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Altered expression patterns of syndecan-1 and -2 predict
biochemical recurrence in prostate cancer

Rodrigo Ledezma1, Federico Cifuentes1, Iván Gallegos2, Juan Fullá1, Enrique Ossandon3, Enrique A Castellon1

and Héctor R Contreras1

The clinical features of prostate cancer do not provide an accurate determination of patients undergoing biochemical relapse and are

therefore not suitable as indicators of prognosis for recurrence. New molecular markers are needed for proper pre-treatment risk

stratification of patients. Our aim was to assess the value of altered expression of syndecan-1 and -2 as a marker for predicting

biochemical relapse in patients with clinically localized prostate cancer treated by radical prostatectomy. The expression of syndecan-1

and -2 was examined by immunohistochemical staining in a series of 60 paraffin-embedded tissue samples from patients with

localized prostate cancer. Ten specimens from patients with benign prostatic hyperplasia were used as non-malignant controls.

Semiquantitative analysis was performed to evaluate the staining patterns. To investigate the prognostic value, Kaplan–Meier survival

curves were performed and compared by a log-rank test. In benign samples, syndecan-1 was expressed in basal and secretory epithelial

cells with basolateral membrane localisation, whereas syndecan-2 was expressed preferentially in basal cells. In prostate cancer

samples, the expression patterns of both syndecans shifted to granular-cytoplasmic localisation. Survival analysis showed a significant

difference (P,0.05) between normal and altered expression of syndecan-1 and -2 in free prostate-specific antigen recurrence survival

curves. These data suggest that the expression of syndecan-1 and -2 can be used as a prognostic marker for patients with clinically

localized prostate cancer, improving the prostate-specific antigen recurrence risk stratification.
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INTRODUCTION

Prostate cancer is the most frequently diagnosed cancer and the sec-

ond leading cause of cancer mortality in American males.1 Although

the majority of these cases are early-stage, localized tumours, patients

may have different clinical outcomes after treatment. Several authors

have reported that, within 10 years of definitive therapy, up to 50% of

patients treated either by radical prostatectomy or radiation therapy

will have biochemical failure that is evident upon follow-up.2

According to Pound et al.,3 34% of patients presenting with pro-

state-specific antigen (PSA) elevation after surgery will develop meta-

static disease. At this level of progression, androgen deprivation

therapy is indicated due to the androgen sensitivity of prostate cancer

cells. Nevertheless, in some patients the disease will become androgen-

insensitive, leading to a poor overall survival rate.

Several clinical features have been studied as prognostic parameters

for recurrence. However, these factors have not provided an accurate

determination of which patients will undergo biochemical relapse.

Therefore, new molecular prognostic markers are needed for proper

pre-treatment risk stratification.4 Recently, several immunohisto-

chemical markers have been investigated for their prognostic signifi-

cance for clinically localized disease. Cell adhesion molecules have

been suggested as useful markers of recurrence because of their

involvement in the transition from a non-invasive phenotype to an

invasive one, which is a key step in tumour metastasis in a variety of

carcinoma types.5 Among these proteins involved in cell adhesion

mechanisms are syndecans, a four-member family of heparan sulphate

proteoglycans expressed on adherent and non-adherent cells.6

Syndecans have been evaluated in tumour progression owing to their

function in cell proliferation, cell–cell and cell–matrix adhesion, cell

motility and invasiveness. These heparan sulphate proteoglycans are

expressed in several cell types. Syndecan-1 is expressed mainly in epi-

thelial cells, whereas syndecan-2 has been described in mesenchymal

cells.6

Recent evidence indicates that the pattern of syndecan-1 expression

is altered in a number of types of carcinomas, and down- or upregula-

tion of syndecan-1 has been associated with progression and a poor

prognosis.7 In prostate cancer, the expression of syndecan-1 has been

investigated with contradictory results. In a previous study using

immunohistochemical analysis, the expression of syndecan-1 was

found to be directly associated with a poor prognosis.8 In addition,

the overexpression of syndecan-1 was associated with a high Gleason

score and a poor clinical outcome.9 Recently, Shariat et al.10 showed

that the expression of syndecan-1 was directly correlated with the

Gleason score and associated with a high risk of PSA progression after
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surgery. Nevertheless, the mechanisms involved remain largely

unclear, and these differing results need to be addressed.

Syndecan-2 represents another candidate prognostic marker

because of its relationship with invasiveness, adhesion, cell prolifera-

tion and migration.11 Moreover, the overexpression of syndecan-2 in

colorectal cancer cell lines triggers the acquisition of a mesenchymal-

like phenotype and increases migratory potential.12 However, the

expression of syndecan-2 in prostate cancer cells has been poorly

studied. Recently, we have found that syndecan-2 is localized to the

membrane of epithelial prostate cells, and its expression pattern is

altered in association with epithelial–mesenchymal transition markers

and Gleason score.13 Other authors have suggested that syndecan-2

expression could serve as an additional prognostic marker to further

stratify the risk of disease progression in patients with prostate cancer.14

The aim of this study was to use semiquantitative immunohisto-

chemistry to evaluate the expression of syndecan-1 and -2 in prostate

cancer samples from patients with clinically localized disease. We also

investigated the relationship between syndecan expression and bio-

chemical recurrence (BCR) to assess the potential role of syndecan

expression as a predictor of disease relapse after radical prostatectomy.

MATERIALS AND METHODS

Patient samples

Samples from 60 patients with clinically localized prostate cancer who

underwent radical prostatectomy were randomized and included in

the study. Paraffin blocks were obtained from the Pathology Service of

the Clinical Hospital of the University of Chile. Prostate specimens

from 10 patients with benign prostatic hyperplasia (BPH) were used as

non-malignant controls. Clinical records were checked for follow-up

data. For these patients, the PSA level was measured every 3 months

during the first year after surgery, twice a year for the next 3 years and

annually thereafter. We considered BCR as two consecutive PSA mea-

surements of greater than 0.4 ng ml21 at any time during follow-up.

Immunohistochemistry

For immunohistochemical analysis, 5-mm sections of formalin-fixed

and paraffin-embedded tissue were placed on slides coated with 3-

aminopropyltriethoxysilane (Merk, Hohembrunn, Germany). Areas

indicative of carcinoma were identified by a pathologist on corres-

ponding slides stained with haematoxylin and eosin. Slides were

deparaffinized in xylene before rehydration in a graded ethanol series.

Antigen retrieval was achieved by boiling the slides in EDTA buffer

(pH 8.0) in a pressure cooker for 60 min. Endogenous peroxidase

activity was blocked by treatment with 3% hydrogen peroxide solution

in methanol for 15 min. Non-specific protein binding was inhibited

with a blocking solution provided by Zymed Laboratories (San

Francisco, CA, USA). Slides were incubated with anti-syndecan-1

(monoclonal, clone 5F7; 1 : 100 dilution; Novocastra Co., Newcastle,

UK) or anti-syndecan-2 (polyclonal; 1 : 1800 dilution; Contreras et

al.12) primary antibody for 90 min at 37 uC. Negative immunohisto-

chemical controls were generated by omitting the primary antibody.

Tonsil and colon carcinoma samples were used as positive controls for

syndecan-1 and -2, respectively. Primary antibody binding was iden-

tified by the immunoperoxidase technique using the secondary anti-

body avidin–biotin complex and a peroxidase substrate kit

(Histostain-Plus Bulk Kit; Zymed Laboratories) according to the

manufacturer’s instructions. Next, the sections were treated with the

chromogen 3,39-diaminobenzidene tetrahydrochloride (Zymed

Laboratories) to detect bound antibody complex. Finally, slides were

counterstained with Mayer’s haematoxylin, dehydrated and covered

with cover slips and Entellan mounting medium (Merck, Darmstadt,

Germany).

Evaluation of immunostaining
All specimens were analysed independently by two investigators who

were unaware of the clinical outcomes of the patients. The evaluation

was carried out in three representative zones previously selected by the

pathologist, and disagreement during the assessment was overcome by

consensus. Immunostaining of cancer cells was compared with that of

normal epithelial cells in the same sample as an internal control. A

semiquantitative analysis was performed to assess stained cells. To

obtain a more accurate evaluation, we considered the localisation,

intensity and proportion of positive cells. Localisation patterns were

defined as membranous or cytoplasmic according to previous

reports.8–10,15 Intensity was scored as weak (1/111), moderate

(11/111) or strong (111/111). The proportion of positive

cells was evaluated as negative, ,40%, 40–80% or .80%. We defined

membrane localisation with moderate (11/111) or strong (111/

111) intensity and more than 40% of cells staining positively as

normal expression. Aberrant expression was defined in cases not meet-

ing one or more of these criteria.

Statistical analysis
The STATA 7.0 software package was used to carry out statistical

analyses (Stata Corporation, College Station, TX, USA). Cancer recur-

rence-free survival analysis was performed using clinical, pathological

and immunohistochemistry data through a Kaplan–Meier propor-

tional risk model. Follow-up was calculated as the number of months

from treatment until PSA recurrence, which was established as the

variable event to construct the curves. The log-rank test was used to

evaluate differences in recurrence-free survival probability between

the groups. Univariate Cox analysis was used to reveal the ability of

the variables to predict survival. In all analyses, P,0.05 was considered

statistically significant.

RESULTS

Patient characteristics
Clinical and pathological features of the sample donor patients are

listed in Table 1. At a median follow-up of 50 months (range: 6–96

months), 30 patients (50%) had undergone BCR. The median interval

from surgery to PSA relapse was 36 months (range: 6–60 months).

Table 1 Patient characteristics. Summary of the clinical features of

60 patients with localized prostate carcinoma

Patient characteristics Clinical data

Age (years)

Median (range) 64 (47–73)

PSA (ng ml21)

Median (range) 8 (2.5–23)

f4 1 (1.66%)

4.1–10 39 (65%)

10.1–20 17 (28.34%)

.20 3 (5%)

Clinical stage

T1c 32 (53.34%)

T2 28 (46.66%)

Surgical Gleason score

Median (range) 6 (5–9)

,7 31 (51.66%)

o7 29 (48.34%)

Abbreviation: PSA, prostate-specific antigen.
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Expression of syndecans

The immunohistochemical expression patterns of syndecan-1 and -2

are shown in Figures 1 and 2, respectively. There were differences in

the expression of both syndecans in prostate cancer tissue. Negative

controls without the primary antibody are shown in Figures 1a and

2a. Tonsil and colon carcinoma samples were used as positive controls

for syndecan-1 and -2, respectively (Figures 1b and 2b). In BPH tissue

samples, syndecan-1 staining was characteristically localized to the

membrane of basal cells and the basolateral side of secretory epithelial

cells, without expression in the adjacent stroma (Figure 1c).

Syndecan-2 was found to be strongly expressed at the plasma mem-

brane of basal cells. Stroma staining was also negative (Figure 2c). In

prostate cancer cells, cytoplasmic altered expression of syndecan-1 and

-2 was found in 64% and 67% of the samples respectively (Figures 1d

and e and 2d and e, and Table 2).

Cancer survival rates

Previous studies have reported that the altered expression of

syndecan-1 is associated with BCR. Hence, we analysed whether the

expression of syndecan-1 and -2 was associated with BCR. As shown in

Figure 3, the altered expression of both syndecan-1 (P,0.05) and

syndecan-2 (P,0.05) was predictive of BCR. To assess whether syn-

decan-1 and/or syndecan-2 can be considered independent predictors,

a Cox proportional hazards regression model was used with univariate

analysis (Table 3). The univariate model indicated that altered synde-

can-1 (P50.045) and syndecan-2 (P50.044) expression and elevated

pre-treatment level of PSA (P50.019) were predictors for BCR.

DISCUSSION

As a result of the increasing incidence rates of prostate cancer, manage-

ment of patients with BCR has become a large and growing challenge in

clinical practice.16 Nevertheless, determining the risk of rapid progres-

sion to bone metastasis is an issue that remains unsolved. Therefore, the

Figure 1 Representative immunostaining results showing syndecan-1 expression

in prostate tissue. (a) Negative staining in prostate cancer (no primary antibody); (b)

positive control (tonsil); (c) benign prostatic hyperplasia (BPH); (d) membrane

staining in prostate cancer; (e) cytoplasmic staining in prostate cancer. Scale

bars5100 mm.

Table 2 Changes in the localisation and expression of syndecan-1

and -2 in prostate cancer tissue

Localisation Expression

Normal/altered Weak/strong

Syndecan-1 36/64 46/54

Syndecan-2 33/67 21/79

Normal localisation: membrane staining. Altered localisation: cytoplasmic staining.

Weak expression: 0 or 1. Strong expression: 11 or 111. Data are expressed as the

percentage of total patients.

Figure 2 Representative immunostaining results showing syndecan-2 express-

ion in prostate tissue. (a) Negative staining in prostate cancer (no primary anti-

body); (b) positive control (colon cancer sample); (c) benign prostatic

hyperplasia (BPH); (d) membrane staining in prostate cancer; (e) cytoplasmic

staining in prostate cancer. Scale bars5100 mm.

Figure 3 Kaplan–Meier analysis of patients with clinically localized prostate

cancer showing normal or altered expression patterns of syndecan-1 and -2

expression. Patients with altered expression of both syndecans had a more rapid

rate of PSA recurrence compared with patients with normal syndecan expression

at follow-up (P,0.05, log-rank test). PSA, prostate-specific antigen.
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introduction of markers that provide new insights into the understand-

ing of prostate cancer progression is needed to avoid unnecessary treat-

ments, predict disease course and develop more effective therapies.4

In this study, we assessed variation in the expression patterns of two

heparan sulphate proteoglycans, syndecan-1 and -2, in prostate tissue.

We confirmed that syndecan-1 and, interestingly, syndecan-2, were

both expressed in epithelial cells of normal and pathological prostate

tissue. Popovic et al.14 have also reported syndecan-2 expression in

prostate cancer and prostatic intraepithelial neoplasia samples but not

in normal prostate tissue. In our work, we found expression of synde-

can-2 at the membranes of basal cells in non-malignant tissue (BPH

samples). Differences with the work of Popovic may be related to the

control tissue selected (normal versus BPH) and/or the different anti-

bodies used in each study. The staining pattern of syndecan-2 observed

in BPH samples shifts to cytoplasmic staining in malignant samples. In

addition, the altered expression pattern of syndecan-2 was associated

with a high risk of BCR by univariate analysis, suggesting that this

syndecan is a predictor of prostate cancer progression following surgery.

In contrast, Shimada et al.17 reported low expression of syndecan-1

in basal cells of normal prostate glands and in cancerous prostate tissue

from patients without hormonal treatment. However, patients with

androgen deprivation therapy showed increased expression of synde-

can-1, suggesting that this syndecan may be associated with androgen

sensitivity.17 In the present work, syndecan-1 was found to be expressed

in both BPH and prostate cancer samples. In BPH samples, the staining

was observed mainly at the membrane, shifting to a cytoplasmic loca-

lisation in most of the prostate cancer samples. All prostate cancer

samples used in this study were obtained from patients with localized

carcinoma and without hormonal treatment. However, the antibody

against syndecan-1 used here recognizes the external domain of the

protein, staining newly synthesized cytoplasmic protein and membrane

protein. There is no information about the epitope recognized by the

antibody used in Shimada et al.’s work. Our results are in agreement

with other reports that show an inverse correlation between plasma

membrane localisation of syndecan-1 and high Gleason score,13,15,18

suggesting that this syndecan changes its subcellular localisation rather

than its overall protein level during the progression of prostate cancer.

The decrease of syndecan-1 localized to the plasma membrane of

cancer cells may be explained by the ability of syndecan-1 to undergo

shedding of its ectodomain, a proteolytic cleavage event occurring in

vivo as a highly regulated process during development, neoplasia and

wound repair.19 Heparanase (HPSE), an extracellular enzyme

involved in this shedding, has been shown to be overexpressed in

several tumours, increasing the metastatic potential. HPSE regulates

both the level and localisation of syndecan-1 within the tumour

microenvironment by inducing its shedding from the tumour cell

surface and its de novo synthesis. The regulation of syndecan-1 by

HPSE has been observed in both human myeloma and breast cancer

cell lines.20 In addition, Mahtouk et al.21 have reported, using cultured

myeloma cells, that the expression of HPSE correlates with an increase

in syndecan-1 gene expression and detection in the soluble fraction.

However, knockdown of HPSE using siRNA results in a decrease of

syndecan-1 production.22 Because there is evidence that prostate can-

cer cells overexpress HPSE, it is possible that the production of syn-

decan-1 is upregulated in these cells, and therefore, the low membrane

expression observed may be due to activation of shedding mechan-

isms. In addition, the increased cytoplasmic localisation of syndecan-1

can be explained by de novo synthesis. This scenario would explain our

results obtained using an antibody that binds to the external domain of

syndecan-1. Moreover, an elevated level of serum syndecan-1 has been

demonstrated to be associated with a poor clinical outcome in cases of

lung cancer.23 The evidence presented in this work supports the idea

that the syndecan-1 serum level may represent a novel clinical marker

for prostate cancer.13,14,18

Unexpectedly, we were not able to find a coordinated downregula-

tion of syndecan-1 membrane expression followed by an upregulation

of syndecan-2 membrane expression as part of the epithelial–mesen-

chymal transition. Nonetheless, we observed increased syndecan-2 cyto-

plasmic expression in prostate cancer cells, which correlates with a high

risk of biochemical recurrence. Syndecan-2 may undergo shedding, and

the corresponding ectodomain may be acting as an angiogenic factor

in gliomas.24 In addition, overexpression of syndecan-2 in colon

cancer cells has been associated with downregulation of E-cadherin, a

long-recognized feature of the epithelial–mesenchymal transition.12

However, the mechanisms involved in the cytoplasmic overexpression

of syndecan-2 and the metastatic process remain unclear.

These results suggest that syndecan-1 and -2 are involved in the

biology of prostate cancer, probably by promoting an adequate

environment for the metastatic process. This regulation is correlated

with the biochemical progression of the disease in clinically localized

prostate cancer.
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