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Abstract 
 
Prostate cancer is the most common solid tumor among men in Western industrialized countries. A 
major problem in prostate cancer treatment is the development of androgen-independence, as 
androgen-deprivation therapy is the basic therapy for the disease. Molecular mechanisms behind 
prostate cancer and androgen-independent growth development are poorly known.  
In this study, subtractive hybridization was used for the generation of a cDNA library specific for 
prostate cancer. Analysis of the cDNA library revealed over-expression of several ribosomal 
proteins namely L4, L5, L7a, L23a, L30, L37, S14 and S18, in prostate cancer cell lines. Over-
expression of L7a and L37 was also confirmed in prostate cancer tissue samples.  
Further, cDNA array was used in order to examine differentially expressed genes in androgen-
dependent and androgen-independent prostate cancer cell line LNCaP. Monoamine oxidase A, an 
Expressed Sequence Tag (EST) similar to rat P044, and EST AA412049 were highly over-
expressed in androgen-dependent LNCaP cells. Tissue-type plasminogen activator, interferon-
inducible protein p78 (MxB), an EST similar to galectin-1, follistatin, fatty acid-binding protein 5, 
EST AA609749, annexin I, the interferon-inducible gene 1-8U and phospholipase D1 were highly 
over-expressed in androgen-independent LNCaP cells. The EST similar to rat P044, the EST 
similar to galectin-1, follistatin, annexin I and the interferon-inducible gene 1-8U were also 
expressed in benign prostatic hyperplasia tissue. The Y-linked ribosomal protein S4, Mat-8, and 
EST AA307912 were highly expressed in benign prostatic hyperplasia tissue. 
In situ hybridization of mouse embryos and adult mouse tissues revealed the expression of 
TMPRSS2 in the epithelium throughout the gastrointestinal, urogenital and respiratory tracts during 
development. In human multiple tissue RNA dot blot, the highest level of expression was detected 
in prostate, and lower levels in colon, stomach and salivary gland. TMPRSS2 transcript levels were 
significantly higher in prostate cancer tissue between benign and malignant epithelium of prostate 
cancer patients with untreated disease. Similarly, in poorly differentiated adenocarcinomas, 
expression in malignant tissue was significantly higher. Enzymatic mutation detection and direct 
sequencing of TMPRSS2 coding region revealed only one deletion in aggressive disease among 9 
non-aggressive and 9 aggressive prostate cancer samples. No other mutations were found. Detected 
7-base pair deletion leads to premature stop codon and disruption of serine protease substrate 
binding and catalytic active site.  
We cloned several potential genes whose expression is changed during prostate cancer initiation or 
progression. These genes may serve as prostate cancer markers, and further studies are needed to 
clarify the expression of these proteins during the disease. 
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 Abbreviations 

aa   amino acid 
Akt   v-akt murine thymoma viral oncogene homologue 1 
AR   androgen receptor 
bcl-2   B-cell leukemia 2 
bp   base pair 
BPH   benign prostatic hyperplasia 
c-erbB2   avian erythroblastic leukemia viral (v-erb-b2) oncogene homologue 2 
c-fos  Finkel-Biskis-Jinkins (FBJ) murine osteosarcoma virus oncogene 

homologue 
c-met   met proto-oncogene (hepatocyte growth factor receptor) 
c-myc/c-Myc  v-myc avian myelocytomatosis viral oncogene homologue/protein 
cdc-2   cell division cycle 2 (G1 to S and G2 to M) protein 
CDK   cyclin-dependent kinase 
cDNA   complementary deoxyribonucleic acid 
CK-HMW  high molecular weight cytokeratin 
cpm   counts per minute 
CYP3A4  cytochrome P450, subfamily IIIA (niphedipine oxidase), polypeptide 4 
Cyr61   cysteine-rich angiogenic inducer CYR61 gene (IGFBP-10) 
DNA   deoxyribonucleic acid 
EST   expressed sequence tag 
ETS2   v-ets avian erythroblastosis virus E26 oncogene homologue 2 
GAPD   glyseraldehyde-3-phosphate dehydrogenase 
HER-2/neu  c-erbB2 
hPAP   human prostatic acid phosphatase 
hPSE   human prostate-specific Ets-family transcription factor 
IGF   insulin-like growth factor 
IGFBP   insulin-like growth factor binding protein 
IGFBP-rP1  insulin-like growth factor binding protein-related protein-1 
IGF-1R   insulin-like growth factor receptor type I 
IGF-R   insulin-like growth factor receptor 
KAI1   kangai 1 (suppression of tumourigenicity 6, prostate; CD82 antigen) 



 

kb   kilobase 
kDa   kilodalton 
KLK2   human prostate-specific glandular kallikrein gene (kallikrein 2) 
LOH   loss of heterozygosity 
MAP   mitogen activated protein 
MDM2   mouse double minute 2 protein 
MIC2   antigen identified by monoclonal antibodies 12E7, F21 and O13 
mRNA   messenger ribonucleic acid 
MxA  murine myxovirus resistance 1 homologue (interferon-inducible protein 

p78) 
MxB   murine myxovirus resistance 2 homologue 
Mxi1   MAX-interacting protein 1 
NES1   normal epithelial cell specific-1 gene (kallikrein 10) 
nm23-H1  protein (NM23A) expressed in non-metastatic cells 1 
nm23-H2  protein (NM23B) expressed in non-metastatic cells 2 
p   short arm of the chromosome 
p16   cyclin-dependent kinase inhibitor 2A (melanoma, p16, inhibits CDK4) 
p21   cyclin-dependent kinase inhibitor 1A (p21, Cip1) 
p27   cyclin-dependent kinase inhibitor 1B 
p27Kip1   cyclin-dependent kinase inhibitor 1B 
p34cdc2   cell division cycle 2 controller, G1 to S and G2 to M (cdc-2) 
p53   tumor suppressor gene product p53  
PAR   protease-activated receptor 
PCR   polymerase chain reaction 
PIN   prostatic intraepithelial neoplasia 
Poly(A)+RNA  polyadenylated RNA 
pRb   retinoblastoma protein 
PSA   prostate-specific antigen 
PSM   prostate-specific membrane antigen 
PTEN  phosphatase and tensin homologue (mutated in multiple advanced 

cancers 1) 
POV1   prostate cancer over-expressed gene 1 
q   long arm of the chromosome 
RACE   rapid amplification of cDNA ends 
RNA   ribonucleic acid 
RNaseL   ribonuclease L 
rRNA   ribosomal ribonucleic acid 
RP   ribosomal protein 
RT   reverse-transcription 
TGF   transforming growth factor 
TP53   gene for tumor protein p53 
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1 Introduction 

Prostate cancer is the most commonly diagnosed cancer among men in Western 
industrialized countries. In Finland, 2839 new prostate cancer cases were diagnosed in 
1997 (Finnish Cancer Society). Prostate cancer differs from other solid tumors in that it 
exists in a histologic or latent form. The clinically evident form affects approximately 
15% of American men in their lifetime. Latent form can be identified in approximately 
30% of men over the age of 50 and in 60% to 70% of men over the age of 80 (Carter & 
Coffey 1990, Wingo et al. 1995). At least in its early stages, prostate cancer appears to be 
hormone-dependent. As approximately 50% of patients diagnosed for prostate cancer 
develop a metastatic and therefore incurable disease, prevention of cancer development is 
a life-saving and cost-effective health strategy (Pienta 1998). Familiar prostate cancer 
forms approximately 10% of all prostate cancers and 45% of cases in men younger than 
55 years of age (Carter et al. 1992). In addition to family history, only age and race are 
definitive known risk factors. After the age of 50, both incidence and mortality rates of 
prostate cancer increase at nearly exponential rates (Wingo et al. 1995). Black men living 
in the United States have a higher incidence rate of clinical prostate cancer than white 
men of similar education and sosioeconomic classes (Baquet et al. 1991). Probable risk 
factors include dietary fat and hormones. Increasing fat content in diet is associated with 
increasing prostate cancer incidence in Japan. Potential risk factors include vasectomy, 
cadmium exposure, vitamin A intake and vitamin D concentration. As there are no major 
known risk factors of prostate cancer that easily take effect, avoidance of potential risk 
factors and chemoprevention with finasteride and retinoids are the possibilities for 
prevention (Pienta 1998, and references therein, reviewed by Pentyala et al. 2000). 

Prostate cancer development and mechanisms behind malignant transformation in 
prostate cancer are only partially known. Because of its importance as a common disease, 
better understanding of the molecular mechanisms is essential in order to examine new 
diagnostic and therapeutic strategies. Differential gene expression is one possibility to 
investigate changes and potential effects on genes in different disease states and 
processes. Several methods, such as subtractive hybridization, differential display and 
microarray-technology can be used for the detection of differentially expressed genes.
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As prostate cancer tends to transform to androgen-independent disease with time, 

early diagnosis has a decisive role in effective treatment of the disease. In the USA, the 
American Cancer Society and the American Urological Association recommend digital 
rectal examination and a prostate-specific antigen (PSA) blood test annually starting at 
age 50 (Pienta 1998). PSA is the best and only widely used prostate cancer serum marker 
currently. Some modifications have been made to the assay, such as measurement of free 
and total PSA, which have increased its diagnostic value. During the last few years, 
several putative prostate cancer markers have been found, but none of them have so far 
made a breakthrough in clinical use. Therefore, it is essential to generate new tests for the 
diagnosis of prostate cancer and for potential discrimination between androgen-
dependent and androgen-independent prostate cancer. Further, it is even more important 
to find a marker to identify the patients who benefit from the treatments. With findings of 
metastasis related genes, serum markers for cancer metastasis may come into sight in the 
near future. 



 

 

2 Review of the literature 

2.1  Models for prostate cancer development 

2.1.1  Stem cell hypothesis for prostate cancer development 

Stem cells were originally characterized in hematopoietic system where they are needed 
for self-renewal of cells and for producing progeny that differentiate into all of the 
hematopoietic lineages (De Marzo et al. 1998, and references therein). Stem cells were 
previously thought to be restricted to tissue types with requirements for rapid renewal, but 
more recently the event of continuous replacement of epithelium has led to the conclusion 
that stem cells are likely to be present in epithelial tissues as well. Expression of specific 
integrins may identify stem cells within squamous epithelium (Watt & Jones 1993, Jones 
et al. 1995, Gandarillas & Watt 1997). Instead of producing fully mature functional cells 
of the organ, stem cells usually give rise to a population of amplifying or transient 
proliferating cells that are rapidly dividing but have a much more limited proliferative 
capacity than their progenitor stem cells (De Marzo et al. 1998, and references therein). 
Carcinomas from several adult organs contain multiple malignant epithelial cell lineages 
that are phenotypically related to cell types normally present in those tissues. In addition, 
cancer cells have some capacity to differentiate into the tissue of their derivation. These 
facts have lead to the theory of cancer cells representing the malignant counterpart of 
normal tissue determined stem cells (Pierce 1967, Pierce & Speers 1988, Sell & Pierce 
1994). Buick and Pollak (1984) hypothesized that the seemingly disparate molecular 
genetic and stem cell theories of neoplasia development could be integrated into a single 
model by proposing that oncogene expression in normal cells is tightly regulated in 
relation to differentiation. The presence of stem cells in the rat prostate has been proven 
by castration and testosterone replacement experiments. Castration induces involution of 
prostate, but testosterone replacement after castration leads to the regeneration of normal 
prostate size and morphology. This indicates the reservoir of androgen-sensitive cells 
capable of producing normal prostate structures. Stem cells give rise to a second 
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population of more rapidly cycling androgen responsive cells. These transient 
proliferating cells are, however, androgen-independent, as they survive in prostates of 
castrated animals (Bonkhoff & Remberger 1996, and references therein).  

The prostate epithelium in man is composed of three major cell types: secretory 
epithelial cells, basal cells and neuroendocrine cells. Basal and secretory (luminal) 
epithelial cells of human prostate have different characteristics in localization, 
morphology and gene expression pattern. In addition to above mentioned cells, cell types 
exhibiting phenotypic characteristics intermediate between those of basal cells and 
secretory cells are present in developing and adult prostate (De Marzo et al. 1998, and 
references therein). The telomere status and telomerase activity indicate additional proof 
for immortal stem cells in prostate, and similar findings are also evident in prostate 
cancer (Sommerfeld et al. 1996). Bonkhoff and Remberger (1996) presented a stem cell 
model which was later modified by De Marzo et al. (1998). They presented a hypothesis 
with a transiently proliferating cell in a key role of developing benign prostatic 
hyperplasia and prostate cancer, the latter through prostatic intraepithelial neoplasia 
(PIN). An abnormal increase of transiently proliferating cells within basal epithelial cells 
leads to benign prostatic hyperplasia. As these transiently proliferating cells retain 
protective functions for genome they do not develop into cancer. A simplified 
presentation of the stem cell model is shown in Figure 1. Protective functions are thought 
to depend on gene products such as glutathione S-transferase 3, class pi (GSTP1) (Pickett 
& Lu 1989, Rushmore & Pickett 1993, Lee et al. 1994, Brooks et al. 1998) and nuclear 
phosphoprotein pp32 (Walensky et al. 1993, Chen et al. 1996). It is assumed that 
terminally differentiated luminal epithelial cells do not enter the cell cycle. As they do not 
divide, they do not need most of the protective funtions for genome. Therefore, 
transiently proliferating cells within luminal epithelial cells forming PIN do not have 
protective functions for genome, but they still remain in the cell cycle and are vulnerable 
to DNA damage from environmental factors and acquire genomic alterations in 
oncogenes and tumor suppressor genes. Resulting clonal expansion with additional 
genetic changes leads to carcinoma. Candidates for cell cycle regulation disrupters are 
p27Kip1 (Guo et al. 1997) and bcl-2 (Krajewska et al. 1996). 

2.1.2  Progression model for prostate cancer 

The progression model for cancer development is best described in colon cancer (Milsom 
1993, Kinzler & Vogelstein 1996). A model for prostate cancer has been also described 
(Isaacs 1994, Visakorpi et al. 1995a). This model is based on the fact that same loci have 
been affected in several prostate carcinomas with similar morphology. Development of 
cancer is characterized by increasing genetic instability, which is accompanied by more 
and more progressive disease. In early phases of prostate cancer loss of genetic material 
at chromosomal areas 6q14-21, 8p22, 10q, 16q, 17q21, 18q21 and Y is seen. In advanced, 
but still local, carcinomas losses of 5q21, 6q, 7q, 8p21, 8q24, 13q and 18q, and gains in 7, 
8 and 10q24 are detected. Prostate cancer with metastases has been proposed to contain 
changes in 11p13, 16q22-24, 17p and Xq11-13. In addition, losses of chromosomes 2q, 
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15q and gains of chromosomes 1q, 2p, 3q, 9p, 9q, 16p, 20 and 22 have been described in 
prostate cancer (Visakorpi et al. 1995b, Joos et al. 1995, Cher et al. 1996, Brothman et al. 
1999). In hormone refractory prostate cancer, chromosomal gains are present at least in 7, 
8q and Xq (androgen receptor, AR) (Visakorpi et al. 1995b). 

 

Figure 1. Stem cell hypothesis for prostate cancer development. 

2.2  Differentially expressed genes in prostate cancer and benign 

prostatic hyperplasia 

2.2.1  Methods for studying differential gene expression 

During the last ten years, the development of more and more powerful techniques for 
differential gene expression studies has provided entirely new insights into this area of 
molecular biology. Subtractive hybridization (Sive & St John 1988, Duguid et al. 1988, 
Hara et al. 1991, reviewed by Sagerstrom et al. 1997) is still a useful method for the 
isolation of differentially expressed genes. It is based on subtraction of common mRNAs 
from the sample mRNA (tester) using another mRNA sample (driver) as a subtractor. 
Driver mRNA is transcribed to cDNA labelled with, for example, biotin, radionucleotide, 
magnetic or solid particles. The tester mRNA is then hybridized with the driver cDNA, 
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and unbound, tester-specific mRNA remains in the hybridization mixture after isolation 
of the labelled driver cDNA. Several rounds of subtractive hybridization can be done. The 
tester mRNA can then be used in, for example, construction of a cDNA library or 
screening of a cDNA library after probe synthesis. Subtractive hybridization usually 
requires tens to hundreds of µgs of mRNA, unless a PCR-based method is used. 
Hybridization steps are pivotal, as the times should be relative long for effective 
hybridization, but mRNA degradation is simultaneously a remarkable problem, as the 
hybridization temperatures are not optimal for the preservation of mRNA. After 
subtraction, there are still numerous false positive clones left in the subtracted pool, and a 
screening method is needed to select the truly differentially expressed clones for further 
analysis. As for most of the RNA-based methods, the quality and purity of RNA is the 
most important factor in the process. 

The discovery of the differential display (DD) technique (Liang & Pardee 1992) was 
probably the major breakthrough in this area in the last decade. However, effective 
screening is necessary because of the high rate of false positive clones. Differential 
display is extremely sensitive for DNA and other impurities accompanying the RNA used 
as a starting material. cDNA synthesis is done separately with each set of primers, which 
are then used for PCR, where a subset of all cDNAs present is amplified. The PCR 
products are then separated by electrophoresis, and bands from different samples are 
compared to identify differentially expressed genes. There are several critical points in 
DD, including the quality of RNA. The design of oligonucleotides used for cDNA 
synthesis may need tuning, depending on the source of the RNA. The false positive rate is 
high, and two or more parallel experiments should be done at the same time. Also, the 
smaller fragments are hard to use in further analysis, and only the longer ones should be 
chosen. 

Recently, cDNA arrays based on filters or chips have made it possible to screen 
thousands of genes in a single process of hybridization (Xu et al. 2000, Eckmann et al. 
2000). The development of this technique began in the mid-1990s (Schena et al. 1995, 
Shalon et al. 1996). Membrane-bound DNA requires sequential hybridization of the same 
filter with different probes, usually cDNA probes, originating from the samples under 
study. DNA clones attached to glass slides form a microarray, where even more than 
10000 separate cells can be used. cDNA microarray allows expression analysis of the 
clones in two mRNA populations. Fluorescent probes are prepared from two mRNA 
sources to be compared by transcription with different fluorescent stains. cDNAs are then 
mixed and washed over the slide. After removal of the unbound probe, each probe is 
laser-excited, and their fluorescence at each element is detected with a scanning confocal 
microscope. The relative intensities of the two probes are a reliable measure of the 
relative abundance of specific mRNAs in each sample. Twofold differences in expression 
levels should be reproduced in different chips. mRNA quantitation may differ as much as 
5-fold from those derived from Northern blots (Schena et al. 1996). Problems with clone 
handling, authentication and cross-hybridization have to be mastered when using the 
array technology. Further, an overwhelming amount of information on expression is 
obtained, which may reflect either direct or indirect targets of differential expression. A 
combination of tissue arrays with the analysis of cDNA array results makes it possible to 
get more exact information about the presence of the detected gene expression changes 
(Bubendorf et al. 1999). Based on the cDNA expression profiles, a model for cDNA 
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expression related to the morphological status of the prostate is under construction (Cole 
et al. 1999). 

Representational difference analysis (RDA) is based on both subtractive hybridization 
and PCR (Lisitsyn et al. 1993). Two mRNA samples are first transcribed and digested 
with a restriction endonuclease. Linkers are then ligated to both ends of the cDNA. After 
that, PCR is used to increase the number of cDNA clones without affecting the 
representational status. Both the tester and the driver are again digested and another linker 
is added to the ends of the tester cDNA. The samples are then hybridized with an excess 
of driver cDNA in order to hybridize the cDNAs common in both the tester and the driver 
cDNA. After hybridization, a PCR step is used in order to amplify the tester cDNA with 
linker priming sites at the both ends of the double-stranded cDNA. 

Serial analysis of gene expression (SAGE) is based on cloning of cDNA fragments 
(Velculescu et al. 1995). Amplified cDNA fragments are cloned, and the presence of 
genes in the cloned fragments correlates strongly with their abundance in the 
corresponding cDNA libraries. Analysis of gene expression from different mRNA sources 
gives information about expression level changes. 

2.2.2  Mechanisms behind differential gene expression 

Differential gene expression may be a consequence of several events. Mutations and loss 
of heterozygosity (LOH) are examples of chromosomal events. Several chromosomal loci 
are known to be vulnerable and frequently affected in prostate cancer, and genes affected 
by mutations or LOH are studied as potential tumour suppressor genes. Regulatory 
aberrations may be consequences of e.g. methylation and demethylation of specific gene 
areas. Differential action of transcription factors in benign and cancer tissue is probably 
one explanation for differential gene expression. Post-transcriptional and post-
translational mechanisms may change the stability of mRNA or protein, resulting in 
differential gene expression and alteration in the level of gene product. 

Gene regulation may be affected by mutations in genomic DNA. Altered expression 
can be seen in vivo and in vitro, when a specific response element is mutated in regulatory 
area of a gene, for example. It is also possible that mutant forms of regulatory proteins 
have different effects on target genes, as seen in the case of p53 mutants on bax and p21 
promoters (Flaman et al. 1998). In prostate cancer, chromosomal changes have been 
detected in all chromosomes, at least in some individual tumors. Certain chromosomal 
regions, however, are affected more regularly, as presented in chapter 2.1.2. During recent 
years it has became obvious that for some tumor suppressor genes epigenetic gene 
silencing by methylation of cytocine residues in CpG sequences occurs (reviewed by 
Tycko 2000). Recently even more general histone acetylation has been linked to CpG 
methylation (Tycko 2000, and references therein). In prostate cancer, regulation of gene 
expression by methylation takes place e.g. with E-cadherin (Yoshiura et al. 1995, Graff et 
al. 1995), endothelin B receptor (Nelson et al. 1997) and GSTP1 (Lee et al. 1994) genes. 
Transcription factors may regulate gene expression differentially in prostate cancer and in 
normal prostate. This change in regulation may be due to the altered expression of a 
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transcription factor, as in the case of prostate-specific, androgen-regulated NKX3.1 (He et 
al. 1997). Post-transcriptional regulation of gene expression can be controlled in the 
levels of mRNA splicing, mRNA stability, translation and post-translational events such 
as protein stability and modifications (reviewed by Day & Tuite 1998). 

Differentially expressed genes presented here are shown in Table 1 with data on their 
expression level changes in prostate cancer and with expression detection method. The 
genes and potential mechanisms of action that seem to be most important for prostate 
cancer are presented in Figure 2. 

 
 

Table 1. Expression profiles for genes reported to be differentially expressed. The 
presence of transcript and/or protein product of a gene in benign prostatic hyperplasia 
(BPH) or normal tissue is indicated by +, or absence by -, in the BPH column. 
Expression change in cancer tissue, or during cancer progression, either up- or down-
regulation, is indicated in the Ca-column. Detection method is indicated in the respective 
columns (Protein, immunohistochemical methods; mRNA, Northern blot, dot blot, or in 
situ hybridization; RT-PCR, reverse-transcription RNA PCR). Question mark indicates 
unclear or conflicting expression level results. * indicates lack of data for expression in 
human prostate cancer tissue. 

 
Gene/protein name BPH Ca Protein mRNA RT-PCR 

27-kDa heat-shock protein - ↑  +   
Androgen receptor + ↑? +   
Bone morphogenetic protein 6 + ↑  + + + 
Caveolin-1 - ↑  +   
CD38 + ↓  +   
C-erbB2 + ? +   
c-fos + ↑   +  
CLAR1 + ↑   +  
c-met + ↑? +   
Collagen IV α1 chain + ↑   +  
Cyr61 + ↓  + + + 
Cystein-rich secretory protein pS2 + ↑  +  + 
Cytochrome c oxidase subunit VIc + ↑   +  
Cytochrome P450 family member CYP3A4 - ↑  +   
DD3 + ↑   +  
Deleted in colorectal cancer (DCC) + ↓    + 
Early growth response gene 1 + ↑  + +  
E-cadherin + ↓  +   
Endothelin receptor B + ↓    + 
ETS2 transcription factor - ↑    + 
Eukaryotic translation initiation factor 3 subunit p40 + ↑   +  
Fibroblast growth factor 8 + ↑  + +  
Flk-1 + ↓  +   
Gastrin-releasing peptide receptor + ↑?  +  
GBX2 transcription factor ? ↑*   + 
GC84 + ?*  +  
GSTP1 + ↓  + +  
Hevin + ↓   +  
hPSE transcription factor + ↓  + +  
Inhibin α + ↓  + +  
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Table 1. Continued. 
 
Gene/protein name BPH Ca Protein mRNA RT-PCR 

Insulin-like growth factor binding protein 2 + ↑  + +  
Insulin-like growth factor binding protein 3 + ↓  + +  
Insulin-like growth factor binding protein 4 + ↑?  +  
Insulin-like growth factor binding protein 5 + ↑   +  
Insulin-like growth factor binding protein-related protein-1  +? ↓? + +  
Insulin-like growth factor receptor 1 + ↓  + +  
KAI1 + ↓? + +  
Kinase-associated phosphatase + ↑  +   
Laminin β1 chain + ↑   +  
Laminin 5 γ2 + ↓  + +  
Laminin 5 β3 + ↓  +   
Low affinity p75 neurotrophin receptor + ↓  +   
L-plastin + ↑  +  + 
Macrofage migration inhibitory factor + ↑  +   
Matrix metalloproteinase 2 +? ↑  + +  
Matrix metalloproteinase 7 + ↑   +  
Matrix metalloproteinase 9 - ↑  +   
MIC2 gene product E2 + ↑  +   
Neurofilament heavy chain-like gene + ↓  + +  
Neuropilin-1 + ↑    + 
nm23-H1 + ↓  +   
nm23-H2 + ↓  +   
Normal epithelial cell specific-1 gene - ?* + +  
Nuclear phosphoproteins pp32r1 and pp32r2 - ↑   +  
Nucleoprotein p120 + ↑? +   
Osteonectin/SPARC + ↑? + +  
p16 + ↑? + +  
p27

Kip1
 + ↓  +   

p34
cdc2

 - ↑  +   
p53 + ↑? +   
Parathyroid hormone-related protein + ↑  + +  
Platelet-type 12-lipoxygenase + ↑   +  
POV1 +? ↑   +  
Prolactin receptor + ↓? + +  
Prostate carcinoma tumor antigen-1 - ↑    + 
Prostate stem cell antigen + ↑  + +  
Prostate tumor inducing gene-1 - ↑    + 
Prostate-specific antigen + ↓?  +  
Prostate-specific membrane antigen + ?  +  
Prostate-specific transglutaminase + ↓    + 
Prostatic secretory protein of 94 amino acids + ↓?  +  
PTEN tumor suppressor gene + ↓? + +  
S-laminin + ↑   +  
Supreimmunoglobulin gene gamily member P25/26 + ↓? + +  
Transforming growth factor-α + ↑  +   
Transforming growth factor-β1 + ↑   +  
Transforming growth factor-β3 + ↓   +  
Vascular endothelial growth factor + ↑? + + + 
Very late antigen 2 + ↓  +   
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2.2.3  Growth factors and their receptors 

Cytokines modulate cell growth, differentiation, and immune defenses in the vertebrates. 
In human tissues, normal homeostasis requires intricately balanced interactions between 
cells and the network of secreted proteins in the extracellular matrix. These co-operative 
interactions involve numerous cytokines acting through specific cell-surface receptors. 
When the balance between the cells and the extracellular matrix is perturbed, disease can 
result (Blobe et al. 2000). Fibroblast growth factor (FGF) 8 is over-expressed in prostate 
cancer (Tanaka et al. 1998), and elevated FGF8 mRNA expression is also associated with 
advanced tumor stage. FGF8 inhibits prostate cancer cell growth in vitro. Interestingly, 
FGF8 is expressed in a sub-population of basal cells in BPH probably indicating stem 
cells (Dorkin et al. 1999). 

Transforming growth factor-β (TGF-β) is a member of a family of dimeric polypeptide 
growth factors that includes bone morphogenetic proteins and activins. In normal cells, 
TGF-β acts as a tumor suppressor by inhibiting cellular proliferation or by promoting 
cellular differentiation or apoptosis. In cancer cells, mutations in the TGF-β pathway 
have been described that confer resistance to growth inhibition by TGF-β, thus allowing 
uncontrolled proliferation of the cells. After tumor cells become resistant to growth 
inhibition by TGF-β, both the tumor cells and the stromal cells within the tumors often 
increase their production of TGF-β. This leads to tumor cells becoming more invasive 
and metastasizing to distant organs, which is at least in part as a result of TGF-β 
-mediated stimulation of angiogenesis and cell motility, suppression of the immune 
system, and increased interaction of tumor cells with the extracellular matrix (Blobe et al. 
2000, and references therein). TGF-β1 and TGF-β3 mRNA expression increases and 
decreases, respectively, in prostate cancer by Northern blotting. c-fos expression is 
increased similarly to TGF-β1 (Merz et al. 1994). TGF-β1 expression is also induced 
after androgen ablation (Muir et al. 1994).  

Inhibins are additional members of the TGF-β superfamily. Inhibin α subunit 
expression is down-regulated in poorly differentiated prostate cancer. Loss of inhibin α 
expression may induce tumors or result in lack of tumor-suppressive potential. On the 
other hand, cancer cells may have lost their responsiveness to inhibin α similarly to 
resistance to the effects of TGF-β. However, the latter suggestion does not explain the 
loss of expression in the case of inhibin α gene (Mellor et al. 1998). 

Bone morphogenetic protein 6 (BMP-6) is expressed mainly in prostate cancer and is 
also associated with metastatic disease (Bentley et al. 1992, Barnes et al. 1995, Hamdy et 
al. 1997, Autzen et al. 1998). Bone morphogenetic proteins induce ectopic bone 
formation in vivo, and BMP-6 may be a mediator of skeletal metastases in prostate 
cancer. 

Transforming growth factor α (TGF-α), an epidermal growth factor (EGF) family 
member, is expressed at a higher level in prostate cancer compared to BPH by 
immunohistochemistry. This growth factor expression change may indicate different 
autocrine regulation of prostate cell growth in different prostate diseases (De Miguel et 
al. 1999, and references therein). The c-erbB2/HER-2/neu oncogene encodes a 
transmembrane glycoprotein with significant homology to the EGF receptor. C-erbB2 is 
over-expressed in 16% to 69% of prostate carcinomas. However, findings of c-erbB2 
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correlation with disease state or prognosis are controversial (Zhau et al. 1992, Ross et al. 
1993, Sadasivan et al. 1993, Kuhn et al. 1993, Kokuho et al. 1993, Fox et al. 1994, De 
Miguel et al. 1999). Over-expression of HER-2/neu in LNCaP cell line caused the cells to 
become androgen-independent and increased the expression of PSA in the presence of 
functional AR (Craft et al. 1999). The serum concentrations of c-erbB2 protein seem to 
correlate with progression of hormonal treatment and to portend a poor prognosis (Arai et 
al. 1997).  

c-met proto-oncogene codes the hepatocyte growth factor/scatter factor (HGF/SF) 
receptor. HGF/SF may play a critical role in a variety of biological processes, including 
normal development, wound healing and carcinogenesis. HGF/SF receptor is a 
transmembrane growth factor receptor with tyrosine kinase activity. c-met protein is 
expressed in basal epithelial cells of normal prostate, but the expression in PIN and 
prostate cancer is localized in cancer cells likely to be of luminal origin (Pisters et al. 
1995). 

Low affinity p75 neurotrophin receptor (p75NTR) is expressed in epithelial cells of the 
human prostate, and expression of p75NTR protein declines in human prostate cancer 
(Graham et al. 1992, Pflug et al. 1992, Pflug et al. 1995) with increasing grade (Perez et 
al. 1997). Loss of expression of p75NTR in prostate cancer may be related to its role in the 
induction of apoptosis (Djakiew et al. 1991, Pflug & Djakiew 1998). 

Vascular endothelial growth factor (VEGF) is a potent angiogenic cytokine that 
stimulates endothelial cells, and it is one of the key factors involved in the angiogenesis 
of solid tumors, including prostate cancer. VEGF activities are mediated by high-affinity 
tyrosine kinase receptors associated with endothelial cells. These receptors include, up to 
date, the 180-kDa fms (colony stimulating factor 1 receptor)-like tyrosine kinase (Flt-1), 
the 200-kDa kinase insert domain-containing receptor (KDR) and its murine homologue 
fetal liver kinase 1 (Flk-1) and a third receptor identical to human neuropilin-1. VEGF 
expression is higher in prostate cancer by immunohistochemistry (Ferrer et al. 1997, Latil 
et al. 2000), although findings by other researchers were not so promising (Jackson et al. 
1997). VEGF plasma levels were higher in prostate cancer patients with metastatic 
disease (Duque et al. 1999) or with hormone-refractory disease (Jones et al. 2000). Flk-1 
expression is reduced in high-grade tumors by immunohistochemistry (Ferrer et al. 
1999), whereas neuropilin-1 mRNA expression was up-regulated in high-grade tumors 
(Latil et al. 2000). 

Human prolactin receptor mRNA and protein expression diminishes within high grade 
cancer foci. In dysplastic lesions, expression was increased. Prolactin is produced locally 
by human prostate epithelium (Nevalainen et al. 1997), and this is suggested to indicate 
that the hormone plays a role in early carcinogenesis of the gland. However, during the 
progression, prostatic cancer cells become increasingly independent of its action (Leav et 
al. 1999). 

Parathyroid hormone-related protein (PTHrP) expression is elevated in prostate cancer 
(Shulkes et al. 1991), and the elevation is associated with dedifferentiation (Iwamura et 
al. 1993, Asadi et al. 1996, Wu et al. 1998). Increased PTHrP expression influences 
positively primary tumor size in rats and protects cells from apoptotic stimuli (Dougherty 
et al. 1999). 

Small bioactive peptides bombesin and endothelin-1 have compelling biologic effects 
in prostate cancer. They act through specific high-affinity heptahelical G-protein-coupled 
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receptors. These peptides are degraded by neutral endopeptidase 24.11 (NEP). Peptides 
related to bombesin/gastrin-releasing peptide (GRP) mediate a wide spectrum of 
activities of binding to G-protein-coupled receptors, including signal transduction via 
rapid mobilization of intracellular calcium. Bombesin stimulates the growth of human 
prostate cancer cells, increases invasion and induces urokinase plasminogen activator 
expression. GRP receptor mRNA is expressed at variable levels in both luminal and basal 
epithelial cells of human prostate cancer, whereas normal tissues has low levels of 
expression (Nelson & Carducci 2000a, and references therein). 

Endothelin-1 plasma concentrations were 2.6 times higher in patients with advanced 
prostate cancer compared with healthy males (Nelson et al. 1995, Nelson et al. 1996, 
Nelson & Carducci 2000b). Endothelin receptor B (ETB) expression is reduced in 
prostate tumors. Decreased expression is apparently due to CpG island methylation of 
ETB gene. Thus endothelin function in prostate cancer is supposed to be mediated by 
endothelin receptor A. Endothelin-1 is a mitogen for osteoblasts and has been shown to 
inhibit osteoclast function, and, furthermore, to induce pain. Phase I clinical trial with 
endothelin receptor A inhibitor resulted in reduced pain and PSA serum concentration 
decrease (Nelson & Carducci 2000a, and references therein) in prostate cancer patients.  

Neutral endopeptidase 24.11 (NEP) is identical to the common acute lymphoblastic 
leukemia antigen (CALLA) (Shipp et al. 1989). NEP inactivates a variety of 
physiologically active peptides, including bombesin and endothelin-1, thereby reducing 
local concentrations of peptide available for receptor binding and signal transduction. 
Loss of NEP function results in the failure to inactivate those mitogenic peptides, which 
disrupts normal cellular homeostasis and potentially contributes to tumor progression. 
NEP protein expression is commonly decreased in cancer cells of metastatic prostate 
cancer specimens from patients with androgen-independent but not androgen-dependent 
prostate cancer (Papandreou et al. 1998, and references therein). However, the expression 
of NEP in prostate tissue has not been studied to date. 

2.2.3.1  Insulin-like growth factor system 

Insulin-like growth factors (IGFs) are critical regulators of cell and tissue growth. Acting 
by endocrine as well as paracrine and autocrine mechanisms, the IGFs play unique roles 
in each organ or tissue. These actions are mediated through type 1 IGF-receptor (IGF-
1R), a tyrosine kinase that resembles the insulin receptor. The availability of free IGF for 
interaction with the IGF-1R is modulated by IGF-binding proteins (IGFBPs). IGFBPs, 
especially IGFBP3, also have IGF-independent effects on cell growth (Cohick & 
Clemmons 1993, Peehl et al. 1995, Peehl et al. 1996, Grimberg & Cohen 2000). IGF-I 
serum levels are 7-8% elevated among prostate cancer patients relative to age-matched 
controls (Grimberg & Cohen 2000, and references therein). Potential changes in the IGF 
system contributing to carcinogenesis are presented in Figure 3. IGF-receptor (IGF-R) is 
important in normal cell growth and at least physiological levels of IGF-R may be an 
obligatory requirement for the establishment and maintenance of the transformed 
phenotype. In mRNA and protein levels, the expression of IGF-1R is decreased at least in 
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part of prostate cancer samples. This finding is in contrast to that in other neoplasias, 
where IGF-R levels are increased compared to those in benign tissue. Thus IGF system 
may be affected differently in prostate cancer compared to other epithelial neoplasias 
(Tennant et al. 1996a, and references therein). Expression of IGFBPs is also affected. 
Classically, the influence of IGFBPs on the prostate has been either to enhance or to 
inhibit the activity of IGF ligands. Recently, IGF-independent activities of some of the 
binding proteins have been described, especially for IGFBP-3 and its proteolytic 
fragments (Sprenger et al. 1999, and references therein). IGFBP-2 (Tennant et al. 1996b, 
Bubendorf et al. 1999), -4 and –5 are expressed at a higher level in malignant compared 
to benign prostatic epithelium (Tennant et al. 1996c), or in lesions with a high Gleason 
score compared to those with a low Gleason score (Figueroa et al. 1998). In turn, IGFBP-
3 expression was down-regulated in high Gleason score tumors by RNA level (Figueroa 
et al. 1998) and by immunohistochemistry (Tennant et al. 1996b, Hampel et al. 1998). 
Insulin-like growth factor-binding protein-related protein-1 (IGFBP-rP1) shares structural 
and functional similarities with the conventional IGFBPs. Expression of IGFBP-rP1 is 
reduced in malignant prostate cells and in lymph node metastases of prostate cancer in 
mRNA level (Hwa et al. 1998), although contrary immunohistochemical results have 
been published (Degeorges et al. 1999). Transfection experiments and tumor formation 
studies in nude mice suggest a suppressive effect of IGFBP-rP1 on prostate cancer 
(Sprenger et al. 1999).  

Cyr61 expression is reduced in prostate cancer by immunohistochemistry. Reduced 
expression is suggested to result in a growth advantage, reduced cell adhesion and 
increased ability to invade the underlying tissue through basal lamina (Pilarsky et al. 
1998). Cyr61 is also termed IGFBP-10, as it contains significant sequence homology with 
IGFBPs (Kim et al. 1997). 

 
Increased IGF/IGF-1R activity.    
 A. Elevated IGF levels.   
  Systemic  
  Autocrine/paracrine  
 B. Enhance IGF-1R function.  
  Receptor number  
  Receptor activity 
  Stimulation by IGF 

 

   a. modulated by IGFBPs 
   Systemic 
   Autocrine/paracrine 
   b. modulated by IGFBP proteases 
Decreased IGF-independent growth inhibition by IGFBPs   
 A. Diminished IGFBP levels.   
  Systemic 
  Autocrine/paracrine 

 

  Reduced induction by IGFBP-regulators 
  Augmented proteolysis 

 

 B. Impaired IGFBP function.   
  Disrupted interactions with cell surface receptors or association proteins 
  Ineffective nuclear localization 

Figure 3. IGF axis perturbations that can contribute to carcinogenesis (Grimberg & Cohen 
2000). 
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2.2.4  Cell cycle regulators 

Cell cycle abnormalities in cancer are of interest because cancer cells are characterized by 
the inability to respond appropriately to growth arrest signals, and alterations in the cell 
cycle may alter the cell’s ability to respond effectively to DNA damage (Kibel & Isaacs 
2000, and references therein). The role of cell cycle regulators in apoptosis and cell cycle 
progression is presented in simplified form in Figure 4. 

 

Figure 4. Cell cycle and apoptosis regulation by p53, cyclins and Rb. Modified from (Kibel & 
Isaacs 2000, Sgambato et al. 2000, Blobe et al. 2000). Bold arrow indicates induction and hook 
inhibition. 

The cyclin-dependent kinase inhibitor (CDK1) p16, also known as MTS1, INK4 and 
CDKN2, is an important negative cell cycle regulator. Loss of p16 contributes to 
malignant phenotype. Cyclin-dependent kinases (CDKs) are essential phosphorylating 
enzymes in association with other proteins called cyclins, whose activity is tightly 
regulated by protein phosphorylation. The activation of CDK-cyclin complexes are 
responsible for the orderly transition of the cell through the cell cycle; the CDK-cyclin 
complex phosphorylates retinoblastoma protein (pRb) which promotes cell cycle 
progression. In contrast, CDK inhibitors, like p16, prevent activation of CDK-cyclin 
complexes (CDK4/cyclin D) by sequestering the CDK4 component from the respective 
complexes. As a consequence, the under-phosphorylated pRb remains in its growth-
suppressive form, arresting cell cycle transition (Steiner et al. 2000, and references 
therein). p16 locus is at 9p21, which was primarily reported as being frequently deleted in 
primary tumors, including prostate tumors (Cairns et al. 1995). Convincing results 
indicate, however, that p16 gene inactivation is due to DNA methylation (Herman et al. 
1995), rather than gene deletions (Liu et al. 1995, Mangold et al. 1997, Jarrard et al. 
1997). Over-expression of p16, and the respective gene INK4, was detected in prostate 
cancer, and it was associated with advanced disease (Lee et al. 1999, Halvorsen et al. 
2000), although opposite results in form of INK4 mRNA down-regulation in prostate 
cancer have been reported (Chi et al. 1997). 

The p27Kip1 gene has been identified as inductor of cell cycle arrest at the G1 
checkpoint, preventing the entry of somatic cells into the S phase of the cell cycle when 
substantial DNA damage has occurred. The p27Kip1 gene locus is not affected in human 
cancer (Bullrich et al. 1995), but loss of p27Kip1 protein expression is an adverse 
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prognostic factor for prostate cancer (Yang et al. 1998a, Cote et al. 1998, Kuczyk et al. 
1999).  

p34cdc2 is a highly conserved cyclin-associated 34-kDa protein kinase that becomes 
activated on phosphorylation. p34cdc2 over-expression was associated with advanced 
prostate cancer (Kallakury et al. 1997), as was nucleoprotein p120 expression (Kallakury 
et al. 1999). 

2.2.5  Transcription factors 

Products of oncogenes, such as c-myc and p53 have central roles in tumorigenesis. These 
genes produce oncogenic transcription factors. c-Myc expression elevation in prostate 
cancer does not have prognostic significance, as its expression in tissues changes during 
normal physiological events as well. c-myc is located at 8q24, and amplification of c-myc 
occurs in many tumors. c-Myc regulates cell proliferation and growth at levels of cell 
cycle regulation, apoptosis, metabolism, differentiation and cell adhesion (Sciavolino & 
Abate-Shen 1998, and references therein, Dang et al. 1999, and references therein).  

The p53 gene (TP53), located at 17p13.1, encodes a 53-kDa nuclear phosphoprotein 
(p53) which regulates cell cycle inhibition and apoptosis in response to cellular stress. 
After DNA damage, p53 induces a G1 (presynthetic growth phase) arrest for DNA repair 
(Burton et al. 2000). Mutations in p53 are detected in about 20% of advanced, high-
grade, metastatic prostate cancer, and they correlate with prostate cancer progression. The 
p53 protein can be detected immunohistochemically in 8-64% of prostate cancers. 
However, controversy exists on mutation frequency, and the prognostic and diagnostic 
value of p53 over-expression in prostate cancer (Sciavolino & Abate-Shen 1998, Daliani 
& Papandreou 1999, Burton et al. 2000, and references therein).  

Early growth response gene 1 (EGR-1) belongs to the EGR gene family. Members of 
this family encode zinc finger DNA-binding transcription factors. EGR-1 is induced 
during the G0-G1 transition of the cell cycle in a variety of cell lines upon mitogenic 
stimulation. EGR-1 is expressed at higher levels in malignant epithelium of human 
prostate (Thigpen et al. 1996, Eid et al. 1998). EGR-1 may modulate prostatic 
proliferation by stimulating a proto-oncogene and/or a growth factor, the expression of 
which is associated with prostatic carcinoma. Furthermore, EGR-1 binds to the same 
DNA response element as Wilms’ tumor (WT-1) protein, suggesting the possibility of 
stimulation of prostate growth via competition of EGR-1 with WT-1 binding elements on 
target DNA (Eid et al. 1998). 

ETS2 transcription factor expression is elevated in prostate cancer (Liu et al. 1997). 
ETS2 is involved in the regulation of cell division, since it has been shown to be a 
regulator of cdc-2 and cyclin D1 (Sementchenko et al. 1998). Transcripts of another ETS 
family gene, prostate-specific transcription factor hPSE are detectable in normal and 
malignant prostate epithelial cells, but immunoreactivity is seen only among normal 
glandular epithelial cells (Nozawa et al. 2000). 
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Transcription factor, homeobox gene GBX2 is over-expressed in prostate cancer cell 
lines compared to normal prostate tissue. Evidence of differential expression in prostate 
tissue is, however, lacking (Gao & Isaacs 1996, Gao et al. 1998). 

2.2.6  Genes encoding proteins for cytoskeleton and cell adhesion 

Non-muscle cells perform mechanical work, including self-propulsion, morphogenesis, 
cleavage, endocytosis, exocytosis, intracellular transport, and changing the cell shape. 
These cellular functions are carried out by an extensive intracellular network of 
filamentous structures constituting the cytoskeleton (Murray 2000). Human collagen IV 
α1 chain, laminin β1 chain and S-laminin levels were increased in cancerous lesions 
when compared with BPH. Increased levels of these genes coding basement membrane 
components may accelerate the basement membrane forming process, which probably 
contributes to the ability of tumor cells to penetrate the extracellular matrix during the 
process of stromal invasion and metastasis (Pfohler et al. 1998). 

Laminin 5 β3 and γ2 are subchains of this extracellular matrix protein integral to the 
formation of the hemidesmosomes, which in turn attach normal basal cells to the 
underlying basal lamina. These subchains were not detected in invasive prostate 
carcinoma. In addition, laminin 5 γ2 mRNA was expressed in prostate cancer cells, 
although the respective protein was not detectable. As laminin 5 has a central role in 
hemidesmosomes, it affects the adhesion of cancer cells to basal lamina (Hao et al. 1996). 

L-plastin was expressed at a higher level in prostate tumor tissue by RT-PCR, and 
immunohistochemical staining detected L-plastin in fibromuscular stroma in normal 
prostates, but not in carcinomatous glandular epithelial cells in prostate cancer. L-plastin 
could mediate changes in the pattern of intracellular arrangements of actin filaments, 
which in turn could influence cell organization and cell mobility in tumor progression 
(Zheng et al. 1997). 

The very late antigens are αβ-heterodimeric transmembrane proteins that include cell 
surface receptors for laminin (VLA-6) and collagen (VLA-2). VLA-2 expression was 
down-regulated in approximately 70% of grade I and II prostate tumors studied by 
Bonkhoff et al. (1993). Heterogenous expression of VLA-2 and VLA-6 in grade III 
primary prostate cancer was frequently associated with up-regulation of these proteins in 
corresponding lymph node metastases (Bonkhoff et al. 1993). 

CLAR1 is a gene expressed at a higher level in prostate tumors of high grade in 
Northern blot. CLAR1 maps to chromosome 19q13.3 close to the conserved kallikrein 
gene family locus. CLAR1 contains several consensus sequences for binding to SH3 
domains, suggesting involvement in the regulation or modification of proteins containing 
the domains. These proteins in turn play significant roles in cytoskeletal localization and 
signal transduction pathways. CLAR1 also contains a potential site for serine 
phosphorylation by MAP kinases and cdc-2 kinase (Rondinelli & Tricoli 1999, and 
references therein). 

Increased expression of macrofage migration inhibitory factor (MIF) is associated with 
metastatic prostate cancer, and increased expression is also detected in focal prostate 
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cancer. Tumor cells induce macrofages to produce degenerative enzymes, which facilitate 
tumor invasion and, furthermore, MIF induces macrofages to produce cytokines (Meyer-
Siegler & Hudson 1996, and references therein, Meyer-Siegler et al. 1998). 

Osteonectin/SPARC is a secreted glycoprotein that modulates the interaction of cells 
with the extracellular matrix. It is expressed at high levels in metastatic lesions of prostate 
cancer (Thomas et al. 2000). Transcript levels of another osteonectin family member, 
hevin, are decreased in prostate cancer lymph node metastases. This down-regulation may 
be advantageous for metastatic process as hevin is important for the adhesion and 
trafficking of cells through the endothelium (Nelson et al. 1998). 

Deleted in colorectal cancer (DCC), a potential tumor suppressor gene, encodes a 
molecule that shares high homology with the neural cell adhesion molecule. DCC 
expression was reduced in 12 of 14 prostate cancer cases by RT-PCR, and LOH is also 
seen at the DCC locus (Gao et al. 1993, Brewster et al. 1994). 

The family of matrix metalloproteinases (MMPs) has been shown to be involved in 
proteolytic degradation of the extracellular matrix, which is an essential step in tumor 
metastasis. MMPs are tightly regulated by the levels of active enzyme and their 
inhibitors, the tissue inhibitors of metalloproteinases (TIMPs). MMP-2 expression is 
elevated in prostate cancer (Upadhyay et al. 1999, Still et al. 2000) and it is associated 
with malignant progression and metastases in lymph nodes (Stearns & Stearns 1996). 
MMP-7 mRNA is over-expressed in prostate carcinoma, and over-expression is 
associated with invasion and metastasis (Pajouh et al. 1991, Hashimoto et al. 1998). 
Aggressive and metastatic prostate cancers express high levels of the MMP-9 protein 
(Hamdy et al. 1994). Over-expression of MMPs, and simultaneous non-affected 
expression of TIMPs seems to play an important role in the regulation of invasion. 

2.2.6.1  E-cadherin 

Cadherins are cell surface proteins that are directly involved in a wide variety of 
processes such as cell adhesion, cell sorting, cell survival, morphogenesis, formation of 
intercellular junctions, maintenance of tissue integrity and tumorigenesis (Rowlands et al. 
2000). Allelic loss is frequently seen in chromosomal arm 16q in prostate cancer (Carter 
et al. 1990, Bergerheim et al. 1991, Visakorpi et al. 1995b, Cher et al. 1995, Cunningham 
et al. 1996). A potential tumour suppressor gene at 16q is E-cadherin. Cadherins mediate 
cell to cell adhesion through calcium-dependent interactions. Additionally, the cadherin-
catenin system mediates signals to regulate cellular differentiation and growth (reviewed 
by Potter et al. 1999). Aberrant expression of E-cadherin is associated with high-grade 
prostate carcinomas (Umbas et al. 1992, Cheng et al. 1996a, Morita et al. 1999) and also 
with poor prognosis (Umbas et al. 1994, Richmond et al. 1997). Interestingly, in human 
prostate, E-cadherin expression is silenced by DNA methylation (Yoshiura et al. 1995, 
Graff et al. 1995). 
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2.2.7  Genes encoding transmembrane proteins 

Transmembrane proteins can have many biological functions, such as signal transduction, 
cell adhesion (e.g. cadherins) or intra/extracellular activation of other proteins. On the 
other hand, transmembrane proteins can be located on membranes inside the cell, 
participating in signal transduction or in other functions there. Prostate-specific 
membrane antigen (PSM/FOLH1) antibody was originally raised against the LNCaP cell 
line (Horoszewicz et al. 1987). PSM cDNA encodes a putative transmembrane protein 
with an expression pattern restricted mainly to prostate (Israeli et al. 1993, Israeli et al. 
1994). Detecting PSM in peripheral blood of prostate cancer patients was a promising 
discovery as regards prostate cancer metastasizing potential. Later, however, circulating 
leukocytes have shown to express PSM gene. Androgen deprivation increases PSM levels 
in human prostate cancer tissue and in LNCaP cell line. Fascinatingly, a splice variant of 
the PSM gene is differentially expressed in normal and malignant prostate tissue when 
compared to respective full length mRNA. Management trials utilizing prostate-
specificity of PSM have been carried out, but a breakthrough is yet to come (Maraj & 
Markham 1999, and references therein). 

CD38 (antigen CD38 of acute lymphoblastic leukemia cells) is a type 2 
transmembrane glycoprotein whose gene is located in chromosome 4. Both basal and 
secretory epithelial cells of normal prostate express CD38, according to 
immunohistochemical studies. However, complete loss of CD38 immunoreactivity was 
detected in half of the malignant prostate glands. CD38 may be involved in intracellular 
calcium mobilization, or it may have a so far unknown function in prostatic fluid (Kramer 
et al. 1995). 

POV1 cDNA did not show homology with any reported human genes. It is up-
regulated in 50% of prostate cancer cases. It maps to chromosome 11p11 and is probably 
a transmembrane protein. A unique splice variant mRNA appears in fetal tissues and 
tumors (Cole et al. 1998). 

2.3  Genes over-expressed in benign prostatic hyperplasia or normal 

prostate tissue, or down-regulated in prostate cancer 

PSA expression is down-regulated in prostate cancer (Hakalahti et al. 1993). Recent 
studies have revealed apoptotic potential of PSA, when PSA cDNA was transfected into 
prostate carcinoma cell lines. Similar transfection decreases cancer cell line proliferation 
and metastatic potential. Anti-angiogenic capacity of PSA has been proved recently 
(Fortier et al. 1999, Heidtmann et al. 1999). Another member of the kallikrein gene 
family, normal epithelial cell specific-1 gene (NES1), is down-regulated in prostate 
cancer cells. NES1 expression suppressed the anchorage-independent growth of tumor 
cells in soft agar and inhibited the formation of tumors in nude mice (Diamandis et al. 
2000, and references therein). 
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Neurofilament heavy chain-like mRNA and protein are down-regulated in prostate 
cancer. It is speculated to have a tumor-suppressive function in human prostate 
(Schleicher et al. 1997). 

Human prostate-specific transglutaminase gene (pTGase) is down-regulated in 
prostate cancer, especially in metastatic tissue, shown by RT-PCR. The biophysical 
significance of pTGase is, to date, unknown, but it might have a role in the regulation of 
apoptosis (An et al. 1999). 

The superimmunoglobulin gene family member P25/26 was over-expressed in BPH, 
compared to normal prostate tissue or prostate cancer both in protein and mRNA levels. 
The significance of this phenomenon is mainly unclear so far (Wright, Jr. et al. 2000). 

A prostatic secretory protein of 94 amino acids (PSP94) is expressed in prostate 
epithelial cells (Brar et al. 1988), and its expression was decreased in prostate cancer 
tissue (Liu et al. 1993). However, its diagnostic value still remains uncertain (Wu et al. 
1999).  

2.3.1  PTEN and Mxi1 tumor suppressor genes 

Tumor suppressor gene PTEN (phosphatase and tensin homologue deleted from 
chromosome 10)(Li et al. 1997), also known as MMAC1 (mutated in multiple advanced 
cancers)(Steck et al. 1997) or TEP1 (TGF-β-regulated and epithelial cell-enriched 
phosphatase) is located on chromosome 10q23, a region known to be frequently affected 
in many human cancers (reviewed by Cantley & Neel 1999)). PTEN was previously 
reported to be frequently inactivated in primary prostate cancer (Cairns et al. 1997, Gray 
et al. 1998), but this finding has not been confirmed by others (Pesche et al. 1998, 
Feilotter et al. 1998, Dong et al. 1998, Facher & Law 1998, Wang et al. 1998). Instead, 
PTEN is inactivated in metastatic (Suzuki et al. 1998) and poorly differentiated prostate 
cancer. Total absence of PTEN immunoreactivity correlated with the high Gleason score 
(McMenamin et al. 1999). Reduced level or lack of mRNA is connected to advanced 
prostate cancer (Whang et al. 1998), although controversial findings have also been 
reported (Vlietstra et al. 1998). The function of PTEN in tumor suppression is 
complicated. Phosphatidylinositol 3,4,5-trisphosphate (PIP-3) is the main in vivo 
substrate of PTEN. PIP-3 is needed for proto-oncogene serine/threonine kinase Akt (also 
known as PKB) activation by phosphorylation, which in turn leads to survival functions 
mediated by Akt. PTEN functions by keeping PIP-3 levels low. It may also work through 
post-transcriptional up-regulation of the p27 protein and associated cell cycle regulation. 
PTEN inactivation in turn might result in increased cell cycle progression through the 
Akt-dependent phosphorylation and inactivation of glycogen phosphatase kinase-3. This 
inactivation leads to cyclin D1 stabilization. PTEN may regulate focal adhesion kinase 
(FAK) and transforming protein Shc, and thus modulate cell adhesion and migration. 
However, the tumor-suppressive function of PTEN is dependent only on its lipid 
phosphatase activity (reviewed by Di Cristofano & Pandolfi 2000). 

Mxi1 is located near PTEN in chromosome 10q24-25. The Mxi1 protein decreases 
activity of c-Myc oncoprotein and thus potentially serves a tumor-suppressor function. 
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There is controversy as to the frequency of Mxi1 mutations in prostate cancer (Eagle et 
al. 1995, Kawamata et al. 1996, Prochownik et al. 1998, Kuczyk et al. 1998), although 
functional evidence of the significance of the detected mutations has been found (Eagle et 
al. 1995). However, PTEN is likely to be target of the frequently observed allelic 
deletions in this area (Kuczyk et al. 1998). 

2.3.2  Metastasis suppressor gene KAI1 

The discovery of a gene suppressing metastases in a rat prostate cancer model revealed 
cDNA for KAI1, identical to previously described cDNA clones from lymphocytes, 
which is widely expressed in various human tissues (Dong et al. 1995, and references 
therein). Biphasic expression of KAI1 mRNA has been shown: it is increased in low-
grade primary prostate cancer, possibly associating with restraining of tumor progression 
(Bouras & Frauman 1999). On the other hand, expression of KAI1 protein is decreased 
during prostate cancer progression (Dong et al. 1996, Ueda et al. 1996). Down-regulation 
of KAI1 has also been detected at least in lung, breast, bladder and pancreatic cancers 
(Mashimo et al. 1998, and references therein). Allelic loss of KAI1 is infrequent (Dong et 
al. 1996). However, in Japanese prostate cancer patients living in Japan, frequency of the 
allelic loss is increased (Kawana et al. 1997). It is of interest that expression of KAI1 is 
directly activated by p53, and loss of both KAI1 and p53 immunoreactivity resulted in 
poor survival of cancer patients overall (Mashimo et al. 1998). 

2.4  Genes over-expressed in prostate cancer 

Cytochrome c oxidase subunit VIc (COSVIc) is a protein of the respiratory chain in the 
mitochondrial inner membrane. It is over-expressed in prostate cancer compared to 
normal human prostate tissue. This may reflect the elevated respiratory rate in cancer 
cells (Wang et al. 1996, and references therein). 

Elevated caveolin-1 protein levels are associated with human prostate cancer 
progression in pathological specimens (Yang et al. 1998b, Yang et al. 1999). Caveolin-1 
expression correlates positively with more progressive disease, lymph node involvement 
and progressive disease by immunohistochemistry. Interestingly, suppression of caveolin-
1 by antisense vectors in mouse prostate converted androgen-resistant metastatic cancer 
cells to the androgen-sensitive phenotype in vivo (Yang et al. 1999, and references 
therein). 

Prostate carcinoma tumor antigen-1 (PCTA-1) is a gene selectively expressed by 
prostate carcinomas versus normal prostate and BPH. PCTA-1 shares homology with the 
galectin gene family, which in turn have been implicated in tumourigenesis and 
metastasis overall (Su et al. 1996, and references therein). 

Prostate tumor-inducing gene-1 (PTI-1) encodes a truncated and mutated human 
elongation factor 1α. PTI-1 5’ untranslated region shares homology with the 23S rRNA 
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gene of Mycoplasma hyopneumoniae. It is expressed in prostate cancer but not in normal 
prostate or in BPH by RT-PCR. mRNA for PTI-1 is also present in prostate, lung, breast 
and colon carcinoma cell lines (Shen et al. 1995). Later, it was detected by RT-PCR from 
prostate cancer patient blood samples when the patients had a metastatic disease (Sun et 
al. 1997). 

Eukaryotic translation initiation factor 3 subunit p40 (eIF3-p40) has a central role in 
the initiation of translation. eIF3-p40 gene amplification is evident in hormone refractory 
prostate cancer. By in situ hybridization, expression of eIF3-p40 was also higher in 
hormone refractory prostate cancer compared to BPH (Nupponen et al. 1999). 

Human pseudoautosomal gene MIC2 is located on the short arms of both human X 
and Y chromosomes. The MIC2 product E2 is a cell surface glycoprotein of unknown 
function. E2 is expressed in primary prostate cancer, but irregularly in BPH or normal 
prostate tissue. Furthermore, it is androgen-regulated in LNCaP cells (Shen et al. 1998, 
and references therein). 

DD3 mRNA is over-expressed in prostate tumors in comparison to non-neoplastic 
prostatic tissue of the same patients. It is located in chromosome 9q21-22 and seems to be 
extremely prostate-restricted in its expression. The DD3 cDNA sequence has a high 
density of stop codons in all three reading frames, which leads to an intriguing possibility 
of DD3 being a noncoding RNA. The possibility of a small protein product cannot be 
ruled out, however (Bussemakers et al. 1999). 

Cystein-rich secretory protein pS2 expression is interesting, as it has been shown to be 
associated with hyperplastic glands or PIN adjacent to the cancerous lesions. Normal 
prostate does not express pS2 detected by immunohistochemistry (Bonkhoff et al. 1995). 
Later, pS2 RT-PCR from prostate biopsies has proved to be of noteworthy diagnostic 
value in prostate cancer detection (Colombel et al. 1999). However, the biological 
function of pS2 is still unknown. 

Over-expression of platelet-type 12-lipoxygenase (12-LOX) mRNA is detected  more 
frequently in advanced stage, high-grade prostate cancer (Gao et al. 1995). 12-LOX may 
stimulate prostate tumor growth by angiogenic mechanism (Nie et al. 1998). 

Kinase-associated phosphatase (KAP) is over-expressed in prostate cancer by 
immunohistochemistry. KAP is located in 14q22. Differential expression of KAP is 
assumed to associate with deregulation of protein phosphorylation in neoplastic 
transformation (Lee et al. 2000). 

27-kDa heat-shock protein (HSP27) was expressed in part of hormone-refractory and 
in a small portion of primary prostate cancer samples (Storm et al. 1993, Thomas et al. 
1996, Bubendorf et al. 1999), but not in BPH by immunohistochemistry. HSP27 may 
increase resistance to apoptosis, and may thus be related to hormone-refractory disease 
(Bubendorf et al. 1999, and references therein). 

The cytochrome P450 supergene family member CYP3A4 is involved in inactivation 
of testosterone. Expression of CYP3A4 was evident in 31 out of 51 prostate cancer 
specimens by immunohistochemistry. Moreover, expression was localized in cancer cells, 
whereas non-neoplastic prostate epithelium had no apparent immunoreactivity (Murray et 
al. 1995). Single-base change in the 5’ flanking region of the CYP3A4 gene was 
associated with higher clinical stage and grade in men with prostate tumors, and this 
variant may reflect the testosterone-metabolizing properties of CYP3A4 (Rebbeck et al. 
1998, Rebbeck 2000). 
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Prostate stem cell antigen (PSCA) expression was increased with high Gleason score, 
advanced stage and bone metastasis of prostate cancer according to in situ hybridization 
and immunohistochemical studies. PSCA has been suggested to participate in signal 
transduction and molecular transport (Gu et al. 2000). 

Nuclear phosphoprotein pp32, whose expression is associated with cell proliferation 
(Malek et al. 1990), is expressed in benign prostate tissue. The variants of pp32, pp32r1 
and pp32r2 are expressed in prostate cancer (Kadkol et al. 1998, Kadkol et al. 1999). The 
pp32 protein may be a transcriptional regulator, but the exact mechanism and significance 
of this differential expression of pp32 gene members has not been elucidated so far. 

2.4.1  AR in prostate cancer 

Androgen receptor expression does not show any clear difference between stages or 
hormone-responsiveness in prostate cancer (van der Kwast et al. 1991, Ruizeveld de 
Winter et al. 1994, Klocker et al. 1994), although down-regulation of AR content with 
prostate cancer dedifferentiation has been reported (Chodak et al. 1992). However, the 
AR gene is commonly amplified in recurrent prostate cancers. This is supposed to be one 
possible mechanism of androgen-independent growth: cells surviving express higher 
amounts of functional AR (Visakorpi et al. 1995a, Koivisto et al. 1997). AR gene 
mutations occur infrequently in local prostate cancer (Newmark et al. 1992, Paz et al. 
1997) although conflicting results have been presented (Tilley et al. 1996). In advanced 
prostate cancer mutations are more frequent, probably most often affecting codon 877, 
changing threonine to alanine (Suzuki et al. 1993, Gaddipati et al. 1994, Suzuki et al. 
1996, Taplin et al. 1999) or serine (Taplin et al. 1995) in hormone binding domain. AR 
with mutated codon 877 changing threonine to serine is also activated by progesterone 
and estrogen, in addition to androgens (Taplin et al. 1995). Codon 877 mutation changing 
threonine to alanine has been detected in LNCaP cell line AR, which is also activated by 
progestens, estrogens and anti-androgens (Veldscholte et al. 1990). Mutation affecting 
codon 715 (valine to methionine), detected in a patient with endocrine treatment failure, 
is similarly activated by progestins and adrenal androgens (Culig et al. 1993). A cell line 
derived from a bone metastasis of a hormonal therapy resistant prostate cancer patient 
contains two AR mutations, in codons 701 and 877, changing leucine to histidine and 
threonine to alanine, respectively. The double mutant AR is responsive to androgens, 
estradiol, progesterone, antiandrogen hydroxyflutamide, and cortisol (Zhao et al. 2000). 
The mutation in codon 877 seems to be a consequence of selective cell survival during 
flutamide treatment (Taplin et al. 1995, Taplin et al. 1999). The high frequency of AR 
mutations in androgen-independent prostate cancer is, however, controversial (Wallen et 
al. 1999).  

The length of a polymorphic CAG repeat in exon 1 of the AR gene in germline 
samples was shorter in patients with metastatic prostate cancer compared to patients with 
non-metastatic or non-fatal disease (Giovannucci et al. 1997). 
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2.5  Genes expressed differentially in androgen-dependent and 

androgen-independent prostate cancer 

GC84 is a gene located in chromosome 8q11 frequently amplified during prostate cancer 
progression. This gene was cloned using differential-display RT-PCR between androgen-
dependent and androgen-independent prostate cancer cell line LNCaP. Interestingly, the 
gene is more highly expressed in androgen-independent than in androgen-dependent 
prostate cancer xenografts (Chang et al. 1999). 

The nm23 gene family members are nucleoside kinase diphosphatases with serine 
phosphorylase and phosphotransferase activities. Reduced expression of nm23-H1 has 
been associated with aggressive clinical course in several human tumor cohorts, such as 
primary breast, primary hepatocellular, ovarian and gastric carcinomas, and melanoma 
(Lombardi et al. 2000, and references therein). Genes nm23-H1 and nm23-H2 are located 
in 17q21.3 (Backer et al. 1993). Expression of nm23-H1 protein was lower in metastatic 
lesions than in their primary tumors. nm23-H2 expression decreased with tumor 
dedifferentiation. However, both genes were expressed at high levels in BPH (Konishi et 
al. 1993). Allelic loss involving nm23-H1 is rare in prostate cancer (Brewster et al. 1994). 

Today, genes known to be differentially expressed in androgen-dependent and 
androgen-independent prostate cancer are rare. Therefore, the discovery of such genes 
will be essential to further increase the knowledge of the development of androgen-
independence. 

2.6  Diagnostic markers of prostate cancer 

Prostate cancer patients have significantly increased serum activity of acid phosphatases 
(Gutman & Gutman 1938, Huggins & Hodges 1941), and human prostatic acid 
phosphatase (hPAP) has been used as a tumor marker for decades. Diagnosis of prostate 
cancer through blood sampling is nowadays mainly based only on change in serum PSA 
(Lundwall & Lilja 1987) concentration (Lindblom & Liljegren 2000). An improvement 
for the assay has been the determination of percentage of free serum PSA (Stenman et al. 
1991, Wood et al. 1991, Leinonen et al. 1993, Christensson et al. 1993), which is 
especially helpful with PSA values of 4-10 ng/ml (Luderer et al. 1995, Martinez-Pineiro 
et al. 2000). However, methodological weaknesses do exist (Patel et al. 2000). 
Determination of serum levels of human prostate-specific glandular kallikrein (KLK2) 
(Baker & Shine 1985) has been recently applied for the diagnosis of prostate cancer 
(Recker et al. 1998, Recker et al. 2000, Becker et al. 2000). The detection of PSM from 
the blood samples of metastatic prostate cancer patients was a promising finding for the 
detection of the disease. However, circulating leukocytes have later shown to express the 
PSM gene (Lintula & Stenman 1997), therefore intensive work for PSM RT-PCR test 
standardization is needed in order to obtain a diagnostic assay (Elgamal et al. 2000). 

Interleukin-6 is a pleiotrophic cytokine produced by a variety of cells, a mediator of 
inflammation, and a marker of poor prognosis in renal cell carcinoma, ovarian carcinoma, 
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and multiple myeloma (Daliani & Papandreou 1999, and references therein). Interleukin-
6 serum level is elevated in prostate cancer patients with hormone refractory disease 
(Twillie et al. 1995, Drachenberg et al. 1999). 

Clinically useful diagnostic markers for prostate cancer are few (reviewed by Gao et 
al. 1997). Currently there are no useful predictive markers for prostate cancer progression 
to androgen-independent disease. Development of new assays is important in order to 
diagnose prostate cancer more efficiently, and foremost to diagnose those forms of 
disease that will most likely benefit from treatment. Studies on differential gene 
expression are one way of discovering potential prostate cancer markers. 



 

 

3 Outlines of the present study 

Genes affecting the development of prostate cancer, and especially those involved in the 
development of androgen-independent prostate cancer, are mostly poorly known. 
However, prostate cancer is the most often diagnosed solid tumor among men in many 
Western industrialized countries, and, furthermore, development of androgen-
independence is the main problem in the treatment of prostate cancer. 
The specific topics of the study were: 
 
− to clone differentially expressed genes in benign prostatic hyperplasia and prostate 

cancer, 
− to clone differentially expressed genes in androgen-dependent and androgen-

independent prostate cancer using androgen-dependent and independent prostate 
cancer cell line LNCaP as a model, 

− to characterize further differentially expressed transmembrane serine protease 
TMPRSS2, by analyzing its tissue-distribution and expression during prostate cancer 
progression. 



 

 

4 Materials and methods 

Detailed descriptions of the materials and methods are presented in the original articles, I-
IV. 

4.1  Cell culture (I, II) 

The human prostate carcinoma cell lines used (DU-145, LNCaP and PC-3) were obtained 
from the American Type Culture Collection, and prostate epithelial cells (PrEC) were 
obtained from Clonetics. Cell lines were cultured according to the instructions of the 
supplier. Production of PSA by LNCaP cells was followed by using DELFIA PSA kits 
(Wallac), and cell clone variants with high PSA production and undetectable PSA 
production were selected. 

4.2  Tissue specimens (I-IV) 

Tissue specimens for isolation of RNA were obtained surgically from patients with BPH 
or prostate cancer undergoing transurethral resection of prostate (TURp) or radical 
prostatectomy. Mouse prostates were dissected from mice under general anesthesia. All 
tissue specimens for RNA isolation were stored in liquid nitrogen until processed. Tissues 
for DNA isolation and for in situ hybridization were formalin-fixed paraffin-embedded 
prostate samples selected from the archives of the Department of Pathology at the 
University of Oulu. The cancer patients were classified according to the Tumor-Node-
Metastasis (TNM) classification system (Sobin & Wittekind 1997). The T-stage was 
determined by digital rectal examination, transrectal ultrasonography, bimanual palpation 
and cystoscopy. Staging pelvic lymphadenectomy was carried out only in connection 
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with radical operation. The M-stage was determined in all patients by bone scanning, 
thorax X-ray and ultrasound examination of the abdomen.  

4.3  RNA extraction and blotting 

4.3.1  Frozen tissues (I-III) 

Histologically confirmed tissue samples of benign prostatic hyperplasia, prostate 
adenocarcinoma and mouse prostates were homogenized in the acid guanidium 
thiocyanate buffer, and total RNA was extracted using the CsCl2-gradient method. At least 
60% of the cells in the tumor specimens were malignant. Poly(A)+ RNA was purified by 
oligo(dT) cellulose chromatography. Poly(A)+ RNA specimens were resolved by 
electrophoresis in 1% agarose gel containing 2.2M formaldehyde and thereafter 
transferred to Hybond-N nylon membranes (Amersham Pharmacia Biotech) or positively 
charged nylon membrane (Roche) according to the manufacturer’s recommendations. 

4.3.2  Cultured cells (I, II) 

Cells harvested by trypsin treatment were stored as a pellet in –70°C until isolation using 
TRIzol (Life Technologies Inc.) as recommended by the reagent supplier. Poly(A)+ RNA 
was isolated using either oligo(dT) cellulose chromatography or using a QuickPrep Micro 
mRNA Purification Kit (Amersham Pharmacia Biotech) according to manufacturer’s 
instructions. Northern blots were done as described for frozen tissues. Dot blots were 
prepared using Hybond-N nylon membranes (Amersham Pharmacia Biotech) as 
described earlier (Solin et al. 1990). 

4.4  DNA extraction (IV) 

DNA extraction was done according to Wright and Manos (1990). Twenty-five µm-thick 
sections were prepared from paraffin-embedded specimens and benign and tumor tissues 
(at least 60% of the cells were malignant) were dissected from the slides and placed in a 
microfuge tube. The specimens were treated twice with xylene to remove the paraffin and 
after that they were washed with ethanol. The tissues were pelleted by centrifugation and 
dried under vacuum. Tissues re-suspended in digestion buffer containing 50 mM Tris (pH 
8.5), 1 mM EDTA, 0.5% Tween 20 and 200 µg of proteinase K/ml were incubated for 3 
hours in 55°C, more proteinase K (200 µg/ml) was added and the specimens were further 
incubated at 37°C overnight. To inactivate proteinase K, the tissues were incubated for 10 
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min at 95°C, and the residual paraffin and tissue was pelleted by centrifugation. Samples 
were extracted with phenol/chloroform and chloroform/isoamylalcohol, after which they 
were precipitated with sodium acetate/ethanol at –20°C overnight. After precipitation, 
samples were washed with 70% ethanol, dried at room temperature for 2 days, and 
dissolved in distilled water at a concentration of 100 µg/ml. 

4.5  Construction of prostate cancer-specific cDNA library (I) 

The subtractive hybridization method described earlier (Hara et al. 1991) was used for 
isolation of mRNAs specific for prostate cancer. BPH mRNA pooled from 2 individual 
patients was subtracted from hormone-sensitive prostate cancer mRNA from one patient. 
The subtracted mRNA pool was used for the generation of a cDNA library using a ZAP 
Express cDNA Synthesis Kit, ZAP Express Predigested Vector Kit and Gigapack Gold 
Cloning Kit (Stratagene), as recommended by the manufacturer. The library was plated 
and screened with a cDNA probe made from hyperplastic-prostate total RNA. Plaques 
without a hybridization signal were selected, plasmid DNA was isolated and plasmids 
were sequenced. 

4.6  Mouse TMPRSS2 cDNA cloning (III) 

An EST sequence (Accession number AI551617) similar to human TMPRSS2 was found 
to lack nucleotides 381-977 compared to human cDNA (Accession number U75329). 
Based on this, synthetic oligonucleotides 5’ GTCATCCACACACATCCCAAGTCC 3’ 
and 5’ AGAACATGAGAGACTGTCTCAGAATTCC 3’, named mser195r, corresponding 
to nucleotides 21-44 and 195-168 of the EST sequence, respectively, were used in 
reverse-transcription PCR (RT-PCR) (XL RNA PCR kit, Applied Biosystems). Reverse 
transcription was done with oligonucleotide mser195r. Altogether 40 PCR cycles using 
57°C in annealing were performed. A product of 767 bp was further cloned to pCRII 
vector using TA cloning (TA Cloning Kit, Invitrogen), and the insert was sequenced using 
an ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit and ABI377 
automatic sequencer (Applied Biosystems). Rapid amplification of cDNA ends (RACE) 
(SMART RACE cDNA Amplification Kit, Clontech) and 200 ng total RNA from mouse 
prostate were used to extend the 5’ and 3’ ends of the clone with mser195r and 5’ 
ACTCTACCACAGTGACTCATGTTCATCC 3’ synthetic oligonucleotides, respectively. 
Synthetic oligonucleotide 5’ TGAAGACCCACACTCCATCTCAGAC 3’ and 5’ 
ACTCTACCACAGTGACTCATGTTCATCC 3’ were used for 5’ and 3’ RACE nested 
PCR reactions, respectively. Fragments of 500 bp and 1000 bp were cloned in pCR2.1 
(TOPO TA Cloning Kit, Invitrogen) for 5’ and 3’ RACE, respectively.  
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4.7  Hybridizations and signal quantification 

4.7.1  Northern blots and slot blots (I-III) 

Nick-translated 32P labeled probes were synthesized using Nick Translation Kit (Life 
Technologies or Roche). Hybridizations were done according to membrane manufacturer 
instructions (Amersham Pharmacia Biotech) using 50% formamide in the hybridization 
mixture. The membranes were incubated overnight at 42°C in hybridization mixture. 
High-stringency washes were carried out at 42°C as follows: 2x SSPE, 0.1% SDS 15 min 
2 times, 1xSSPE, 0.1% SDS 15 min 2 times, 0.1xSSPE, 0.1% SDS 15 min. The washed 
membranes were exposed to a phosphor-imager screen (Eatsman Kodak) at room 
temperature, or they were exposed to Kodak MS film (Eastman Kodak) with intensifying 
screens at –70°C. Phosphor-imager screens were scanned with Phosphor Imager 
(Molecular Dynamics) and the films were quantified by computer densitometer 
(Molecular Dynamics). Blots purchased from Clontech were treated exactly as 
recommended by the manufacturer. Scanning signals were normalized against signals 
obtained for glyseraldehyde-3-phosphate dehydrogenase (GAPD). 

4.7.2  In situ hybridization (I-IV) 

Probes for in situ hybridization were synthesized using linearized plasmids as templates. 
The PCR product was used as a template for ribosomal protein L37, as T7 promoter-
introducing oligonucleotides were used in the PCR reactions. Sense and antisense [α-
35S]CTP-labeled RNA probes were transcribed with T3, T7 or SP6 RNA polymerases 
(Promega). The specific activities of the synthesized RNA probes were approximately 6 x 
106 cpm/µl. 

Tissue specimens from BPH, prostate cancer and mouse prostate were used as 5 µm 
thick sections on SuperFrost Plus slides (Menzel-gläser). Human tissues were formalin-
fixed and paraffin-embedded. Mouse prostates were briefly washed twice with PBS, fixed 
overnight at 4°C in 4% paraformaldehyde-PBS, dehydrated and embedded in paraffin. 
Adult mouse tissue slides and mouse embryo slides were purchased from Novagen. 

In situ hybridization was performed as previously described by Mustonen et al. 
(1998). Hybridization was detected after a 14-day exposure (or after 3 to 8-day exposure 
for GAPD and human TMPRSS2) to autoradiographic NTB2-emulsion (Eastman Kodak) 
at 4°C. After development, slides were stained with Hoechst 33258 intercalating DNA 
dye (Sigma Chemical Co.) and mounted in glycergel (DAKO A/S), or stained with 
hematoxylin-eosin and mounted with Pertex (Histolab, Sweden). 

The epithelial and stromal signal densities of TMPRSS2 expression were measured 
from in situ hybridized sections using an MCID M4 3.0 digital image analyser (Imaging 
Research Inc.). In prostate cancer samples, epithelial signal density was measured 
separately for benign and malignant epithelium. Signal densities were measured from 5 
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separate, randomly picked, 40x objective fields of epithelium and stroma without 
knowledge of tumor grade or treatment. The mean of the 5 values was considered to be 
the value for the sample. The numeric values were determined on the basis of counts per 
area where one signal dot was considered as a count. Expression in stroma was 
considered as background, and stroma expression values were subtracted from respective 
epithelial signal values for every sample. 

4.7.3  GEM array (II) 

mRNA isolated from androgen-dependent and -independent LNCaP cell lines was used 
for Gene Expression Microarray analysis (GenomeSystems Inc.). Hybridization and 
analysis of the hybridization signal was done by GenomeSystems. Relative expression 
values for 7075 human cDNAs were obtained for both LNCaP cell lines. Clones 
differentially expressed in the array were purchased from GenomeSystems, checked by 
sequencing and used as templates for nick translation or in vitro transcription. 

4.8  Immunohistochemistry (III) 

Tissue specimens from BPH and prostate cancer were used for immunohistochemical 
analysis of high-molecular weight cytokeratin. Slides were pretreated by microwaving in 
citrate buffer for 10 min after paraffin removal and rehydration. The endogenous 
peroxidase was consumed by 3% hydrogen peroxide in absolute ethanol before blocking 
to prevent non-specific binding. Commercially available antibody (CK-HMW) (DAKO, 
Carpinteria, CA, #M0630, lot#018A) (O'Malley et al. 1990) was used at dilution 1:100 
for 30 min at room temperature. Secondary antibody (Biotinylated Rabbit Anti-Mouse 
Immunoglobulins, Dako) at dilution 1:300 + streptavidin-biotin-peroxidase complexes 
(Dako) were used, and 3,3’-diaminobenzidine was used as a chromogen as recommended 
by manufacturer.  

4.9  Mutational analysis of TMPRSS2 (IV) 

Direct sequencing of genomic PCR product or an enzymatic mutation detection method 
(PASSPORT Mutation Scanning Kit, Amersham Pharmacia Biotech) done exactly as 
recommended by the manufacturer, or both methods were used for the mutation detection 
of the TMPRSS2 coding region. The primers used for PCR and sequencing, and 
annealing temperature for specific primer pairs, are presented in the original article. The 
PCR reactions contained 250 ng of template DNA, 100 ng each of two primers, 4 nmol of 
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each deoxynucleotide triphosphate (Amersham Pharmacia Biotech), 1x PCR Gold buffer 
(Applied Biosystems), 1.5 mM MgCl2, and 1.9 units of AmpliTaq Gold DNA-polymerase 
(Applied Biosystems) in a final volume of 50 µl. The PCR reaction was started by 
incubating at 95°C for 10 min, and then 40 PCR cycles were carried out (GeneAmp 9600 
thermal cycler, Perkin-Elmer corp.) using the following steps: denaturing at 95°C for 1 
min, annealing at 57°C to 63°C (optimized separately for each primer pair) for 1 min, and 
amplification at 72°C for 2 min.  

For direct sequencing, the PCR products were purified from excess primers and 
nucleotides by using a single-step ExoI/SAP method (Werle et al. 1994). Cycle 
sequencing reactions using an ABI Prism BigDye Terminator Cycle Sequencing Ready 
Reaction Kit were carried out as suggested by the manufacturer (Applied Biosystems). In 
gel electrophoresis the samples were loaded on a 5% Long Ranger gel (FMC Bio 
Products) and run in the ABI Prism 377 DNA Sequencer (Perkin Elmer Cetus). The 
results obtained were analysed using DNA Sequencing Analysis 3.3 software (Applied 
Biosystems). 

The PCR product containing deletion was TA-cloned (TOPO TA-Cloning Kit, 
Invitrogen), and clones were sequenced.   

4.10  Statistical analyses (I,IV) 

Paired samples t-test was used for analysis of TMPRSS2 expression in prostate cancer 
samples, and t-test for revealing statistical significance between benign prostate tissues 
(IV). Ribosomal protein expression differences in BPH tissue and prostate cell lines were 
studied using t-test. Statistical analyses were done with SPSS for Windows (SPSS Inc.). 



 

 

5 Results 

5.1  Characterization of prostate cancer-specific cDNA library (I) 

Subtractive hybridization was used for the generation of a cDNA library specific for 
prostate cancer. One hundred clones were sequenced, 45 of which were clones containing 
artificial cloning vector fragments. Eight clones were cDNAs encoding ribosomal 
proteins (RP), namely L4, L5, L7a, L23a, L30, L37, S14 and S18. In slot blot analyses, 
expression of all these cDNAs was higher in at least one prostate cancer cell line (DU-
145, LNCaP, PC-3) compared to BPH. RPL4 mRNA was significantly over-expressed 
only in androgen-dependent LNCaP cell line. RPL30 and RPL7a were significantly over-
expressed in androgen-independent prostate cancer cell lines PC-3 and PC-3/DU-145, 
respectively. In situ hybridization was used for studying RPL7a and RPL37 expression in 
prostate tissue. Results indicate clearly elevated levels of RPL7a and RPL37 transcripts in 
prostate cancer tissue compared to benign prostatic tissue.  

Among sequenced clones were several known, or lately published, genes to have 
functional significance in prostate carcinogenesis. In addition, there were some clones 
that were not identical to any published sequence. hPAP was present as two clones, as 
well as FAS apoptosis inhibitory molecule (Schneider et al. 1999). Seven clones encoding 
mitochondrial cytochrome proteins were detected. Na+/K+-ATPase β1 subunit, recently 
shown to be an androgen down-regulated gene in androgen responsive cell line and an 
over-expressed gene in androgen-independent cell lines (Blok et al. 1999), was also 
cloned. FHL2/DRAL cDNA found from this library was shortly identified as a novel 
tissue-specific co-activator of the androgen-receptor (Muller et al. 2000). However, all 
clones were screened in Northern blot and/or dot blot analyses, but we were not able to 
confirm differential expression in the above mentioned cases. 
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5.2  Differentially expressed genes in two LNCaP cell lines (II) 

RNA isolated from androgen-dependent and androgen-independent LNCaP cell lines was 
used for cDNA array screening. The loss of PSA production in LNCaP cells was regarded 
as a marker of androgen-independent cell growth. The growth induction by androgen was 
lost simultaneously to PSA production (data not shown). Genes with most prominent 
differential expression were selected for further characterization by Northern blot and in 
situ hybridization. Genes were studied for their expression in androgen-dependent and 
androgen-independent LNCaP cell lines, PC-3 cell line and in BPH, and for some cases 
in DU-145 cell line, by Northern blotting.  

Monoamine oxidase A, EST similar to rat P044, and EST AA412049 were highly 
over-expressed in androgen-dependent LNCaP cells. Tissue-type plasminogen activator, 
MxB, EST similar to galectin-1, follistatin, fatty acid-binding protein 5, EST AA609749, 
annexin I, the interferon-inducible gene 1-8U, and phospholipase D1 were highly over-
expressed in androgen-independent LNCaP cells. The Y-linked ribosomal protein S4, 
Mat-8, and EST AA307912 were most prominently expressed in BPH tissue. 

In situ hybridization analyses showed monoamine oxidase A, EST AA412049, and 
fatty acid-binding protein 5 transcripts in both benign and malignant epithelium of human 
prostate. EST similar to rat P044 was expressed at low level, but was detectable in both 
benign and malignant prostate tissue. EST AA781244 was expressed in BPH tissue and 
androgen-dependent LNCaP cell line, and both benign and malignant prostate epithelium. 
EST similar to galectin-1 was expressed in stroma of human prostate. Interferon-
inducible gene 1-8U was expressed mainly in benign epithelium. In cancer tissue, 
expression was concentrated in some locations. Further, in some places expression was 
also detectable in stroma. 2’-5’ oligoadenylate synthetase 2 was expressed in androgen-
independent LNCaP cell line among DU-145, PC-3 cells and BPH tissue. It was 
expressed at a low level in prostate tissue, and expression was detected only in part of the 
prostate cancer samples analysed. 

Some related genes were characteristic for different LNCaP cell lines. In androgen-
dependent LNCaP cells, serine proteases PSA, KLK2, TMPRSS2 and kallikrein 1 were 
over-expressed. Interferon-inducible genes 2’-5’ oligoadenylate synthetase 2, MxA, MxB, 
interferon-inducible protein 17, a 56-kDa protein, interferon-alpha-inducible protein 27, 
interferon-gamma-inducible protein 16 and the interferon-inducible gene 1-8U were over-
expressed in androgen-independent LNCaP cell line. Differential expression for protein 
phosphatase 3 and myosin VI was seen in the array. They were, however, expressed at 
comparable levels in androgen-dependent and androgen-independent LNCaP cell lines. 

As a summary, none of the selected differentially expressed genes were functional 
exclusively in distinctly pathological states of prostate or normal/BPH tissue. 

5.3  Cloning and tissue distribution of mouse TMPRSS2 (III) 

To study the tissue-distribution and ontogeny of TMPRSS2, mouse TMPRSS2 cDNA was 
cloned and in situ hybridization was used for expression analyses. RT-PCR and RACE 
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were used for cloning of the mouse TMPRSS2 cDNA. Analysis of cloned cDNA revealed 
77.1% identity in coding region with human TMPRSS2. Predicted mouse TMPRSS2 
protein contains 490 aa residues and shares 81.4% similarity and 77.3% identity with 
human TMPRSS2. The serine protease domain of mouse TMPRSS2 has conserved active 
site residues His294, Asp343 and Ser439. The Asp433 residue in the substrate binding 
site suggests that mouse TMPRSS2 will have trypsin-like proteolytic activity with 
cleavage after Lys or Arg residues. In Northern blot analysis, mouse TMPRSS2 was 
mainly expressed in prostate and kidney among the tissues studied (heart, brain, spleen, 
lung, liver, skeletal muscle, kidney, testis and prostate). A hybridization signal 
corresponding to a mRNA species of approximately 3.1 kb in size and another weakly 
hybridizing mRNA species of 1.85 kb were detected. In situ hybridization of mouse 
embryos from days 8 to 16 and adult mouse tissues revealed the expression of TMPRSS2 
in the epithelium throughout the gastrointestinal, urogenital and respiratory tracts during 
development. In adult mouse tissues, expression of TMPRSS2 was highest in prostate 
luminal epithelial cells. Expression was evident in the epithelium of small intestine villi 
and intestinal glands. In mouse kidney, expression was located in epithelium covering the 
pelvis and, to a lower extent, in distal convoluted and collecting tubules. In lungs, airway 
epithelium expressed TMPRSS2, while alveolar epithelium did not. In addition, bile 
ducts in liver and epithelium of uterine tubes express mouse TMPRSS2. After completion 
of mouse TMPRSS2 studies, an identical cDNA clone was published (Jacquinet et al. 
2000). Mouse TMPRSS2 (identified as epitheliasin) was located at chromosome 16q. The 
protein was expressed primarily in the apical surfaces of renal tubular and airway 
epithelial cells (Jacquinet et al. 2000). 

5.4  Tissue distribution of human TMPRSS2 mRNA (III) 

Human TMPRSS2 mRNA expression was studied in multiple tissue Dot blot (Human 
RNA Master Blot, Clontech). The highest level of expression was detected in prostate, 
and lower levels in colon, stomach and salivary gland. Some expression was further 
detected in mammary gland, pancreas, kidney, liver, small intestine, lung, trachea, fetal 
kidney and fetal lung.  

5.5  In situ hybridization analysis of TMPRSS2 expression in human 

prostate (III, IV) 

Because of conflicting localization of published human TMPRSS2 in prostate (Lin et al. 
1999) and that seen in mouse prostate, in situ hybridization of human prostate samples 
was done. Human TMPRSS2 mRNA expression was detected in luminal epithelial cells 
of human prostate, identical to the localization of mouse TMPRSS2 in prostate. 
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Localization of expression in luminal epithelial cells was also confirmed by identifying 
basal epithelial cells by CK-HMW staining. 

Because TMPRSS2 cDNA was differentially expressed in androgen-dependent and 
androgen-independent LNCaP cell lines, we examined the expression of TMPRSS2 
mRNA in prostate tissue in order to reveal its potential significance for diagnostic 
purposes. Nine patients with BPH and 23 patients with adenocarcinoma of the prostate 
were selected. TMPRSS2 transcript levels were significantly higher in prostate cancer 
tissue between benign and malignant epithelium of prostate cancer patients with 
untreated (no chemical treatments for prostate diseases, or surgical castration) disease 
(paired differences mean 0.29 (95% CI 0.05-0.53), p=0.022). Similarly, in poorly 
differentiated adenocarcinomas, expression in malignant tissue was significantly higher 
(paired differences mean 0.53 (95% CI 0.15-0.90), p=0.014). Furthermore, in endocrine-
treated samples (chemical or surgical castration, or anti-androgen) expression in benign 
areas was lower than in untreated samples (mean difference 0.25 (95% CI 0.08-0.42), 
p=0.007).  

5.6  Mutational analysis of TMPRSS2 coding region (IV) 

Because TMPRSS2 was over-expressed in prostate cancer, the coding region was 
examined for the presence of mutations. Enzymatic mutation detection and direct 
sequencing of TMPRSS2 coding region revealed only one deletion in aggressive disease 
among 9 non-aggressive and 9 aggressive prostate cancer samples. Additional 14 samples 
from clinically aggressive cases were used for direct sequencing of the same exon. No 
other mutations were found. The detected 7-bp deletion leads to premature stop codon 
and disruption of serine protease substrate binding and catalytic active site. Nucleotide 
403 was replaced in all samples (C→G), and nucleotide 1527 change A→G was detected 
in all samples as well. Polymorphism detected is presented in Table 2. 

 
Table 2. Polymorphism detected in TMPRSS2 coding region. Respective nucleotides in 
TMPRSS2 cDNA (Accession number U75329), affected nucleotide, prevalence of 
polymorphism in this material and possible amino acid change due to polymorphism are 
presented. 

Nucleotides in U75329 nucleotide change Prevalence amino acid change 

280-281 CA→TG 2/18 75 Thr→75Met 
534 A→G 16/18 160Met→160Val 
824 C→T 14/18 - 
833 T→C 6/18 - 
1211 G→T 3/18 - 
 



 

 

6 Discussion 

6.1  Ribosomal proteins over-expressed in prostate cancer 

Several ribosomal proteins shown to be over-expressed in prostate cancer in this study 
have also been described in other contexts. RPL7a is DNA-damage inducible (Ben-Ishai 
et al. 1990). Further, the trk-2h oncogene encodes a chimeric phosphoprotein, which 
consists of the amino-terminal region of human RPL7a fused to the trk receptor tyrosine 
kinase domain (Ziemiecki et al. 1990). RPL4 and RPL30 inhibit their own translation 
(Wool 1996, and references therein). RPL5 interacts with MDM2, which in turn is able to 
bind to p53 and thus inhibit the cell cycle arrest and apoptosis inductive functions of p53 
(Marechal et al. 1997). RPL23a mRNA is down-regulated during interferon-β-mediated 
growth inhibition. 37LRP/p40 protein has been identified as a ribosomal protein and a 
precursor of the 67-kDa laminin receptor, whose enhanced expression is associated with 
tumor invasion and metastatic potential. However, 37LRP/p40 is different from RP37L 
presented in this study. Over-expression of some ribosomal proteins have been reported at 
least in carcinomas of colon and breast, in addition to squamous cell and hepatocellular 
carcinomas (Naora & Naora 1999, and references therein). The elevated ribosomal 
protein encoding mRNA expression shown in this study was, to our knowledge, the first 
time this phenomenon was described in prostate-cancer. 

Ribosome biogenesis is accurately tuned to the cellular need for protein synthesis and 
increased ribosome biogenesis is generally associated with increased proliferative 
activity. Because ribosome assembly and function is dependent on a stoichiometric 
balance of ribosomal proteins, a fall in the synthesis of one or more ribosomal proteins 
may conceivably reduce the efficiency of the translational apparatus, or even render it 
inoperative, and thereby signal the cell to self-destruct (reviewed by Naora & Naora 
1999). There is increasing evidence of ribosomal proteins having functions other than 
translational apparatus, including cell growth and death regulation (reviewed by Wool et 
al. 1995, Wool 1996, Naora & Naora 1999, and Chen & Ioannou 1999). These findings 
suggest that induction of some ribosomal protein synthesis is merely occasionally 
associated with increased protein synthesis. For some ribosomal proteins, over-



50 

 

expression is connected to the malignant transformation. Certain levels of ribosomal 
protein expression may be needed for survival of cells, but this threshold-level may vary 
in cells affected by different processes, such as transformation. Finally, the same 
ribosomal protein expression in different tissues or cells may function separately. 

6.2  Differentially expressed genes in androgen-dependent and 

androgen-independent LNCaP cell lines 

Genes over-expressed in androgen-dependent LNCaP cells included serine proteases 
PSA, KLK2, kallikrein 1 and TMPRSS2, which likely reflect androgen up-regulated 
genes in this LNCaP cell line, although kallikrein 1 is not known to be regulated by 
androgens. Transmembrane proteins TMPRSS2, Mat-8 (Schiemann et al. 1998) and nma 
(Degen et al. 1996) may be associated with adhesive properties in androgen-dependent 
LNCaP cells. Up-regulation of MxA and MxB genes in androgen-independent LNCaP 
cells, and simultaneous down-regulation of TMPRSS2 in the same cells indicates a 
distinct regulatory mechanism for TMPRSS2 down-regulation, as all these genes are 
located close to each other at chromosome 21q. This expression pattern is thus not likely 
be a consequence of loss of chromosomal material at chromosome 21 seen in androgen-
independent LNCaP cell line variants (Hyytinen et al. 1997). Further, ETS2 whose 
expression was elevated in some prostate cancer samples (Liu et al. 1997), is located in 
the same area. ETS2 is translocated to chromosome 8 in the commonly found 
translocation in patients with acute myeloid leukemia with morphology M2 (AML-M2) 
(Sacchi et al. 1988). Taken together, these results indicate the potential significance of 
this area in a subset of progressive prostate cancers. 

Over-expression of several interferon-inducible genes in androgen-independent 
LNCaP cells may be a consequence of the activation of interferon-activated pathways in 
those cells. An interesting speculative possibility for over-expression of interferon-
inducible genes in androgen-independent LNCaP cells is the existence of viral organism 
activating prostate cancer or its progression, as seen with human papillomavirus 
promoted cervical carcinomas (Durst et al. 1987). Expression of 2’-5’ oligoadenylate 
synthetase 2 and interferon-inducible gene 1-8U was varying in prostate tissue, as shown 
here. 2’-5’ oligoadenylate synthetase polymerizes 2’-5’ oligoadenylates from adenosine 
triphosphate. 2’-5’ oligoadenylates in turn are responsible for RNaseL activation, which is 
needed for RNA degradation and antiviral activation. Due to its central role in RNA 
degradation, the oligoadenylate-RNaseL pathway is likely to play an important role in 
growth regulation and probably also in malignant transformation. Interferon-inducible 
gene 1-8U, a gene without known function, was recently shown to be over-expressed in 
ulcerative colitis-associated colon cancers (Hisamatsu et al. 1999). Further studies are 
needed in order to clarify the significance of this gene in prostate cancer. 

The widely used prostate cancer model LNCaP (Horoszewicz et al. 1980, 
Horoszewicz et al. 1983), and androgen-independent variant of LNCaP (van Steenbrugge 
et al. 1991), have been utilized for differential gene expression studies, but the results are 
poorly applicable to clinical material, and also reproducibility in human tissue is 
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unsatisfactory (Chang et al. 1997, Kokontis et al. 1998, Stubbs et al. 1999, Chang et al. 
1999, Blok et al. 1999). LNCaP cells have been raised from human prostate cancer lymph 
node metastasis. Therefore it is no wonder that results that are hardly reproducible in 
primary prostate cancer tissue are obtained. There is a lack of widely characterized 
prostate cancer cell lines representing organ-confined or non-metastasis-origin prostate 
cancer, and primary cultures (Clarke & Merchant 1980) are used for this purpose (Krill et 
al. 1997). Maintaining primary cell cultures is hard, and slow growth rate and 
transformation of the cells in the culture are substantial problems (Zwergel et al. 1998, 
Truschel et al. 1999). Xenograft models for prostate cancer (Navone et al. 1998) are one 
way of studying prostate cancer and its progression, but because they do not represent 
primary prostate cancer, similar weaknesses exist as in the case of cultured cells. To date, 
several xenograft models have been presented, e.g. CWR22 (Cheng et al. 1996b) and 
TabBO (Navone et al. 2000). The use of cell line models has been a must for effective 
gene expression studies in prostate cancer as they are reproducible and availability of 
material is not the limiting factor in the study. The utilization of sensitive methods, such 
as RT-PCR, may be used on a small scale, but screening of a great number of clones by 
RT-PCR is laborious and time-consuming, and reliable quantification as well as 
contaminations pose great problems. Generation of a pool of potential differentially 
expressed mRNAs can easily be done from prostate tissue samples, as shown here. The 
lack of an effective screening method for those clones has been a major problem in our 
studies. Some time ago a sophisticated method, tissue microarray, was described 
(Kononen et al. 1998) and used (Bubendorf et al. 1999). Tissue microarrays are definitely 
a method of choice for gene expression studies from now on, as single hybridization will 
give expression data for tens or hundreds of different specimens.  

6.3  TMPRSS2 

TMPRSS2 mRNA distribution in human tissues revealed expression in human epithelial 
tissues in respiratory, gastrointestinal and urogenital tracts. Expression was also seen in 
mammary gland and liver. Expression was thus seen mainly in secretory epithelial organs. 
In mouse liver, TMPRSS2 expression was localized in bile ducts and was, in other words, 
found in epithelial cells in mice as well. Further, TMPRSS2 protein is expressed 
primarily in the apical surfaces of renal tubular and airway epithelial cells (Jacquinet et 
al. 2000). There are at least two explanations for this distribution. First, TMPRSS2 
function is associated with and needed in those secretory epithelial tissues. It could 
function either in association with secretory function or with the protection of epithelium. 
Second, TMPRSS2 may function mainly in prostate, and mRNA expression seen in other 
tissues is just leakage of the gene in the epithelium without functional significance in 
these tissues (as seen e.g. with imprinted genes of mouse embryonic stem cell lines 
(Szabo & Mann 1994)).  

Cell surface proteases may serve as receptors for foreign organisms. Human 
aminopeptidase N (CD13) is a metalloprotease on intestinal, lung and kidney epithelial 
cell surfaces. It is a receptor for at least human coronavirus 229E (Yeager et al. 1992) and 
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human cytomegalovirus (Soderberg et al. 1993). Aminopeptidase N in animals also has a 
similar receptor funtion for influenza A virus (Kido et al. 1992) and transmissable 
gastroenteritis virus (Delmas et al. 1992). Protease-activated receptors (PARs) are self-
activated by tethered peptide ligands that become exposed after extracellular 
aminoterminal cleavage by thrombin or trypsin (Dery et al. 1998). Protective function of 
trypsin mediated by PAR-2 has been suggested in pancreatitis, as PAR-2-associated 
ductal secretion may promote clearance of toxins and debris (Nguyen et al. 1999). 
Trypsin released from the airway epithelium can initiate powerful bronchoprotection in 
the airways by activation of epithelial PAR-2 (Cocks et al. 1999). Some proteases cleave 
PARs at areas other than the activating site to generate a receptor that is unresponsive to 
subsequent proteolytic activation (Dery et al. 1998, and references therein). Interestingly, 
PAR-2 is expressed in gastrointestinal tract, pancreas, kidney, liver, airway, prostate, 
ovary, and eye (Nystedt et al. 1995, Dery et al. 1998, and references therein), partly 
covering the expression distribution of TMPRSS2. TMPRSS2 could possibly activate 
PAR-2 in prostate and mediate specific protective signals there. 

TMPRSS2 encodes transmembrane serine protease with intracellular, LDL receptor 
class A (LDLRA), scavenger-receptor cysteine rich (SRCR) and serine protease-like 
domains (Paoloni-Giacobino et al. 1997). Similar, structurally complicated proteins have 
been described lately (enterokinase (Kitamoto et al. 1994), human airway trypsin-like 
protease (HAT) (Yamaoka et al. 1998) and corin (Yan et al. 1999)). These type 2 
transmembrane proteins may be synthesized as a membrane-bound precursor proteins 
translocated to the cell surface, processed to a soluble form, and released. It is unknown 
whether the membrane-bound TMPRSS2 is active on the cell surface. Activation of many 
of the proteases present in blood, pancreas, and other tissues goes through pro-enzyme 
proteolysis to an active serine protease (e.g. PSA (Takayama et al. 1997), trypsin and 
enterokinase (Kitamoto et al. 1994), and hepatocyte growth factor (Mizuno et al. 1994)). 
Bacillus amyloliquefaciens substilisin is synthesized as a membrane-associated precursor 
and released outside the cell after it is auto-catalytically converted to an active form 
(Power et al. 1986), and only mature substilisin has been detected extracellularly (Wells 
et al. 1983). Some proteases, exemplified by angiotensin-converting enzyme, convert 
peptides to their principal biological forms in the extracellular fluid and thereby mediate 
their function. 

Recently, a serine protease PSA has been shown to have antiangiogenic activity 
(Fortier et al. 1999, Heidtmann et al. 1999). TMPRSS2 could also have activity for 
proteolysis of plasminogen to angiostatin (Gately et al. 1997), and down-regulation of 
TMPRSS2 may have a harmful effect for tumor growth-limiting angiogenesis inhibition. 

TMPRSS2 is over-expressed in prostate cancer tissue. Compared to the results from 
LNCaP cell lines, results obtained from prostate tissue are somewhat conflicting. 
However, LNCaP cells are isolated from prostate cancer lymph node metastasis, and due 
to heterogeneity of prostate cancer, several clonal variants are likely to exist in prostate 
tumors. Down-regulation of TMPRSS2 expression may exist in some androgen-
independent cancer clones similar to androgen-independent LNCaP cells. The TMPRSS2 
coding region deletion detected in a sample from a prostate cancer patient with 
aggressive, chemotherapy-resistant prostate cancer is likely to have also functional 
significance, as it leads to the premature stop codon and disruption in substrate binding 
and catalytic triad of serine protease domain. This deletion potentially inactivates the 
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enzyme (Carter & Wells 1988), probably leading to a totally non-functional protein. In 
that way all serine protease domain functions speculated here may be reduced or lost. 
This deletion was detected only in 1 out of 32 prostate cancer samples, so it seems to be a 
rare event. The possible existence of this deletion in prostate cancer metastases remains to 
be solved. 

6.4  Conclusions 

Prostate cancer is the most common cancer among aging men. With occult carcinoma of 
the prostate, watchful waiting is useful action when the disease affects men over 70 years 
of age. The most widely used treatment for prostate cancer is androgen ablation therapy, 
which can be put into effect by orchiectomy or by medical castration using luteinizing 
hormone-releasing hormone (LHRH)-agonists with or without antiandrogens. However, a 
remarkable portion of diagnosed prostate cancers have already metastasized at the time of 
diagnosis, and, furthermore, the long-term response to endocrine treatment is often poor. 
For the moment, the mechanisms behind androgen-independence of prostate cancer are 
mainly unsolved. Differentially expressed genes in various types of prostate diseases may 
give clues for genes affecting the respective disease states. On the other hand, normal 
phenotype may contain cells with cancer genotype long before clinical cancer is 
detectable (Tsao et al. 2000).  

This study shows, for the first time, over-expression of mRNAs for several ribosomal 
proteins in prostate cancer. This over-expression in prostate cancer is most likely to 
involve extraribosomal functions of these proteins. The use of androgen-dependent and 
androgen-independent LNCaP cell lines offers a fascinating possibility to study 
differential gene expression in a very limited cell population. But this is simultaneously a 
weakness, as heterogenous prostate cancer probably very seldom contains cancer cells 
with exclusively similar characteristics and hardly ever cells identical to LNCaP. The 
previously unknown differential expression of several cDNAs was shown in different 
prostate cancer cell lines. The genes examined using in situ hybridization revealed no 
striking differences between benign and malignant prostate tissues, but to further study 
their significance for androgen-dependence and metastasis, more detailed experiments 
need to be done. Based on their known functions, many of these genes are potential 
candidates for carcinogenesis. Serine protease TMPRSS2 has the potential to act on 
numerous processes, and its gene is thus an interesting candidate to be affected during 
malignant transformation. Based on its structure, TMPRSS2 could also be a serum 
marker for prostate diseases. Antibodies specific for TMPRSS2 are needed in order to 
study further its significance in prostatic diseases and their diagnosis.  

In the near future, as soon as all the human genes have been sequenced and powerful 
techniques, such as cDNA microarrays and tissue microarrays, are effectively used for 
cancer gene examination, the focus of research in this field will shift to functional studies. 
At the present, it can be said that there is no single prostate cancer gene, but the 
development and progression of cancer is a combination of numerous genes affecting the 
disease. Furthermore, these changes in gene expression may, in the worst case, be 
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individually regulated and result in more or less unique disease characteristics for each 
person affected. 
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