 0.0000
polymerase (RNA) 1 associated factor 1 PRAF1 2.3149 0.0000
polymerase (RNA) 1 polypeptide B, 128kDa P0LR1B 3.2640 0.0001
polymerase (RNA) II (DNA directed) polypeptide A, 220kDa P0LR2A 2.7821 0.0000
polymerase (RNA) mitochondrial (DNA directed) POLRMT 2.7108 0.0001
potassium channel tetramerisation domain containing 8 KCTD8 3.6164 0.0007
POD domain, class 2, transcription factor 1 P0U2F1 2.0279 0.0029
PRAME family member 2 PRAMEF2 2.2247 0.0037
prion protein (testis specific) PRNT 2.1192 0.0003
proprotein convertase subtillsin/kexin type 6 PCSK6 2.7897 0.0011
prostaglandin E receptor 3 (subtype EP3) PTGER3 2.7563 0.0057
protein kinase C and casein kinase substrate in neurons 2 PACSIN2 2.2348 0.0000
protein kinase C, delta PRKCD 2.9833 0.0027
protein phosphatase 1, regulatory (inhibitor) subunit 13B PPP1R13B 5.2130 0.0000
protein phosphatase 1, regulatory (inhibitor) subunit 9A PPP1R9A 3.3148 0.0009
protein tyrosine phosphatase, non-receptor type 23 PTPN23 2.2900 0.0000
protein tyrosine phosphatase, non-receptor type 3 PTPN3 3.1566 0.0000
protein tyrosine phosphatase, receptor type, F PTPRF 2.7745 0.0008
protein tyrosine phosphatase, receptor type, U PTPRU 2.3310 0.0010
protein tyrosine phosphatase-like, member b PTPLB 2.1499 0.0005
protein-O-mannosyltransferase 1 P0MT1 2.0186 0.0033
protocadherin beta 6 PGDHB6 3.0767 0.0005
protocadherin gamma subfamily A, 9 PCDHGA9 2.9571 0.0011
protocadherin gamma subfamily B, 4 PCDHGB4 2.2987 0.0065
putative protein similar to nessy (Drosophila) G3F 2.7847 0.0006
ralA binding protein 1 RALBP1 2.2231 0.0000
Rap guanine nucleotide exchange factor (GEF) 6 RAPGEF6 2.3081 0.0000
RAS, dexamethasone-induced 1 RASD1 4.0813 0.0048
receptor-interacting serine-threonine kinase 4 RIPK4 3.0925 0.0004
regulator of G-protein signalling 17 RGS17 2.9050 0.0060
restin RSN 2.3468 0.0000
retinal G protein coupled receptor RGR 2.7460 0.0013
retinoblastoma-associated factor 600 RBAF600 2.0467 0.0001
retinoic acid receptor, alpha RARA 2.0970 0.0022
Rho-guanine nucleotide exchange factor RGNEF 2.2025 0.0005
Rho-related BTB domain containing 3 RH0BTB3 5.7725 0.0025
ribophorin 1 RPN1 2.2232 0.0006
ribosomal protein L I9 RPL19 17.9076 0.0000
ring finger protein 123 RNF123 2.2325 0.0042
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ring finger protein 24 RNF24 3.0419 0.0001
ring finger protein 39 RNF39 2.9519 0.0009
RNA polymerase II associated protein 1 RPAP1 3.1887 0.0003
RUN and SH3 domain containing 1 RUSC1 2.0365 0.0001
RUN and TBC1 domain containing 1 RUTBC1 2.0856 0.0037
SAM and SH3 domain containing 1 SASH1 2.0929 0.0008
SAP30 binding protein SAP30BP 3.9631 0.0048
sclerostin domain containing 1 SOSTDC1 3.0070 0.0028
SCY1-like 3 (S. cerevisiae) SCYL3 3.2405 0.0001
SDA1 domain containing 1 SDAD1 2.8425 0.0000
SEC31-like 1 (S. cerevisiae) SEC31L1 2.4259 0.0001
secernin 3 SCRN3 2.0504 0.0030
sema domain, immunoglobulin domain (Ig), short basic

domain, secreted, (semaphorin) 3F SEMA3F 2.7538 0.0009
sema domain, immunoglobulin domain (Ig), transmembrane

domain (TM) and short cytoplasmic domain, 4G SEMA4G 2.3994 0.0017
serine/threonine kinase 32C STK32C 2.0445 0.0004
serpin peptidase inhibitor, clade E, member 1 SERPINE1 7.4068 0.0010
seryl-tRNA synthetase 2 SARS2 2.1282 0.0043
sideroflexin 2 SFXN2 2.0451 0.0046
signal recognition particle 72kDa SRP72 130.9030 0.0000
similar to CG12314 gene product LOC201164 2.4419 0.0046
similar to coated vesicle membrane protein LOC391540 2.0054 0.0065
similar to FLJ10251 protein LOC390245 2.3614 0.0063
similar to galectin-9 LOC441789 3.1331 0.0010
similar to Homeobox even-skipped homolog protein 2 LOC344191 2.4704 0.0016
similar to hypothetical protein MGC49416 LOC255374 2.0332 0.0005
similar to Osteotesticular phosphatase LOC389772 2.2605 0.0043
similar to polycythemia rubra vera 1 LOC400705 5.3989 0.0012
similar to Probable mitochondrial import receptor subunit

TOM40 homolog LOC391776 2.0894 0.0003
similar to rhophilin-like protein LOG440368 2.7936 0.0016
similar to RIKEN cDNA 2010316F05 LOC344405 2.8685 0.0006
similar to SLC25A5 protein LOC441209 2.2074 0.0012
similar to Transcription initiation factor TFIID subunit 11 LOC391742 2.0928 0.0032
sine oculis homeobox homolog 1 (Drosophila) SIX1 2.8293 0.0001
single stranded DNA binding protein 3 SSBP3 3.0905 0.0002
single-minded homolog 2 (Drosophila) SIM2 2.9090 0.0000
SLIT and NTRK-like family, member 5 SLITRK5 6.0167 0.0000
small nuclear RNA activating complex, polypeptide 4,

190kDa SNAPC4 2.9212 0.0011
small trans-membrane and glycosylated protein LOC57228 2.7679 0.0062
solute carrier family 11, member 2 SLC11A2 2.0427 0.0010
solute carrier family 19 (folate transporter), member 1 SLC19A1 3.4727 0.0001
solute carrier family 25, member 22 SLC25A22 2.0361 0.0001
solute carrier family 25 member 15 SLC25A15 2.5325 0.0001
solute carrier family 27 (fatty acid transporter), member 2 SLC27A2 2.9054 0.0009
solute carrier family 36, member 4 SLC36A4 3.6248 0.0035
solute carrier family 38, member 1 SLC38A1 2.1007 0.0043
solute carrier family 38, member 2 SLG38A2 2.2090 0.0037
solute carrier family 4, sodium bicarbonate cotransporter.

member 4 SLG4A4 4.6306 0.0006
solute carrier family 44, member 4 SLG44A4 3.2420 0.0059
solute carrier family 44, member 5 SLC44A5 2.2182 0.0048
solute carrier family 7, member 8 SLG7A8 2.4036 0.0022
solute carrier organic anion transporter family, member 5A1 SLG05A1 4.1291 0.0002
special AT-rich sequence binding protein 1 SATB1 2.7247 0.0000
spermine synthase SMS 195.4520 0.0005

304



Gene Name Gene Symbol FC______ FDR
Genes up-regulated in benign radicals vs. BPH (cont.)

sphingomyelin phosphodiesterase 1, acid lysosomal SMPD1 2.4271 0.0000
sphingomyelin phosphodiesterase 2, neutral membrane SMPD2 2.8894 0.0052
splicing factor, arginine/serine-rich 8 SFRS8 2.5244 0.0001
sterile alpha motif and leucine zipper containing kinase AZK ZAK 3.1145 0.0001
sterile alpha motif domain containing 9 SAMD9 3.2634 0.0000
structural maintenance of chromosomes flexible hinge 

domain containing 1 SMCHD1 8.1703 0.0000
SWI/SNF related, matrix associated, actin dependent 

regulator of chromatin, subfamily c, member 1 SMARCC1 2.1696 0.0003
synaptic vesicle glycoprotein 2C SV2C 2.2295 0.0018
synaptotagmin XVII SYT17 4.2973 0.0008
synovial apoptosis inhibitor 1, synoviolin SYVN1 2.1178 0.0002
syntrophin, alpha 1 SNTA1 2.5891 0.0001
Tar (HIV-1) RNA binding protein 1 TARBP1 2.2836 0.0002
taste receptor, type 2, member 14 TAS2R14 2.3331 0.0008
TBC1 domain family, member 10A TBC1D10A 2.5402 0.0000
TBC1 domain family, member 8 (with GRAM domain) TBC1D8 2.3241 0.0000
tensin 4 TNS4 2,6201 0.0004
tetratricopeptide repeat domain 21B TTC21B 2.0718 0.0052
TGFBI-induced anti-apoptotic factor 1 TIAF1 2.3439 0.0008
thymidine kinase 2, mitochondrial TK2 21.8841 0.0018
thymosin-like 8 TMSL8 2.9885 0.0015
thyroid hormone receptor associated protein 3 THRAP3 2.2391 0.0058
tigger transposable element derived 7 TIGD7 2.0372 0.0057
TNF receptor-associated factor 4 TRAF4 2.2262 0.0016
TNF receptor-associated factor 6 TRAF6 2.4543 0.0004
transducin-like enhancer of split 3 TLE3 2.9806 0.0041
transforming, acidic coiled-coil containing protein 2 TACC2 2.1447 0.0000
transmembrane and tetratricopeptide repeat containing 1 TMTC1 25.1067 0.0000
transmembrane channel-like 1 TMC1 2.3541 0.0003
transmembrane protease, serine 2 TMPRSS2 3.2183 0.0016
transmembrane protein 10 TMEM10 2.8993 0.0031
transmembrane protein 55B TMEM55B 2.2582 0.0000
transmembrane protein 76 TMEM76 2.2217 0.0035
transmembrane protein 80 TMEM80 2.2065 0.0026
transmembrane protein 86A TMEM86A 2.2638 0.0013
tribbles homolog 1 (Drosophila) TRIB1 7.6676 0.0000
tripartite motif-containing 36 TRIM36 3.7495 0.0012
tripartite motif-containing 68 TRIM68 2.0820 0.0017
TSC22 domain family, member 2 TSC22D2 2.1360 0.0017
tubulin tyrosine ligase-like family, member 4 TTLL4 2.7770 0.0008
tubulin, beta 2A TUBB2A 2.3333 0.0001
tubulin, beta polypeptide 4, member Q TUBB4Q 29.6322 0.0002
tumor necrosis factor (ligand) superfamily, member 10 TNFSF10 3.5404 0.0000
tyrosinase (oculocutaneous albinism lA) TYR 2.9392 0.0001
ubiquitin specific peptidase 15 USP15 2.1159 0.0001
ubiquitin specific peptidase 9, Y-linked USP9Y 2.3719 0.0001
ubiquitin-activating enzyme El-like UBE1L 14.7821 0.0024
urocanase domain containing 1 UR0C1 2.0052 0.0011
uroplakin 3A UPK3A 4.6803 0.0056
urotensin 2 domain containing UTS2D 3.6670 0.0000
vacuolar protein sorting 13D (yeast) VPS13D 2.0877 0.0000
vacuolar protein sorting 37C (yeast) VPS37C 2.1986 0.0005
vang-like 2 (van gogh, Drosophila) VANGL2 2.5797 0.0001
vascular endothelial growth factor C VEGFC 2.7060 0.0034
vasoactive intestinal peptide receptor 1 VIPR1 2.1324 0.0020
v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, 

neuro/glioblastoma derived oncogene homolog (avian) ERBB2 2.3539 0.0001
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v-erb-b2 erythroblastic leukemia viral oncogene homolog 3 ERBB3 2.3650 0.0008
v-fos FBJ murine osteosarcoma viral oncogene homolog FOS 7.2321 0.0045
VGF nerve growth factor inducible VGF 3.2181 0.0004
vitelliform macular dystrophy 2-like 1
v-maf musculoaponeurotic fibrosarcoma oncogene homolog

VMD2L1 2.4632 0.0005

F MAFF 3.0621 0.0065
V-set and immunoglobulin domain containing 2 VSIG2 15.5671 0.0030
V-set and immunoglobulin domain containing 8 VSIG8 2.4070 0.0006
v-src sarcoma viral oncogene homolog (avian)
WAP, follistatin/kazal, immunoglobulin, kunitz and netrin

SRC 3.2028 0.0002

domain containing 2 WFIKKN2 19.0788 0.0000
WD repeat and FYVE domain containing 3 WDFY3 2.2719 0.0001
WD repeat domain 4 WDR4 2.1446 0.0027
WD repeat domain 5 WDR5 5.6573 0.0032
WD repeat domain, phosphoinositide interacting 2 WIPI2 158.5551 0.0000
WW domain binding protein 11 WBP11 2.6758 0.0036
WW domain binding protein 4 (formin binding protein 21) WBP4 2.1557 0.0034
xenotropic and polytropic retrovirus receptor XPR1 2.2574 0.0016
zinc finger protein 142 (clone pHZ-49) ZNF142 2.4945 0.0000
zinc finger protein 180 (HHZ168) ZNF180 5.7222 0.0005
zinc finger protein 236 ZNF236 2.3590 0.0018
zinc finger protein 282 ZNF282 2.3433 0.0011
zinc finger protein 297 ZNF297 2.6084 0.0011
zinc finger protein 318 ZNF318 40.8269 0.0000
zinc finger protein 334 ZNF334 2.0607 0.0011
zinc finger protein 36, C3H type, homolog (mouse) ZFP36 15.2867 0.0017
zinc finger protein 385 ZNF385 2.1911 0.0001
zinc finger protein 439 ZNF439 2.7769 0.0039
zinc finger protein 452 ZNF452 4.3489 0.0004
zinc finger protein 561 ZNF561 2.0511 0.0047
zinc finger protein 580 ZNF580 2.7183 0.0000
zinc finger protein 596 ZNF596 3.5798 0.0014
zinc finger protein 681 ZNF681 3.0323 0.0005
zinc finger protein, multitype 1 ZFPM1 2.1457 0.0005
zinc finger, CCHC domain containing 6 ZCCHC6 4.6454 0.0000
zinc finger, DHHC-type containing 1 ZDHHC1 2.0283 0.0052
zinc finger, DHHC-type containing 13 ZDHHC13 2.3927 0.0020
zinc finger, DHHC-type containing 5 ZDHHC5 2.1833 0.0012
zinc metallopeptidase (STE24 homolog, yeast) ZMPSTE24 3.5903 0.0000

Genes down-regulated in benign radicals vs. BPH
aconitase 1, soluble AC01 2.912511 0.000175
actin related protein 2/3 complex, subunit 2, 34kDa ARPC2 2.93634 0000946
adducin 3 (gamma) ADD3 4.56859 5.64E-05
anaphase promoting complex subunit 5 ANAPC5 2.20548 2.62E-05
angiopoietin 1 ANGPT1 2.018088 0.000894
annexin A1 ANXA1 3.160618 0.00013
antizyme inhibitor 1 AZIN1 2.250916 0.00202
apolipoprotein C-l AP0C1 2.997189 0.000769
apolipoprotein L, 1 AP0L1 2.253509 0.001457
apolipoprotein L, 3 AP0L3 3.578144 4.62E-06
ARP2 actin-related protein 2 homolog (yeast) ACTR2 5.457927 0.000218
ARP6 actin-related protein 6 homolog (yeast) ACTR6 4.710208 0.000622
asparagine-linked glycosylation 1 homolog ALG1 4.869149 0.000259
aspartate beta-hydroxylase ASPH 2.001471 0.00356
ataxia, cerebellar. Cayman type (caytaxin) ATCAY 2.875225 0,000189
ATG3 autophagy related 3 homolog (S. cerevisiae) ATG3 2.204489 2.48E-05
ATP-binding cassette, sub-family E (OABP), member 1 ABCE1 3.788802 6.92E-05
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B lymphoma Mo-MLV insertion region (mouse) BMI1 6.605907 4.44E-07
bA299N6.3 unassigned 4.856278 0.000169
BUD31 homolog (yeast) BUD31 3.131202 0.000952
calpain 12 CAPN12 2.248121 0.000111
capping protein (actin filament) muscle Z-line, alpha 1 CAPZA1 4.870518 0.000554
carboxypeptidase X (M14 family), member 1 CPXM1 3.367928 0.00107
CASP8 associated protein 2 CASP8AP2 3.139858 0.000862
cathepsin C CISC 2.929997 0.001582
CD1d molecule CD1D 3.038093 0.003077
CD48 molecule CD48 6.002251 5.56E-05
CDC14 cell division cycle 14 homolog B (S. cerevisiae) CDC14B 5.277841 3.20E-06
CDC42 binding protein kinase alpha (DMPK-like) CDC42BPA 3.036062 0.000898
cell division cycle 26 homolog (S. cerevisiae) CDC26 6.619617 0.003603
cell division cycle 2-like 2 (PITSLRE proteins) CDC2L2 2.73389 3.15E-06
cell division cycle 40 homolog (S. cerevisiae) CDG40 2.729296 3.41 E-07
centromere protein H CENPH 2.183381 0.000146
centromere protein P CENPP 2.288919 0.004404
centrosomal protein IIOkDa CEP110 51.22388 0.001376
CGG triplet repeat binding protein 1 CGGBP1 2.191955 6.95E-07
chemokine (C-X-C motif) ligand 11 CXCL11 4.228642 0.005125
chromatin modifying protein IB CHMP1B 2.139363 0.003035
chromosome 1 open reading frame 63 C1orf63 3.6711 9.31 E-07
chromosome 10 open reading frame 137 C10orf137 2.211954 0.000133
chromosome 10 open reading frame 18 C10orf18 2.700385 0.003636
chromosome 10 open reading frame 27 C10orf27 3.010161 0.000354
chromosome 10 open reading frame 92 C10orf92 8.467619 0.000407
chromosome 11 open reading frame 58 C11orf58 2.214351 0.000397
chromosome 14 open reading frame 103 C14orf103 6.447329 1.76E-06
chromosome 14 open reading frame 129 C14orf129 3.829894 2.08E-05
chromosome 18 open reading frame 56 C18orf56 13.72929 4.91 E-06
chromosome 19 open reading frame 19 C19orf19 2.374926 9.23E-05
chromosome 3 open reading frame 41 C3orf41 3.956182 0.000922
chromosome 7 open reading frame 26 C7orf26 2.422196 0.001682
chromosome X open reading frame 21 CXorf21 4.250138 0.00513
claudin 9 CLDN9 2.502768 0.00448
cleavage and polyadenylation specific factor 3, 73kDa CPSF3 2.434798 5.16E-07
c-myc binding protein MYCBP 2.501552 0.000348
coiled-coil domain containing 36 CCDG36 138.5487 0.001983
coiled-coil-helix-coiled-coil-helix domain containing 7 CHCHD7 2.110788 0.002729
cold shock domain containing E l, RNA-binding GSDE1 2.841244 0.003556
cyclin D1 GCND1 2.060228 3.73E-05
cysteine-rich protein 1 (intestinal) CRIP1 3.851942 0.000714
cytochrome c oxidase subunit Vb C0X5B 2.096728 0.003616
DEAD (Asp-Glu-Ala-Asp) box polypeptide 3, Y-linked DDX3Y 98.96722 1.28E-09
DEAH (Asp-Glu-Ala-His) box polypeptide 16 DHX16 2.461829 8.29E-06
diaphanous homolog 1 (Drosophila) DIAPH1 3.752309 0.002704
dual specificity phosphatase 13 DUSP13 4.102049 0.000651
dynamin 1-like DNM1L 2.117237 5.27E-06
ectonucleotide pyrophosphatase/phosphodiesterase 7 ENPP7 2.511015 9.82E-05
EF-hand calcium binding protein 2 EFGBP2 7.412268 1.10E-06
EGF, latrophilin and seven transmembrane domain

containing 1 ELTD1 2.159238 0.000643
emerin (Emery-Dreifuss muscular dystrophy) EMD 4.012844 5.00E-07
epithelial V-like antigen 1 EVA1 2.314203 0.002631
eukaryotic translation initiation factor 3, subunit 6 48kDa EIF3S6 3.401733 0.000375
eukaryotic translation initiation factor 4 gamma, 2 EIF4G2 3.097148 0.006162
eukaryotic translation initiation factor 4E EIF4E 2.109325 0.00595
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exportin 7 XP07 2.272134 0.000769
family with sequence similarity 126, member B FAM126B 7.938678 0.0028
family with sequence similarity 32, member A FAM32A 2.447927 9.20E-05
family with sequence similarity 80, member A FAM80A 28.53796 0.001444
ficolin (collagen/fibrinogen domain containing) 1 FCN1 8.480269 0.00114
folate receptor 2 (fetal) F0LR2 3.787853 0.000215
folate receptor 3 (gamma) F0LR3 4.658818 0.001035
frizzled homolog 1 (Drosophila) FZD1 3.493335 5.73E-06
FYN oncogene related to SRC, FGR, YES FYN 5.805374 2.35E-05
G protein-coupled receptor 85 GPR85 8.096764 0.003016
GA binding protein transcription factor, beta subunit 2 GABPB2 2.581901 0.001425
GABA(A) receptor-associated protein GABARAP 3.85341 3.98E-06
glucosamine-phosphate N-acetyltransferase 1 GNPNAT1 2.609048 0.00186
glutamine and serine rich 1 QSER1 2.117063 0.002847
guanine nucleotide binding protein (G protein), q polypeptide GNAQ 2.10007 2.41 E-05
guanylate binding protein 4 GBP4 3.417175 0.00421
guanylate binding protein 5 GBPS 5.327763 3.75E-05
heat shock protein, alpha-crystallin-related, 89 HSPB9 48.00409 9.14E-13
heme oxygenase (decycling) 1 HM0X1 3.153769 0.002757
hemoglobin, alpha 1 HBA1 7.584081 0.001552
heterogeneous nuclear ribonucleoprotein A3 HNRPA3 5.059155 0.001084
high-mobility group nucleosome binding domain 1 HMGN1 2.044515 0.000257
histone cluster 1, H3a HIST1H3A 5.637802 5.91 E-05
HSPC244 unassigned 2.587897 0.000412
hypothetical gene supported by BC013438 unassigned 2.319695 0.005691
hypothetical protein BC002926 unassigned 46.93472 1.24E-09
hypothetical protein DKFZp434N035 unassigned 21.42754 0.000553
hypothetical protein LOG 162073 unassigned 2.058151 0.003294
hypothetical protein LOC51255 unassigned 2.242219 0.000675
hypothetical protein MGC29671 unassigned 2.129441 0.002494
indoleamine-pyrrole 2,3 dioxygenase INDO 5.421057 6.18E-05
Inhibitor of growth family, member 4 ING4 3.122527 3.96E-06
inhibitory caspase recruitment domain (CARD) protein unassigned 3.048291 8.20E-06
IN080 complex homolog 1 (S. cerevisiae) IN0C1 2.471519 0.006202
intercellular adhesion molecule 2 ICAM2 2.062638 3.48E-05
interferon, gamma-inducible protein 30 IFI30 2.803231 0.005458
interleukin 6 signal transducer (gp130, oncostatin M receptor) IL6ST 4.147228 1.52E-05
IQ motif containing GTPase activating protein 2 IQGAP2 2.465041 0.004693
jumonji, AT rich interactive domain 1C JARID1C 2.766349 1.42E-05
keratin 14 KRT14 3.191183 0.005221
KIAA0737 KIAA0737 3.425463 4.13E-05
KIAA1033 KIAA1033 2.012133 0.002172
KIAA1212 KIAA1212 3.058665 0.001264
kinesin family member C3 KIFC3 4.198763 2.83E-05
Kruppel-like factor 13 KLF13 2.217803 0.000477
lactate dehydrogenase B LDHB 2.4243 0.000206
leucine carboxyl methyltransferase 2 LCMT2 2.345703 6.98E-06
likely ortholog of mouse D111gp2 unassigned 2.379814 1.12E-06
lysozyme (renal amyloidosis) LYZ 28.09479 0.000653
mab-21-like 1 (C. elegans) MAB21L1 5.136563 0.005654
major histocompatibility complex, class 1, A HLA-A 2.267874 0.001836
major histocompatibility complex, class II, DR beta 1 HLA-DRB1 3.602558 0.000387
major histocompatibility complex, class II, DR beta 3 
mediator of RNA polymerase II transcription, subunit 4

HLA-DRB3 7.530659 0.000461

homolog (S. cerevisiae) MED4 3.293609 4.92E-07
metadherin MTDH 2.251052 0.004159
metal response element binding transcription factor 2 MTF2 2.032023 0.000442
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metallothionein 2A MT2A 3.187423 0.001234
microtubule associated serine/threonine kinase 2 MAST2 3.841921 0.000238
mitogen activated protein kinase binding protein 1 MAPKBP1 2.935082 0.000739
mitogen-activated protein kinase 1 MAPK1 2.02346 0.000947
monooxygenase, DBH-like 1 M0XD1 2.216287 0.000167
Morf4 family associated protein 1-like 1 MRFAP1L1 2.085039 0.000519
mucolipin 3 MC0LN3 13.50089 0.003365
multiple EGF-like-domains 9 MEGF9 2.011398 0.000244
myeloid cell nuclear differentiation antigen MNDA 4.029316 0.000259
myeloid/lymphoid or mixed-iineage leukemia 3 MLL3 2.273446 7.80E-Q5
myeloid/lymphoid or mixed-lineage leukemia 5 MLL5 5.543908 1.09E-07
MyoD family inhibitor MDFI 4.330246 8.33E-06
myosin regulatory light chain MRLC2 unassigned 2.283285 2.21 E-07
N-acetyltransferase 13 NAT 13 2.46887 9.74E-06
N-acetyitransferase 5 NATS 2.288439 2.26E-06
NADH dehydrogenase 1 beta subcomplex, 6, 17kDa NDUFB6 2.235911 3.58E-05
NADH dehydrogenase 1 beta subcomplex, 8, 19kDa 
nascent-polypeptide-associated complex alpha polypeptide

NDUFB8 2.19009 0.001801

pseudogene unassigned 3.960909 1.01E-08
NCK interacting protein with SH3 domain NCKIPSD 4.68743 0.000165
neuroblastoma breakpoint family, member 10 NBPF10 3.242633 0.003211
nipsnap homolog 38 (C. elegans) NIPSNAP3B 9.700284 0.003454
nitric oxide synthase 2A (inducible, hepatocytes) N0S2A 2.144019 0.001334
NLR family, CARD domain containing 5 NLRC5 2.609639 0.00389
non-SMC condensin II complex, subunit D3
nuclear factor of kappa light polypeptide gene enhancer in B-

NCAPD3 5.8523 0.005177

cells inhibitor, alpha NFKBIA 2.009922 0.000188
nucleolar and coiled-body phosphoprotein 1 N0LC1 2.06928 0.005586
nucleotide binding protein 1 (MinD homolog, E. coli) NUBP1 4.1084 4.45E-10
outer dense fiber of sperm tails 2-like ODF2L 4.927427 4.17E-05
overexpressed in colon carcinoma-1 unassigned 3.230519 0.00298
PARK2 co-regulated PACRG 8.931608 0.003167
PEST proteolytic signal containing nuclear protein PCNP 3.747408 0.001538
phosphatidylinositol binding clathrin assembly protein PICALM 2.027161 0.003566
phosphatidylinositol glycan anchor biosynthesis, class M PIGM 2.169713 0.000648
phospholipid scramblase 1 PLSCR1 2.267921 0.000237
potassium channel, subfamily T, member 1 KCNT1 2.775981 6.78E-06
pregnancy specific beta-1-glycoprotein 4 PSG4 10.45647 2.97E-08
progesterone receptor membrane component 2 PGRMC2 6.245522 9.46E-05
proliferating cell nuclear antigen PCNA 2.114257 7.85E-06
protease, serine, 36 PRSS36 4.955927 4.97E-05
proteasome 26S subunit, ATPase, 5 PSMC5 2.209627 0.000103
proteasome 26S subunit, non-ATPase, 10 PSMD10 2.51641 4.99E-06
proteasome subunit, beta type, 9 PSMB9 2.078095 0.003033
protein phosphatase 2, catalytic subunit, beta isoform PPP2CB 4.55648 2.59E-06
protein tyrosine phosphatase, non-receptor type 22 
protein tyrosine phosphatase, receptor type, f polypeptide

PTPN22 5.34381 0.00059

(PTPRF), interacting protein (liprin), alpha 1 PPFIA1 15.01395 9.51 E-07
quinolinate phosphoribosyltransferase QPRT 2.055141 0.000213
RAD51 associated protein 1 RAD51AP1 3.216641 9.63E-06
radixin RDX 3.284871 0.00242
RAP1B, member of RAS oncogene family RAP IB 2.470912 3.43E-05
rearranged L-myc fusion RLF 39.1059 8.26E-10
remodeling and spacing factor 1 RSF1 2.349252 3.40E-05
retinitis pigmentosa 9 (autosomal dominant) RP9 2.114173 3.10E-05
retinoic acid receptor responder (tazarotene induced) 3 RARRES3 2.505878 0.001026
Rho GTPase activating protein 29 ARHGAP29 2.646513 0.000221
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Rho GTPase-activating protein unassigned 15.97715 0.000259
rhomboid, veinlet-like 1 (Drosophila) RHBDL1 2.341118 0.000795
ribonuclease III, nuclear RNASEN 2.295773 7.02E-07
ribonuclease 12 RNASET2 2.106092 0.000904
ribosomal protein L10a RPL10A 2.119952 0.001106
ribosomal protein L15 RPL15 2.225975 6.48E-07
ribosomal protein L37 RPL37 2.644896 2.89E-05
ribosomal protein S25 RPS25 2.040222 1.18E-07
ribosomal protein S3A RPS3A 2.375022 0.0004
ribosomal protein S7 RPS7 2.159428 2.24E-07
ring finger protein 125 RNF125 3.604386 8.51 E-05
ring finger protein 180 RNF180 2.114958 0.000684
ring finger protein 185 RNF185 2.746723 0.000209
ring finger protein 4 RNF4 2.179575 0.002036
RNA binding motif protein 19 RBM19 2.00499 0.004178
S I00 calcium binding protein A8 S100A8 16.04704 0.000946
secreted frizzled-related protein 1 SFRP1 5.550703 5.34E-05
secreted phosphoprotein 1 SPP1 3.689215 0.001464
secretory carrier membrane protein 1 SCAMPI 3.706992 1.05E-05
SEHI-like (S. cerevisiae) SEH1L 2.047833 4.92E-06
selectin L (lymphocyte adhesion molecule 1) SELL 3.355688 0.005271
SET and MYND domain containing 2 SMYD2 2.463949 8.67E-06
SET and MYND domain containing 3 SMYD3 2.097444 0.00519
sialic acid acetylesterase SIAE 3.458766 0.000244
signal recognition particle 14kDa SRP14 2.394396 0.001923
signal-transducing adaptor protein-2 unassigned 60.616 0.000731
similar to 40S ribosomal protein S7 (88) unassigned 2.019195 4.73E-05
similar to CG10806-PB, isoform B unassigned 4.959941 4.91 E-05
similar to Protein SET unassigned 3.473336 0.001595
similar to ribosomal protein LlOa unassigned 2.386585 0.000215
similar to ribosomal protein L18a unassigned 2.421 2.21 E-08
similar to ribosomal protein S12 unassigned 2.024775 3.62E-05
similar to RIKEN cDNA 4921524J17 unassigned 2.265692 0.000279
similar to RIKEN cDNA A530016L24 gene unassigned 10.80269 0.001704
similar to Succinyl-CoA ligase [GDP-forming] beta-chain.

mitochondrial precursor unassigned 3.943113 0.002135
single-strand-selective monofunctional uracil-DNA

glycosylase 1 SMUG1 2.641134 6.22E-D6
small nuclear ribonucleoprotein polypeptide E SNRPE 65.41362 9.72E-07
solute carrier family 1 (glutamate transporter), member 7 SLC1A7 2.078194 0.005771
solute carrier family 25, member 34 SLC25A34 132.0994 1.93E-11
solute carrier family 25, member 36 SLC25A36 2.30331 8.68E-07
solute carrier family 26 (sulfate transporter), member 1 SLC26A1 2.34743 0.000538
solute carrier family 27 (fatty acid transporter), member 1 SLC27A1 2.784364 0.003735
solute carrier family 31 (copper transporters), member 2 SLG31A2 5.937211 0.006321
solute carrier family 35, member A5 SLC35A5 2.006926 2.32E-D5
sorting and assembly machinery component 50 homolog SAMM50 2.527084 9.42E-D7
spermatogenesis associated 21 SPATA21 3.098648 0.00039
spindlin family, member 28 SPIN2B 3.270097 0.000136
sterol carrier protein 2 SCP2 2.022147 0.000244
SUB1 homolog (S. cerevisiae) SUB1 2.319157 3.43E-35
SWI/SNF related, matrix associated, actin dependent

regulator of chromatin, subfamily e, member 1 SMARCE1 4.783777 0.004838
taste receptor, type 2, member 3 TAS2R3 3.52346 0.003023
TBC1 domain family, member 23 TBC1D23 3.460454 2.37E-D6
tektin 3 TEKT3 7.814056 1.22E^7
tenascin XB TNXB 6.056306 5.53E4)6
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tetratricopeptide repeat domain 13 TTC13 2.346529 0.000239
tetratricopeptide repeat domain 23 TTC23 4.164698 0.005184
THAP domain containing 11 THAP11 2.533935 3.30E-07
threonyl-tRNA synthetase TARS 2.026457 0.000115
transmembrane protein 14B TMEM14B 2.002999 2.87E-05
transmembrane protein 16F TMEM16F 3.432264 0.000519
tripartite motif-containing 4 TRIM4 2.54471 0.000312
tropomyosin 3 TPM3 2.332427 3.13E-05
tubulin, beta TUBB 2.888695 2.09E-06
ubiquitin protein ligase E3 component n-recognin 1 UBR1 2.459885 0.002574
ubiquitin specific peptidase 14 USP14 2.055303 0.00094
ubiquitin-conjugating enzyme E2L 3 UBE2L3 2.077968 1.01E-05
vacuolar protein sorting 41 homolog (S. cerevisiae) VPS41 6.799696 0.000724
vestigial like 4 (Drosophila) VGLL4 2.407495 0.000832
v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene

homolog KIT 2.753469 0.003186
WAP four-disulfide core domain 2 WFDC2 2.246135 0.001205
WD repeat domain 4 WDR4 2.061779 0.001534
Williams-Beuren syndrome chromosome region 16 WBSCR16 2.597774 0.001274
X-prolyl aminopeptidase (aminopeptidase P) 3, putative XPNPEP3 3.001504 0.000687
zinc finger and BTB domain containing 38 ZBTB38 4.520712 8.19E-07
zinc finger protein 207 ZNF207 2.705327 0.000641
zinc finger protein 320 unassigned 2.800316 0.000102
zinc finger protein 326 ZNF326 8.247633 0.003141
zinc finger protein 486 ZNF486 2.371717 0.003526
zinc finger protein 655 ZNF655 4.305199 0.000519
zinc finger, MYND-type containing 17 ZMYND17 2.529545 4.79E-07


