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Abstract: Human PCAN1 (prostate cancer gene 1) is a prostate-specific gene 
that is highly expressed in prostate epithelial tissue, and frequently mutated in 
prostate tumors. To better understand the regulation of the PCAN1 gene,  
a 2.6-kb fragment of its 5’ flanking region was obtained by PCR. Its promoter 
activity was examined via the dual-luciferase reporter assay after it had been 
cloned into a pGL3-basic vector generating pGL3-p2.6kb and transfected into 
LNCaP cells. pGL3-basic and pGL3-control were respectively used as the 
negative and positive controls. Sequence analysis with the MatInspector 
database showed that some possible binding sites for the transcriptional factors, 
NKX3.1, P53, SP1, cEBP and the PPAR/RXR heterodimers may locate on  
a 2.6-kb region upstream of the PCAN1 gene. To examine the relevant 
regulation of PCAN1, pGL3-p2.6kb was transfected into the prostate cancer cell 
line LNCaP, which was treated with R1881 (10-7~10-9 mol/l), 17β-estradiol 
(17β-E2, 10-7~10-9 mol/l), all-trans-retinoic acid (all-trans-RA, 10-5~10-7 mol/l) or 
9-cis-retinoic acid (9-cis-RA, 10-5~10-7 mol/l), and eukaryotic expression 
plasmids of NKX3.1, p53, Sp1, Pten, PPARγ or cEBPα were cotransfected with 
pGL3-p2.6kb into LNCaP cells. pRL-TK, a Renilla luciferase reporter vector, 
was cotransfected into all the transfection lines as an internal control. The 
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activities of pGL3-p2.6kb (PCAN1 promoter) were analyzed via the dual-
luciferase reporter assay 48 h after transfection. The results showed that 9-cis-
RA enhanced the PCAN1 promoter activity in a dose-dependent manner, while 
R1881, 17β-E2 and all-trans-RA had no significant effect on PCAN1 promoter 
activities. Cotransfection with pGL3-p2.6kb and the expression plasmids of 
NKX3.1, p53, Sp1 or Pten respectively resulted in 1.66-, 2.48-, 2.00- and  
1.72-fold 2.6 kb PCAN1 promoter activity increases relative to the controls, 
which were cotransfected with pcDNA3.1(+), while cotransfection of PPARγ 
and cEBPα yielded no significant effect on PCAN1 promoter activities. These 
results could be applied for further study of the function and transcription 
regulation of the PCAN1 gene in prostate development and carcinogenesis.  
 
Key words: PCAN1, Promoter, Transfection, Luciferase reporter assay, Prostate 
cancer cell 
 
INTRODUCTION 
 
Prostate cancer is the most frequently diagnosed neoplasia in men and one of the 
leading causes of cancer-related deaths in men over 60 [1]. Once prostate cancer 
is identified in an individual, there is a limited number of treatment options. 
With no effective cure for the disease after it metastasizes and becomes 
androgen-independent [2, 3], it is important to determine its biology.   
PCAN1 (prostate cancer gene 1, also known as GDEP) is highly expressed in the 
prostate epithelial tissue, and frequently mutated in prostate tumors [4-6]. It is 
localized to chromosome 4q21, a region of the genome that experiences frequent 
loss of heterozygosity (LOH) in prostate cancer. It is mutated in 35% of tumor 
samples. PCAN1 gene expression is localized to the prostate epithelial cells with 
the highest expression in the basal epithelial cells and lesser expression in the 
acinar epithelial cells [6]. This gradient of expression is lost in prostate tumors, 
where diffuse expression is observed throughout the tumor [6].  
To elucidate the regulation of the PCAN1 gene, a 2.6-kb fragment of its  
5’ flanking region was amplified by PCR and cloned into the multiple clone sites 
of pGL3-basic, a promoter-less luciferase reporter vector, so that its promoter 
activity could be analyzed via the dual-luciferase report assay. This research will 
provide insight into the regulatory mechanism of PCAN1 expression in further 
studies. 
 
MATERIALS AND METHODS 
 
Amplification and subcloning of a 2.6-kb fragment of the 5’ flanking region 
of the PCAN1 gene 
Human genomic DNA was extracted from white blood cells using the method of 
rapid isolation of mammalian DNA. The primer pair PF  
(5’-cccTAGCTAgccatctctgcagtctcgac-3’; with a Nhe I site at its 5’ end) and PR 
(5’-cccAAGCTTcgctctgacttcctcttc-3’; with a Hind III site at its 5’ end) were 
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used to amplify the 5’ flanking region of the PCAN1 gene from the extracted 
human genomic DNA. The PCR was conducted at 96ºC for 2 min followed by 
32 cycles at 98ºC for 20 s, and 68ºC for 10 min. The PCR-amplified fragment 
was about 2.6 kb (+32 bp to -2598 bp), and it was subcloned into a T/A clone 
vector of pMD18-T (TaKaRa Biotech Co, Dalian China) to form a T/A cloning 
recombinant (pMD18-2.6 kb). 
 
Construction of luciferase reporter plasmid 
The 2.6 kb fragment was excised from pMD18-2.6 kb with Nhe I and Hind III 
(TaKaRa), and ligated into the equivalent site of the pGL3-basic vector 
(Promega, Madison WI, USA) to form the PCAN1 promoter-luciferase reporter 
constructs, designated pGL3-p2.6kb. The resulting construct was confirmed by 
restriction enzyme digestion and sequence analysis using the general primers 
Rvprimer3 and Rvprimer2. 
 
Cell culture  
LNCaP cells (ATCC – American Type Culture Collection) were grown at 37ºC 
in 5% CO2 with RPMI 1640 (Gibco, BRL Gaithersburg, MD, USA) medium 
supplemented with 10% fetal bovine serum (FBS) (Gibco), 100 U/ml ampicillin 
and 100 U/ml streptomycin. Within 60 h of passage, LNCaP cells with more 
than 90% confluency were used for transfection. 
 
Transient transfection 
LNCap cells were transfected with lipofectimineTM 2000 (Promega) in 24-well 
plates. Each well contained 1.5 x 105 cells, 1.0 µg pGL3-p2.6kb, 0.04 µg of the 
internal control vector pRL-TK, 2 ml lipofectimineTM 2000, and 500 ml RPMI 
1640 medium without serum or antibiotics, along with 0.5 µg of one of the 
eukaryotic expression plasmids pcDNA3.1-NKX3.1 (constructed in our lab), 
pCMV-p53 (Clonthch, Palo Alto, CA), pcDNA3.1-Sp1, pcDNA3.1-Pten (from 
Dr. Young, Mayo clinic, USA), pcDNA3.1-PPARγ, or pcDNA3.1-cEBPα 
(constructed in our lab). All the cells underwent the dual-luciferase reporter 
assay 48 h after the completion of the transfection procedure, following the 
protocol recommended by Promega. 
 
Treatment of the transfected LNCaP cells  
The stocks of R1881, 17β-E2, all-trans-RA and 9-cis-RA (Sigma, St.Louis, MO, 
USA) were prepared in ethanol. After the transfection of pGL3-p2.6kb in  
24-well plates, the LNCaP cells were treated for 24 h with R1881  
(10-7~10-9mol/l in 2% charcoal treated FBS- RPMI 1640 media), 17β-E2  
(10-7~10-9mol/l in 2% charcoal treated FBS- RPMI 1640 media), all-trans-RA 
(10-5~10-7 mol/l in 10% FBS-RPMI 1640 media), or 9-cis-RA (10-5~10-7 mol/l in 
10% FBS-RPMI 1640 media). The controls received the ethanol vehicle at  
a concentration equal to that for the treated cells. All the cells underwent the 
dual-luciferase reporter assay 48 h after the completion of the transfection 
procedure. 
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Dual-luciferase reporter assay 
The activities of firefly luciferase in pGL3 and Renilla luciferase in pRL-TK 
(Promega) were determined following the dual-luciferase reporter assay protocol 
recommended by Promega. The cells were rinsed with PBS after harvest, and 
cell lysates were prepared by manually scraping the cells from the culture plates 
in the presence of 1 x PLB (passive lysis buffer). 20 µl of cell lysate was 
transferred into luminometer tubes containing 100 µ1 LAR. Firefly luciferase 
activity (M1) was measured first, and then Renilla luciferase activity (M2) was 
measured after the addition of 100 µl of Stop&Glo Reagent.   
 
RESULTS 
 
The construction and identification of the PCAN1 promoter-luciferase 
reporter plasmid (pGL3-p2.6kb) 
pGL3-p2.6kb was constructed with pGL3-basic and the 2.6-kb fragment that was 
excised from pMD18-2.6 kb with Nhe I and Hind III. The pGL3-p2.6kb 
construct was confirmed by restriction enzyme digestion (Fig. 1) and DNA 
sequencing (Fig. 2). Analyses of the 2.6-kb sequence using MatInspector 2.2 
(http://www.gene-regulation.com) revealed potential binding sites for some 
important transcriptional factors within the 2.6-kb sequence, as shown in Fig. 2. 
 

 

Fig. 1. Identification of pGL3-p2.6kb by restriction enzyme digestion and electrophoresis. 
Lane 1: DNA marker, lane 2: pGL3-p2.6kb cut by Sac I, producing 1.4-kb and 6-kb 
fragments, lane 3: pGL3-p2.6kb cut by Nhe I and Hind III, producing a 2.6-kb insert and  
a 4.8-kb vector, lane 4: pGL3-p2.6kb opened by Hind III, producing a 7.4-kb fragment. 
 
The transient transfection and promoter activity assay of pGL3-p2.6kb 
The firefly luciferase expression driven by the 2.6-kb PCAN1 promoter was 
examined to evaluate its promoter activity. The transfections of the pGL3-control 
and pGL3-basic were respectively used as the positive and negative controls, and 
the pGL3-promoter containing a SV40 promoter was used for the comparison of 
promoter activity with the 2.6-kb PCAN1 promoter. The dual-luciferase reporter 
assay (M1/M2) yielded a result of 0.49 after 48 h of pGL3-p2.6kb transfection, 
which was about 60% of the pGL3-promoter (SV40 promoter)   
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Fig. 2. The sequence of the 2.6-kb fragment of the 5’ flanking region of the PCAN1 gene. 
The 2.6-kb fragment (from +32 to -2598) of the 5’ flanking region of the PCAN1 gene was 
inserted into the pGL3-basic vector to form the PCAN1 promoter-luciferase reporter 
constructs designated pGL3-p2.6kb. The sequence of the 2.6-kb fragment was confirmed 
by bidirectional sequence analysis using the general primers Rvprimer3 and Rvprimer2. 
The sequence did not reveal a clear TATA-box in the promoter region. Analyses of the 
2.6-kb sequence using MatInspector 2.2 revealed potential binding sites for some important 
transcriptional factors, which are shown in the underlined sequences. The numbers in the 
brackets represent the Matrix similarity of the binding sites. The capital G at the +1 
position represents the origin site of transcription. 
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activity. The M1/M2 of the transfections of pGL3-control and pGL3-basic were 
1.7 and 0.05, respectively (Fig. 3). Our results indicated that the cloned 2.6-kb 
fragment of the 5’ flanking region of the PCAN1 gene represented promoter 
activity. 

 
Fig. 3. The results of the promoter activity assay of pGL3-p2.6kb using the dual-
luciferase reporter assay in LNCaP cells. The 2.6-kb fragment of the 5’ flanking region 
of the PCAN1 gene was inserted into the pGL3-basic vector to form pGL3-p2.6kb, which 
was contransfected with the pRL-TK plasmid (as an internal control) into LNCaP cells 
using lipofectimine 2000TM. The promoter activities were determined via the dual-
luciferase reporter assay. The results are expressed as the relative luciferase activities 
(M1/M2), i.e. the ratio of firefly luciferase activity (M1) in the pGL3 plasmid and Renilla 
luciferase activity (M2) in the pRL-TK plasmid. The data is the means of six individual 
values ± SD. The transfections of pGL3-control and pGL3-basic were used as the positive 
and negative controls, and the pGL3-promoter containing a SV40 promoter was used for 
the comparison of promoter activity.  
 

 
Fig. 4. The effects of all-trans-RA and 9-cis-RA on the PCAN1 promoter activities of 
pGL3-p2.6kb in LNCaP cells. pGL3-p2.6kb was transfected into LNCaP cells treated 
with 10-5~10-7 mol/l all-trans-RA or 10-5~10-7 mol/l 9-cis-RA for 24 h. The effects of all-
trans-RA and 9-cis-RA on the promoter activities were determined via the dual-
luciferase reporter assay. The results were expressed as relative luciferase activities 
(M1/M2). The data is the means of six individual values ± SD. 
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The effects of all-trans-RA and 9-cis-RA on PCAN1 promoter activities in 
LNCaP cells 
24 h after the transfection of pGL3-p2.6kb, LNCaP cells were treated with all-
trans-RA (10-5~10-7 mol/l) or 9-cis-RA (10-5~10-7 mol/l) for 24 h, and then 
harvested for the dual-luciferase report assay. The results showed that 9-cis-RA 
enhanced the PCAN1 promoter activity in a dose-dependent manner, while all-
trans-RA had no significant effect on PCAN1 promoter activity (Fig. 4). 
    
The effects of R1881 and 17β-E2 on PCNA1 promoter activities in LNCaP 
cells 
LNCaP cells were cultured in RPMI 1640 media containing 2% charcoal-treated 
FBS and cotransfected with pGL3-p2.6kb and pRL-TK. 24 h after transfection, 
they were treated with R1881 (10-7~10-9 mol/l) or 17β-E2 (10-7~10-9 mol/l) for  
24 h. The results of the dual-luciferase report assay showed that treatment with 
R1881 and 17β-E2 at different concentrations had no significant effect on 
PCAN1 promoter activities (Fig. 5).  
 

Fig. 5. The effects of R1881 and 17β-E2 on PCAN1 promoter activities in LNCaP cells. 
LNCaP cells were transfected with pGL3-p2.6kb and treated with 10-7~10-9 mol/l R1881 
or 10-7~10-9 mol/l 17β-E2 for 24 h. The cells were harvested for the dual-luciferase 
reporter assay to detect the effects of R1881 and 17β-E2 on the PCAN1 promoter 
activities. The results were expressed as relative luciferase activities (M1/M2). The data 
is the means of six individual values ± SD. 
 
Transactivation of the PCAN1 promoter by cotransfection of the expression 
plasmids of NKX3.1, p53, Sp1 and Pten   
LNCaP cells were harvested 48 h after cotransfection with pGL3-p2.6kb and the 
eukaryotic expression plasmids of NKX3.1, p53, Sp1, PPAR, Pten or cEBPα. 
The control cells were cotransfected with pGL3-p2.6kb and pcDNA3.1(+) 
plasmid. All the cells were analyzed for dual-luciferase reporter gene expression. 
The results in Fig. 6 show that NKX3.1, p53, Sp1 and Pten had positive 
regulation on PCAN1 promoter activities, with the respective PCAN1 promoter 
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activities enhanced 1.66-, 2.48-, 2.00- and 1.72-fold compared with the PCAN1 
promoter activity in the control. However, transfection with PPARγ and cEBPα 
expression plasmids had no significant effect on PCAN1 promoter activities. 
 

Fig. 6. The effects of NKX3.1, p53, Sp1, PPAR, Pten and cEBPα on PCAN1 promoter 
activities in LNCaP cells. LNCaP cells were cotransfected with pGL3-p2.6kb and 
eukaryotic expression plasmids of NKX3.1, p53, Sp1, PPARγ, Pten or cEBPα. The 
control cells were cotransfected with pGL3-p2.6kb and pcDNA3.1 (+) plasmid. All the 
cells were harvested for the dual-luciferase reporter assay after 48 h of transfection. The 
results were expressed as relative luciferase activities (M1/M2). The data is the means of 
four individual values ± SD. 
 
DISCUSSION 
 
The PCAN1 gene is highly expressed in prostate epithelial tissue. It was initially 
identified in a screen for prostate-specific genes, the function of which may be 
important in prostate cancer initiation or progression [7]. This gene has been 
shown to be frequently mutated or deleted in prostate tumor samples [5] and in 
aberrantly regulated in tumor versus normal prostate tissue, indicating that 
PCAN1 has a tumor suppressor role in prostate cancer [6]. However, little is 
known about the regulatory mechanisms of PCAN1 gene expression or the 
relevant regulatory elements and factors. Our research on the PCAN1 gene was 
started to clone the promoter and to determine the factors which could affect its 
activity.  
In this study, 2.6 kb of the 5’ flanking region of the PCAN1 gene was amplified 
by PCR using human genomic DNA as the template. To evaluate its promoter 
activity, the 2.6-kb fragment was cloned into the pGL3-basic vector, which 
contains a firefly luciferase reporter gene. Our results show that pGL3-p2.6kb 
provided a higher level of 1uciferase transcription in the LNCaP cell line than 
the promoter-less pGL3-basic vector, and also had a weaker transcription level 
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than the pGL3-promoter, which contained a putative strong promoter of SV40. 
This indicated that the cloned 2.6-kb of the 5’ flanking region of the PCAN1 
gene represented promoter activity. Analyses of the 2.6-kb sequence using 

MatInspector 2.2 on the Transfact Web site (http://www.gene-regulation.com) 
revealed potential binding sites for some important transcriptional factors 
(NKX3.1, P53, SP1, cEBP and PPAR/RXR heterodimers) implicated in prostate 
cancer. Furthermore, the analysis indicated the lack of a TATA-box within the 
presumed promoter region. However, we did not examine the role of 
downstream promoter elements in this study.   
Androgens are thought to be critical regulators of prostate differentiation and 
function, and of prostate cancer growth and survival [8]. They are involved in 
prostate cancer carcinogenesis and aggressiveness via the regulation of the 
expression of many genes [9]. To identify whether or not the PCAN1 gene is 
regulated by an androgen or estrogen in prostate cancer cells, we tested the 
effect of an androgen (R1881) and estrogen (17ß-E2) on 2.6-kb promoter 
activity. Our results showed that R1881 and 17 ß-E2 had no significant effect on 
PCAN1 promoter activity. The TRANSFAC software program showed that there 
are three progesterone response elements (GRE) within this 2.6-kb region of the 
PCAN1 gene, but no androgen response element (ARE) or estrogen response 
element (ERE) was found. Despite the presence of GREs, androgenic stimuli do 
not modulate the PCAN1 gene expression.  
Two nuclear receptor RXR binding sites were found within the 2.6-kb region, 
but no RAR. To examine the effect of retinoic acid on PCAN1 promoter activity, 
all-trans-RA and 9-cis-RA were used to treat the pGL3-p2.6kb-transfected 
LNCaP cells that express RAR and RXR [10]. Our results show that 9-cis-RA 
enhanced the PCAN1 promoter activity in a dose-dependent manner. 9-cis-RA is 
thought to be a differentiating agent and an inhibitor of carcinogenesis [11-14]. 
It has demonstrated anti-proliferative and/or differentiating activity in in vitro 
models of prostate cancer [15].  
Analyses of the 2.6-kb sequence using MatInspector 2.2 yielded more than 500 
transcription factor binding sites (Matrix similarity > 0.75). We chose some 
transcription factors closely related to prostate cancer to test their effect on 
PCAN1 promoter activities. In our experiments, the eukaryotic expression 
plasmids of NKX3.1, p53, Sp1, Pten, PPARγ or cEBPα were cotransfected with 
pGL3-p2.6kb into LNCaP cells to test their regulatory effect on PCAN1 
promoter activities. The results showed that PCAN1 promoter activities were up-
regulated by the expression of NKX3.1, p53 and Pten, which are thought to be 
important cancer suppressive genes in prostate carcinogenesis. NKX3.1 is  
a prostate-specific tumor suppressor. Loss of NKX3.1 expression correlates with 
the initiation of prostate carcinogenesis [16] and prostate tumor progression [17]. 
p53 and Pten are broad-spectrum tumor suppressors playing very important roles 
in various cancers including prostate cancer [18, 19]. Our findings that the 
PCAN1 gene, a highly expressed tumor suppressor, is regulated by p53 and Pten 
raised the possibility that the apparent tissue selectivity of broad-spectrum tumor 
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suppressors may be generated through their regulation of tissue-specific genes to 
affect cell proliferation or differentiation as well as tumor progression. 
In summary, we cloned a 2.6-kb fragment of the 5’ flanking region of the 
PCAN1 gene which represented promoter activity and was regulated by NKX3.1, 
p53, Sp1, Pten and 9-cis-RA in the luciferase reporter assay. Further research 
should be done to identify the functional cis-elements within the PCAN1 
promoter and to study the specific regulatory mechanisms. 
 
Acknowledgments. The authors are grateful to Dr. Charles Young for kindly 
providing the pcDNA3.1-Sp1 and pcDNA3.1-Pten used in this study. This study 
was supported by the Natural Science Foundation of the Shandong Province 
(No. Y2004C26) and by the National Natural Science Foundation supporting 
project (No. 30470820 and No. 30670581). 
 
REFERENCES 
 
1. Jemal, A., Siegel, R., Ward, E., Murray, T., Xu, J., Smigal, C. and Thun, 

M.J. Cancer statistics 2006. CA Cancer J. Clin. 56 (2006) 106-130. 
2. Saad, F., Al Dejmah, A., Perrotte, P., McCormack, M., Benard, F., 

Valiquette, L. and Karakiewicz, P.I. Therapeutic approach to hormone-
refractory prostate cancer.  Can. J. Urol. 13 (2006) 52-56.         

3. Di Lorenzo, G. and De Placido,S. Hormone refractory prostate cancer 
(HRPC): present and future approaches of therapy. Int. J. Immunopathol. 
Pharmacol. 19 (2006) 11-34. 

4. Cross, D., Reding, D.J., Salzman, S.A., Zhang, K.Q., Catalona, W.J., Burke, 
J. and Burmester, J.K. Expression and initial promoter characterization of 
PCAN1 in retinal tissue and prostate cell lines. Med. Oncol. 21 (2004) 145-
153.  

5. Reding, D.J., Zhang, K.Q., Salzman, S.A., Thomalla, J.V., Riepe, R.E., 
Suarez, B.K., Catalona, W.J. and Burmester, J.K. Identification of a gene 
frequently mutated in prostate tumors. Med. Oncol. 18 (2001) 179-187. 

6. Olsson, P., Bera, T.K., Essand, M., Kumar, V., Duray, P., Vincent, J., Lee, 
B. and Pastan, I. GDEP, a new gene differentially expressed in normal 
prostate and prostate cancer. Prostate 48 (2001) 231-241. 

7. Vasmatzis, G., Essand, M., Brinkmann, U., Lee, B. and Pastan, I. Discovery 
of three genes specifically expressed in human prostate by expressed 
sequence tag database analysis. Proc. Natl. Acad. Sci. USA 95 (1998) 300-304.       

8. Dehm, S.M. and Tindall, D.J. Molecular regulation of androgen action in 
prostate cancer. J. Cell Biochem. 3 (2006) [Epub ahead of print].  

9. Coutinho-Camillo, C.M., Salaorni, S., Sarkis, A.S. and Nagai, M.A. 
Differentially expressed genes in the prostate cancer cell line LNCaP after 
exposure to androgen and anti-androgen. Cancer Genet. Cytogenet. 166 
(2006) 130-138. 



Vol. 12. No. 4. 20077         CELL. MOL. BIOL. LETT.         
 

492 

10. Blutt, S.E., Allegretto, E.A., Pike, J.W. and Weigel, N.L.  
1, 25-dihydroxyvitamin D3 and 9-cis-retinoic acid act synergistically to 
inhibit the growth of LNCaP prostate cells and cause accumulation of cells 
in G1. Endocrinology 138 (1997) 1491-1497. 

11. Rubin, M., Fenig, E., Rosenauer, A., Menendez-Botet, C., Achkar, C., 
Bentel, J.M., Yahalom, J., Mendelsohn, J. and Miller, W.H. Jr. 9-Cis retinoic 
acid inhibits growth of breast cancer cells and down-regulates estrogen 
receptor RNA and protein. Cancer Res. 54 (1994) 6549-6556. 

12. Gottardis, M.M., Lamph, W.W., Shalinsky, D.R., Wellstein, A. and 
Heyman, R.A. The efficacy of 9-cis retinoic acid in experimental models of 
cancer. Breast Cancer Res. Treat. 38 (1996) 85-96. 

13. Guzey, M., Demirpence, E., Criss, W. and DeLuca, H.F. Effects of retinoic 
acid (all-trans and 9-cis) on tumor progression in small-cell lung carcinoma. 
Biochem. Biophys. Res. Commun. 242 (1998) 369-375. 

14. Giannini, F., Maestro, R., Vukosavljevic, T., Pomponi, F. and Boiocchi, M. 
All-trans, 13-cis and 9-cis retinoic acids induce a fully reversible growth 
inhibition in HNSCC cell lines: implications for in vivo retinoic acid use. 
Int. J. Cancer 70 (1997) 194-200. 

15. Blutt, S.E., Allegretto, E.A., Pike, J.W. and Weigel, N.L.  
1, 25-dihydroxyvitamin D3 and 9-cis-retinoic acid act synergistically to 
inhibit the growth of LNCaP prostate cells and cause accumulation of cells 
in G1. Endocrinology 138 (1997) 1491-1497. 

16. Kim, M.J., Bhatia-Gaur, R., Banach-Petrosky, W.A., Desai, N., Wang, Y., 
Hayward, S.W., Cunha, G.R., Cardiff ,R.D., Shen, M.M. and Abate-Shen, C.  
Nkx3.1 mutant mice recapitulate early stages of prostate carcinogenesis. 
Cancer Res. 62 (2002) 2999-3004.  

17. Bowen, C., Bubendorf, L., Voeller, H.J., Slack, R., Willi, N., Sauter, G., 
Gasser, C., Koivisto, P., Lack, E.E., Kononen, J., Kallioniemi, O.P. and 
Gelmann, E.P. Loss of NKX3.1 expression in human prostate cancers 
correlates with tumor progression. Cancer Res. 60 (2000) 6111-6115. 

18. Abate-Shen, C., Banach-Petrosky, W.A., Sun, X., Economides, K.D., Desai, 
N., Gregg, J.P., Borowsky, A.D., Cardiff, R.D. and Shen, M.M. Nkx3.1; 
Pten mutant mice develop invasive prostate adenocarcinoma and lymph 
node metastases. Cancer Res. 63 (2003) 3886-3890. 

19. Cronauer, M.V., Schulz, W.A., Burchardt, T., Ackermann, R. and 
Burchardt, M. Inhibition of p53 function diminishes androgen receptor-
mediated signaling in prostate cancer cell lines. Oncogene 23 (2004) 3541-
3549. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
    /POL ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


