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Abstract

 Aims—The hedgehog (Hh) signalling pathway has been implicated in the pathogenesis and 

aggressiveness of prostate cancer through epithelial–mesenchymal interactions. The aim of this 

study was to elucidate the cell-type partitioned expression of the Hh pathway biomarkers in the 

non-neoplastic and tumour microenvironments and to correlate it with the grade and stage of 

prostate cancer.

 Methods and results—Expression of the Hh pathway components (Shh, Smo, Ptch, Gli1) in 

the microenvironment of non-neoplastic peripheral zone (n = 119), hormone-naive primary 

prostate carcinoma (n = 141) and castrate-resistant bone marrow metastases (n = 53) was analysed 

using immunohistochemistry in tissue microarrays and bone marrow sections. Results showed that 

epithelial Shh, Smo and Ptch expression was up-regulated, whereas stromal Smo, Ptch, and Gli1 

expression was down-regulated in prostate carcinomas compared to non-neoplastic peripheral zone 

tissue. Ptch expression was modulated further in high-grade and high-stage primary tumours and 

in bone marrow metastases. Hh signalling correlated with ki67 and vascular endothelial growth 

factor (VEGF) but not with CD31 expression.

 Conclusion—Our results highlight the importance of Hh-mediated epithelial–mesenchymal 

interactions in the non-neoplastic prostate and imply that shifting the balance from paracrine 

towards autocrine signalling is important in the pathogenesis and progression of prostate 

carcinoma.
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 Introduction

The hedgehog (Hh) signalling network is a highly conserved developmental pathway that 

orchestrates cell–cell interactions essential to organ formation.1 Of the three known 

mammalian Hh ligands, Sonic hedgehog (Shh) is the most abundantly expressed.2 After its 

secretion, Shh binds to the transmembrane protein receptor Patched (Ptch), releasing the 

transmembrane protein Smoothened (Smo) for downstream signalling.3 Downstream 

signalling is mediated by the Gli family of transcription factors. Three members of that 

family have been described in mammalian cells: Gli1, Gli2, and Gli3. Gli1, a target gene and 

transcriptional mediator of the Hh pathway, functions as an activator, whereas Gli2 can act 

as both an activator and a repressor, and Gli3 has weak activating and potent repressing 

functions.4 Gli1 and Ptch are target genes of Hh signalling, providing feedback regulatory 

loops, and are thus considered biomarkers of pathway activity.1

Hh signalling has been implicated in carcinogenesis.5-7 Germline mutations of the Ptch gene 

have been detected in patients with a predisposition for the development of basal cell 

carcinomas of the skin and central nervous system medulloblastomas.1,3 Further, aberrant 

Hh pathway activation has been identified in a variety of human malignancies, including 

glioblastoma, hematologic malignancies, and carcinomas of the breast, pancreas, and 

prostate.1

Hh signalling is fundamental to fetal development of the prostate8 and likely contributes to 

prostate regeneration.9 Interactions between epithelial cells and the surrounding stroma seem 

to drive Hh signalling activation in prostate development and neoplasia.10-14 Pathway 

activation has been reported to contribute to the aggressiveness of the disease and the 

development of the castrate-resistant phenotype of prostate carcinoma.15-16 Additionally, 

splice variants of the important Hh pathway components Ptch and Gli1 have been identified 

in prostate and other human cancer cell lines.17-19 However, only limited data exist on 

activity of the Hh pathway in non-metastatic hormone-naive prostate cancer.

We hypothesized that epithelial–mesenchymal interactions drive Hh pathway activation in 

the non-neoplastic and tumor microenvironments and that the expression levels of pathway 

components correlate with the grade and stage of prostate cancer. Thus, we investigated the 

expression of the biomarkers Shh, Ptch, Smo, and Gli1 in the microenvironments of 1) non-

neoplastic peripheral zone (PZ) tissue, 2) primary hormone-naive prostate carcinomas, and 

3) castrate-resistant bone marrow metastases. Since Hh signalling enhances tumor cell 

proliferation and has been associated with angiogenesis and vascular endothelial growth 

factor (VEGF) production,9,20 we also investigated whether Hh pathway activity correlates 

with the expression of biomarkers of proliferation (ki67) and angiogenesis (VEGF and 

CD31).

Our results highlight the importance of Hh-mediated epithelial–mesenchymal interactions in 

the non-neoplastic prostate and imply that shifting the balance from paracrine towards 

autocrine signalling, as reflected by upregulation of epithelial and downregulation of stromal 
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Hh signalling, is important in the pathogenesis and progression of prostate carcinoma and 

thus provide support for therapeutic targeting of the Hh signalling pathway.

 Materials and methods

 Patients and Specimens

Our study included archived radical prostatectomy specimens (RPS) from 141 patients with 

hormone-naive primary prostate carcinoma and bone marrow biopsy specimens from 53 

patients with castrate-resistant metastatic prostate carcinoma. All patients had given written 

informed consent at the time of their treatment for the use of their tissue. The protocol for 

our study was approved by the institutional review board of The University of Texas MD 

Anderson Cancer Center.

 Western Blotting

To test the specificity of the antibodies used for immunohistohemistry, we performed 

Western blot analysis of the human neuroblastoma cell line IMR-32 that has been shown to 

have active Hh signalling. 21-22 Whole-cell lysate of IMR-32 was purchased from Santa 

Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). 40 μg of the cell lysate was separated on 

4%–20% Tris-glycine polyacrylamide gels and transferred to nitrocellulose membranes 

[both from Novex (Invitrogen, Life Technologies), Carlsbad, CA, USA]. Membranes were 

then incubated overnight at 4° C with rabbit polyclonal primary antibodies (clone, dilution, 

company) against Shh (H-160, 1:200, Santa Cruz Biotechnology) and Ptch (1:100, Strategic 

Diagnostics, Inc., Newark, DE, USA); this was followed by incubation for one hour at room 

temperature with horseradish peroxidase– conjugated donkey antirabbit IgG (1:3000, Santa 

Cruz Biotechnology) and development by using enhanced chemiluminescence (Amersham, 

GE Healthcare Bio-Sciences Corp., Piscataway, NJ, USA). To asses transfer efficiency and 

molecular weight of blotted protein, the Full Range Rainbow Molecular Weight Marker 

(Amersham, GE Healthcare Bio-Sciences Corp.) was used.

 Tissue Microarray Construction

Six tissue microarrays (TMAs) were constructed from the RPS. Hematoxylin and eosin–

stained slides from formalin-fixed, paraffin-embedded blocks of the RPS were reviewed, and 

areas representative of the different patterns of the Gleason score of each tumour were 

selected for use in TMA construction. Each patient's case was represented by a median of 

six (range, 6–72) 0.6 mm–diameter cores from the tumour and a median of three (range, 0–

6) cores from the adjacent non-neoplastic PZ tissue (available for 119 of the patients). In 

total, 2262 cores from the RPS of the 141 patients were included in the six TMAs.

 Immunochistochemical Analyses

Serial 4-μm sections were cut from the TMAs and bone marrow biopsy specimens and 

subjected to immunohistochemical analysis by using a Dako autostainer (Dako North 

America, Inc., Carpinteria, CA, USA), as previously described.23 The following primary 

antibodies (including clone, dilution, and supplier) were used for staining the TMAs: Shh 

(H-160, 1:175, Santa Cruz Biotechnology), 24 Ptch (1:350, Strategic Diagnostics), Smo 

(1:80, Abcam, Cambridge, MA, USA), 25 Gli1 (1:300, Novus Biologicals, LLC, Littleton, 
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CO, USA), ki67 (MIB-1, 1:50, Dako), VEGF (prediluted, Abcam), and CD31 (1:30, Dako). 

Antibodies against Shh, Ptch, and Gli1 were used for staining the bone marrow biopsy 

specimens. Sections were counterstained with hematoxylin.

The whole stained slide for each biomarker was scanned and viewed by using the Bliss 

imaging system with WebSlide Browser 4 (both from Bacus Laboratories, Inc., Lombard, 

IL, USA), and the images were automatically stored for later retrieval. Epithelial and stromal 

cells were evaluated separately. The percentage of positive-staining cells for each biomarker 

was determined for each TMA core and bone marrow specimen. Results for Shh, Smo, Ptch, 

Gli1 and VEGF expression were scored by using an 11-point scale: <1% positive-staining 

cells = 0; 1– 10% positive cells = 1; 11–20% = 2; 21–30% = 3; 31–40% = 4; 41–50% = 5; 

51–60% = 6; 61–70% = 7; 71–80% = 8; 81–90% = 9; and 91–100% = 10. The percentage of 

cells expressing ki67 and the number of CD31-positive vessels per core were also 

determined.

 Statistical Analyses

The patients' characteristics and the biomarker expression data were summarized by using 

descriptive statistics and exploratory data analysis. Categorical data were described with the 

use of contingency tables. Continuously scaled measures were summarized with descriptive 

statistical measures [e.g., mean with standard deviation (SD)]. Fisher's exact test was used to 

assess the association between categorical variables, and two-sample t testing was used to 

assess the mean difference of continuous variables, including biomarker expression between 

groups. Spearman's correlation on biomarker expression was calculated between biomarkers. 

To incorporate multiple observations (i.e., data from multiple cores) from an individual 

patient, mixed-effects models were fitted to allow estimates of both interpatient and 

intrapatient variability.

All reported P values are two-sided at a significance level of 0.05. To adjust for multiple 

comparisons, a Bonferroni correction, in which the significance level of each individual 

comparison is equal to 0.05 divided by the number of comparisons, was used.

Analyses were performed by using SAS for Windows (1999–2000, Release 8.1; SAS 

Institute, Inc., Cary, NC, USA) and S-PLUS 2000 (Insightful Corporation, Seattle, WA, 

USA) software.

 Results

 Patients' Characteristics

The mean age of the patients was 59 years (SD, 7; range, 41–74 years). For the purpose of 

this study, we considered patients with Gleason scores of 6 (3+3) and 7 (3+4) to have low-

grade tumors. None of the 141 patients who had undergone prostatectomy had received 

therapy before surgery. The 53 patients with bone metastases had received long-term 

androgen-ablation therapy and chemotherapy and had castrate-resistant disease at the time of 

bone marrow biopsy. Table 1 summarizes the tumors' pathologic characteristics of the RPS.
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 Western Blotting

Two bands, corresponding to the precursor protein (45 kDa) and the 19-kDa N-terminal–

secreted peptide of Shh, were recognized, as were the full-length protein and splice variants 

of Ptch (Figure 1).

 Biomarker Expression

Shh was expressed in the cytoplasm and primarily localized in epithelial cells (Figure 2A–

2C). Smo was expressed in both the membrane and the cytoplasm of epithelial and stromal 

cells (Figure 2D–2F). Consistent with its localization in cytoplasmic vesicular structures 26, 

Ptch was expressed in the cytoplasm of both epithelial and stromal cells (Figure 2G–2I). 

Gli1 was expressed in the nuclei and faintly in the cytoplasm of the cells (Figure 2J–2L); 

since Gli1 is a transcription factor and its cytoplasmic expression was faint and inconsistent, 

only its nuclear expression was analyzed further.

The following subsections, as well as Tables 2–5 and Figures 2 and 3, provide further details 

about the expression of the seven biomarkers studied.

 Non-neoplastic prostate PZ tissue—Differences in the cellular localization of Shh 

and Ptch expression were noted in the microenvironment of PZ tissue: Shh and Ptch were 

primarily expressed in epithelial and stromal cells, respectively (Figure 2A, 2G). Smo and 

Gli1, however, were expressed in both epithelial and stromal cells (Figure 2D, 2J).

Spearman's correlation coefficient testing revealed that epithelial Shh expression correlated 

with epithelial Ptch (P < 0.001, r = 0.4) and epithelial VEGF (P < 0.001, r = 0.589) 

expression. A correlation between epithelial and stromal Gli1 expression was noted (P < 

0.001, r = 0.523). In addition, the cell-proliferation rate strongly correlated with epithelial 

Gli1 expression (P < 0.001, r = 0.507), and microvessel density (as evaluated by CD31 

positivity) correlated with stromal Gli1 expression (P < 0.001, r = 0.523).

 Primary prostate carcinoma—As Table 2 and Figure 2 illustrate, in the primary 

prostate carcinomas, Shh was expressed primarily in epithelial cells, whereas the other 

components of the pathway were expressed in both epithelial and stromal cells. Statistical 

analysis revealed that Shh expression was higher in tumour epithelial cells than it was in the 

non-neoplastic epithelium (P < 0.001). Expression of Smo was higher in the tumor epithelial 

cells than it was in the non-neoplastic epithelium, but lower in the tumor stroma than it was 

in the non-neoplastic stroma (P < 0.001 for both comparisons). Concordantly, epithelial 

expression of Ptch was higher in the primary tumor than it was in the non-neoplastic tissue, 

but its stromal expression was lower in the tumor than it was in the non-neoplastic PZ tissue 

(P < 0.001). Nuclear Gli1 expression was lower in tumor stromal cells than it was in the non-

neoplastic PZ stromal cells (P < 0.001), whereas its epithelial expression did not differ 

between the tumor and non-neoplastic tissues.

Considering the mean values for the expression of Shh, Ptch, Smo, and Gli1 in the non-

neoplastic PZ tissue as cutoff values (Table 2), we found that the epithelial expression of all 

four biomarkers was upregulated in 42 tumors and that the expression of three biomarkers 

was upregulated in another 42 tumors; that is, the expression of at least three of the Hh 
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pathway components was upregulated in the epithelial cells in 84 of the 141 (60%) primary 

tumors. In 10 (7%) of the primary tumours, only one biomarker's expression was 

upregulated in the epithelial cells, and in one (0.7%) tumor, the expression of no biomarkers 

was upregulated. In the stromal cells of the 141 tumors, the expression of all four biomarkers 

was downregulated in 62 (44%), and that of three biomarkers was downregulated in 36 

(26%) tumors. In the stromal cells of only 10 tumors (7%), the expression of all four 

biomarkers was upregulated.

The results of testing for any correlation between the expression of the Hh pathway 

biomarkers and Gleason score and pathologic disease stage are shown in Tables 3 and 4, 

respectively. No difference was noted in the expression levels of Shh, Smo, and Gli1 in 

relation to Gleason score (Figure 2B, 2C, 2E, 2F, 2K, 2L) and pT stage. However, expression 

of Ptch in the epithelial cells of tumours with Gleason scores 6 and 7 (3+4) was marginally 

lower than it was in tumors with Gleason score 7 (4+3) (P = 0.017) and significantly lower 

than it was in tumours with Gleason scores 8 and 9 (P < 0.001) (Figure 2H, 2I). A significant 

difference was also noted in the expression level of Ptch in epithelial cells between pT2- and 

pT3- stage tumours (mean expression values of 1.4 and 3.1, respectively; P < 0.001). In 

contrast, Ptch expression in the stroma was lower in tumours with Gleason scores 8 and 9 

and in pT3- stage tumours than it was in low-grade tumours and in p T2- stage tumours, 

respectively (P < 0.001). No significant differences were found in the expression of the Hh 

pathway biomarkers in relation to pN disease stage (data not shown).

Figure 3 (A–E) illustrates the expression of the biomarkers ki67, VEGF, and CD31 in non-

neoplastic prostate PZ tissue and primary prostate carcinomas. As expected, the epithelial-

cell proliferation rate (as determined by ki67 expression) and microvessel density (as 

determined by the number of CD31-positive vessels) were higher in the tumours than they 

were in the non-neoplastic PZ tissue (P < 0.001). Microvessel density was lower in low-

grade than in higher-grade tumuors (P < 0.001). VEGF expression was higher in the 

epithelial cells and lower in the stromal cells of primary prostate carcinomas than it was in 

the corresponding cell compartments of the non-neoplastic PZ tissues (P < 0.001). In 

addition, stromal expression of VEGF decreased with increasing disease grade (i.e., Gleason 

score) (P < 0.001) and pT stage (P = 0.003). No significant differences were found in the 

expression of the three biomarkers in relation to pN disease stage (data not shown).

Spearman's correlation coefficient testing revealed coordinated expression of Hh pathway 

components, as shown by significant correlations between epithelial Shh and epithelial Ptch 

(P < 0.001, r = 0.347), epithelial Smo (P < 0.001, r = 0.454) and stromal Smo (P < 0.001, r = 

0.308) expression. A correlation between epithelial and stromal expression was noted for 

Gli1 (P < 0.001, r = 0.523) and Shh (P < 0.001, r = 0.398). Also, epithelial expression of 

Ptch correlated with epithelial (P < 0.001, r = 0.466) and stromal (P < 0.001, r = 0.316) Gli1 

expression. Cancers with relatively higher proliferation rates also displayed relatively higher 

Ptch and Gli1 expression levels, as shown by correlations between ki67 and epithelial Ptch 

(P < 0.001, r = 0.496) and Gli1 (P < 0.001, r = 0.315) expression. Microvessel density, as 

determined by counts of CD31-positive–stained vessels, did not correlate with the 

expression of any of the biomarkers, but epithelial VEGF expression correlated strongly 

with epithelial Shh (P < 0.001, r = 0.786) and epithelial Smo expression (P < 0.001, r = 
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0.361). Additionally, stromal expression of VEGF correlated with stromal Shh (P < 0.001, r 
= 0.395) and Ptch expression (P < 0.001, r = 0.376).

 Castrate-resistant bone marrow metastases—Epithelial Ptch expression was 

higher in castrate-resistant bone marrow metastases than it was in the primary prostate 

carcinomas (P < 0.001). In contrast, stromal expression of Ptch was lower in the bone 

marrow metastases than it was in the primary tumours (P < 0.001) (Figure 3F; compare with 

Figure 2H, 2I). Shh and Gli1 expression levels did not differ significantly between the 

primary tumours and the bone marrow metastases (Figure 3G, 3H). Finally, as shown in 

Table 5, significant correlations were found between the pathway components in the bone 

marrow metastases.

 Discussion

In vivo and correlative tissue-based data have highlighted the involvement of the Hh 

signalling pathway in prostate carcinogenesis.9,12,15,16,27 We hypothesized that epithelial–

mesenchymal interactions drive Hh pathway activation in the non-neoplastic and tumour 

microenvironments and that the expression levels of pathway components correlate with the 

grade and stage of prostate carcinoma. To the best of our knowledge, ours is the first study to 

identify partitioned modulation of Hh signalling in clinical specimens of primary prostate 

carcinoma and bone marrow metastases. This information might be helpful for determining 

the optimal timing for administering Hh pathway inhibitors in the treatment of men with 

prostate cancer.

The few reported localization studies of the Hh pathway components in human specimens 

have included a limited number of specimens. Ptch has been reported to be expressed in 

epithelial cells27 and results regarding Gli1 localization have been inconclusive.12,27 Our 

study which included a larger number of specimens, revealed expression of pathway 

components in both epithelial and stromal cells in the tumour microenvironment. Consistent 

with previous findings, 9,12,15,27 epithelial expression of Shh, Smo, and Ptch was higher in 

primary carcinomas than non-neoplastic PZ tissue. Epithelial Ptch was further upregulated in 

high-grade and high-stage tumours and in castrate-resistant bone marrow metastases.

In contrast to our findings in epithelial cells, stromal Ptch, Gli1, and Smo expression were 

downregulated in primary carcinomas relative to non-neoplastic PZ tissue. Moreover stromal 

Ptch expression was lower in high grade and stage than it was in low-grade and stage 

tumors, and was also further downregulated in metastatic lesions. Such a shift in the balance 

of signalling from paracrine towards autocrine is likely not unique to prostate cancer as it 

has been reported during small cell lung carcinogenesis.28 The stromal Hh signalling 

decrease observed with increased disease aggressiveness is also consistent with the 

emergence of an epitheliocentric phenotype during prostate cancer progression.29

A possible limitation of our study is that the non-neoplastic PZ tissues were obtained from 

morphologically benign areas of the tumour-containing specimens. As molecular alterations 

reportedly occur in benign-looking tissues from prostates harboring tumors,30,31 

investigation of Hh signalling in normal PZ tissue is warranted for conclusive statements 
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regarding normal prostate. Nonetheless, our findings clearly show that Hh signalling in 

morphologically malignant tissue is upregulated relative to that in benign-looking PZ tissue, 

which supports the concept that activation of Hh pathway signalling is important in the 

phenotypic development of primary prostate carcinoma.

Our findings of steady levels of Gli1 expression at the protein level in primary and 

metastatic prostate carcinoma need to be interpreted in the light of the reported upregulation 

of Gli1 mRNA levels in metastatic samples compared to that in primary tumors.9 Several 

explanations may account for this discordance. It has been shown that mRNA levels do not 

always correspond to protein levels. 32 The low number of patients examined in the later 

study might also explain the discrepancy. Additionally, in our study, Gli1, although a 

transcriptional target of Hh pathway activation, did not follow Ptch expression level 

modulations in primary prostate carcinomas and bone marrow metastases. This is not 

surprising, given the complexity of the Hh signalling network. 33 -38 Cytoplasmic Gli1, 

although faint and inconsistent, could also contribute to total protein levels.39 Additionally, 

other Gli family members, especially Gli2, may be more important for pathway activation in 

humans. 40,41 The complexity of Gli1 regulation is further highlighted by the lack of 

correlation between Shh and Gli1 in our study. Conversely, Shh correlated with Ptch and 

Smo expression. Limited Gli1 antibody specificity could also account for this finding. It is 

noteworthy that Western blot experiments demonstrated a high degree of specificity of the 

anti-Shh antibody and adequate specificity of the anti-Ptch antibody, validating our 

immunohistochemical results.

Expression of ki67 correlated with biomarkers of epithelial Hh pathway activation (Gli1 and 

Ptch) and VEGF expression correlated with both epithelial and stromal Hh signalling. 

Previous studies have linked Hh signalling with prostate cancer cell proliferation9,27 and 

angiogenesis.20 Our correlative findings provide support of an association of Hh signalling 

with proliferation and VEGF production in the clinical setting and rationalize Hh targeting 

in prostate carcinoma as a therapeutic strategy.

In summary, we present a detailed analysis of the expression of the Hh pathway in non-

neoplastic PZ tissue and prostate carcinoma. Shh was predominantly expressed in the 

epithelial cells, whereas downstream effectors were present in both the epithelium and the 

stroma, highlighting the importance of Hh-mediated epithelial–mesenchymal interactions. 

Upregulation of epithelial and downregulation of stromal Hh signalling in malignant 

compared to non-neoplastic tissue and in high grade and stage compared to low grade and 

stage tumors imply that shifting the balance towards autocrine signalling may be implicated 

in the pathogenesis and progression of prostate carcinoma. Our findings add to the general 

concept that Hh signalling is central to prostate carcinoma microenvironment. More broadly, 

the findings are in line with the view that prostate carcinoma progresses from a paracrine to 

an autocrine state over time and with disease evolution. These data provide additional 

support for Hh pathway inhibition in prostate cancer therapeutics. Further study of the 

mechanistic roles of autocrine and paracrine Hh signalling in prostate carcinoma 

microenvironment is warranted in order to better define the role of Hh inhibition as a 

therapeutic strategy.
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 Abbreviations

Hh hedgehog

Ptch Patched

Shh Sonic hedgehog

PZ peripheral zone

RPS radical prostatectomy specimens

Smo Smoothened

TMA tissue microarray

VEGF vascular endothelial growth factor
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Figure 1. 
Western blot analysis of IMR-32 cell lysate using the anti-Shh and anti-Ptch antibodies (1 = 

molecular weight marker, 2 = IMR-32 cell lysate).
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Figure 2. 
Representative images of Shh (A–C), Smo (D–F), Ptch (G–I) and Gli1 (J–L) expression in 

non-neoplastic peripheral zone (D, G, J), low-grade prostate carcinoma [Gleason scores 6 

and 7 (3+4)] (A, B, E, H, K) and high-grade carcinoma [Gleason scores 7 (4+3), 8 and 9] 

(C, F, I, L). Arrows in A and B depict the non-neoplastic epithelium. Note that epithelial 

Shh (A–C), Smo (D–F) and Ptch (G–I) expression is increased and stromal expression is 

decreased in tumours compared to non-neoplastic tissue. Ptch expression is increased in 

epithelial cells and decreased in stromal cells of high-grade compared to low-grade tumours 

(H, I). Stromal expression of Gli1 (J–L) is down-regulated in carcinomas compared to 

peripheral zone tissue.
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Figure 3. 
A–E, Expression of ki67, CD31 and vascular endothelial growth factor (VEGF) in non-

neoplastic peripheral zone (PZ) and primary prostate carcinoma. Expression of Ki67 is 

lower in non-neoplastic PZ (A) compared to prostate carcinoma (B). Number of CD31-

positive vessels increases from non-neoplastic prostate (C) to prostate carcinoma (D). Low 

expression levels of VEGF in adjacent non-neoplastic epithelium compared to the malignant 

cells (E). F–H, Expression of Ptch (F), Shh (G) and Gli1 (H) in bone marrow metastases. 

Note that Ptch expression in epithelial cells of a metastatic tumour is higher than that in 

primary carcinomas in Figure 2H and 2I.
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Table 1
Pathological characteristics of the primary prostate adenocarcinomas (n = 141)

Characteristic n (%)

Gleason score

 6 4 (2.8)

 7 (3+4) 50 (35.5)

 7 (4+3) 25 (17.7)

 8, 9 62 (43.9)

Pathological T (pT) stage

 T2 64 (45.4)

 T3 77 (54.6)

Pathological N (pN) stage

 N0 120 (85.1)

 N1 21 (14.9)
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