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Abstract
BACKGROUND—Because of the dramatically different clinical course of aggressive and
indolent prostate carcinoma (PCa), markers that distinguish between these phenotypes are of
critical importance. Apoptosis is an important protective mechanism for unrestrained cellular
growth and metastasis. Therefore, dysfunction in this pathway is a key step in cancer progression.
As such, genetic variants in apoptosis genes are potential markers of aggressive PCa. Recent work
in breast carcinoma has implicated the histidine variant of CASP8 D302H (rs1045485) as a
protective risk allele.

METHODS—We tested the hypothesis that the Hvariant was protective for aggressive PCa in a
pooled analysis of 796 aggressive cases and 2,060 controls. RESULTS. The H allele was
associated with a reduced risk of aggressive PCa (ORper allele = 0.67, 95% CI: 0.54–0.83, Ptrend
= 0.0003). The results were similar for European-Americans (ORper allele = 0.68; 95% CI: 0.54–
0.86) and African-Americans (ORper allele = 0.61; 95% CI: 0.34–1.10). We further determined
from the full series of 1,160 cases and 1,166 controls in the Prostate, Lung, Colorectal, Ovarian
(PLCO) population that the protective effect of the H allele tended to be limited to high-grade and
advanced PCa (all cases ORper allele = 0.94; 95% CI: 0.79–1.11; localized, low-grade disease
ORper allele = 0.98; 95% CI: 0.79–1.23; and aggressive disease ORper allele = 0.73; 95% CI:
0.50–1.07).

CONCLUSION—These results suggest that histidine variant of CASP8 D302H is a protective
allele for aggressive PCa with potential utility for identification of patients at differential risk for
this clinically significant phenotype.
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INTRODUCTION
Multiple polymorphic variants have been associated with prostate cancer risk [1–5]. With an
estimated 186,320 cases and 28,660 deaths from prostate cancer (PCa) in 2008 [6],
identification of men at increased risk for the disease has the potential to profoundly affect
management. However, since many patients are diagnosed with PCa unlikely to result in
mortality from the disease [7,8] and could possibly be managed without aggressive therapy
[9], markers that correlate with disease aggressiveness would be of great clinical utility. Few
candidate genetic markers of aggressive PCa have been identified, with recent work
implicating regions of 8q24 and 10q11 [3,10]. Apoptosis or programmed cell death is an
important protective mechanism for unrestrained cellular growth and metastasis. Since the
unrestrained growth characteristic of cancer commonly triggers apoptotic cell death, there is
a clear survival advantage for the advanced cancer cell that can protect itself from apoptosis.
Caspase 8 (CASP8 or FLICE) functions centrally in the apoptic pathway. Apoptotic signal
transduction is initiated by death receptors. Activation leads to aggregation of death effector
domain (DED) proteins, such as FADD, which in turn activate downstream caspases such as
CASP8 and CASP10 by proteolytic cleavage. This results in activation of executioner
caspases, such as caspase 3 and subsequent cell death by proteolysis of multiple substrates
[11,12]. Importantly, other DED-containing proteins such as c-FLIP inhibit apoptosis by
binding CASP8 [13,14]. As such, caspases in general and caspase 8 specifically play a
central role in determining if a cell undergoes apoptosis or not [15].

The role of CASP8 variants as a cancer susceptibility locus has recently been explored by
Sun et al. [16] They examined a 6-bp deletion polymorphism (652 6N del) in the promoter
of the CASP8 gene studied in 4,995 Chinese cancer patients and 4,972 controls. The variant
was associated with multiple non-prostate cancers, including lung, esophageal, gastric,
colorectal, cervical, and breast cancers. A follow-up study by Haiman et al. [17] examined
2,825 prostate cancer cases and 2,548 controls and failed to demonstrate an association
between the deletion polymorphism and PCa in the Multiethnic Cohort Study. A second
variant in CASP8 gene (D302H, rs1045485), which is in weak linkage disequilibrium with
the deletion polymorphism (r2=0.19) [18], has been previously associated with a reduced
risk of breast cancer. MacPherson et al. examined polymorphic variants of DR4, CASP8,
and CASP10 in a population of 999 breast cancer cases and 996 controls and validated their
findings in a second, independent population of 2,192 breast cancer cases and 2,262
controls. The CASP8 D302H variant was the only variant associated with a reduced risk of
breast cancer in both cohorts [19]. A second study incorporated data from 14 separate
studies encompassing 16,423 breast cancer cases and 17,109 controls and demonstrated a
similar statistically significant risk reduction in breast cancer risk for the histidine variant
[20].

Our interest was to determine if this variant was related to aggressive prostate cancer, in
materials from two case control studies of aggressive prostate cancer at Washington
University and Johns Hopkins University and in aggressive cases of this disease identified in
the Prostate, Lung, Colorectal, Ovarian (PLCO) Cancer Screening Trial. Because the PLCO
trial identified a spectrum of prostate cancer cases, we could also evaluate the association of
CASP8 gene D302H with non-aggressive disease.

MATERIALS AND METHODS
Patient Populations

The Washington University (WU) cases consisted of 185 European-American (EA) patients
and 73 African-Americans (AA) with aggressive PCa recruited from the St. Louis
metropolitan area. Criteria for case selection in the WU population were as follows: patient
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must (1) be receiving androgen ablation therapy for PCa and (2) have either pathologic or
radiologic evidence of metastasis or a PSA of greater than 50 ng/ml. These criteria were
designed to ensure that all patients had clinically significant PCa. The average age at
diagnosis was 64.7 (±9.3) years. Criteria for enrollment: 33 (12.8%) patients had PSA
greater than 50 ng/ml with no evidence of metastasis, 111 (43.0%) had metastatic disease,
and 114 (43.8%) had androgen-independent metastatic disease of which 20 eventually
(10.8%) progressed to death during follow-up. The control group consisted of 236 EA males
and 206 AA males all from the St. Louis metropolitan area. The criteria for the control
population were age > 75 years for EA and > 65 years for AA with no history of PCa, PSA
<4.0 ng/ml, and a benign digital rectal examination. These criteria were designed so that
controls were at minimal risk of developing clinically important PCa. The average age of the
control population was 75.4 [±5.8] years.

The cases from the Johns Hopkins University (JHU) consisted of 305 EA and 79 AA
patients with advanced PCa recruited from the Baltimore metropolitan area. Criteria for case
selection in the JHU population were either pathologic or radiologic evidence of metastatic
disease, a PSA of greater than 50 ng/ml, or a Gleason score of 8–10. Again, the criteria were
designed to ensure that all patients had clinically significant PCa. The average age at
diagnosis was 60.8 (±7.4) years. Criteria for enrollment; 88 (48.9%) had Gleason sum 8–10
cancer, 39 (10.2%) had PSA greater than 50 ng/ml, and 257 (66.9%) had metastatic disease.
Two hundred eighty-six (74.5%) were treated with curative intent of which 206 (72.0%)
progressed to metastatic disease. The control group consisted of 305 EA and 158 AA all
from the Baltimore metropolitan area. Controls were matched 1:1 to cases for EA and 2:1
for AA by age and ethnicity. Controls had no history of PCa, PSA less than 4.0 ng/ml, and a
benign digital rectal examination. These criteria were designed so that controls were at
minimal risk of having clinically important PCa at the time of enrollment. The average age
in the matched control population was 60.9 (±7.8) years.

The PLCO Cancer Screening Trial is described previously [21]. Between 1993 and 2001,
over 150,000 men and women aged 55–74 years were recruited from 10 centers in the
United States to participate in the PLCO Cancer Screening Trial, a randomized trial to
evaluate screening methods for the early detection of cancer. Men randomized to the
screening arm of the trial receive PSA screening and digital rectal exam annually. As
described elsewhere [5], 1,163 EA PCa cases and 1,167 matched EA controls were selected
from the screening arm of the trial for a genome-wide association study of prostate cancer
(CGEMS). Unlike the previous cohorts, no data on metastasis were available. For our
evaluation of aggressive prostate cancer risk, we limited cases to the 163 patients with
Gleason 7–10 and Stage cT3–4 at the time of diagnosis. Again, criteria were designed to
ensure that all patients had clinically significant PCa. Controls consisted of men without a
diagnosis of prostate cancer and matched to the larger set of cases on age, year of
randomization, and study year of the trial. The average age of the controls was 66.1 (±5.5)
years.

In order to determine if variant was a general risk allele or associated with risk of aggressive
disease, subsets by Gleason grade and stage were selected from the PLCO cohort for
additional analysis: Gleason <7 AND Stage cT1–2 [n = 472]; Gleason 7–10 or Stage cT3–4
[n = 688]; Gleason 8–10 OR Stage cT3–4 [n = 314]; Gleason 7–10 AND Stage cT3–4 [n =
163], and Gleason 8–10 AND Stage cT3–4 (n = 47).

Table I outlines clinical data at time of diagnosis, initial treatment, and progression for all
subjects. All study subjects in all three cohorts provided informed consent under a protocol
approved by Institutional Review Board.
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Genotyping
For WU and JHU populations, genomic DNA was prepared from peripheral blood
leukocytes. Pyrosequencing TM assays were designed and performed as per manufacturer’s
recommendations using a forward primer 50-AATTTCACTTTTCAGGGGCTTTG-30,
biotin-labeled reverse primer 50-TACTGTGGTCCATGAGTTGGTAGA-30 and internal
sequencing primer 50-TTGCTCTACTGTGCAGTC-30. All samples were visually reviewed
blinded to phenotype to confirm results. The assay was repeated in 10% of samples to
confirm results. In the WUcohort, 254 patients and 441 controls had valid genotyping data.
In the Johns Hopkins Cohort, 379 patients and 453 controls had valid genotyping data.

The PLCO population was genotyped using the Illumina HumanHap300 and HumanHap240
platforms as part of the Cancer Genetic Markers of Susceptibility (CGEMS) prostate cancer
genome-wide association scan. The D302H genotype was imputed using the observed
genotypes from the genome-wide scan and the HapMap CEPHEuropean reference panel
with the MACH imputation program (http://sph.umich.edu/csg/abecasis/MACH/). The
quality control r2 for the imputation of the polymorphism was 0.996. Of the PLCO subjects,
1,160 cases and 1,166 controls had valid genotype data. In total, genotype data were
available for 796 aggressive prostate cancer cases and 2,060 controls.

Statistical Analysis
Allele frequencies between cases and controls were tested using a proportion test.
Deviations from Hardy– Weinberg proportions were assessed for controls by ethnicity using
a chi-square test with 1 degree of freedom or exact test (if cell counts were small). No
significant deviations from Hardy–Weinberg proportions were observed (P>0.05) for either
EA or AA. Odds ratios (OR) and 95% confidence intervals (95% CIs) were calculated using
logistic regression, adjusting for age, race, and study as appropriate in SAS 8.2 (SAS
Institute, Inc., Cary, NC).

RESULTS
The pooled analysis (Table II) of all aggressive cases (n=796 cases) and controls (n=2,060)
controlling for age, race, and study demonstrated a strong protective effect for aggressive
PCa for the H allele (ORper allele=0.67, 95% CI: 0.54–0.83, Ptrend=0.0003). The
association was statistically significant in EA population (ORper allele=0.68, 95% CI: 0.54–
0.86, Ptrend=0.001), with similar patterns of risk for African-Americans (ORper allele=0.61,
95% CI: 0.34–1.10, Ptrend=0.10) and across the three studies (WU: ORper allele=0.52, 95%
CI: 0.30–0.89, Ptrend=0.02; JHU: ORper allele=0.71, 95% CI: 0.51–0.97, Ptrend=0.03;
PLCO: ORper allele=0.73, 95% CI: 0.50–1.07, Ptrend=0.11).

To determine if the association was limited to patients with aggressive prostate cancer or
was a general risk allele for prostate cancer, analysis of the entire PLCO population (1,160
EA patients and 1,166 controls) were carried out, with consideration for cases of the
spectrum of Gleason sum and stage (Table III). CASP 302H was not associated with PCa
overall (ORper allele=0.94, 95% CI: 0.79–1.11, Ptrend=0.46), nor was any association noted
for localized and low grade disease (Gleason sum <7 AND Stage cT1–2): ORper
allele=0.98, 95% CI: 0.79–1.23, Ptrend=0.88); only with cases exhibiting either high-grade
histology (Gleason sum 8–10) or clinically advanced disease (Stage cT3–4) was there a
tendency toward a protective association. While not statistically significant these results
were consistent with the statistically significant patterns shown for aggressive disease in
Table II.
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DISCUSSION
Our pooled analysis of three independent series of aggressive prostate cancer and controls
demonstrates that the histidine allele of CASP8 D302H is associated with a decreased risk of
aggressive PCa. Our analysis of PLCO cases and controls shows no evidence that this allele
is associated with protection from indolent disease, supporting the hypothesis that the
protective effect is not important in patients with indolent disease.

Increasing evidence points to an overdiagnosis of indolent PCa defined as cancer unlikely to
cause harm. Studies examining surgical specimens have estimated that between 6% and 27%
of patients undergoing radical prostatectomy have tumors similar to the tumors identified
incidentally at autopsy [22,23]. While surgery has clearly altered the natural history of the
disease, it is believed that many of these tumors were of no clinical significance. Clinical
data from both the United States and Europe support this conclusion. Etzioni et al. [8] and
Draisma et al. [7] used mathematical models to analyze PSA screening data and estimated
the risk of over-detection was 18–66%. As such markers which indicate a patient’s risk of
developing aggressive disease would have clear clinical utility by identify patients which
might benefit from aggressive screening or treatment.

While upwards of 42% of prostate cancer risk is attributed to heritable factors [24], the
majority of genetic risk factors identified to date have been for general risk [1–5], not risk
specifically associated with aggressive disease. Zheng et al. [25] examined 16 previously
implicated variants and found a strong association between five SNPs and prostate cancer
risk (P=1.29×10−8); importantly, none were linked to risk of aggressive PCa defined
similarly to our study as spread to nearby lymph nodes and metastasis, a Gleason score of 8
or more, or a PSA level of more than 50 ng/ml. A meta-analysis of the 8q24 region recently
demonstrated an association with advanced disease, using a somewhat wider definition of
aggressive disease (Gleason sum _7, PSA >10 ng/ml, and stage >T2c) [10].

Haiman et al. [17] did not find a statistically significant association between a 6-bp deletion
polymorphism (−652 6N del) in the promoter of the CASP8 gene and prostate cancer;
however, the per allele OR approached statistical significance in Caucasians (OR=0.83; 95%
CI: 0.68–1.01) and results for aggressive cases were not reported. MacPherson et al.
demonstrated a reduction in breast cancer risk associated with this polymorphism (OR=0.83,
95% CI: 0.74–0.94 for DH and OR=0.58, 95% CI: 0.39–0.88 for HH). A second
confirmatory breast cancer study determined a similar protective effect (OR=0.89, 95% CI:
0.85–0.94 for DH and OR=0.74, 95% CI: 0.62–0.87 for HH) [20]. In contrast, no association
was found in a recent study of colorectal cancer [18].

The mechanism by which the D302H variant or another variant in linkage disequilibrium
protects against aggressive prostate cancer is unknown. It may alter the ability of CASP8 to
activate executioner caspases and therefore increase the likelihood that malignant cells
undergo apoptosis. A second possibility is that the decreased risk is mediated through the
immune system. The characterization of immunomodulatory genes associated with inherited
susceptibility to prostate cancer [26], epidemiologic links between prostatitis and prostate
cancer [27], and histologic evidence of inflammation in preneoplastic lesions [28] suggest
that inflammation contributes to the development of prostate cancer [29]. Caspases are
responsible for aspects of inflammation and immune cell death [15] and other genetic
variants in CASP8 result in a blunted immune response to tumor cell antigens [16]. A third
hypothesis is that the variants effect may be related to steroid signaling, as CASP8 directly
interacts with the androgen receptor (AR) and inhibits AR-dependent gene expression [30].
Furthermore, the fact that this polymorphism has been implicated in breast and prostate
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cancer, but not in colorectal carcinoma, lends some credence to hypothesis that CASP8 may
affect risk by interacting with the hormonal axis.

In summary, our results in three independent series indicate that the H allele of the CASP8
D302H polymorphism is associated with reduced risk for aggressive prostate cancer and is
unassociated with less aggressive forms of the disease.
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