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The aim of the present study was to investigate whether
biomarkers improve the prediction of recurrence-free,
disease-specific, and overall survival in patients with
clinically localized prostate cancer. A tissue microarray
was constructed from prostate specimens of 278 pa-
tients who underwent open radical retropubic prosta-
tectomy for clinically localized prostate cancer. For
immunohistochemical studies, antibodies were used
against matrix metalloproteinase (MMP)�2, MMP-3,
MMP-7, MMP-9, MMP-13, and MMP-19, as well as
against vascular endothelial growth factor, hypoxia-
induced factor 1� , basic fibroblast growth factor, and
cluster of differentiation 31. Univariate and multiva-
riable analyses were performed to evaluate the poten-
tial predictors of overall , disease-specific, and recur-
rence-free survival. In univariate analysis of patients
with clinically organ-confined prostate cancer, only
higher expression levels of MMP-9 (hazard ratio [0.6] ,
95% CI 0.45�0.8) had a protective effect in terms of
overall survival. This positive effect of high MMP-9
expression was also observed for recurrence-free (HR
0.88, 95% CI 0.78�0.99) and disease-specific survival
(HR 0.5, 95% CI 0.36�0.73). In multivariable analysis,
none of these potential markers was found to be an inde-
pendent prognostic factor of survival. Of all MMPs and
angiogenic factors tested, MMP-9 expression has the po-
tential as a prognostic marker in patients undergoing rad-
ical prostatectomy for clinically organ-confined cases of
prostate cancer. (Am J Pathol 2010, 177:2216–2224; DOI:

10.2353/ajpath.2010.091190)

Prostate cancer (PC) is one of the leading causes of
cancer death in men and represents a major burden for
any health care system.1 Radical prostatectomy is an
accepted treatment option for patients with organ-con-
fined disease and a life expectancy of �10 years.
Radical prostatectomy has been shown to reduce
overall and disease-specific mortality, and the risks of
metastasis and local progression.2 Although radical
prostatectomy is one of the most common major sur-
gical procedures in many Western countries, it remains
unclear who would most likely benefit from this
operation.

Prostate cancer progression depends on matrix met-
alloproteinases (MMPs) and angiogenic factors3.4

Screening has been shown to decrease mortality, but
with a high risk of overdetection and overtreatment.5

Therefore there is a dire need for new prognostic mark-
ers. Matrix metalloproteinases are involved in many
physiological and pathological processes. In cancer,
MMPs play an important role by extracellular remodel-
ing in tumor progression and metastases and have
gained in interest.6 MMPs are also important for tumor
angiogenesis, which is a key factor for tumor cell sur-
vival. Thus, we investigated selected MMPs (MMP-2,
�3, �7, �9, �13, �19) and angiogenic factors (vas-
cular endothelial growth factor [VEGF], hypoxia-in-
duced factor 1� [HIF 1�], basic fibroblast growth fac-
tor[bFGF ]) as well as the intratumoral microvessel
density (IMD) in prostate cancer as predictors for sur-
vival and recurrence in men with clinically organ con-
fined prostate cancer using a tumor tissue micro array
(TMA) derived from patients undergoing bilateral pelvic
lymphadenectomy and radical retropubic prostatectomy
(RRP).
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Materials and Methods

Patients

All patients underwent open RRP with extended pelvic
lymph node dissection as described previously7 at the
Department of Urology, University of Bern, Bern, Switzer-
land between 1990 and 1999. All patients (n � 278) were
clinically and radiologically staged before surgery as
cT1-2 cN0 cM0, had at least 12 months of clinical fol-
low-up and contributed representative tumor tissue in
sufficient quality and quantity for sequential and repeti-
tive immunohistochemical analysis. No patient received
neoadjuvant therapy. Lymph node status data were avail-
able for 261 of the 278 patients analyzed. Follow up with
prostate-specific antigen (PSA) measurement was per-
formed initially every 3 months for 12 months and then in
yearly intervals by the general practitioner and family
doctor. In case of elevated PSA, the patient was referred
for re-staging and evaluation. Patients without events (ie,
still alive, no recurrence) were censored at the last known
follow up.

Pathological Processing of Specimen

The external surface of the prostate was marked with ink
and the specimen fixed in neutral buffered formalin (4%)
overnight. Weight and dimensions of the specimen were
recorded. Apex and base were transversally removed
and these slices cut parasagittally and completely em-
bedded as perpendicular margins. The junction of the
prostate and the seminal vesicles as well as the resection
margins of the vasa deferentia were resected. The pros-
tate was sliced serially in 3- to 4-mm thick sections per-
pendicular to the longitudinal axis and totally embedded.
The cut surfaces were evaluated macroscopically for
tumor localization within the lobes and tumor extension
(seminal vesicles, extraprostatic extension). In addition,
non-neoplastic conditions (eg, nodular hyperplasia) were
described. The following microscopic tumor characteris-
tics were noted: type, Gleason score, extraprostatic ex-
tension, and percentage of prostate tissue area on the
sections occupied by the tumor. Tumor volume was es-
timated by multiplying the percentage of the specimen
involved by cancer by the prostate volume. Other patho-
logical conditions were also assessed (eg, vascular in-
vasion, prostatic intraepithelial neoplasia, hyperplasia,
inflammation).

Pathological Evaluation

Radical prostatectomy specimens were staged and
graded by an experienced urological pathologist (R.M.)
who selected the slide with the least differentiated tumor
area of the primary and secondary Gleason pattern in the
pathological specimen according to the initial Gleason
scoring system and marked the most appropriate and
representative tumor target area on this slide for subse-
quent tissue core retrieval.

TMA Construction

Donor tissue blocks of 278 patients with clinically and
radiologically staged cT1-2 cN0 cM0 prostate cancer
which had at least 12 months of clinical follow-up,
representative tumor tissue in sufficient quality and
quantity were available for TMA construction. A pros-
tate TMA was constructed from formalin-fixed paraffin-
embedded tissue specimens as described previou-
sly.8 Briefly, one core tissue-biopsy (diameter 0.6 mm)
was taken from the marked region of individual paraf-
fin-embedded prostate tumors (donor blocks) and pre-
cisely arrayed into a new recipient paraffin block (35
mm � 20 mm) with a custom built precision instrument
(Beecher Instruments, Silver Springs, MD). Three TMAs
containing the identical set of tumors were con-
structed. After the block construction was completed,
2- to 3-�m sections were cut with a microtome and the
presence of tumor tissue on the arrayed samples was
verified on a H&E-stained section.

Immunohistochemistry

Paraffin sections (2- to 3-�m) were deparaffinized in three
changes of xylol, rehydrated in ethanol, and rinsed twice
in Tris-buffered saline [TBS; 50 mmol/L Tris/HCl (pH 7.4)
containing 100 mmol/L sodium chloride]. Endogenous
peroxidase activity was suppressed by treatment with
0.3% hydrogen peroxide for 10 minutes. Before incuba-
tion with antibodies, sections were bathed in 0.01 mol/L
sodium citrate (pH 6.0) and/or heated in a microwave
oven (180 W) for 15 minutes. In the case of mouse anti-
cluster of differentiation 31 [CD31], this step is preceded
by treatment with trypsin ([Difco Lab., Detroit, MI) 0.2
mg/ml in TBS/CaCl2 buffer] for 10 minutes at 37°C. After
the blockage of nonspecific binding by immersion in TBS
containing 1% casein (Sigma 8654) for 10 minutes, sec-
tions are incubated with the first antibody diluted in TBS:
mouse anti-CD31, 1:20 (JC/70A, M-0823; Dako, Glostrup,
Denmark); rabbit anti-VEGF, 1:200 (sc-152; Santa Cruz
Biotechnology, Santa Cruz, CA); mouse anti-bFGF, 1: 50
(05–118; Upstate Biotechnology, Inc.Lake Placid NY
12946); mouse anti-MMP-2, -MMP-3, -MMP-9, and
MMP-13 (ready for use: MS806-R7, MS810-R7 and
MS820-R7; MS826-R7 Oncogene, San Diego, USA);
mouse anti-MMP-7, 1:100 (PC 492; Oncogene San Di-
ego); and rabbit anti-MMP-19 (kindly provided by Dr. R.
Sedlacek), 1:100 as determined by antibody titration.
Sections were exposed to an affinity-purified biotinylated
second antibody [anti-mouse EO 433, anti-rabbit EO 353,
Dako; Glostrup, Denmark diluted 1:200 in TBS)] for 45
minutes at ambient temperature, washed three times in
TBS, then treated with the avidin-biotin-horseradish per-
oxidase complex (P355, Dako, Glostrup, Denmark) for a
similar period at the same temperature. The reaction
product is visualized by exposing sections to 3-amino-9-
ethylcarbazole or 3.3-diaminobenzidine (Sigma Chemi-
cals Company, St. Louis, Missouri) for 1 to 12 minutes.
These were then counterstained with hematoxylin and
mounted in Aquatex (Merck, Darmstadt, Germany). Neg-
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ative controls were prepared using non-specific mouse
and rabbit sera. For HIF 1�, the sections were deparaf-
finized in xylene (three changes), rehydrated in a graded
series of decreasing ethanol concentration, and rinsed in
TBS [50 mmol/L Tris/HCl (pH 7.4) containing 100 mmol/L
sodium chloride]. Immunostaining was performed ac-
cording to the Catalyzed Signal Amplification System
(Dako, Carpinteria, CA), which uses a streptavidin-biotin-
horseradish peroxidase complex. The slides were initially
immersed in target retrieval solution (Dako) at 97°C for 15
minutes and then treated in accordance with the manu-
facturer’s instructions. They were exposed to a monoclo-
nal antibody against HIF 1� (H1a67, used at a dilution of
1:10,000) for 30 minutes. The biotinyl tyramide amplifica-
tion reagent is diluted 1:10 in protein blocking solution
(Dako). The reaction product was visualized by exposing
sections to 3,3-diaminobenzidine for 1 minute. Nuclei
were lightly counterstained with hematoxylin. Sections
were mounted in Aquatex (Merck, Darmstadt, Germany).
All samples have been collected and fixed, and pro-
cessed in the same way according to a standard proce-
dure at the Insel hospital Bern. For quality control tumor
material from previous studies was used for positive and
negative controls.

Tissue samples incubated with non-immune serum or
with the antibody diluent (Dako) served as negative con-
trols. Each core was evaluated for presence of tumor at
analysis for immunohistochemical staining. Representa-
tive pictures of immunohistochemical staining of MMP-2
(a,b), MMP-9 (c), CD 31(d), HIF-1� (e), VEGF (f), and
bFGF (g) are shown in Figure 1.

Quantification

Quantification of MMPs, VEGF, HIF 1�, bFGF, and CD 31
staining was evaluated at a magnification of �200 by two
independent investigators (S.B., V.D.) blinded to the clin-
ical data. For MMPs, VEGF, and HIF the intensity and
the percentage of positive cells per area of 0.28 mm2 of the
reaction was categorized into 5 groups (0 to 4) using the
surrounding tissue as a base-level reference. For bFGF
the intensity of the reaction of tumor and stromal cells was
categorized into fve groups based on the literature. Cat-
egorization was as follows: Intensity: 0, no detectable
immunoreactivity; 1, weak staining; 2, moderate staining;
3, moderate to intense staining; 4, very intense staining.
Extent: 0, no detectable immunoreactivity; 1, �1% of cells
registering positive; 2, 1 to 10% of cells positive; 3, 10 to
50% of cells positive; 4, �50% of cells positive. In addi-
tion, IMD was assessed by counting all of the CD 31
positive cells of the 0.28 mm2 area at a magnification of
�200. Any endothelial cell or endothelial cell cluster pos-
itive for CD31 and clearly separate from an adjacent
cluster was considered as a single countable microves-
sel. IMD was categorized into four groups (1, IMD 0–9; 2,
IMD 10–19; 3, IMD 20–39; 4, IMD �40). In case of a
difference of �1 in evaluation of quantification the stain-
ing was re-evalutated by the two investigators.

Statistical Analysis

The dataset contained a small percentage of missing
values in some of the potential predictor variables. To
compensate for missing values we applied a single im-
putation method to keep the number of observations as
large as possible.9 Variables were only imputed on micro
array data and on angiogenetic factors, where “missing-
ness” may be assumed to be at random. Kaplan-Meier
plots, univariate and multivariable analysis applying Cox
proportional hazard models were used to evaluate poten-
tial predictors for overall mortality (death due to any
cause), disease-specific mortality (death due to prostate
cancer), and recurrence in patients with clinically local-
ized prostate cancer who underwent open RRP. Recur-
rence of prostate cancer was defined as a persistently
detectable serum PSA (�0.1 �g/L) after radical prosta-
tectomy, an increasing serum PSA in three serial deter-
minations following a postoperative PSA nadir value in
the case that PSA did not reach zero after surgery or
histologically proven tumor recurrence. PSA did not re-
turn to zero postoperatively in 20 patients.

We performed a post hoc power calculation for the
hazard ratio (HR) of overall survival depending on MMP-9
intensities. We assumed an effect size of 0.6; this is the
estimated coefficient (univariately) of MMP-9 intensity for
overall mortality. For the power calculation in Cox propor-
tional hazards settings, we additionally needed to specify
the SD of MMP-9 intensity (� 0.92), the percentage of

Figure 1. Representative pictures of immunohistochemical staining of MMP-2
(A and B), MMP-9 (C), CD 31 (D), HIF-1� (E), VEGF (F), and bFGF (G).
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failures (here P � 0.24), and a measure of correlation with
co-variates (� 0.8). We found a power of 40%, which is
acceptable in this kind of study setting.10

The selection of variables for the multiple model was
based on the univariate comparisons of these variables
(significant on a 5% level in pairwise comparisons and
additionally adjusted for age) with overall mortality, dis-
ease specific mortality and recurrence. In these Cox
proportional hazard models, the % staining and intensity

entered in linear fashion. We repeated the analysis en-
tering the variates for MMP-9% and intensity using indi-
cator variates (dummies). This alternative approach
showed similar results. Statistical analyses were per-
formed using the Stata 9.2 statistics software package
(StataCorp LP, College Station, TX) and R 2.10 (R Foun-
dation for Statistical Computing; Vienna, Austria, 2009,
http://www.R-project.org, last accessed on November 20,
2009).

Results

At surgery, median age of the 278 patients was 64 years
(interquartile range [IQR] 59 to 68) and median follow up
was 7.8 years (IQR � 6 to 10.3). The majority of tumors
were pT2 (52%) or pT3 (45%), 28% had positive lymph
nodes and more than 50% a Gleason score 5 to 7
(table 1).

In our cohort preoperative understaging occurred in
133 cases (48%). At the time of censoring 210 patients
were alive, 228 patients had no event with regard to
disease-specific mortality, and 87 patients were without
biochemical recurrence.

In univariate analysis (table 2), pathological tumor
stage, pathological lymph node status, tumor grade, and
Gleason score were significantly associated with overall,
disease-specific, and recurrence-free survival after open
RRP. Of the angiogenic and proteolytic factors, MMP-9

Table 1. Characteristics of the 278 Patients with Clinically
Localized Prostate Cancer who Underwent Open
Radical Retropubic Prostatectomy

Median age in years (IQR) 64 (59 to 68)
Median follow-up in years (IQR) 7.8 (6 to 10.3)
Median preoperative PSA in �g/L (IQR)† 12.3 (7.1 to 22)
Pathological tumor stage

pT2 145 (52%)
pT3 126 (45%)
pT4* 7 (3%)

Pathological lymph node status†

pN0 189 (72%)
pN� 72 (28%)

Gleason score†

2 to 4 74 (27%)
5 to 7 158 (57%)
8 to 10 44 (16%)

IQR: interquartile range.
*Bladder neck invasion only.
†n � 276 for preoperative PSA, n � 261 for pathological lymph

node status, n � 276 for Gleason score.

Table 2. Univariate Analysis Evaluating Potential Predictors for Mortality in the 278 Patients with Clinically Localized Prostate
Cancer who Underwent Open RRP

Variables

Overall mortality Disease-specific mortality Recurrence

No. HR 95% CI p HR 95% CI p HR 95% CI p

Age* 278 1.01 (0.967; 1.05) 0.74 0.98 (0.934; 1.02) 0.31 1.03 (1.01; 1.05) 0.01
Pathological tumor stage 278 3.48 (2.28; 5.3) �0.001 4.52 (2.75; 7.4) �0.001 1.96 (1.51; 2.55) �0.001
Pathological lymph node

status
261 3.58 (2.17; 5.91) �0.001 5.48 (2.96; 10.2) �0.001 2.42 (1.77; 3.32) �0.001

Tumor grade 263 2.63 (1.71; 4.05) �0.001 3.21 (1.92; 5.36) �0.001 1.75 (1.37; 2.23) �0.001
Gleason score† 276 2.77 (1.88; 4.08) �0.001 3.3 (2.09; 5.23) �0.001 1.66 (1.34; 2.06) �0.001
MMP-2% 278 1.05 (0.871; 1.26) 0.63 1.08 (0.87; 1.35) 0.47 1.08 (0.968; 1.20) 0.17
MMP-2 intensity 278 1.03 (0.796; 1.32) 0.84 0.947 (0.703; 1.27) 0.72 1.03 (0.89; 1.20) 0.69
MMP-3% 278 0.917 (0.725; 1.16) 0.47 0.858 (0.637; 1.16) 0.31 0.953 (0.836; 1.09) 0.47
MMP-3 intensity 278 0.891 (0.588; 1.35) 0.59 0.756 (0.43; 1.33) 0.33 0.995 (0.79; 1.25) 0.96
MMP-7% 278 0.893 (0.773; 1.03) 0.13 0.87 (0.738; 1.03) 0.1 0.933 (0.85; 1.02) 0.15
MMP-7 intensity 278 1.01 (0.695; 1.46) 0.97 1.08 (0.704; 1.64) 0.73 0.993 (0.775; 1.27) 0.96
MMP-9% 278 0.832 (0.693; 0.99) 0.048 0.813 (0.661; 0.999) 0.049 0.875 (0.775; 0.99) 0.03
MMP-9 intensity 278 0.602 (0.452; 0.8) �0.001 0.511 (0.359; 0.727) �0.001 0.874 (0.746; 1.02) 0.096
MMP-13% 278 0.922 (0.735; 1.16) 0.48 0.925 (0.71; 1.21) 0.56 0.948 (0.821;1.10) 0.47
MMP-13 intensity 278 0.814 (0.55; 1.21) 0.31 0.765 (0.481; 1.22) 0.26 0.833 (0.663; 1.05) 0.12
MMP-19% 278 0.997 (0.868; 0.15) 0.97 0.983 (0.835; 1.16) 0.84 0.948 (0.87; 1.03) 0.22
MMP-19 intensity 278 0.727 (0.476; 1.11) 0.14 0.794 (0.486; 1.30) 0.36 0.83 (0.649; 1.06) 0.14
CD 31 count 278 1.19 (0.965; 1.47) 0.1 1.24 (0.97; 1.58) 0.088 1.03 (0.903; 1.17) 0.69
VEGF % 278 1.11 (0.934; 1.33) 0.23 1.05 (0.864; 1.28) 0.61 1.05 (0.944; 1.16) 0.38
VEGF intensity 278 1.24 (0.954; 1.61) 0.11 1.09 (0.794; 1.49) 0.6 1.08 (0.917; 1.27) 0.36
BFGF tumor 278 0.952 (0.679; 1.34) 0.78 0.918 (0.614; 1.37) 0.67 0.93 (0.755; 1.15) 0.5
BFGF stroma 278 0.952 (0.673; 1.35) 0.78 1.24 (0.851; 1.81) 0.26 1.01 (0.816; 1.25) 0.93
HIF 1� % 278 0.992 (0.84; 1.17) 0.92 1.01 (0.828; 1.22) 0.95 1.04 (0.942; 1.15) 0.42
HIF 1� intensity 278 1.01 (0.72; 1.46) 0.95 1.07 (0.699; 1.63) 0.77 1.11 (0.886; 1.39) 0.37

HR: hazard ratio.
95% CI: confidence interval.
*Age: per additional year.
†Gleason score: low- (2 to 4), intermediate- (5 to 7), high- (8 to 10) risk disease.
Bold indicates P � 0.05, significant.
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was also significantly associated with overall, disease-
specific, and recurrence-free survival: No cells staining
positive for MMP-9 was associated with lower overall
(intensity 0, extent 0), disease-specific (intensity 0, extent
0), and recurrence-free (extent 0) survival (Figures 2– 4).
The other factors evaluated did not show a statistically
significant association with neither survival nor recur-
rence (Table 2).

In multivariable analysis (Table 3), as expected patho-
logical tumor stage was the most important predictor for
overall, disease-specific and recurrence-free survival as

was pathological lymph node status for disease-specific
survival and recurrence-free survival. Age was signifi-
cantly associated with recurrence-free survival. All other
factors were not statistically significant predictors in mul-
tivariable analysis.

The morphological distribution of expression of the
factors was as follows. The MMPs were mainly expressed
by the tumor cells with staining of the cytoplasm. Neither
strong nuclear nor stromal staining was observed. Rarely
stained stromal cells were not taken into account. HIF 1�
on the other hand, was mainly expressed nuclearly. As
mentioned before for bFGF, the staining of the stroma
and the tumor cells was evaluated separately. Both com-
partments showed different levels of staining with no
correlation.

Discussion

In PC patients current predictors of disease extent and
outcome after open RRP are tumor stage, Gleason score,
and serum PSA levels at diagnosis. Yet, when making the
decision for (adjuvant) treatment for organ-confined or
locally advanced disease biological behavior of the tu-
mor is often difficult to estimate accurately. Hence also
the discussion about the significance of a tertiary Glea-
son grade and the reported difference between the score
groups 3 � 4 and 4 � 3.11 The literature reports 24%12 up
to 60% of cases clinically classified as T2 to be under-
staged, showing extracapsular disease in pathological
evaluation after RRP.13–18 In our cohort preoperative un-
derstaging occurred in 48% of the cases. Therefore it is
crucial to establish and compare new markers for tumor
behavior and patient outcome.

In the present study, expression of the gelatinase
MMP-9 improved overall, disease-specific, and recur-

Figure 2. Kaplan-Meier curves for overall mortality in categories of MMP-9
(%), censored times unmarked.

Figure 3. Kaplan-Meier curves for disease specific mortality in categories of
MMP-9 (%), censored times unmarked.

Figure 4. Kaplan-Meier curves for recurrence in categories of MMP-9 (%),
censored times unmarked.
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rence free survival. This stands in contrast to other stud-
ies, showing an association of MMP-9 expression with
tumor progression in PC19–21 and in other malignan-
cies.22 MMP-9 has been discussed as a major contribu-
tor in the tumor induced angiogenic switch essential for
tumor survival and progression.23 In addition, down-reg-
ulation of MMP-9 in a prostate carcinoma xenograft
model decreased tumor growth and caused tumor re-
gression.24 However, to the best of our knowledge no
study investigated the prognostic value of MMP-9 ex-
pression in PC in such a large population using TMAs.
Our findings are in line with the study of Pellikainen et al25

reporting that in breast carcinoma a high expression of
MMP-9 in tumor cells favored survival and with a immu-
nohistochemical study of Vasala et al26 who found a high
MMP-9 expression in bladder cancer to be favorable
looking at overall and disease-free survival.

MMP-9 has been reported to have an anti-angiogenic
role through the generation of endogenous angiogenesis
inhibitors and by modulating cell receptor signaling by
cleaving off their ligand-binding domains.27 In the knock-
out mouse model, the protective role of host MMP-9
appears to be mediated by involving natural angiogenic
inhibitors such as angiostatin and tumstatin.28,29 MMPs,
and especially MMP-9, appear to be part of a complex
balance of angiogenesis rather than being exclusively
pro- or anti-angiogenic. Similar mechanisms may be in-
volved in PC supporting the protective effect of MMP-9 in
the present study. Using enzyme-linked immunosorbent
assay and zymography Castallano and colleagues30

demonstrated that MMP-9 and osteopontin31 plasma lev-
els are elevated in patients with prostate cancer. These
levels normalize after radical surgery.

With regard to MMPs and PC there is broad evidence
in the literature for MMP-2 to play an important role in the
pathogenesis of prostate cancer.32 It has been shown
that MMP-2 expression is correlated with disease stage
and the Gleason score.33–35 Wood et al36 reported
MMP-2 to be a possible independent prognostic factor
using in situ hybridization to quantify expression. The
mRNA processing could explain possible differences to
our findings. Furthermore positive staining of the stromal
compartment was observed and counted, which was not
the case in our study.

The rationale for testing MMP-3, �7, �13, and �19
were the complexity and interaction of different MMPs in

networks. The role of MMP-3 and MMP-19 expression in
PC has to our knowledge not been investigated. Besides
digesting ECM components, the stromelysin 1 MMP-3
activates a number of proMMPs such as proMMP-1. In
transgenic mice MMP-3 is a promoter of mammary car-
cinogenesis37,38 and depletion of MMP-3 protective in
skin carcinogenesis39 in knockout mice, again sugges-
tive of a more complex function of MMPs in tumor pro-
gression. The role of MMP-19 has not yet been clarified.40

In breast carcinomas, Djonov et al41,42 found that higher
expression of MMP-19 could be beneficiary whereas in
oropharyngeal squamous cell carcinoma no correlation
existed between MMP-19 expression and clinicopatho-
logical features or a patient’s outcome and prognosis.

MMP-7 expression has been linked to prostate cancer
pathological stage and incidence of metastasis.43 In our
collective, no significant correlation with pathological
stage or survival was observed. MMP 13 is a collage-
nase,40 which is expressed at a higher level in more
invasive prostate cancer cell lines.44 In our study we
found a potential interaction for disease specific mortality
with high MMP-9 and MMP-13 intensity.

In contrast to our findings others have found that an-
giogenic factors may be prognostic in PC. Increased
expression of HIF-1� protein has been shown in multiple
types of human cancer and in regional and distant me-
tastases including lung, breast, colon, and prostate car-
cinoma.45 Up-regulation of HIF-1� observed in high-
grade prostate intraepithelial neoplasia lesions suggests
this to be an early event in the development of prostate
cancer, which might explain why we did not find a cor-
relation in our study.46 Gravdal et al47 found in patients
with localized cancers that high vascular proliferation
was significantly related to adverse clinicopathologic fea-
tures and was a strong and independent predictor of
biochemical failure, clinical recurrence, and skeletal me-
tastasis in multivariate analysis. In our larger series in-
cluding factors such as tumor stage, Gleason score and
lymph node status this could not be confirmed.

Mazzucchelli et al48 reported that the expression of
VEGF is significantly increased in PC and correlates with
Gleason score. In their study the specimens of 35 pa-
tients were compared to normal sections. Strong immu-
nohistochemical staining was observed at the periphery
of tumor nodules. In our tissue microarray this area might
not always be included which could explain this differ-

Table 3. Multivariable Analysis of 259 Patients with Nonmissing Values in Any of the Co-Variates using Cox Proportional
Hazards Regression Including All Significant Predictors of Univariate Analysis

Variables

Overall mortality Disease-specific mortality Recurrence

HR 95% CI p HR 95% CI p HR 95% CI p

Age 1.016 (0.971; 1.06) 1.490 0.981 (0.930; 1.03) 0.480 1.03 (1.003; 1.05) 0.031
Pathological tumor stage 2.377 (1.464; 3.86) �0.001 2.905 (1.602; 5.27) �0.001 1.65 (1.228; 2.22) 0.001
Pathological lymph node status 1.657 (0.942; 2.92) 0.080 2.377 (1.192; 4.74) 0.014 1.75 (1.219; 2.5) 0.002
Tumor grade 1.512 (0.870; 2.63) 0.140 1.690 (0.857; 3.33) 0.130 1.29 (0.959; 1.74) 0.09
Gleason score 1.577 (0.929; 2.65) 0.085 1.526 (0.806; 2.89) 0.190 1.15 (0.875; 1.51) 0.317
MMP-9 intensity 1.793 (0.599; 1.05) 0.100 0.764 (0.542; 1.08) 0.120 0.995 (0.846; 1.17) 0.95

HR: hazard ratio.
95% CI: confidence interval.
The factors were additionally adjusted for age.
Bold indicates P � 0.05, significant.
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ence to our findings. The discussion on the prognostic
value of VEGF is still open as there have been other
contradictory results in clinical specimens.49,50 In the
same line the role and expression pattern of bFGF in the
development and progression of PC in the literature is
controversial. Cronauer et al51 reported that bFGF is
mainly expressed in carcinomatous areas whereas Tro-
jan et al52 found a significantly stronger expression in
non-tumerous tissue compared with carcinoma. Another
study found an association between strong stromal bFGF
expression with well-differentiated tumors, low preopera-
tive PSA and low tumor proliferation.53 Strohmeyer et al54

observed higher bFGF expression in the tumor tissue with
increased tumor stage.

In our study we evaluated the stromal and the tumor
epithelial expression of bFGF independently. Both areas
showed differential expression without correlation. Fur-
thermore neither staining of the stroma nor of the tumor
showed an association with survival.

Microvessel density or IMD has been reported as an
estimate of tumor-associated angiogenesis and to pro-
vide strong and independent information in multiple tu-
mors.55 In prostate cancer, high microvessel density has
been linked to tumor aggressiveness and has been cor-
related to histological grade, tumor stage, preoperative
PSA and time to recurrence.56–60 However, there has
been critical concern on the use of IMD as a prognostic
variable. There exists a wide range of results due to the
use of different antibodies (eg, CD31 or CD34) and dif-
ferent areas of the tumor evaluated.55 In our study no
correlation with patient outcome was observed.

We consider this study to be observational, meaning
that we examined a large set of potential predictors for
mortality after prostatectomy. Given the large number of
markers evaluated we checked for potential interaction
factors with MMP-9 intensity. The only one we found was
for disease specific mortality with high MMP-13 intensity
(P � 0.021). We are aware of the fact that the results of
such observational studies tend to be opportunistic, and
need further confirmation in future studies in a more
experimental setting. As to be expected in univariate and
multivariable analysis established parameters such as
pathological tumor stage, pathological lymph node sta-
tus, tumor grade, and Gleason score were found to be
predictors for overall, disease-specific and recurrence
free survival after open RRP in the present study. The
effect of these strong prognostic factors may have
masked relevant effects of other biomarkers due to co-
linearity and could explain that also MMP-9 was no longer
statistically significant in multivariate analysis. Although
we included more than 250 patients in our analysis, a
larger sample size may be necessary to detect an influ-
ence of other factors due to the large number of biomar-
kers investigated.

Gleason grading has changed over time and we ana-
lyzed according to classification at time of surgery. In a
study by Albertsen and colleagues,61 reclassification re-
sulted in apparent improvement in clinical outcomes and
this finding reflects a statistical artifact known as the Will
Rogers phenomenon. Whether this would change the

predictive potential of the markers evaluated may be
doubted.

TMAs have proven to be useful tools to screen new
prognostic markers as it allows high through-put-analy-
sis. There are limitations to this approach, as there might
be sampling errors or insufficient sampling. We sampled
the higher or more representative Gleason grade area.
Furthermore, the heterogeneity of PC may limit the inter-
pretation or necessitate very large sample sizes.62,63

In addition analysis of co-localization of different mark-
ers might be possible, however, current statistical tools
are limited in their ability to dissect out co-localization of
markers relevant for prognosis. Nevertheless, in the light
of recent findings from the ERSPC screening study new
prognostic markers are dearly needed to distinguish be-
tween tumors that need aggressive treatment from those
that do not.5

In addition to classical histopathological factors such
as tumor stage, lymph node status, tumor grade and
Gleason score, lack of MMP-9 expression was also sig-
nificantly associated with poor survival and risk of recur-
rence after RRP in univariate analysis, but was not an
independent prognostic factor.
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