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ABSTRACT

Background. Approximately one-third of prostate cancer

(PCa) patients show biochemical failure after radical pro-

statectomy (RP) and are prone to develop metastasis with

significant mortality. Although aberrant Wnt/b-catenin

(CTNNB1) signaling has been observed in numerous types

of human cancers, including PCa, to our knowledge there is

currently no information on the role of Wnt signaling gene

polymorphisms in PCa.

Methods. We comprehensively studied the contribution of

genetic variations in CTNNB1 and adenomatous polyposis

coli (APC), one of the key genes encoding the CTNNB1

destruction complex, to PCa risk and prognosis after RP

using a hospital-based case–control study. We selected and

genotyped 13 tagged single-nucleotide polymorphisms

(tSNP) to predict common variants across entire APC and

CTNNB1 genes in 307 patients with clinically localized

PCa who received RP and 371 unaffected controls.

Results. Four tSNPs (rs3846716, rs2431238, rs41115, and

rs565453) and a specific haplotype (GTAAGA) in the APC

tumor suppressor gene were associated with a 0.57- to

0.71-fold lower risk of localized PCa. The association of

tSNPs with prostate-specific antigen (PSA) recurrence in

PCa patients was then analyzed by Kaplan–Meier analysis

and Cox regression model. Interestingly, we found that the

APC rs3846716 GA/AA genotypes were also significantly

associated with poorer PSA-free survival (log-rank test,

P = 0.037) compared with the GG genotype.

Conclusions. This is the first report documenting the

potential prognostic role of the APC rs3846716 GA/AA

genotype on PSA recurrence after RP.

Patients diagnosed with localized prostate cancer (PCa)

are commonly treated with radical prostatectomy (RP), but

approximately 35% of patients experience biochemical

failure, as manifested by prostate-specific antigen (PSA)

relapse, within 10 years.1,2 Although several clinicopatho-

logical indicators, such as PSA, Gleason score, pathologic

stage, and surgical margin status, have been currently used

for outcome prediction following intended curative RP of

primary PCa, finding new biomarkers to improve prediction

S.-P. Huang and B.-Y. Bao contributed equally to this work.

Electronic supplementary material The online version of this
article (doi:10.1245/s10434-009-0698-8) contains supplementary
material, which is available to authorized users.

� Society of Surgical Oncology 2009

First Received: 22 May 2009;

Published Online: 24 September 2009

B.-Y. Bao, PhD

e-mail: bao@mail.cmu.edu.tw

Ann Surg Oncol (2010) 17:312–322

DOI 10.1245/s10434-009-0698-8

http://dx.doi.org/10.1245/s10434-009-0698-8


of disease recurrence may be beneficial for selecting adju-

vant therapy for high-risk patients.3

Accumulated evidence has demonstrated significant roles

of the Wnt pathway in the development and the progression

of human PCa.4–6 Adenomatous polyposis coli (APC) was

originally identified as a tumor suppressor gene in colon

cancer. Loss of APC interaction or activation of Wnt sig-

naling leads to accumulation of nuclear b-catenin

(CTNNB1).7 This activates the T-cell factor (TCF) and

lymphoid enhancer factor (LEF) transcription factors, which

then activates the targets controlling cell growth and dif-

ferentiation. Therefore, the interaction of APC with

CTNNB1 has been considered to be essential for its tumor

suppressor activity.8 Although mutations in APC, CTNNB1,

and other components of the CTNNB1 destruction complex

are rare in PCa, an increase in cellular levels of CTNNB1 is

frequently observed.9–11 Genetic studies using mutant

mouse models have also demonstrated that specific expres-

sion of a mutant CTNNB1, lacking exon 3, in prostate tissues

results in the development of prostate intraepithelial neo-

plasia and hyperplasia of the prostate.4,6 Taken together,

these data provide a solid link between APC/CTNNB1 sig-

naling and the pathogenesis of PCa.

Despite previously conducted studies, genetic variations

in APC and CTNNB1 have not been systematically ana-

lyzed with respect to prognosis of and susceptibility to

PCa.12 To address this, we conducted a hospital-based

case–control study to comprehensively examine the rela-

tion of tagged single-nucleotide polymorphisms (tSNP) and

haplotypes in two key genes in the Wnt pathway, APC and

CTNNB1, to localized PCa risk, clinicopathological fea-

tures, and biochemical failure after RP.

MATERIALS AND METHODS

Study Population

The study subjects were expanded from our hospital-

based PCa case–control study that has previously been

described.13–17 Briefly, patients with diagnosed and path-

ologically confirmed PCa were actively recruited from the

Kaohsiung Medical University Hospital, Kaohsiung Vet-

erans General Hospital, and National Taiwan University

Hospital. Male controls were selected from a population of

men receiving general health examinations at these medical

centers and Kaohsiung Municipal United Hospital during

the same period. Controls did not have significant voiding

symptoms (American Urological Association symptom

score \ 8), their PSA levels were within the normal limits

(\4 ng/ml), they had no history of prostate surgery, and no

clinical signs of prostate hyperplasia or prostate cancer

during digital rectal examination.13–18 Those with other

known malignancies were excluded.

Disease stage was determined by pathologic findings,

pelvic computed tomography or magnetic resonance

imaging, and radionucleotide bone scans, based on criteria

outlined by the American Joint Committee on Cancer

(AJCC) tumor–node–metastasis (TNM) classification sys-

tem (AJCC Cancer Staging Manual, 5th edition, 1997).

Pathologic grade was recorded as Gleason score and clas-

sified into two groups, with Gleason scores of 2–6 and 7–

10.19 Pathology analyses were done on the whole specimen

with step sections (2–3 mm), and positive surgical margin

was defined as tumor cells present at the inked margin. The

PCa patients who underwent RP were followed up pro-

spectively to investigate the potential role of genetic

variants in the progression of PCa (defined by recurrence of

PSA). PSA recurrence was defined as two consecutive PSA

measurements[0.2 ng/ml at an interval of[3 months, and

the first follow-up with PSA level [0.2 ng/ml was con-

sidered the date of recurrence.20 For more precise analysis

of the effect of disease recurrence after RP, patients who

received adjuvant hormone therapy or radiotherapy and

those without sufficient follow-up time were excluded,

leaving 307 PCa cases and 371 male controls in the final

analysis. This study was approved by the Institutional

Review Board of Kaohsiung Medical University Hospital,

and informed consent was obtained from each participant.

SNP Selection and Genotyping

SNPs that captured the genetic variability in the APC and

CTNNB1 genes were selected using public data from the

HapMap consortium from the regions that comprised the

APC and CTNNB1 locus, plus 20 kb of the 50 upstream and

10 kb of the 30 downstream (chromosome 5: 112081483–

112219834 for APC, chromosome 3: 41196016–41266938

for CTNNB1).21 Haploview was used to generate pairwise

linkage disequilibrium (LD) estimates and define haplotype

blocks using criteria defined by Gabriel and colleagues,22,23

as shown in Supplementary Fig. 1. According to HapMap

Han Chinese in Beijing, China (CHB) population data,

which comprised a total of 86 SNPs with a minor allele

frequency (MAF) greater than 0.05, the APC gene exhibited

two haplotype blocks. Block 1 covered 47 kb and block 2

covered 86 kb. CTNNB1 also exhibited two haplotype

blocks, comprising a total of 39 SNPs with a MAF greater

than 0.05. Block 1 covered 53 kb and block 2 covered 11 kb.

tSNPs were selected from each gene and tagged to capture

the unmeasured variants by Tagger (r2 [ 0.8).24 A total of

15 tSNPs were then selected (2 tSNPs excluded from the

following data analysis are not shown in the Supplementary

Fig. 1).
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Genotyping was carried out by Sequenom iPLEX

matrix-assisted laser desorption/ionization time-of-flight

(MALDI-TOF) mass-spectrometry technology at the

National Genotyping Center, Academia Sinica, Taiwan.

Briefly, primers for locus-specific polymerase chain reac-

tion (PCR) and allele-specific extension were designed by

MassARRAY AssayDesign 3.0 software (Sequenom, San

Diego, CA). The sample DNAs were amplified by primers

flanking the targeted sequence, followed by dephospho-

rylation and allele-specific primer extension. The extension

products were purified, loaded into a 384-format Spectro-

Chip, and subjected to MALDI-TOF mass spectrometry.

The resultant data were analyzed by the Sequenom Mass-

ARRAY TYPER software. Quality control included

genotyping of 13 blind duplicate samples, which revealed

99% agreement on genotyping calls across all tSNPs

assayed. Any tSNPs that did not conform to Hardy–

Weinberg equilibrium (P \ 0.01) and below a genotyping

call rate of 85% were removed from analysis (n = 2).

Thus, a total of 13 tSNPs were included for statistical

analysis.

Statistical Analysis

Distribution of demographic characteristics between

patients and controls was assessed by Student t tests. v2 or

Fisher exact test were used to compare allele frequencies

between patients and controls, followed by permutation test

(100,000 permutations) using Haploview.22 Logistic

regression analysis was used to compute odds ratio (OR)

and 95% confidence interval (CI) for estimating the asso-

ciations of genotypes/haplotypes to the risk of localized

PCa, clinicopathological features, and PSA recurrence,

while adjusting for age in all these variables [age-adjusted

OR (aOR)]. The linear regression model was used to esti-

mate the effects of genotypes on age at time of first

diagnosis and age-adjusted preoperative PSA levels. The

Kaplan–Meier method was used to compare the influence of

genotypes in the PSA-free survival interval, and signifi-

cance was determined using the log-rank test. Univariate

and multivariate analyses to determine the interdependency

of tSNP genotypes/haplotypes and the risk parameters of

age, preoperative PSA, pathologic stage, positive surgical

margin, and Gleason score were carried out using Cox

proportional hazards regression. Statistical Package for the

Social Sciences software version 16.0.1 (SPSS Inc., Chi-

cago, IL) was used for statistical analyses. All haplotype

risks were assessed using HPlus, and only haplotypes with

estimated frequencies of [0.01 were included.25,26 A two-

sided P value of \0.05 was considered statistically

significant.

RESULTS

Characteristics of the Study Population

The demographic characteristics of the study population

are summarized in Supplementary Table 1. The mean ages

(±standard deviation, SD) were 65.7 (±6.5) years for PCa

patients who received RP and 61.9 (±9.3) years for the

controls. There were no statistical differences in height,

weight or body mass index between the groups. Among the

307 RP cases, the majority of PCas were at pathological

localized stage (83.1%); however, 111 (36.2%) experi-

enced PSA recurrence during the 38.5 months (mean) and

30.8 months (median) follow-up periods.

Association Between 13 tSNPs of APC and CTNNB1

and Clinically Localized PCa Risk

The tSNP ID, locations, the amino acid substitution,

haplotype blocks, and the allele frequencies in the HapMap

database and in our study population are shown in Table 1.

Among the 13 tSNPs of APC and CTNNB1 genes, two

were significantly different in allelic frequency between RP

cases and controls. The MAF of rs2707765 and rs2431238

(both in intron 6 of the APC gene) were significantly lower

in RP cases than in the controls (30.4 vs. 35.7% for

rs2707765; 7.4 vs. 12.4% for rs2431238). After permuta-

tion test for testing the probability of false-positive

findings, we still cannot rule out that the association of

rs2431238 is falsely positive.

Genotype frequencies of the tSNPs between RP cases and

controls and their associations with risk of clinical localized

PCa are shown in Table 2. Four APC tSNPs showed lower

relative risks of localized PCa for the heterozygous variant

carriers versus homozygous wild-type carriers (aOR 0.64,

95% CI 0.45–0.90, for rs3846716; 0.57, 0.36–0.91, for

rs2431238; 0.70, 0.49–0.98, for rs41115; and 0.71, 0.50–

1.00, for rs565453). Several tSNPs within the APC gene

were associated with the risk of localized PCa and therefore

a haplotype analysis was performed. The haplotypes of APC

and CTNNB1 genes with frequency [0.01 and their asso-

ciation with the risk of localized PCa are summarized in

Table 3. The APC (GTAAGA) haplotype, which contains

the minor allele of rs2707765, rs2431238, rs41115, and

rs565453, was significantly associated with a decreased risk

of localized PCa (aOR 0.58, 95% CI 0.39–0.85). This was

consistent with the protective effect of minor alleles of

several APC tSNPs (rs2431238, rs41115, and rs565453)

shown in Table 2. Since APC interacts with CTNNB1 to

exert its tumor suppressor activity, a combined haplotype

analysis for interactions between APC and CTNNB1 was

performed (Supplementary Table 2). We found that the
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combined haplotype GCCAAACTAATAC, which contains

the minor allele of CTNNB1 rs4016435, rs1798802, and

rs11564465, was associated with an increased risk of

localized PCa (aOR 1.71, 95% CI 1.01–2.90), reflecting the

potential interactive effect between APC and CTNNB1 on

localized PCa risk.

Association Between 13 tSNPs of APC and CTNNB1

and Clinicopathological Features Among PCa Patients

Who Received RP

To explore the potential prognostic role of APC and

CTNNB1 tSNPs on the recurrence of PSA after RP, we

compared the genotype distributions with the various clin-

icopathological features among RP cases (Table 4). We

found no genotype association with patient age at diagnosis.

The mean level of preoperative PSA was 11.9 ± 5.58 ng/ml

higher in individuals with CTNNB1 rs11564459 AG geno-

type than in those with the AA genotype. APC rs3846716

GA ? AA genotypes were significantly associated with

advanced pathologic stage (aOR 1.80, 95% CI 1.07–3.01),

positive surgical margin (aOR 2.07, 95% CI 1.17–3.66), and

PSA recurrence after RP (aOR 1.80, 95% CI 1.09–2.99).

Two tSNPs (CTNNB1 rs1798802 and rs11564465) were

associated with slightly increased risk of high Gleason

score (C7) when the homozygote/heterozygote frequencies

of the minor allele were compared with the homozygote

frequencies of the major allele (aOR 1.68, 95% CI 1.04–

2.70 for rs1798802; 1.73, 1.05–2.84 for rs11564465). Sev-

eral APC tSNPs, in addition to rs3846716, were also

associated with the risk of positive surgical margin, and

APC rs41115 was associated with higher relative risks of

PSA recurrence for the heterozygous variant carriers versus

homozygous wild-type carriers (aOR 1.70, 95% CI 1.01–

2.88). Haplotype analyses were also performed to determine

whether regions of genes or combinations of tSNPs in genes

were associated with clinicopathological features (Supple-

mentary Table 3). In CTNNB1 block 1, the haplotype GA

containing the minor allele of rs1798802 was significantly

associated with increased risk of high Gleason score (C7)

(aOR 1.65, 95% CI 1.08–2.53). This was consistent with the

observation that the minor allele of rs1798802 was associ-

ated with an increased risk of high Gleason score (Table 4).

However, we found no differences in risk estimates for

any of haplotypes on other clinicopathological features

(data not shown). The combined haplotype analysis for

interactions between APC and CTNNB1 revealed that

the ACTGGGCGGACAC haplotype, which contains the

minor allele of APC rs3846716, rs2431238, rs17134945,

rs2707761, and rs41115, was associated with an increased

risk of PSA recurrence after RP (aOR 3.18, 95% CI 1.26–

8.00) (Supplementary Table 2), reflecting the potential

interactive effect between APC and CTNNB1 on PSA

recurrence.

TABLE 1 Allelic frequencies for APC and CTNNB1 polymorphisms in clinically localized PCa patients compared with controls

tSNP ID Chromosome

position

Location Block Allele HapMap

Han MAF

Patient/control

MAF

P valuea Empirical

P valueb

APC

rs3846716 Chr5:112087493 50 upstream 1 G [ A 0.189 0.164, 0.197 0.125 0.431

rs2707765 Chr5:112150431 Intron 6 2 C [ G 0.330 0.304, 0.357 0.040 0.175

rs2431238 Chr5:112152268 Intron 6 2 C [ T 0.089 0.074, 0.124 0.004 0.018

rs17134945 Chr5:112167921 Intron 8 2 A [ G 0.070 0.083, 0.065 0.196 0.596

rs2707761 Chr5:112177826 Intron 8 2 A [ G 0.148 0.146, 0.151 0.792 0.999

rs41115 Chr5:112203669 Thr1493Thr 2 A [ G 0.189 0.167, 0.198 0.137 0.463

rs565453 Chr5:112213292 30 downstream 2 C [ A 0.189 0.168, 0.196 0.183 0.560

CTNNB1

rs4016435 Chr3:41225133 Intron 1 1 G [ T 0.056 0.064, 0.053 0.388 0.899

rs1798802 Chr3:41236983 Intron 1 1 G [ A 0.311 0.301, 0.275 0.294 0.807

rs11564459 Chr3:41251411 Intron 10 - A [ G 0.092 0.033, 0.035 0.803 1.000

rs11564465 Chr3:41252044 Intron 10 2 C [ T 0.244 0.231, 0.208 0.296 0.808

rs11564475 Chr3:41255037 Intron 14 2 A [ G 0.133 0.144, 0.151 0.723 0.998

rs2293303 Chr3:41255831 Asp780Asp 2 C [ T 0.102 0.145, 0.129 0.406 0.923

MAF minor allele frequency

P B 0.05 are in boldface
a v2

b After 100,000 permutations
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TABLE 2 Genotype distribution for the association between tSNPs in APC and CTNNB1 genes and clinically localized PCa risk

tSNP ID Genotype Controls (N, %) Patients (N, %) OR (95% CI) P value aOR (95% CI) P value

APC

rs3846716 GG 233 (62.8) 218 (71.0) 1.00 1.00

GA 130 (35.0) 77 (25.1) 0.63 (0.45–0.89) 0.008 0.64 (0.45–0.90) 0.010

AA 8 (2.2) 12 (3.9) 1.60 (0.64–4.00) 0.311 1.85 (0.73–4.71) 0.199

GA ? AA 138 (37.2) 89 (29.0) 0.69 (0.50–0.95) 0.024 0.70 (0.50–0.98) 0.036

rs2707765 CC 151 (40.8) 146 (47.7) 1.00 1.00

CG 174 (47.0) 134 (43.8) 0.80 (0.58–1.10) 0.164 0.81 (0.58–1.12) 0.205

GG 45 (12.2) 26 (8.5) 0.60 (0.35–1.02) 0.059 0.65 (0.38–1.12) 0.120

CG ? GG 219 (59.2) 160 (52.3) 0.76 (0.56–1.03) 0.072 0.78 (0.57–1.06) 0.114

rs2431238 CC 229 (76.6) 257 (86.0) 1.00 1.00

CT 66 (22.1) 40 (13.4) 0.54 (0.35–0.83) 0.005 0.57 (0.36–0.91) 0.017

TT 4 (1.3) 2 (0.7) 0.45 (0.08–2.46) 0.353 0.63 (0.11–3.80) 0.614

CT ? TT 70 (23.4) 42 (14.0) 0.54 (0.35–0.82) 0.004 0.57 (0.36–0.90) 0.016

rs17134945 AA 323 (87.1) 259 (84.4) 1.00 1.00

AG 48 (12.9) 45 (14.7) 1.17 (0.75–1.81) 0.485 1.16 (0.37–1.81) 0.529

GG 0 3 (1.0) – – – –

AG ? GG 48 (12.9) 48 (15.7) 1.25 (0.81–1.92) 0.317 1.24 (0.80–1.93) 0.345

rs2707761 AA 265 (73.4) 215 (72.9) 1.00 1.00

AG 83 (23.0) 74 (25.1) 1.10 (0.77–1.58) 0.609 1.17 (0.81–1.70) 0.407

GG 13 (3.6) 6 (2.0) 0.57 (0.21–1.52) 0.261 0.67 (0.24–1.86) 0.439

AG ? GG 96 (26.6) 80 (27.1) 1.03 (0.73–1.45) 0.880 1.11 (0.77–1.59) 0.577

rs41115 AA 234 (63.1) 215 (70.3) 1.00 1.00

AG 127 (34.2) 80 (26.1) 0.69 (0.49–0.96) 0.027 0.70 (0.49–0.98) 0.039

GG 10 (2.7) 11 (3.6) 1.20 (0.50–2.88) 0.687 1.33 (0.54–3.24) 0.536

AG ? GG 137 (36.9) 91 (29.7) 0.72 (0.52–1.00) 0.049 0.74 (0.53–1.03) 0.076

rs565453 CC 234 (63.4) 215 (70.3) 1.00 1.00

CA 125 (33.9) 79 (25.8) 0.69 (0.49–0.96) 0.030 0.71 (0.50–1.00) 0.050

AA 10 (2.7) 12 (3.9) 1.31 (0.55–3.09) 0.543 1.44 (0.60–3.45) 0.418

CA ? AA 135 (36.6) 91 (29.7) 0.73 (0.53–1.01) 0.061 0.76 (0.55–1.06) 0.105

CTNNB1

rs4016435 GG 333 (89.8) 269 (87.6) 1.00 1.00

GT 37 (10.0) 37 (12.1) 1.24 (0.76–2.01) 0.387 1.27 (0.77–2.10) 0.348

TT 1 (0.3) 1 (0.3) 1.24 (0.08–19.9) 0.880 0.78 (0.05–12.6) 0.863

GT ? TT 38 (10.2) 38 (12.4) 1.24 (0.77–2.00) 0.381 1.25 (0.77–2.06) 0.370

rs1798802 GG 196 (54.1) 148 (48.7) 1.00 1.00

GA 133 (36.7) 129 (42.4) 1.28 (0.93–1.77) 0.129 1.32 (0.75–1.85) 0.100

AA 33 (9.1) 27 (8.9) 1.08 (0.62–1.88) 0.776 1.11 (0.63–1.96) 0.714

GA ? AA 166 (45.9) 156 (51.3) 1.25 (0.92–1.69) 0.160 1.28 (0.93–1.76) 0.125

rs11564459 AA 345 (93.0) 287 (93.5) 1.00 1.00

AG 26 (7.0) 20 (6.5) 0.93 (0.51–1.69) 0.799 0.98 (0.53–1.82) 0.955

rs11564465 CC 232 (62.5) 184 (60.3) 1.00 1.00

CT 124 (33.4) 101 (33.1) 1.03 (0.74–1.42) 0.873 1.06 (0.76–1.48) 0.751

TT 15 (4.0) 20 (6.6) 1.68 (0.84–3.38) 0.144 1.76 (0.86–3.61) 0.123

CT ? TT 139 (37.5) 121 (39.7) 1.10 (0.80–1.50) 0.558 1.13 (0.82–1.56) 0.453

rs11564475 AA 266 (71.7) 220 (72.8) 1.00 1.00

AG 98 (26.4) 77 (25.5) 0.95 (0.67–1.35) 0.773 0.93 (0.65–1.34) 0.705

GG 7 (1.9) 5 (1.7) 0.86 (0.27–2.76) 0.805 0.88 (0.27–2.87) 0.834

AG ? GG 105 (28.3) 82 (27.2) 0.94 (0.67–1.33) 0.741 0.93 (0.66–1.32) 0.682
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Association of the APC rs3846716 with Recurrence

of PSA After RP

During follow-up, 46.6% (41 of the 88) of APC

rs3846716 GA ? AA patients experienced PSA recur-

rence, which was higher than the incidence rate of 31.8%

(69 of 217) in GG cases. Kaplan–Meier survival curves and

log-rank test showed that the APC rs3846716 genotype was

associated with PSA-free survival (Fig. 1). Median esti-

mated cumulative survival was significantly lower in GA/

AA carriers than in those homozygous for GG (30 vs. 64

months; P = 0.037), showing an earlier recurrence of PCa

following RP.

The more aggressive disease in patients with APC

rs3846716 GA/AA genotypes might be linked to a more

unfavorable risk profile of tumor cells. Therefore, we

evaluated whether the APC rs3846716 genotype is a pre-

dictor for PSA-free survival independently of other clinical

or molecular risk factors. In a univariate analysis, the APC

rs3846716 genotype, high preoperative PSA level,

advanced pathologic stage, positive surgical margin, and

Gleason score C 7 significantly influenced post-RP PSA-

free survival time (Table 5). The APC rs3846716 genotype

did not reach significance when all other risk factors were

included in the multivariate analysis (P = 0.160). How-

ever, APC rs3846716 GA/AA genotypes showed a weak

TABLE 2 continued

tSNP ID Genotype Controls (N, %) Patients (N, %) OR (95% CI) P value aOR (95% CI) P value

rs2293303 CC 277 (74.7) 222 (72.3) 1.00 1.00

CT 92 (24.8) 81 (26.4) 1.10 (0.78–1.55) 0.595 1.10 (0.77–1.57) 0.603

TT 2 (0.5) 4 (1.3) 2.50 (0.45–13.8) 0.294 2.54 (0.44–14.5) 0.295

CT ? TT 94 (25.3) 85 (27.7) 1.13 (0.80–1.59) 0.490 1.13 (0.79–1.61) 0.497

Variable numbers of controls and patients reflect instances of failed genotyping

OR unadjusted odds ratio, aOR age-adjusted odds ratio, 95% CI 95% confidence interval

ORs with a P B 0.05 are in boldface

TABLE 3 Association between APC and CTNNB1 haplotypes and clinically localized PCa risk

tSNP haplotypes Haplotype distribution OR (95% CI) P value aOR (95% CI) P value

HapMap Han Controls Patients

APC

Block 2

CCAAAC 0.633 0.640 0.688 1.00 1.00

GCAGAC 0.126 0.155 0.130 0.80 (0.59–1.08) 0.141 0.80 (0.59–1.10) 0.170

GTAAGA 0.097 0.123 0.076 0.57 (0.38–0.84) 0.004 0.58 (0.39–0.85) 0.006

GCGAGA 0.108 0.062 0.082 1.24 (0.81–1.90) 0.313 1.23 (0.81–1.87) 0.332

GCAAGA 0.002 0.010 0.007 0.63 (0.18–2.27) 0.481 0.63 (0.17–2.37) 0.496

Rare 0.034 0.010 0.017 1.59 (0.59–4.29) 0.358 1.79 (0.59–5.42) 0.305

CTNNB1

Block 1

GG 0.722 0.726 0.698 1.00 1.00

GA 0.234 0.221 0.238 1.11 (0.87–1.43) 0.402 1.11 (0.87–1.43) 0.403

TA 0.044 0.053 0.064 1.26 (0.79–2.01) 0.333 1.29 (0.80–2.08) 0.295

Block 2

CAC 0.605 0.637 0.623 1.00 1.00

CGC 0.145 0.151 0.144 0.98 (0.71–1.35) 0.902 0.98 (0.90–1.35) 0.879

TAT 0.134 0.125 0.144 1.19 (0.85–1.67) 0.304 1.17 (0.83–1.64) 0.368

TAC 0.115 0.083 0.087 1.07 (0.74–1.55) 0.713 1.09 (0.76–1.58) 0.638

OR unadjusted odds ratio, aOR age-adjusted odds ratio

ORs with a P B 0.05 are in boldface

APC/CTNNB1 and Recurrence after Prostatectomy 317



T
A

B
L

E
4

A
ss

o
ci

at
io

n
b

et
w

ee
n

A
P

C
an

d
C

T
N

N
B

1
p

o
ly

m
o

rp
h

is
m

s
an

d
cl

in
ic

o
p

at
h

o
lo

g
ic

al
fe

at
u

re
s

am
o

n
g

P
C

a
p

at
ie

n
ts

w
h

o
re

ce
iv

ed
R

P

tS
N

P
ID

G
en

o
ty

p
e

A
g

e
P

v
al

u
e

P
re

o
p

er
at

iv
e

P
S

A

P
v

al
u

e
P

at
h

o
lo

g
ic

st
ag

e

aO
R

(9
5

%
C

I)

P
v

al
u

e
G

le
as

o
n

sc
o

re

aO
R

(9
5

%
C

I)

P
v

al
u

e
S

u
rg

ic
al

m
ar

g
in

aO
R

(9
5

%
C

I)

P
v

al
u

e
P

S
A

re
cu

rr
en

ce

aO
R

(9
5

%
C

I)

P
v

al
u

e

b
(S

eb
)

b
(S

eb
)

A
P

C

rs
3

8
4

6
7

1
6

G
G

0
.0

0
0

.0
0

1
.0

0
1

.0
0

1
.0

0
1

.0
0

G
A

0
.9

2
(0

.8
7

)
0

.2
8

7
-

0
.6

0
(3

.0
4

)
0

.8
4

4
1

.6
9

(0
.9

8
–

2
.9

1
)

0
.0

5
9

1
.5

0
(0

.8
5

–
2

.6
6

)
0

.1
6

4
2

.1
0

(1
.1

5
–
3

.8
3

)
0

.0
1

5
2

.0
6

(1
.2

1
–

3
.5

0
)

0
.0

0
8

A
A

-
2

.0
3

(1
.9

4
)

0
.2

9
6

2
.8

2
(6

.9
9

)
0

.6
8

7
2

.7
1

(0
.8

0
–

9
.2

0
)

0
.1

1
1

.3
8

(0
.4

0
–

4
.7

5
)

0
.6

1
0

1
.8

8
(0

.5
1

–
6

.9
4

)
0

.3
4

2
0

.7
1

(0
.1

9
–

2
.7

1
)

0
.6

1
7

G
A

?
A

A
0

.5
3

(0
.8

2
)

0
.5

2
4

-
0

.1
6

(2
.8

9
)

0
.9

5
6

1
.8

0
(1

.0
7
–

3
.0

1
)

0
.0

2
6

1
.4

8
(0

.8
7

–
2

.5
4

)
0

.1
5

2
2

.0
7

(1
.1

7
–
3

.6
6

)
0

.0
1

2
1

.8
0

(1
.0

9
–

2
.9

9
)

0
.0

2
3

rs
2

7
0

7
7

6
5

C
C

0
.0

0
0

.0
0

1
.0

0
1

.0
0

1
.0

0
1

.0
0

C
G

-
0

.6
2

(0
.7

9
)

0
.4

3
3

-
0

.4
0

(2
.7

6
)

0
.8

8
6

1
.1

2
(0

.6
8

–
1

.8
5

)
0

.6
6

9
1

.2
3

(0
.7

5
–

2
.0

1
)

0
.4

1
5

1
.7

3
(0

.9
9

–
3

.0
2

)
0

.0
5

4
1

.2
5

(0
.7

6
–

2
.0

5
)

0
.3

7
3

G
G

-
0

.1
8

(1
.4

0
)

0
.8

9
9

3
.8

4
(5

.0
8

)
0

.4
5

1
1

.6
3

(0
.6

8
–

3
.8

6
)

0
.2

7
1

1
.8

8
(0

.7
4

–
4

.7
8

)
0

.1
8

2
1

.8
4

(0
.7

3
–

4
.6

0
)

0
.1

9
5

1
.2

5
(0

.5
3

–
2

.9
7

)
0

.6
0

9

C
G

?
G

G
-

0
.5

5
(0

.7
5

)
0

.4
6

8
0

.2
4

(2
.6

5
)

0
.9

2
8

1
.1

9
(0

.7
4

–
1

.9
2

)
0

.4
8

2
1

.3
2

(0
.8

2
–

2
.1

1
)

0
.2

5
7

1
.7

5
(1

.0
3

–
2

.9
8

)
0

.0
4

0
1

.2
5

(0
.7

8
–

2
.0

1
)

0
.3

5
2

rs
2

4
3

1
2

3
8

C
C

0
.0

0
0

.0
0

1
.0

0
1

.0
0

1
.0

0
1

.0
0

C
T

0
.4

0
(1

.1
1

)
0

.3
5

6
-

1
.5

2
(3

.9
1

)
0

.6
9

8
1

.5
4

(0
.7

8
–

3
.0

3
)

0
.2

1
7

1
.5

5
(0

.7
4

–
3

.2
6

)
0

.2
5

2
.1

5
(1

.0
2

–
4

.5
4

)
0

.0
4

4
0

.9
5

(0
.4

7
–

1
.9

1
)

0
.8

8
8

T
T

0
.9

0
(4

.6
4

)
0

.1
9

3
-

6
.5

1
(1

6
.1

)
0

.6
8

7
2

.0
8

(0
.1

3
–

3
3

.8
)

0
.6

0
5

–
–

–
–

–
–

C
T

?
T

T
0

.4
2

(1
.0

9
)

0
.6

9
9

-
1

.7
6

(3
.8

2
)

0
.6

4
5

1
.5

6
(0

.8
0

–
3

.0
4

)
0

.1
9

2
1

.3
1

(0
.6

5
–

2
.6

5
)

0
.4

5
6

1
.9

4
(0

.9
3

–
4

.0
2

)
0

.0
7

6
0

.8
8

(0
.4

4
–

1
.7

6
)

0
.7

2
4

rs
1

7
1

3
4

9
4

5
A

A
0

.0
0

0
.0

0
1

.0
0

1
.0

0
1

.0
0

1
.0

0

A
G

1
.0

3
(1

.0
6

)
0

.3
2

9
1

.0
0

(3
.7

3
)

0
.7

8
8

1
.2

3
(0

.6
4

–
2

.3
9

)
0

.5
3

6
1

.5
8

(0
.7

7
–

3
.2

4
)

0
.2

1
1

1
.4

2
(0

.6
8

–
2

.9
9

)
0

.3
5

4
1

.6
6

(0
.8

8
–

3
.1

5
)

0
.1

2
1

G
G

-
2

.3
0

(3
.8

0
)

0
.5

4
5

7
.4

3
(1

3
.1

)
0

.5
7

1
0

.9
7

(0
.0

9
–

1
0

.9
)

0
.9

8
1

1
.3

2
(0

.1
2

–
1

4
.8

)
0

.8
2

0
1

.2
0

(0
.1

1
–

1
3

.5
)

0
.8

8
3

0
.9

7
(0

.0
9

–
1

0
.8

)
0

.9
7

9

A
G

?
G

G
0

.8
3

(1
.0

3
)

0
.4

2
2

1
.4

3
(3

.6
2

)
0

.6
9

4
1

.2
1

(0
.6

4
–

2
.3

1
)

0
.5

5
5

1
.5

6
(0

.7
8

–
3

.1
2

)
0

.2
0

8
1

.4
0

(0
.6

8
–

2
.8

8
)

0
.3

5
6

1
.6

1
(0

.8
6

–
3

.0
0

)
0

.1
3

6

rs
2

7
0

7
7

6
1

A
A

0
.0

0
0

.0
0

1
.0

0
1

.0
0

1
.0

0
1

.0
0

A
G

-
1

.2
6

(0
.8

9
)

0
.1

5
7

0
.8

2
(3

.1
3

)
0

.7
9

4
0

.7
4

(0
.4

1
–

1
.3

3
)

0
.3

1
1

0
.8

8
(0

.5
1

–
1

.5
3

)
0

.6
5

3
1

.2
0

(0
.6

5
–

2
.1

9
)

0
.5

6
4

1
.1

0
(0

.6
4

–
1

.9
1

)
0

.7
2

9

G
G

-
1

.8
4

(2
.7

2
)

0
.4

9
8

-
3

.4
1

(9
.3

8
)

0
.7

1
6

2
.8

3
(0

.4
6

–
1

7
.3

)
0

.2
6

1
–

–
1

.6
7

(0
.2

7
–

1
0

.3
)

0
.5

8
2

0
.9

1
(0

.1
6

–
5

.0
9

)
0

.9
1

4

A
G

?
G

G
-

1
.3

0
(0

.8
6

)
0

.1
3

2
0

.4
9

(3
.0

3
)

0
.8

7
2

0
.8

2
(0

.4
7

–
1

.4
3

)
0

.4
7

8
1

.0
1

(0
.5

9
–

1
.7

2
)

0
.9

8
6

1
.2

3
(0

.6
8

–
2

.2
1

)
0

.4
9

9
1

.0
9

(0
.6

4
–

1
.8

6
)

0
.7

6
1

rs
4

1
1

1
5

A
A

0
.0

0
0

.0
0

1
.0

0
1

.0
0

1
.0

0
1

.0
0

A
G

0
.7

7
(0

.8
5

)
0

.3
6

5
0

.0
1

(3
.0

1
)

0
.9

9
9

1
.5

0
(0

.8
8

–
2

.5
7

)
0

.1
3

9
1

.5
7

(0
.8

9
–

2
.7

8
)

0
.1

1
9

2
.0

8
(1

.1
5

–
3

.7
6

)
0

.0
1

6
1

.7
0

(1
.0

1
–

2
.8

8
)

0
.0

4
7

G
G

-
0

.3
4

(2
.0

1
)

0
.8

6
6

6
.1

3
(7

.3
1

)
0

.4
0

2
1

.7
9

(0
.5

3
–

6
.0

8
)

0
.3

5
1

0
.7

9
(0

.2
3

–
2

.6
9

)
0

.7
1

1
.1

9
(0

.3
0

–
4

.7
6

)
0

.8
1

0
.4

4
(0

.0
9

–
2

.1
0

)
0

.3
0

4

A
G

?
G

G
0

.6
4

(0
.8

2
)

0
.4

3
3

0
.7

1
(2

.8
8

)
0

.8
0

7
1

.5
4

(0
.9

2
–

2
.5

7
)

0
.1

0
2

1
.4

3
(0

.8
4

–
2

.4
4

)
0

.1
9

1
.9

3
(1

.1
0

–
3

.4
0

)
0

.0
2

3
1

.4
9

(0
.9

0
–

2
.4

6
)

0
.1

2
4

rs
5

6
5

4
5

3
C

C
0

.0
0

0
.0

0
1

.0
0

1
.0

0
1

.0
0

1
.0

0

C
A

0
.6

4
(0

.8
6

)
0

.4
5

8
-

0
.7

5
(3

.0
1

)
0

.8
0

3
1

.4
5

(0
.8

4
–

2
.4

9
)

0
.1

7
8

1
.4

5
(0

.8
2

–
2

.5
5

)
0

.1
9

9
1

.8
7

(1
.0

3
–
3

.4
1

)
0

.0
4

1
1

.6
6

(0
.9

8
–

2
.8

0
)

0
.0

6
1

A
A

-
0

.2
4

(1
.9

4
)

0
.9

0
1

1
0

.3
0

(6
.9

6
)

0
.1

4
2

.1
5

(0
.6

7
–

6
.9

2
)

0
.1

9
9

0
.9

3
(0

.2
8

–
3

.0
2

)
0

.8
9

8
1

.5
8

(0
.4

4
–

5
.6

3
)

0
.4

7
9

0
.6

6
(0

.1
7

–
2

.5
3

)
0

.5
4

7

C
A

?
A

A
0

.5
2

(0
.8

2
)

0
.5

2
3

0
.6

4
(2

.8
8

)
0

.8
2

5
1

.5
3

(0
.9

2
–

2
.5

6
)

0
.1

0
3

1
.3

6
(0

.8
0

–
2

.3
0

)
0

.2
6

0
1

.8
3

(1
.0

3
–
3

.2
2

)
0

.0
3

8
1

.4
8

(0
.9

0
–

2
.4

6
)

0
.1

2
5

C
T

N
N

B
1

rs
4

0
1

6
4

3
5

G
G

0
.0

0
0

.0
0

1
.0

0
1

.0
0

1
.0

0
1

.0
0

G
T

-
0

.1
5

(1
.1

6
)

0
.8

9
8

-
2

.2
9

(4
.1

1
)

0
.5

7
8

0
.9

3
(0

.4
5

–
1

.9
5

)
0

.8
5

6
0

.8
8

(0
.4

3
–

1
.8

2
)

0
.7

3
2

1
.2

9
(0

.5
9

–
2

.8
3

)
0

.5
2

8
1

.0
1

(0
.4

9
–

2
.0

8
)

0
.9

8
3

T
T

6
.2

4
(6

.5
5

)
0

.3
4

2
–

1
2

.4
0

(2
2

.6
)

0
.5

8
3

–
–

–
–

–
–

–
–

G
T

?
T

T
0

.0
2

(1
.1

5
)

0
.9

8
4

–
2

.5
8

(4
.0

5
)

0
.5

2
4

0
.9

0
(0

.4
3

–
1

.8
7

)
0

.7
7

1
0

.8
2

(0
.4

0
–

1
.6

7
)

0
.5

8
4

1
.2

3
(0

.5
6

–
2

.6
8

)
0

.6
0

8
1

.0
8

(0
.5

3
–

2
.2

1
)

0
.8

2
4

318 S.-P. Huang et al.



T
A

B
L

E
4

co
n

ti
n

u
ed

tS
N

P
ID

G
en

o
ty

p
e

A
g

e
P

v
al

u
e

P
re

o
p

er
at

iv
e

P
S

A

P
v

al
u

e
P

at
h

o
lo

g
ic

st
ag

e

aO
R

(9
5

%
C

I)

P
v

al
u

e
G

le
as

o
n

sc
o

re

aO
R

(9
5

%
C

I)

P
v

al
u

e
S

u
rg

ic
al

m
ar

g
in

aO
R

(9
5

%
C

I)

P
v

al
u

e
P

S
A

re
cu

rr
en

ce

aO
R

(9
5

%
C

I)

P
v

al
u

e

b
(S

eb
)

b
(S

eb
)

rs
1

7
9

8
8

0
2

G
G

0
.0

0
0

.0
0

1
.0

0
1

.0
0

1
.0

0
1

.0
0

G
A

–
0

.0
8

(0
.8

0
)

0
.9

1
6

–
1

.0
1

(2
.8

0
)

0
.7

2
0

0
.9

3
(0

.5
6

–
1

.5
4

)
0

.7
7

8
1

.6
5

(1
.0

0
–

2
.7

3
)

0
.0

5
1

1
.2

4
(0

.7
1

–
2

.1
5

)
0

.4
4

6
0

.9
6

(0
.5

8
–

1
.5

7
)

0
.8

5
9

A
A

1
.0

8
(1

.3
8

)
0

.4
3

5
–

3
.3

6
(4

.7
5

)
0

.4
8

0
0

.9
9

(0
.4

1
–

2
.3

8
)

0
.9

7
5

1
.8

0
(0

.7
4

–
4

.3
8

)
0

.1
9

7
1

.0
3

(0
.4

0
–

2
.7

0
)

0
.9

4
6

0
.8

4
(0

.3
5

–
2

.0
1

)
0

.7
0

2

G
A

?
A

A
0

.1
2

(0
.7

6
)

0
.8

7
6

–
1

.4
3

(2
.6

5
)

0
.5

8
9

0
.9

4
(0

.5
8

–
1

.5
2

)
0

.7
9

9
1

.6
8

(1
.0

4
–

2
.7

0
)

0
.0

3
4

1
.2

0
(0

.7
1

–
2

.0
3

)
0

.4
9

6
0

.9
4

(0
.5

9
–

1
.5

0
)

0
.7

8
3

rs
1

1
5

6
4

4
5

9
A

A
0

.0
0

0
.0

0
1

.0
0

1
.0

0
1

.0
0

1
.0

0

A
G

–
1

.3
5

(1
.5

1
)

0
.3

7
2

1
1

.9
0

(5
.5

8
)

0
.0

3
4

0
.6

1
(0

.2
2

–
1

.7
3

)
0

.3
5

3
0

.9
1

(0
.3

6
–

2
.3

1
)

0
.8

4
6

0
.4

7
(0

.1
3

–
1

.6
8

)
0

.2
4

5
0

.9
6

(0
.3

7
–

2
.4

8
)

0
.9

2
6

rs
1

1
5

6
4

4
6

5
C

C
0

.0
0

0
.0

0
1

.0
0

1
.0

0
1

.0
0

1
.0

0

C
T

0
(0

.8
1

)
0

.9
9

6
0

.8
3

(2
.8

7
)

0
.7

7
3

1
.1

7
(0

.7
0

–
1

.9
6

)
0

.5
4

0
1

.6
5

(0
.9

8
–

2
.7

8
)

0
.0

6
2

1
(0

.5
6

–
1

.7
6

)
0

.9
8

6
0

.9
4

(0
.5

7
–

1
.5

6
)

0
.8

1
8

T
T

–
0

.3
2

(1
.5

4
)

0
.8

3
7

–
3

.8
5

(5
.3

3
)

0
.4

7
1

0
.9

1
(0

.3
3

–
2

.5
1

)
0

.8
5

3
2

.2
0

(0
.7

6
–

6
.3

4
)

0
.1

4
4

0
.7

9
(0

.2
7

–
2

.3
2

)
0

.6
7

2
0

.9
2

(0
.3

5
–

2
.4

2
)

0
.8

6
3

C
T

?
T

T
–

0
.0

5
(0

.7
7

)
0

.9
4

9
0

.0
2

(2
.7

0
)

0
.9

9
4

1
.1

3
(0

.6
9

–
1

.8
4

)
0

.6
2

9
1

.7
3

(1
.0

5
–

2
.8

4
)

0
.0

3
1

0
.9

6
(0

.5
6

–
1

.6
4

)
0

.8
6

9
0

.9
4

(0
.5

8
–

1
.5

2
)

0
.7

9
5

rs
1

1
5

6
4

4
7

5
A

A
0

.0
0

0
.0

0
1

.0
0

1
.0

0
1

.0
0

1
.0

0

A
G

0
.0

9
(0

.8
7

)
0

.9
1

6
5

.5
1

(3
.0

7
)

0
.0

7
4

0
.9

9
(0

.5
7

–
1

.7
2

)
0

.9
7

2
0

.8
0

(0
.4

6
–

1
.3

7
)

0
.4

1
6

1
.0

5
(0

.5
8

–
1

.9
0

)
0

.8
7

5
1

.0
1

(0
.5

9
–

1
.7

3
)

0
.9

8
4

G
G

–
4

.2
0

(2
.9

6
)

0
.1

5
6

–
1

.9
3

(1
0

.3
)

0
.8

5
1

0
.4

7
(0

.0
5

–
4

.3
0

)
0

.5
0

3
0

.3
9

(0
.0

6
–

2
.4

1
)

0
.3

1
2

–
–

1
.1

9
(0

.1
9

–
7

.3
3

)
0

.8
5

A
G

?
G

G
–

0
.1

7
(0

.8
5

)
0

.8
3

9
5

.0
3

(2
.9

9
)

0
.0

9
4

0
.9

5
(0

.5
5

–
1

.6
4

)
0

.8
5

7
0

.7
6

(0
.4

5
–

1
.2

9
)

0
.3

1
4

0
.9

5
(0

.5
3

–
1

.7
1

)
0

.8
6

1
.0

2
(0

.6
0

–
1

.7
2

)
0

.9
5

3

rs
2

2
9

3
3

0
3

C
C

0
.0

0
0

.0
0

1
.0

0
1

.0
0

1
.0

0
1

.0
0

C
T

–
0

.8
9

(0
.8

5
)

0
.2

9
6

-
1

.2
1

(3
.0

0
)

0
.6

8
7

1
.0

7
(0

.6
2

–
1

.8
3

)
0

.8
1

9
1

.6
8

(0
.9

6
–

2
.9

3
)

0
.0

7
0

.8
2

(0
.4

4
–

1
.5

1
)

0
.5

1
9

0
.9

8
(0

.5
7

–
1

.6
6

)
0

.9
2

9

T
T

2
.7

9
(3

.3
0

)
0

.3
9

8
-

7
.9

2
(1

1
.4

)
0

.4
8

7
1

.9
6

(0
.2

7
–

1
4

.2
)

0
.5

0
7

0
.6

5
(0

.0
9

–
4

.6
9

)
0

.6
6

5
2

.2
1

(0
.3

0
–

1
6

.1
)

0
.4

3
4

0
.5

7
(0

.0
6

–
5

.5
5

)
0

.6
2

5

C
T

?
T

T
–

0
.7

2
(0

.8
4

)
0

.3
9

1
-

1
.5

4
(2

.9
4

)
0

.6
0

0
1

.1
0

(0
.6

5
–

1
.8

7
)

0
.7

2
5

1
.5

9
(0

.9
2

–
2

.7
4

)
0

.0
9

5
0

.8
7

(0
.4

8
–

1
.5

7
)

0
.6

4
8

0
.9

5
(0

.5
6

–
1

.6
1

)
0

.8
5

7

C
o

m
p

ar
is

o
n

o
f:

p
at

h
o

lo
g

ic
st

ag
e

b
et

w
ee

n
lo

ca
ll

y
ad

v
an

ce
d

v
er

su
s

lo
ca

li
ze

d
P

C
a,

G
le

as
o

n
sc

o
re

b
et

w
ee

n
7

–
1

0
v

er
su

s
2

–
6

,
su

rg
ic

al
m

ar
g

in
b

et
w

ee
n

p
o

si
ti

v
e

v
er

su
s

n
eg

at
iv

e,
an

d
o

f
P

S
A

re
cu

rr
en

ce
b

et
w

ee
n

re
cu

rr
en

ce
v

er
su

s
n

o
re

cu
rr

en
ce

D
as

h
in

d
ic

at
es

O
R

n
o

t
ca

lc
u

la
te

d
b

ec
au

se
o

f
la

ck
o

f
th

is
g

en
o

ty
p

e
in

p
at

ie
n

ts

b
b

es
ti

m
at

es
,

S
e

st
an

d
ar

d
er

ro
r,

O
R

u
n

ad
ju

st
ed

o
d

d
s

ra
ti

o
,

a
O

R
ag

e-
ad

ju
st

ed
o

d
d

s
ra

ti
o

.
U

n
it

s:
A

g
e,

y
ea

rs
;

P
re

o
p

er
at

iv
e

P
S

A
,

n
g

/m
l

P
B

0
.0

5
ar

e
in

b
o

ld
fa

ce

APC/CTNNB1 and Recurrence after Prostatectomy 319



association (P = 0.063) with poorer PSA-free survival

without adjusting for pathologic stage and surgical margin

status because of the strong correlations between APC

rs3846716 and these two clinicopathological features

(Tables 4, 5).

DISCUSSION

Aberrant activation of the Wnt signaling pathway has

been found in many tumors, including those of the prostate,

where CTNNB1 accumulates in cell nuclei and acts as a

transcriptional co-regulator for both TCF/LEF transcription

factors and androgen receptor.27 APC is an important

tumor suppressor that functions in the Wnt signaling

pathway by regulating CTNNB1 degradation and nuclear

export. These observations led to the hypothesis that

genetic variations influencing the expression and/or func-

tion of APC and CTNNB1 might influence PCa risk and

prognosis.

In this study, we successfully genotyped 13 tSNPs from

APC and CTNNB1 genes in 307 localized PCa cases and

371 unaffected controls. After adjusting for age, we found

that four APC tSNPs (rs3846716, rs2431238, rs41115, and

rs565453) and a common APC haplotype (GTAAGA)

displayed significant associations with a decreased risk of

localized PCa (Tables 2, 3).

Biochemical failure (PSA recurrence) is an important

predictor of disease recurrence after RP, and many PSA

recurrent patients are prone to develop metastatic lesions

accompanied with significant mortality.28,29 Therefore,

finding new biochemical predictors of PSA recurrence

would be beneficial for early detection, treatment selection,

and possibly clarifying the mechanism of PSA recurrence.

In our investigation on the relationship between 13 tSNPs

in APC/CTNNB1 genes and PSA recurrence, we found that

PSA-free survival after RP was nominally poorer in APC

rs3846716 GA ? AA genotype carriers than in GG carriers

in Kaplan–Meier survival analysis and in the univariate

Cox proportional hazard model (Fig. 1; Table 5). How-

ever, the effect was attenuated after adjusting for other

covariates, suggesting that the mechanisms of APC

rs3846716 action might be dependent on pathologic stage

and surgical margin status (Table 4).

SNPs in APC and CTNNB1 have also been evaluated for

associations with PCa risk in the Cancer Genetic Markers

1.0

0.8

0.6

0.4

0.2

0 100

Months after Operation
9020 3010 40 50 70 8060

GG
GA + AA

p = 0.037

Probability of
PSA-Free Survival

FIG. 1 Kaplan–Meier analysis revealed that APC rs3846716 GA and

AA genotypes were associated with a significantly poorer PSA-free

survival after RP than the GG genotype

TABLE 5 Cox proportional hazards analysis of factors associated with PSA recurrence after radical prostatectomy

Variables Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age (years) 0.99 (0.97–1.02) 0.578 0.99 (0.95–1.02) 0.403 1.00 (0.97–1.03) 0.787

Preoperative PSA (ng/ml) 1.02 (1.01–1.03) \0.001 1.02 (1.01–1.03) \0.001 1.03 (1.02–1.04) \0.001

Pathologic stage

Localized 1.00 1.00

Locally advanced 3.38 (2.29–4.99) \0.001 1.94 (1.17–3.22) 0.010

Surgical margin

Negative 1.00 1.00

Positive 2.89 (1.91–4.36) \0.001 1.58 (0.96–2.60) 0.070

Gleason score

2–6 1.00 1.00 1.00

7–10 2.12 (1.38–3.24) 0.001 1.49 (0.88–2.54) 0.140 1.67 (1.06–2.63) 0.027

rs3846716

GG 1.00 1.00 1.00

GA ? AA 1.50 (1.02–2.21) 0.041 1.39 (0.88–2.21) 0.160 1.48 (0.98–2.25) 0.063

Hazard ratios with significance at P B 0.05 are in boldface
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of Susceptibility (CGEMS) genome-wide association

study.30 Our findings that APC rs3846716 heterozygous

variant carriers showed lower relative risks of localized

PCa, but increased risks for PSA recurrence after RP

(Table 4), are compatible with the results of the CGEMS

study (P = 0.007, CGEMS nonaggressive tumors versus

controls heterozygote risk OR, 0.84; aggressive tumors

versus controls heterozygote risk OR, 1.31). However,

further investigation is required to determine the detailed

mechanisms.

PCa tends to occur more frequently, to be more

aggressive, and to have worse outcome in African Ameri-

cans and Caucasians than in Chinese.31–33 Differences in

APC rs3846716 genotype distributions among different

ethnic groups can be observed in the HapMap database (G/

G 22.6%, G/A 47.2%, and A/A 30.2% for African ancestry

in Southwest USA; G/G 25.7%, G/A 56.6%, and A/A

17.7% for Utah residents with Northern and Western

European ancestry; G/G 60.7%, G/A 33.3%, and A/A 6.0%

for Chinese in Metropolitan Denver, Colorado).21 These

data are in accordance with our finding that indicates a

poorer PSA-free survival after RP in APC rs3846716

GA ? AA carriers (Fig. 1). Thus, genetic polymorphisms

in APC rs3846716 might partly explain variations in PCa

progression among ethnic groups.

Since the APC rs3846716 polymorphism is located in

the 50 upstream region of the APC gene, the risk allele, A,

creates a putative transcription factor binding site for sex-

determining region Y (SRY) product, testis-determining

factor, according to the prediction of SNP Function Por-

tal.34 In mammals, male sex determination results from a

cascade of events that are controlled by a master regulator

SRY.35 SRY binds to DNA minor groove via AT-rich

sequences and induces a sharp bend in DNA.36 However,

the lack of a potential transcriptional activation domain in

human SRY suggests that it may function through inter-

action with additional transcriptional factors.37 It has been

recently demonstrated that SRY is expressed in prostate

and negatively regulates androgen receptor transcriptional

activity through direct protein–protein interaction.38 The

loss of SRY and other Y-chromosome-specific genes has

been more frequently found in higher stages and grades of

PCa.39 These findings suggest possible roles for SRY in

regulation of APC expression and development of disease

progression, although further functional study is required to

investigate this.

In our study, the most significant tSNPs and haplotypes

were in the gene encoding APC, which is involved in the

regulation of CTNNB1 levels. Except for some clinico-

pathological features, we have found no evidence that

common variants in CTNNB1 are associated with localized

PCa risk and PSA recurrence, probably because of the

relatively small sample size of our study. When we

analyzed the tSNPs in relation to the risk of clinical

localized PCa and the various clinicopathological features,

some associations were only significant for heterozygote

carriers, but not homozygote carriers of the minor allele.

This might also reflect low power to detect associations due

to the limited number of minor allele homozygote carriers.

Furthermore, the panel of tSNPs used in this study does not

capture all of the common variation in the genes of interest.

It is possible that some of the known SNPs were poorly

tagged or that unknown common variations in these genes

are associated with the disease. Therefore, we cannot rule

out any weak associations since this study was only pow-

ered to observe moderate effect sizes.

Our study has several strengths. First, the genes selected

for the study encoded protein components that form a well-

characterized complex that has been directly implicated in

many cancers. Second, genotyping of tSNPs (MAF [ 0.05)

ensured detailed and comprehensive coverage of suscepti-

bility alleles across the entire gene region. Moreover,

adequate follow-up clinical information allows for strati-

fication of data by clinical features and recurrence of the

disease.

Although the nonsynonymous SNP APC I1307K has

been shown unlikely to play a significant role in suscepti-

bility to PCa in Jewish Caucasians, to our knowledge, no

reports have systematically evaluated the prognostic value

of common variants in the Wnt pathway in patients with

PCa.12 In conclusion, we selected tSNPs of APC and

CTNNB1 to comprehensively evaluate their possible clin-

ical implications, and provided the first evidence for

association of variants in APC gene with localized PCa risk

and disease progression. However, we were limited by

sample size in analyses of outcomes and in subset analyses.

In addition, the effects of these genetic variants on PSA

nadir and doubling time during disease progression deserve

further investigations. Furthermore, our homogeneous

Chinese Han population may make our findings less gen-

eralizable to other ethnic groups. Thus, subsequent

functional analysis and large independent studies are

required to establish the relevance of the observed associ-

ations to PCa progression and guide future investigations.
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