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Abstract The HPC2/ELAC2 gene on chromosome
17p11 was identified as a candidate gene for hereditary
prostate cancer (HPC) susceptibility. Two HPC2 gene
missense variants, Ser217Leu (Leu217) and Ala541Thr
(Thr541) have been associated with incident prostate
cancer cases in some studies, but not in others. We tested
for possible associations between the two HPC2 gene
variants and prostate cancer risk in incident prostate
cancer cases (199) and healthy male controls (525) from
the Calgary region. The Thr541 variant showed linkage
disequilibrium with the Leu217 variant. The number of
Leu217 homozygotes in the case and control groups
(8.6versus 8.5%) was not statistically different. Leu217
carrier status was associated with prostate cancer risk
(cases 61.8% versus controls 50.3%) (OR 1.6, 95% CI
1.15–2.23). Additional analysis found that this associa-
tion was not due to the co-existence of Thr541 variant
(OR1.59, P=0.009). Logistic regression found that
the relationship between the log odds of being a
Thr541carrier and age depends on case/control status.
Thr541 carriers had an increased risk for late-onset
prostate cancer (P=0.028). Prostate intraepithelial neo-
plasia (PIN) was more common in the Leu217 allele
carriers compared to non-carriers (42.3 versus 26.7%)
(OR 2.05, 95% CI 1.10–3.83), and in the Thr541 carriers
compared to non-carriers (50.0 versus 34.6%) (OR 1.89,

95% CI 0.75–4.78). In summary, the HPC2 gene variants
Leu217 and Thr541 were associated with an increased
risk for prostate cancer and for PIN in males undergoing
radical prostatectomies in the Calgary region.
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Introduction

The HPC2/ELAC2 gene on chromosome 17p11 was
identified as the first candidate gene for hereditary pros-
tate cancer susceptibility (Tavtigian et al.2000; Rebbeck
et al. 2000). Positional cloning and mutation screening
identified two mutations that segregated with prostate
cancer in two high-risk pedigrees (Tavtigian et al.
2000). In addition, two missense variants (Ser217Leu and
Ala541Thr) were associated with incident prostate cancer
cases. Leu217 homozygotes were more frequent in the
case group (13.3%) than the controls (6.1%) (OR 2.4,
P=0.0261). Thr541 carriers were more frequent in the
case group (9.8%) than the controls (3.4%) (OR 3.1,
P=0.02). The Thr541 variant showed linkage disequi-
librium, as it was only observed in the presence of the
Leu217 variant (Tavtigian et al. 2000; Rebbeck et al.
2000). No significant differences were observed in the
frequencies of the Leu217 and Thr541 variants between
whites and blacks (Rebbeck et al. 2000). In a study of 359
incident prostate cancer cases and 266 male controls
matched for age and race, 7.5% of cases and 3.5% of
controls carried both variants (OR 2.37; 95% CI 1.06–
5.29). Survival analysis of cases carrying both variants
showed a significant decrease in length of survival com-
pared to non-carriers (Tavtigian et al. 2000).

Suarez et al. (2001) found a significantly greater
carrier frequency of the Thr541 variant in incident
prostate cancer cases (9.7%) compared to controls
(3.7%) (P=0.008). Wang et al. (2001) reported no
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statistically significant difference in the frequency of the
Leu217 allele (32.3% cases versus 31.8% controls)
or Thr541 allele (5.4% cases versus 5.2% controls).
However, they identified a novel Glu216Stop non-sense
mutation in two out of three affected male relatives. Xu
et al. (2001) found no statistical difference between the
number of Thr541 carriers with hereditary prostate
cancer (10.5%), sporadic prostate cancer (9.0%) or
unaffected controls (9.0%). Vesprini et al. (2001) found
the prevalence of the Thr541 allele to be similar in men
with prostate cancer (6.8%), other prostate conditions
(6.8%) and healthy women (6.3%). Rökman et al.
(2001) reported no significant difference between the
Thr541 allele frequency in hereditary prostate cancer
patients (7.5%), unselected prostate cancer patients
(7.5%) and controls (7.4%) from Finland. However,
they identified a novel HPC2 Glu622Val missense vari-
ant in exon 20 that was detected in 1.0% of control
blood samples and 3.0% of unselected prostate cancer
patients (OR 2.94; 95% CI 1.05–8.23). A study of
Afro-Caribbean males from Tobago found no significant
difference in HPC2 allele frequencies between cases and
controls (Shea et al. 2002). A case-control study from
Japan determined that both HPC2 alleles were associated
with significantly increased risk for prostate cancer
(Leu217, P=0.0012; Thr541, P=0.0145) (Fujiwara et al.
2002). A recent study from theUnitedKingdom found no
significant difference in the Thr541 variant and incident
prostate cancer cases (Meitz et al. 2002). The objective of
this study was to determine if there was an association
between HPC2 Leu217 and Thr541 alleles with incident
prostate cancer cases (radical prostatectomy specimens)
from the Calgary region.

Materials and methods

Study subjects

Anonymous control blood samples were obtained from 525 ran-
domly chosen healthy males undergoing routine haematology
(complete blood count) investigations at the Calgary Laboratory
Services (CLS) facility from 2001 to 2002. Samples collected for
testing related to cancer diagnosis or detection were excluded. The
average age of the control males was 61.5±11.2 SD (range 41–92
years). DNA was prepared from 199 incident prostate cancer cases
using paraffin-embedded tissue removed by radical prostatectomy
during the year 2000 (KT, Prostate Cancer Tissue Bank, Rockview
General Hospital, Calgary). The total number of radical prosta-
tectomies performed that year at the hospital was 202. The average
age of the cases was 60.7 years±6.3 SD (range 43–75 years).
Pathological staging was T2a (19.1%), T2b (78.9%), and unknown
(2.0%). The average Gleason scores were 3.3 major (±0.5 SD) and
3.5 minor (±0.6 SD). Analysis was performed after patient names
and personal identifiers were removed and replaced with coded
numbers. The ethnic background of the cases was 95% white, 3.5%
Asian and 1% black. This approximates the ethnic distribution in
the Calgary region (Statistics Canada, 1996).

DNA isolation

Genomic DNA was isolated from whole-blood samples (collected
in EDTA) using the QIAamp DNA Mini kit (No. 51340, Qiagen

Inc. Mississauga, ON, Canada) or a salting out procedure (Helms
1990). The DNA was resuspended in 200 ll of TE buffer (10 mM
Tris, 1 mM EDTA, pH 7.5) and stored at 4�C. DNA was isolated
from paraffin-embedded prostate tissue sections using the QIAamp
kit described above. Prior to DNA isolation, three 25 lm sections
were placed in 2 ml microfuge tubes, and the paraffin was dis-
solved in 1.2 ml of xylene at 20�C. Samples were centrifuged at
14,000 rpm for 5 min at 20�C. The tissue pellet washed twice using
1.2 ml of 99% ETOH at 20�C (14,000 rpm·5 min at 20�C), and
DNA was then isolated using the kit procedure.

Genotyping

Primer sequences for amplifying the coding regions and intron-
exon boundaries of HPC2 were derived from the genomic sequence
(Tavtigian et al. 2000). All PCR reactions were carried out in 25 ll
volumes using a master mix of 2.5 ll of 10·PCR buffer minus
MgS04, 1 ll of 50 mM MgS04, 4 ll of 10 mM dNTPs, 2 ll of each
PCR primer (10 pmol/ll), 0.5 ll of recombinant Taq DNA Poly-
merase (GibcoBRL) and 11 ll of distilled water. PCR amplifica-
tions of the DNA regions containing the polymorphisms of interest
were performed using a method modified from Tavtigian et al.
(2000): 95�C for 3 min; (96�C for 30 s, 55�C for 35 s, 72�C for 45 s)
for 35 cycles; 72�C for 10 min. PCR amplification of the fragment
containing the Ser217Thr variant was carried out using two dif-
ferent combinations of primers: blood—m5B (5¢-GTTTTCCC
AGTCACGACGCATTC CCATGTATGAACGTCT) and m5Q
(5¢- AGGAAACAGCTATGACCATCTACAAGCATTA CAAG
GCAGAG); tissue—m5C (5¢-AACAGAGGAGGGGAAAG-
CAC) and m5Q (as above).

PCR amplification produced a 276-bp fragment for the blood
DNA and a 209 bp fragment for the tissue DNA. The PCR
product (15–20 ll) was digested overnight with TaqIa (New Eng-
land Biolabs, Mississauga, ON, Canada) at 65�C. PCR amplifica-
tion of the fragment containing the Ala541Thr variant was
performed using two different combinations of primers: blood—
m15A (5¢- CCAGC CTTTGTGTAAGTCTAC) and m15RFLP
(5¢- AATTCTTGATAGGAAACAGC TATGACCATCAGCTT
TGTGGTCCAG-CCCAAC); tissue—m15B (5¢-TGGCAGTAG
CTCTC TTCCTCT) and m15R (5¢-CAGCTTTGTGGTCCAGC
CCAAC). PCR amplification produced a 419 bp fragment for the
blood DNA and a 200 bp fragment for the tissue DNA. The PCR
product (15–20 ll) was digested for 1.5 h with Fnu4H1 (New
England Biolabs) at 37�C. Genotypes were visualised on 3% aga-
rose gels stained with ethidium bromide. PCR amplification of the
DNA fragments containing the Ser217Leu and Ala541Thr variants
was performed in duplicate on 50% of the prostate tissue DNA
samples and 20% of control samples.

Statistical analysis

Odds ratios were computed from the appropriate 2·2 contingency
tables. Then Fisher�s exact test was used to test if the corresponding
odds ratio was equal to one. Logistic regression analyses were
performed using the Stata statistical software package (Stata
Corporation, Texas, USA). P values greater than 5% were judged
to be not significant.

Results

The average age of the control males, 61.5±11.2 SD
(range 41–92 years), was not statistically different from
the average age of the cases, 60.7 years±6.3 SD (range
43–75 years). The frequencies of the Leu217 and Thr541
alleles fit Hardy Weinberg proportions. The Thr541
allele showed linkage disequilibrium and was only
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detected in the presence of the Leu217 allele. The
genotype frequencies of Leu217 and Thr541 in both case
and control groups are given in Table 1.

We observed an increased frequency of Leu217
carriers in the cases (62.1%) versus controls (50.3%)
(OR=1.62, 95% CI 1.15–2.30). Data were re-analysed
after exclusion of Leu217/Thr541 carriers to determine if
the association of disease with Leu217 was independent
of the Thr541 allele (OR 1.59). The frequencies of
Leu217 homozygotes in the two groups (8.6 versus
8.5%) were not different. Logistic regression was per-
formed for disease status to delineate effects of the
Leu217 genotype versus age. We found no evidence of
age as a confounder or modifier of disease status
(Fig. 1). The frequency of Leu217 carriers was greater in
cases versus controls (P=0.0045).

No Thr541 homozygotes were detected in cases or
controls. Out of the 20 cases that were Thr541 carriers,
one was Asian and the rest were Caucasian. Preliminary
analysis found that the frequency of Thr541 heterozyg-
otes was not significantly increased in cases (10.3%)
versus controls (7.4%) (OR 1.39, 95% CI 0.75–2.52). A
logistic regression was performed for disease status to
delineate effects of genotypes versus age (Fig. 2). We
observed that the relationship between the log odds of
Thr541 and age depended on case-control status. Thr541
carrier frequency increased with age in the cases, but

not with the male controls (P=0.028). The proportion
of control Thr541 carriers decreased with age but
was not significant. We compared the Thr541 genotype
frequencies in the male controls with those of 619 con-
trol females (Fig. 2). Both groups showed a gradual
decrease in Thr541 genotype frequency with age, but this
was not statistically significant.

The presence of prostate intraepithelial neoplasia
(PIN) was determined from the pathology reports. The
only PIN reported was high grade. PIN was more
common in Leu217 carriers (42.3%) compared to non-
carriers (26.7%) (Table 2). The frequency of PIN
appeared to be greater in the Leu/Leu homozygotes
(47.1%) than in the Ser/Leu heterozygotes (41.5%), but
the numbers are too small for this comparison. Simi-
larly, the frequency of PIN appeared to be greater in
Thr541 carriers (50%) than non-carriers (34.6%), but
again the numbers are small.

Discussion

We compared the frequencies of two HPC2 gene mis-
sense variants in incident prostate cancer cases (radical
prostatectomy tissue) and controls from the Calgary
region. Using logistic regression analysis, we found evi-
dence of an association between the Leu217 genotype
and incident prostate cancer diagnosis that was inde-
pendent of Thr541 carrier status. The Leu217 homozy-
gous frequencies were similar in cases and controls,
indicating that this variant does not act in a recessive
manner as previously suggested (Tavtigian et al. 2000).
Logistic regression analysis of Thr541 genotype showed
an association with prostate cancer diagnosis. In viewing
Fig. 2, this appears to be most relevant after age 65.
Accordingly, the Thr541 genotype was not associated
with early age at diagnosis. The inclusion of data from
families with early-onset hereditary prostate cancer in
other studies may explain the lack of significance in these

Table 1 Summary of HPC2 genotypes for controls and incident
prostate cancer cases

Genotype Controls Cases OR 95% CI

Ser/Ser 261 (49.7%) 76 (38.2%) 1.00 Ref.
Ser/Leu 219 (41.7%) 106 (53.3%) 1.66 1.18–2.35
Leu/Leu 45 (8.6%) 17 (8.5%) 1.30 0.70–2.40
Any Leu 264 (50.3%) 123 (61.8%) 1.60 1.15–2.23
Ala/Ala 486 (92.6%) 175 (89.7%) 1.00 (Ref.)
Ala/Thr 39 (7.4%) 20 (10.3%) 1.42 0.81–2.51
Thr/Thr 0 0

Fig. 1 Probability of HPC2
gene Leu217 variant obtained
from logistic regression
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works (Xu et al. 2001; Rökman et al. 2001). Our data
also showed an association between the two HPC2 gene
variants and PIN. PIN is predictive of an increased risk
for prostate cancer, adding further support to the rela-
tionship between HPC2 gene variants and disease.

Our study identified an association between HPC2
variants and incident prostate cancer, as previously
reported (Tavtigian et al. 2000; Rebbeck et al. 2000;
Suarez et al. 2001; Fujiwara et al. 2002). Others studies
have not found this association (Wang et al. 2001; Xu
et al. 2001; Vesprini et al. 2001; Rökman et al. 2001;
Shea et al. 2002; Meitz et al. 2002). Several factors may
explain the differences in our results. Wang et al. (2001)
genotyped hereditary prostate cancer cases with a mean
age that was 11 years older than the male controls. Sixty
percent of their male controls had an abnormal digital
rectal exam (DRE), prostate-specific antigen (PSA)
blood test, or transurethral resection of the prostate
(TRUS), but were negative for prostate cancer after
biopsy. In addition, some other authors appeared to use
logistic regression modelling the odds of being a case
rather than the odds of having the HPC2 variants. By
nature of the design of such case control studies, case/
control status is a fixed variable (determined by the
investigator), while HPC2 genotype is a dependent

variable. Xu et al. (2001) examined hereditary prostate
cancer cases, sporadic prostate cases and a smaller
number of controls (normal DRE and PSA). Based on
the information provided, logistic regression analysis
only looked at age as a potential confounder, not as a
modifier of disease status. Vesprini et al. (2001) studied
sporadic prostate cancer cases, male controls with
abnormal DRE, increased PSA, with or without PIN
and female controls. Logistic regression analysis was not
included in their results. Rökman et al. (2001) identified
an association between a new HPC2 missense variant,
Glu622Val, but not Leu217 or Thr541, with incident
prostate cancer cases in the Finnish population.
Although mentioned in the ‘‘Materials and methods’’
section, the authors did not present data from logistic
regression modelling.

A potential limitation in the present study is that it
targeted individuals treated by radical prostatectomy.
The study participants represent about half of the radi-
cal prostatectomies performed each year in the Calgary
region (Scott Ernst, Tom Baker Cancer Centre, personal
data). The case group was younger at diagnosis (60.7
years, SD±6.3) than men in the general Canadian
population (69 years; Canadian Cancer Statistics, 2002).
If the Thr541 genotype is associated with prostate cancer
diagnosis after age 65, the results of this study may
underestimate of the genotype/disease relationship. The
control group of males was of a similar age as the male
case group. Selection was based on the absence of a
cancer-related diagnosis on the haematology requisition.
It is possible that some of these individuals have been
diagnosed with prostate cancer or have occult disease.
Using the Canadian Cancer Statistics (2002) data, we
estimate that 16 out of the 525 control males (3%) will
develop prostate cancer in the next 10 years. The
majority of these individuals will be age 70 or older
at the time of diagnosis (14/16). Inclusion of these

Table 2 Association of HPC2 gene variants with prostate intra-
epithelial neoplasia (PIN)

Genotype No. Cases with PIN (%) OR (95% CI)

Ser/Ser 20 (26.7) 1.0 (Ref.)
Ser/Leu 44 (41.5) 1.99 (1.05–3.78)
Leu/Leu 8 (47.1) 2.49 (0.84–7.33)
Any Leu 52 (42.3) 2.05 (1.10–3.83)
Ala/Ala 62 (34.6) 1.0 (Ref.)
Any Thr 10 (50.0) 1.89 (0.75–4.78)

Fig. 2 Probability of HPC2
gene Thr541 variant obtained
from logistic regression
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individuals in the control group might reduce the asso-
ciation between Thr541 genotype and prostate cancer in
the men between the ages of 60 and 75. Thus, we would
expect that our analysis of somewhat younger male cases
and controls could have reduced the association between
the Thr541 genotype and prostate cancer diagnosis.
Larger population-based studies are needed to deter-
mine if this association is more significant than deter-
mined in this study. Larger case-control or cohort
studies are needed in order to evaluate the age-related
impact of the Thr541 variant on morbidity and mor-
tality.
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