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Abstract
Background—Caveolin-1 (cav-1) is overexpressed by metastatic prostate cancer (PC) cells. Pre-
operative serum cav-1 levels have been shown to be a prognostic marker for PC recurrence. This
study evaluated the relationship between post-treatment serum cav-1 levels and single nucleotide
polymorphisms (SNPs) in the cav-1 and -2 genes with risk of PC, aggressive PC, PC recurrence or
death.

Methods—Two case-control studies of PC among men in Washington State were combined for
this analysis. Cases (n=1,458) were diagnosed in 1993–96 or 2002–05 and identified via a SEER
cancer registry. Age-matched controls (n=1,351) were identified via random digit dialing. Logistic
regression assessed the relationship between exposures (19 haplotype-tagging SNPs from all
subjects and post-treatment serum cav-1 levels from a sample of 202 cases and 226 controls) and
PC risk and aggressive PC. Cox proportional hazards regression assessed the relationship between
exposures and PC recurrence and death.

Results—Rs9920 in cav-1 was associated with an increased relative risk of overall PC
(ORCT+CC=1.37, 95%CI=1.12, 1.68) and aggressive PC (ORCT+CC=1.57, 95%CI=1.20, 2.06), but
not with PC recurrence or death. High post-treatment serum cav-1 levels were not associated with
PC risk, aggressive PC, or PC-specific death, but approached a significant inverse association with
PC recurrence (hazard ratio=0.69, 95%CI=0.47, 1.00).

Conclusions—We found modest evidence for an association with a variant in the cav-1 gene
and risk of overall PC and aggressive PC, which merits further study. We found no evidence that
higher post-treatment serum cav-1 is associated with risk of aggressive PC or adverse PC
outcomes.
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Background
Prostate cancer (PC) remains the second leading cause of cancer-related deaths in US men
[1]. The high mortality from PC is due in part to the inability of current biomarkers to
predict which prostatic tumors will become life-threatening. Indeed, among patients
undergoing radical prostatectomy (RP), an estimated 35% of patients will recur within 10
years [2–7]. New markers are needed to identify patients with more aggressive disease, who
may most benefit from aggressive treatment. The protein caveolin-1 (cav-1) has been
investigated as such a prognostic biomarker.

Cav-1 is a major structural component of caveolae, flask-shaped invaginations of the plasma
membrane, which serve as a scaffold for signaling molecules related to cell adhesion,
growth, and survival [8–10]. Evidence for an association between elevated cav-1 levels and
PC has been found in both mouse and human studies [11–17]. Evidence has also been found
for an association between elevated tissue cav-1 or pre-treatment serum cav-1 levels and
metastatic disease [12], as well as with features of comparatively more aggressive prostate
tumors, such as a higher Gleason score, elevated PSA levels, and early PSA-associated
recurrence [18–21]. However, the relationship between post-treatment cav-1 levels and PC
has not yet been evaluated.

The cav-1 and -2 genes are co-localized to 7q31.1, a highly conserved region that
encompasses a known fragile site which is deleted or associated with loss of heterozygosity
in a variety of human cancers, including cancer of the breast, colon, esophagus, head and
neck, kidney, mouth, pancreas, prostate, ovary and stomach [10,22–23]. These types of data,
as well as studies of cav-1 null mice, suggest cav-1 and -2 may function as tumor suppressor
genes for some malignancies [24]. However, in PC, biochemical and genetic data support a
tumor promoter function for cav-1 [15,17,22,25]. Yet no specific mutations associated with
PC have been identified in the cav-1 or -2 genes.

We utilized data from two population-based PC case-control studies to examine the
association between post-treatment cav-1 serum protein levels and single nucleotide
polymorphisms (SNPs) in the cav-1 and -2 genes with the risk of PC, aggressive PC, and PC
recurrence or death.

Methods
Study Population

Data from two population-based case-control studies of risk factors for PC among Caucasian
and African-American men residing in King County, Washington were combined for the
genetic analysis. The first study included 753 cases and 703 controls described previously
[26]. Briefly, incident cases ascertained from the Seattle-Puget Sound Surveillance
Epidemiology and End Results (SEER) cancer registry; they were diagnosed between
January 1, 1993 and December 31, 1996, and were 40 to 64 years of age at diagnosis. The
second study included 1,001 cases and 942 controls described previously [27]. Incident
cases were also ascertained from the SEER cancer registry; they were diagnosed between
January 1, 2002 and December 31, 2005, and were 35 to 74 years of age at diagnosis.
Controls for both studies were men without a self-reported history of PC, recruited via
random digit dialing (RDD) during the same ascertainment period and from the same
underlying general population as the cases, and frequency matched to cases by five-year age
groups. Among eligible subjects ascertained for the first study, 82% of cases and 75% of
controls participated in the study interview, and of these participants, 84% of cases and 80%
of controls provided a blood sample. Among eligible subjects ascertained for the second
study, 75% of cases and 63% of controls participated in the study interview, and of these
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participants, 83% of cases and 84% of controls provided a blood sample. After combining
these two studies, there were 1,457 PC cases and 1,351 controls with DNA available for the
genetic analysis.

Background information including demographic and lifestyle factors, medical history, PC
screening history, and family history of PC was collected from participants at interview.
Clinical information such as Gleason score, tumor stage, serum prostate-specific antigen
(PSA) level at diagnosis, and primary treatment was obtained from the SEER cancer
registry. Vital status and underlying cause of death of cases has been ascertained on a
regular basis through the SEER cancer registry, where the patient file is linked to the
registry. For each deceased subject, a death certificate is requested from the state to confirm
cause of death. In 2004, a follow-up survey was sent to 631 of the cases from the first study,
82% of whom responded, to assess secondary treatment(s) and evidence for PC recurrence
or progression.

Because participants in the first study had adequate follow-up to assess recurrence (as
defined in the statistical methods below), a sample of these men were selected for the serum
protein analysis. Among participants who provided serum, the following were included:
cases who had evidence of disease recurrence (n=83), cases who died of metastatic PC
(n=37), cases who had pre- and post-treatment serum available (n=16), and a random sample
of the remaining cases so that approximately half met the definition of aggressive disease
(n=109) and half did not (n=93), for a total of 202 cases. “More aggressive” PC was defined
by a Gleason score of 7(4+3) or 8–10, regional or distant tumor stage, or a diagnostic PSA
value ≥20 ng/ml. On average, serum samples were obtained 10.5 months after diagnosis
(range=2 to 44 months). Among the 570 eligible controls from the first study with serum
available, 33 were subsequently diagnosed with PC according to a link to the SEER cancer
registry in August 2005, and so were included as controls and to be analyzed separately. The
remaining controls who reported no history of PC were randomly sampled and frequency
matched to cases by five-year age groups (n=226). In addition, 5% (n=20) blind duplicates
were included to evaluate the reliability of the serum assay.

Pre-treatment serum had been collected in a sub-study described previously [28]. The cav-1
levels in pre- and post-treatment serum were examined to evaluate whether cav-1 levels
changed post-surgery, given most of the samples in this study were collected post-RP.
Twelve (75%) of the 16 cases with pre- and post-treatment serum available received RP as
their primary treatment. Among these cases, serum samples were obtained on average 17
days prior to radical prostatectomy (RP) (range 0 to 100 days) and 7 months after the RP
(range 4 to 11 months). For the remaining cases (n=4), serum samples were obtained on
average 3 months before and 14 months after diagnosis.

The Institutional Review Boards of the Fred Hutchinson Cancer Research Center and the
National Human Genome Research Institute approved study procedures and materials, and
written informed consent was obtained from all study participants.

Genetic Analysis
DNA samples were genotyped for 19 single nucleotide polymorphisms (SNPs) in the cav-1
and cav-2 genes for all cases and controls. The SNPs were selected using the Genome
Variation Server (gvs.gs.washington.edu/gvs) to cover the genes as haplotype-tagging SNPs.
The Applied Biosystems (ABI) SNPlex® Genotyping System was used for genotyping and
proprietary GeneMapper® software was used for allele assignment
(www.appliedbiosystems.com). Discrimination of the specific SNP allele was carried out
with the ABI 3730×l DNA Analyzer and is based on the presence of a unique sequence
assigned to the original allele-specific oligonucleotide. Quality control included genotyping
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of 144 blind duplicate samples distributed across all genotyping batches. There was >99%
agreement between blinded samples. Each batch of DNA aliquots genotyped incorporated
similar numbers of case and control samples, and laboratory personnel were blinded to the
case-control status of samples. Genotype frequencies in cav-1 and cav-2 were evaluated
among the Caucasian and African-American controls separately; all SNPs were consistent
with the expected proportions under Hardy-Weinberg, except for rs17138765 among
Caucasians (pexact=0.01), and so this SNP was removed from the analysis.

Protein analysis
Serum cav-1 levels were determined by the sandwich ELISA protocol described previously
[19]. Costar microplate wells were coated with 0.5 µg cav-1 polyclonal antibody
(Transduction Laboratories, San Diego, CA) and blocked with TBS buffer containing 1.5%
bovine serum albumin and 0.05% v/v Tween 20. Serum samples, calibrators, and controls
(50 µL) were added to the wells, and 50 µL TBS containing 0.5% v/v Tween 20 was added
to each well. The plate was incubated at room temperature for 2 hours with shaking and after
extensive washing, 100 µL horseradish peroxidase–conjugated cav-1 antibody (Santa Cruz
Biotechnology, Santa Cruz, CA) diluted 1:200 in blocking buffer was added to each well.
The microplate was incubated for 90 minutes at room temperature with shaking, the wells
were then washed extensively, and 100 µL 3,3’,5,5’-tetramethylbenzidine substrate solution
(Sigma-Aldrich, St. Louis, MO) was added and the blue color was allowed to develop for 20
minutes in the dark. The reaction was stopped by adding 50 µL of 2 N H2SO4, and the
absorbance was read at 450 nm using a microplate reader (Sunrise Microplate Reader, Tecan
US, Inc., Charlotte, NC).

Statistical methods
Logistic regression was used to calculate odds ratios (ORs) and 95% confidence intervals
(CIs) to estimate the relative risk of PC among cases relative to controls for each SNP
genotype. Polytomous logistic regression was used to calculate ORs and 95% CIs to
estimate the relative risk of more aggressive and less aggressive PC (as defined above)
relative to controls for each SNP genotype. Codominant and dominant genetic models were
considered for each SNP. All models were adjusted for age, and tested for possible
confounding by PC screening history or family history of PC. In addition, permuted p-values
were calculated to adjust for multiple comparisons.

The Wilcoxan signed rank sum test was used to compare serum cav-1 levels in pre- and
post-treatment samples. Logistic regression was used to calculate ORs and 95% CIs to
estimate the relative risk of PC among cases relative to controls by cav-1 levels. Polytomous
logistic regression was used to calculate ORs and 95% CIs to estimate the risk of more
aggressive and less aggressive PC (as defined above) relative to controls for cav-1 levels.
All models were adjusted for age, and tested for possible confounding by PC screening
history or family history of PC.

Cox proportional hazards regression was used to estimate hazards ratios and 95% CIs to
assess the relationship between: (1) the SNPs found to be significantly associated with
aggressive PC and disease recurrence, (2) cav-1 levels and PC recurrence or death from PC,
and (3) PC diagnosis among men initially enrolled as controls who were subsequently
diagnosed with PC. The analyses of recurrence were restricted to cases who were diagnosed
with local or regional stage disease and either subsequently died of PC (prior to the follow-
up survey) or completed a follow-up survey, which provided recurrence information and
consent to obtain medical records. Medical record review confirmed self-reported recurrence
in all but one case. Recurrence was defined as at least one of the following: positive bone
scan, CT, MRI, or biopsy showing PC after primary treatment; biochemical failure after RP
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as primary therapy (serum PSA level ≥0.2 ng/mL); biochemical failure after radiation
therapy (RT) as primary therapy (nadir PSA +2 ng/mL); rising PSA while on androgen
deprivation therapy (ADT); or RT or ADT as secondary treatment. Time from diagnosis
until recurrence was calculated as the difference between the date of diagnosis and the
earliest date of evidence of recurrence: date of death from PC, date of recurrence or
progression abstracted from medical records, date of recurrence from the follow-up survey,
or, for those censored, the end of the year during which the follow-up survey was collected
(December 31, 2005). The analyses of PC death included all cases. The censoring date for
members last known to be alive was the date of the last vital status update from the cancer
registry (December 1, 2008). The proportional hazards models were tested for possible
confounding by age at diagnosis, PC screening history, or a family history of PC, and
recalculated including only cases who received an RP as primary therapy.

Logistic regression was used to determine if the SNP in cav-1 found to be significantly
associated with PC was also associated with high post-treatment serum cav-1 levels.

Because cav-1 levels tend not to be normally distributed, we used several measures of cav-1
to try to capture this variation. We considered cav-1 as a continuous variable, as a log-
transformed continuous variable, as an ordered categorical variable using quintiles defined
by the distribution of cav-1 among controls, and as a dichotomous variable where “high”
cav-1 levels were those above the median level among controls.

Most analyses were performed in SAS® version 9.1.3 (SAS Institute, Cary, NC). Hardy-
Weinberg equilibrium was calculated in STATA/SE® 10.0 for Windows (StataCorp,
College Station, TX).

Results
Among the 1,458 cases and 1,351 controls included in the genetic study, a higher proportion
of cases than controls were African-American (10.2% vs. 6.3%, respectively; Table 1), had a
first-degree relative with PC (21.5% vs. 11.2%), and reported having a PSA or DRE
screening test in the five years prior to diagnosis or reference date (89.2% and 86.4%,
respectively).

Genetic analysis
Among the 19 tagSNPs evaluated, one SNP in cav-1 (rs9920; ORCT+CC=1.37, 95%CI=1.12,
1.68) and no SNPs in cav-2 were associated with PC risk among Caucasians (Table 2). After
adjusting for multiple comparisons using permutation p-values, rs9920 in cav-1 remained
significant (p<0.05). Rs9920 was also associated with more aggressive PC among
Caucasians (rs9920: ORCT+CC=1.57, 95%CI=1.20, 2.06; Table 3). The latter result remained
the same when disease aggressiveness was defined with Gleason score alone. This SNP was
not significantly associated with the risk of more aggressive versus less aggressive disease
(p=0.12). The association with PC risk and with disease aggressiveness remained similar
after adjustment for a first-degree relative with PC or having a PC screening test in the five
years prior to reference date. Similar analyses in African-American men revealed no
associations between any SNP genotypes and PC risk (Table 2) or disease aggressiveness
(data not shown).

Among the cases, the SNP rs9920 was not associated with early age at onset (rs9920:
ORCT+CC=1.07, 95%CI=0.82, 1.40) nor with PC recurrence in Caucasians (rs9920:
HRCT+CC=0.95, 95%CI=0.64, 1.42).
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Protein analysis
“High” cav-1 levels were determined from the median level among controls (0.69 ng/ml).
Using this cutoff value, the quality control of the blind duplicates resulted in 85%
concordance. The distribution of cav-1 levels for both cases and controls was highly skewed,
with the majority of values falling below 1.0 ng/ml and the rest stretching to almost 50 ng/
ml.

Serum cav-1 did not differ significantly between 16 patient samples taken prior to treatment
(mean=6.4±13.2) and after treatment (mean=5.2±12.4; p=0.76). On average, cav-1 levels
decreased 1.2 ng/ml from pre- to post-treatment levels; however, this change was heavily
influenced by one subject with pre- and post-treatment cav-1 levels of 21.1 and 1.1,
respectively, who did not undergo RP (subject 10 in Figure 1). Among the 12 cases with RP
as primary therapy, cav-1 levels decreased on average 0.12 ng/ml. Overall, cav-1 levels did
not differ by primary treatment: RP (n=143, mean=3.3 ± 6.3), radiation therapy (n=35,
mean=3.1 ± 7.1), androgen deprivation therapy (n=17, mean=2.9 ± 7.3).

The post-treatment cav-1 levels overall did not differ significantly between PC cases
(mean=3.3 ± 6.5) and controls (mean=3.4 ± 7.3; OR=1.00, 95%CI=0.97, 1.03), nor between
cases with more aggressive PC (mean=2.91 ± 6.7) or less aggressive PC (mean=3.7 ± 6.2)
and controls (mean=3.4 ± 7.3; p=0.76; Table 4). Comparing the log of the cav-1 values, the
proportion of cases and controls with high versus low cav-1 levels, or the quintiles of the
cav-1 distribution did not distinguish between PC cases and controls or between more
aggressive and less aggressive disease (Table 4). These estimates did not change
substantially when adjusted for PC screening history or family history of PC.

High post-treatment serum cav-1 levels approached a significant inverse association with PC
recurrence (HR=0.69, 95%CI=0.47, 1.00; p=0.05; Figure 2). Serum cav-1 levels were not
associated with PC-specific mortality (HR=0.94, 95%CI=0.50, 1.74). These estimates did
not change substantially when the analysis was restricted to patients who received an RP as
primary therapy. Among controls, cav-1 levels did not differ significantly between controls
who developed PC during the follow-up period (n=33) and controls who remained disease-
free (OR=0.97, 95%CI=0.89, 1.05). In addition, among controls, high cav-1 levels in serum
were not associated with the purported risk allele in cav-1 (rs9920: ORCT vs. TT=1.09,
95%CI=0.56, 2.12).

Discussion
Expression of the caveolin gene family, particularly cav-1, has been assessed in relationship
to several human cancers. Cav-1 gene expression is down-regulated in human thyroid cancer
and ovarian tumors, as well as mesenchymal sarcomas; cav-1 is over-expressed in bladder,
esophageal, prostate, and thyroid tumors; and there are conflicting reports regarding the
expression of cav-1 in breast, colon, kidney, lung, and pancreatic tumors [11,22,29–30]. In
addition, high cav-1 expression is associated with progression for several malignancies,
including cancer of the colon [31], kidney [32], bladder [33], lung [34], pancreas [35], ovary
[36], and some types of breast cancer [37]. The level of cav-1 expression may depend on the
tumor type and stage; for example, high cav-1 levels were reported in late or advanced
squamous cell carcinoma [38] and in metastatic PC [12].

A number of studies have investigated the relationship between cav-1 expression and PC,
particularly as a possible biomarker for more aggressive disease. Using mouse and human
PC cell lines, cav-1 expression was found to be elevated in tissues with primary
adenocarcinomas compared to normal epithelial tissue [11]. Using androgen-insensitive
mouse PC cells, cav-1 expression was shown to induce androgen sensitivity [12]. Cav-1
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immunoreactivity has been associated with a higher Gleason score, positive surgical
margins, metastases to lymph nodes, and a shorter time to disease recurrence in three studies
[18,20–21]. In a retrospective study of 142 clinically confined PC specimens obtained from
RP, higher cav-1 immunoreactivity was noted among African-American men than in white-
American men [13]. Using mouse and human PC cell lines, Li and colleagues found a
reduction in lymph node and lung metastases when cav-1 expression was suppressed [39],
and androgen-insensitive PC cells were found to secrete cav-1, which may stimulate
viability and growth in PC cells that do not express cav-1 [19]. Cav-1 expression has been
found to maintain the oncogenic activities of Akt in PC cells [15], and proangiogenic effects
of cav-1 have been demonstrated in mouse and human PC cells [17]. Williams et al.
interbred cav-1 (−/−) null mice with TRAMP mice (that spontaneously develop advanced
prostate cancer) and found loss of cav-1 reduced progression to and extent of metastatic
disease [40]. And recent data show that specific tumor suppressor microRNAs suppress the
oncogenic activities of cav-1 and other genes in human PC cells [25].

In 2003, Tahir and colleagues developed the immunoassay for determination of serum cav-1
levels that was used in the current study [16]. Using this assay in pre-treatment serum, Tahir
et al. found the median cav-1 level in 102 PC cases with clinically localized disease (0.46
ng/ml) was significantly higher than that in 81 healthy control men (normal digital rectal
examinations and serum PSA levels ≤ 1.5 ng/ml over a period of 2 years) (0.32 ng/ml;
p=0.05) [16]. In the current study, the median cav-1 levels in the post-treatment serum of
cases (0.82 ng/ml) was higher than in controls (0.69 ng/ml), but did not attain statistical
significance (p=0.90). In 2006, using serum collected before RP from 419 PC cases, Tahir et
al. found that high pre-treatment levels of cav-1 in serum were associated with a shorter time
to biochemical failure (defined as a serum PSA level of ≥ 0.2 ng/mL on two consecutive
measurements) (HR=2.78; 95% CI 1.00, 7.70; p=0.05) [14]. High pre-treatment serum cav-1
levels were those ≥ 0.13 ng/ml, a cutoff the authors determined using the minimum p-value
method [41]. In the current study, the association with PC recurrence was not significant
when 0.13 ng/ml was used to define high cav-1 values (HR=0.71, 95% CI=0.41, 1.23;
p=0.23); however, when the median level for the controls in our dataset (0.69 ng/ml) was
used to define high cav-1 levels, the association approached statistical significance
(HR=0.68; 95%CI 0.46, 0.99; p=0.04), but in the opposite direction as previously reported.

The comparison of results from this study to prior studies of serum cav-1 levels may be
limited since this study used post-treatment serum. The biological and clinical significance
of pre- and post-treatment serum cav-1 levels may differ, given that a patient’s condition
post-treatment may represent a different “clinical state” [42]. Removal of the prostate, RT,
or ADT could change the levels of serum cav-1, although to our knowledge no prior
published data have compared pre- and post-treatment serum cav-1 levels to confirm these
possibilities. Furthermore, it is not known at what time before treatment maximum cav-1
levels could be captured – several weeks before surgery, as in this study, or immediately
before surgery, as in previous studies. We attempted to address this concern at least partially
by comparing pre- and post-treatment cav-1 levels in 16 patients who had serum samples
taken, on average, 17 days (range 0 to 100 days) prior to RP and 7 months (range 4 to 11
months) after RP. We found no significant change between pre- and post-treatment cav-1
levels in these patients (Figure 1). In addition, the distribution of cav-1 in the post-treatment
samples (mean=3.28; median=0.82; range=0.0–45.9 ng/ml) is similar to the distribution of
cav-1 in pre-treatment samples used in a previous study (mean=4.52; median=1.01;
range=0.0–156.7 ng/ml)[14]. The sample size may not have been large enough to detect a
significant difference between pre- and post-treatment samples. Likewise, the study
population may not have been large enough to detect true associations.
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Despite the numerous studies showing an association between PC and cav-1 expression, no
specific mutations associated with PC have been identified in the cav-1 gene [10,43],
although a point mutation in cav-1 has been associated with breast cancer [44,45]. We found
one tagSNP, rs9920 in cav-1, to be associated not only with PC risk but also with aggressive
disease. This SNP is not in a repetitive region [46]. The cav-1 gene is on the long arm of
chromosome 7, in a region associated with tumor suppression and with loss of
heterozygosity in several types of cancer [10]. For each of the 19 SNPs, we calculated 12
significance tests, so one would expect about 11 results might be due solely to chance.
However, rs9920 remained significant based on a permutated p-value. Because the same
SNP was significant in both the PC risk analysis and the analysis of aggressive disease, this
lends strength to the result. We found no SNPs in cav-2 to be associated with PC risk nor
with risk of aggressive disease, including rs8940, the only SNP in cav-2 to be found
associated with PC in previous studies [47].

There are several strengths to this study. Unlike previous studies, the data used for this
analysis were from two population-based case-control studies, which means men with all
grades and stages of disease, and who received a range of initial treatments, were included.
In addition, we have over 10 years of patient follow-up to evaluate recurrence and
progression. Clinical and patient information was available for potential confounders and
effect modifiers. In addition, we utilized nonparametric methods and several measures of
cav-1 to try to capture the non-normal distribution of serum cav-1 levels.

Conclusion
Evidence from previous studies indicates that pre-treatment serum cav-1 may be a
biomarker for defining men with more aggressive PC. However, this population-based study
found no evidence that higher post-treatment serum cav-1 is associated with risk of more
aggressive PC or risk for adverse PC outcomes. Larger studies of the differences between
pre- and post-treatment cav-1 levels are needed to further define the biological and clinical
significance of pre- versus post-treatment serum cav-1 levels in PC. We did find evidence
for an association with a gene variant in cav-1 in relation to risk of overall PC and more
aggressive disease, which also merits further study.
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Figure 1.
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Figure 2.
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