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Abstract: To investigate the potential relationship between sequence variants in the AMACR gene and prostate
cancer risk in a Korean study cohort. We evaluated the association between 21 single nucleotide polymorphisms
(SNPs) in the AMACR gene and prostate cancer risk as well as clinical characteristics (pathological stage and
Gleason score) in Korean men (272 prostate cancer patients and 173 benign prostatic hyperplasia patients who
underwent a prostate biopsy, which was negative for malignancy) using unconditional logistic regression. 8 AMACR
sequence variants (rs3195676, rs10941112, rs4866402, rs34678, rs10941110, rs34676, rs16892096, and
rs250414) had a significant association with prostate cancer risk (age-adjusted odds ratio [OR]=0.74, P=0.05;
OR=0.74, P=0.04; OR=0.64, P=0.03; OR=1.45, P=0.01; OR=0.74, P=0.04; OR=1.46, P=0.01; OR=0.65, P=0.05;
and OR=0.72, P=0.03, respectively). 2 haplotypes (AMACR_B1_ht1 and AMACR_B1_ht2) showed a significant as-
sociation with prostate cancer risk (OR=0.70, P=0.02; and OR=1.49, P=0.01, respectively). 8 SNPs (rs3195676,
rs10941112, rs10941110, rs168803, rs16892096, rs10472909, rs2652130, and rs12659370) and 1 haplo-
type (AMACR_B2_ht2) were significantly associated with pathological stage, 3 SNPs (rs16892066, rs16892064,
and rs840380) and 2 haplotypes (AMACR_B2_ht3 and AMACR_B2_ht4) were also significantly related to Gleason
score. Some AMACR gene polymorphisms in Korean men might not only be associated with prostate cancer risk but
also significantly related to pathologic stage and Gleason score. However, current limitation for small cohort with
not-healthy control group might have false positive effects. These results should be validated via further large-scale
studies.
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Introduction associated with a higher relative risk of pros-
tate cancer, and fat is a principal and distin-
guishing component of the Western diet. Alpha-
methylacyl-CoA racemase (AMACR) metaboliz-
es dietary fatty acids [4] and is a well-estab-

lished prostate cancer tissue biomarker [5].

Prostate cancer remains the second leading
cause of cancer deaths in the Western world
[1]. Similarly, in Korea, the incidence rate of
prostate cancer has rapidly increased during
the last decade [2]. Prostate cancer is also one
of the major contributors to cancer-related mor-
bidity. Although epidemiological investigations
over several decades have studied exogenous

The AMACR gene is normally expressed in sev-
eral tissues including the prostate and plays a
critical role in the metabolism of branched-ch-

risk factors for prostate cancer, including diet,
occupation, and sexually transmitted agents,
the only established risk factors for this dis-
ease are age, ethnicity, and family history of
prostate cancer [3]. Western diet has been

ain fatty acid molecules [4, 6, 7]. AMACR expre-
ssion has been shown to be highest in localized
prostate cancer and subsequent decreases in
metastatic prostate cancer are associated with
progression and cancer-specific death [8, 9].
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Evidence has been presented to suggest that
polymorphisms within the AMACR gene may be
associated with prostate cancer risk. A number
of genome-wide linkage studies in hereditary
prostate cancer (HPC) families implicate 5p13,
the chromosomal region of AMACR, as a candi-
date susceptibility locus [10-15].

Two studies have been conducted to investi-
gate whether sequence variants of AMACR
alter the risk for familial prostate cancer [16,
17]. Zheng et al. [16] found four missense
changes had significantly different genotype
frequencies between HPC cases and unaffect-
ed controls and haplotype analysis of the MOV
and D175G single nucleotide polymorphisms
(SNPs) provided stronger evidence for an asso-
ciation. Subsequent to this initial investigation,
a study of brothers discordant for the diagnosis
of prostate cancer from familial and early-onset
prostate cancer families, found significant evi-
dence for prostate cancer association with the
MOV polymorphism [17].

Recently, three additional studies have been
conducted to investigate the association
between sporadic prostate cancer and AMACR
gene variants [18, 19]. Lindstrom et al. [18]
screened 1,461 cases and 796 controls from
Sweden for 46 polymorphisms including four
AMACR variants. No association was observed
for any of the AMACR variants investigated,
regardless of whether an additive, dominant, or
recessive genetic model was used [18]. The
Cancer Genetic Markers of Susceptibility
(CGEMS) project genotyped 1,177 cases and
1,105 controls for 19 SNPs across the AMACR
gene region and found no association with
prostate cancer (http://cgems.cancer.gov).
Daugherty et al. [19] screened 1,318 cases
and 1,842 controls from multiple centers
throughout the United States for 5 non-synony-
mous and two intronic AMACR variants. While
no statistically significant associations with
prostate cancer were noted, risks for prostate
cancer tended to be lower in homozygote white
carriers of the variant alleles at M9V, D175G,
S201L, and K277E among regular ibuprofen
users [19]. Lee et al. [20] assessed 194 cases
and 169 controls for 17 SNPs in the AMACR
gene in Korean men, and found rs2278008
(E227K) tended to lower prostate cancer risk.

In this study, we investigated the potential rela-
tionship between sequence variants in the
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AMACR gene and sporadic prostate cancer risk
in a Korean study cohort known to be an ethni-
cally homogenous population [21].

Materials and methods
Study population

This study was approved by the institutional
review board of Chung-Ang University Hospital
and Seoul National University Bundang Hospital
(IRB nos. C2008035 and B-0905/075-011,
respectively). Both the prostate cancer and
BPH groups comprised a population of older
men treated for urological problems at Chung-
Ang University Hospital (Seoul, Korea) and
Seoul National University Bundang Hospital
(Gyeonggi, Seoul, Korea). We excluded patients
who had undergone prior biopsies or the surgi-
cal treatment of prostate disease before receiv-
ing a biopsy. Peripheral blood leukocyte sam-
ples were obtained before the prostate biopsy
for genotyping from 445 men (prostate cancer
=272; BPH=173) and stored at -80°C. All 445
men underwent multi (=12)-core transrectal
ultrasound-guided biopsy for the evaluation of
elevated PSA levels (=3 ng/ml), abnormal digi-
tal rectal exams or hypoechoic lesions, as
detected using prostate ultrasound. In all men,
the prostate was routinely biopsied bilaterally
near the base, mid-gland region and apex, with
at least six biopsies per side. If necessary, addi-
tional biopsies were obtained to evaluate suspi-
cious lesions. Among 173 patients enrolled in
the BPH group, which was negative for malig-
nancy in prostate biopsy, 135 patients under-
went TURP owing to lower urinary tract symp-
toms.

After TURP, all specimens were shown to be
benign by a pathological examination. BPH
samples obtained from patients and confirmed
to be pathologically negative were used as the
control group for reducing selection bias. Most
of the 272 prostate cancer patients underwent
radical prostatectomy, and eight patients who
had metastatic lesions in a preoperative radio-
logic evaluation underwent hormonal therapy
plus external radiotherapy. Five patients with
prostate cancer were enrolled in a watchful
waiting protocol owing to their poor medical
condition. Written informed consent was obta-
ined from all study participants. Blood samples
were collected in tubes containing sodium
EDTA. The QlAamp Blood Extraction kit (Qiagen,
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Table 1. Study characteristics of prostate cancer cases and

tagging SNPs if several SNPs showed
high LD>0.98. Furthermore, we ad-

ded the SNPs from NCBI dbSNPs in

P-value the AMACR gene region. The selec-

controls
Cases (Pros-  Controls
tate cancer) (BPH)
N 272 173

Age (year) + SD
BMI (kg/m?) + SD

68.2+6.8 67.3+8.8
241+33 24.0+3.0

0.85
0.41

tion criteria included location (SNPs
in exons were preferred) and amino
acid changes (non-synonymous SNPs
were preferred).

Prostate volume (cm®) + SD 37.2 +18.6 48.4+26.2 0.02

PSA (ng/ml) £ SD
Gleason score, n (%)

<6 29 (11)

7 202 (75)

>8 39 (14)
Clinical stage, n (%)

Localized 252 (92.6)

Locally advanced 10 (3.7)

Metastatic 8(2.9)

Unknown 2(0.8)
Pathologic stage, n (%)

Localized (T2) 152 (60.3)

Advanced (=T3) 100 (39.7)

48.2+1928 5.2+6.7

<0.01 Genotyping was performed at the

multiplex level using the Illlumina
Golden Gate genotyping system [23].
Briefly, approximately 250 ng genom-
ic DNA extracted from the blood of
each individual was used to genotype
each sample that underwent DNA
activation, binding to paramagnetic
particles, hybridization to oligonucle-
otides, washing, extension, ligation,
amplification by PCR and hybridiza-
tion to the Beadplate in an appropri-
ate hybridization buffer. Image inten-
sities were scanned by BeadXpress

BPH, benign prostatic hyperplasia; BMI, body mass index; PSA, prostate

specific antigen.

Seoul, Korea) was used for DNA extraction. The
PSA level was classified as low (PSA<4 ng/ml),
intermediate (4<PSA<10 ng/ml) and high (10
ng/mI<PSA). The Gleason score was classified
as low (<6), intermediate (7) or high (8<). The
pathological stages were categorized as local-
ized (T1 or T2 NOMO), locally advanced (T3 or
T4 NOMO) and metastatic (TxN+ or M+) on the
basis of pathological and/or radiological repo-
rts. The clinical characteristics of the cases
were similar to a previous Korean study [22].

SNP selection and genotyping

In this study, we selected 21 SNPs from two
international databases (International HapMap
and NCBI dbSNPs). SNP selection from the
International HapMap database (Han Chinese
and Japanese) was carried out as follows: (1)
extraction of all genotypes from CHB and JPN
populations in the AMACR gene region using
HapMart of the International HapMap data-
base (version: release #27; http://www.hap-
map.org); (2) the calculation of minor allele fre-
quency (MAF) and linkage disequilibrium (LD)
using Haploview software (Cambridge, USA;
http://www.broad.mit.edu/mpg/haploview);
and (3) selection of SNPs having MAF>0.05 and
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Reader, and genotyped using the
Genome Studio software (lllumina
Inc., USA). The genotype quality score
for retaining data was set at 0.25. A
total of 21 SNPs were successfully genotyped
in the 445 DNA samples. All SNPs showed a
call rate higher than 98% in cases or controls.
Ten samples were randomly selected for geno-
typing in duplicate. Concordance among dupli-
cate samples was 100%. The overall call rate
for all SNPs was 99.8%.

Statistics

SNP genotype frequencies were examined for
Hardy-Weinberg equilibrium (HWE) using the x?
statistic and all were found to be consistent
(P>0.05) with HWE among Korean controls
(Table 2). Data were analyzed using uncondi-
tional logistic regression to calculate an odds
ratio as an estimate of relative risk of prostate
cancer associated with SNP genotypes [24].

To determine the association between the gen-
otype and haplotype distributions of patients
and controls, logistic regression analysis was
carried out to control for age (continuous value)
as a covariate to eliminate or reduce any con-
flicts that might influence the findings. The sig-
nificant associations are shown in bold face
(P<0.05). In analyzing a model in which a
codominant (additive) effect of the variant (V)
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Table 2. Frequencies of AMACR single-nucleotide polymorphisms in prostate cancer patients and

normal controls in the Korean Population

SNPID Position AA Change Alleles Major Hetero Minor Total MAF Heterozygosity HWE
rs194125 Promoter C>A 323 110 10 443  0.147 0.250 0.861
rs3195676 CDs VoM G>A 171 204 60 435 0.372 0.467 0.946
rs34689 Intron T>G 335 89 12 436 0.130 0.226 0.047
rs34687 Intron . G>A 342 89 13 444  0.130 0.225 0.019
rs10941112 CDSs G175D G>A 174 210 60 444  0.372 0.467 0.789
rs4866402 Intron C>A 329 109 7 445 0.138 0.238 0.551
rs34678 Intron T>C 187 198 60 445  0.357 0.459 0.510
rs10941110 Intron . G>A 174 210 60 444  0.372 0.467 0.789
rs34677 CDSs Q239H G>T 342 88 14 444  0.131 0.227 0.007
rs34676 Intron T>G 187 197 61 445  0.358 0.460 0.430
rs168803 Intron T>G 244 161 40 445 0.271 0.395 0.077
rs840409 Intron C>G 336 95 14 445  0.138 0.238 0.029
rs253190 Intron C>T 335 95 14 444  0.139 0.239 0.029
rs16892096 Intron T>C 341 98 6 445 0.124 0.217 0.727
rs10472909 Intron A>T 173 210 60 443  0.372 0.467 0.767
rs2652130 Intron A>C 253 163 29 445 0.248 0.373 0.692
rs250414 Intron C>T 173 211 58 442  0.370 0.466 0.613
rs12659370 3’ UTR C>A 255 165 24 444  0.240 0.365 0.687
rs16892066 3’ UTR G>A 329 105 9 443  0.139 0.239 0.854
rs16892064 3’ UTR G>A 330 105 9 444  0.139 0.239 0.848
rs840380 3’ UTR A>G 289 134 22 445 0.200 0.320 0.213

Abbreviations: MAF, Minor allele frequencies; HWE, Hardy-Weinberg equilibrium.

allele was assumed, the genotypes wild (W)/W,
W/V and V/V were coded as O, 1 and 2, respec-
tively. When a dominant effect was assumed,
genotype W/W was coded as O, and W/V and
V/V were coded as 1, whereas W/V and V/V
were scored as 0 and V/V was scoredas 1 in a
model that assumed a recessive effect [25].
Lewontin’s D’ (|D’|) and the LD coefficient r?
were examined to measure LD between all
pairs of biallelic loci [26]. The haplotypes were
inferred from the successfully genotyped SNPs
using PHASE algorithm ver. 2.0 [27], using SAS
version 9.1 (SAS, Cary, NC, USA). The effective
number of independent marker loci was calcu-
lated to correct multiple testing, using the soft-
ware SNPSpD (http://www.genepi.qgimr.edu.au/
general/daleN/SNPSpD/), which is based on
the spectral decomposition of matrices of pair-
wise LD between SNPs [28]. The resulting num-
ber of independent marker loci (23.1) was
applied to correct for multiple testing. All
P-values from the results were corrected for
multiple testing by controlling for the false dis-
covery rate [29].
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Results

Twenty-one sequence variants in the AMACR
gene were examined in this study; 1 was locat-
ed in the promoter; 13 in introns; 3 in exons;
and 4 in the 3-untranslated region (UTR)
(Figure 1A). The measured LD among 21 SNPs
was determined by calculating Lewontin's D’
and r? values; the results showed that these
SNPs were divided into haplotype blocks
(Figure 1B and 1C). The clinical characteristics
of the prostate cancer case and controls are
shown in Table 1.

The genotype frequencies for each polymor-
phism in both the prostate cancer group and
the control group were analyzed using a logistic
regression model (Table 3). Among the 21 poly-
morphisms examined, the 8 polymorphisms
(rs3195676, rs10941112, rs4866402, rs34-
678, rs10941110, rs34676, rs16892096, and
rs250414) were found to be significantly asso-
ciated with prostate cancerrisk. The rs3195676
(age-adjusted odds ratio [OR]=0.74, P=0.05),
rs10941112 (OR=0.74, P=0.04), rs4866402

Int J Clin Exp Med 2016;9(12):23530-23540
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marked by black blocks, and 5" and 3’ UTRs by white blocks. B. Haplotypes of AMACR. ‘Others’ category contains

Figure 1. A. Genetic map of AMACR (alpha-methylacyl-CoA racemase) on chromosome 5p13. Coding exons are
rare haplotypes. C. Linkage disequilibrium (LD) among AMACR polymorphisms.
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Table 3. Logistic regression analysis of AMACR single-nucleotide polymorphisms with the risk of pros-

tate cancer in the Korean Population

Minor Allele Co-dominant Dominant Recessive
SNPID Frequency
Pca BPH Age adjusted P- Age adjusted P- Age adjusted P-

(n=272) (n=173)  OR (95% Cl) value  OR (95% Cl) value OR (95% Cl) value
rs194125 0.150 0.142 1.00(0.67-1.48) 0.99 0.97 (0.62-1.51) 0.88 1.34(0.33-5.48) 0.68
rs3195676 0.345 0.415 0.74(0.56-1.00) 0.05 0.65(0.43-0.99) 0.04 0.73(0.41-1.30) 0.28
rs34689 0.142 0.111 1.28(0.85-1.94) 0.24 1.31(0.81-2.11) 0.27 1.65(0.43-6.34) 0.47
rs34687 0.142 0.110 1.30(0.86-1.95) 0.22 1.32(0.82-2.12) 0.26 1.76(0.47-6.68) 0.40
rs10941112 0.343 0.416 0.74 (0.55-0.98) 0.04 0.65(0.43-0.97) 0.04 0.72(0.41-1.27) 0.26
rs4866402 0.121 0.165 0.64(0.42-0.95) 0.03 0.59(0.38-0.92) 0.02 0.82(0.17-3.92) 0.81
rs34678 0.388 0.309 1.45(1.08-1.95) 0.01 1.76(1.18-2.63) 0.006 1.35(0.75-2.44) 0.32
rs10941110 0.343 0.416 0.74 (0.55-0.98) 0.04 0.65(0.43-0.97) 0.04 0.72(0.41-1.27) 0.26
rs34677 0.144 0.110 1.31(0.87-1.97) 0.19 1.33(0.82-2.14) 0.25 1.94(0.52-7.23) 0.32
rs34676 0.390 0.309 1.46(1.09-1.95) 0.01 1.76(1.18-2.63) 0.006 1.38 (0.77-2.49) 0.28
rs168803 0.267 0.277 0.90(0.67-1.22) 0.51 0.86(0.58-1.28) 0.46 0.93(0.47-1.85) 0.83
rs840409 0.151 0.118 1.31(0.88-1.95) 0.19 1.32(0.83-2.10) 0.25 1.93(0.52-7.21) 0.33
rs253190 0.151 0.119 1.30(0.87-1.94) 0.20 1.31(0.82-2.08) 0.26 1.92(0.51-7.14) 0.33
rs16892096 0.108 0.147 0.65(0.43-1.00) 0.05 0.62(0.39-0.99) 0.04 0.66(0.13-3.50) 0.63
rs10472909 0.351 0.407 0.79(0.59-1.06) 0.12 0.73(0.49-1.10) 0.13 0.76(0.43-1.34) 0.34
rs2652130 0.239 0.263 0.85(0.62-1.17) 0.31 0.86(0.58-1.28) 0.46 0.66(0.30-1.44) 0.29
rs250414 0.338 0.419 0.72(0.53-0.96) 0.03 0.66(0.44-0.99) 0.04 0.63(0.36-1.13) 0.12
rs12659370 0.220 0.272 0.76 (0.55-1.06) 0.11 0.70(0.47-1.05) 0.08 0.81(0.34-1.92) 0.64
rs16892066 0.153 0.116 1.38(0.91-2.09) 0.13 1.40(0.89-2.23) 0.15 1.88(0.389.37) 0.44
rs16892064 0.153 0.116 1.39(0.91-2.11) 0.13 1.41(0.89-2.24) 0.14 1.90(0.389.47) 0.44
rs840380 0.217 0.173 1.31(0.92-1.85) 0.13 1.34(0.89-2.04) 0.17 1.66(0.62-4.45) 0.31
AMACR_B1_ht1 0.303 0.384 0.70(0.52-0.94) 0.02 0.60 (0.40-0.90) 0.01 0.69(0.38-1.27) 0.23
AMACR_B1_ht2 0.342 0.260 1.49(1.09-2.02) 0.01 1.76(1.18-2.62) 0.005 1.35(0.68-2.67) 0.39
AMACR_B1_ht3 0.099 0.121 0.76(0.49-1.18) 0.22 0.74(0.46-1.20) 0.22 0.66(0.13-3.50) 0.63
AMACR_B1_ht4 0.116 0.104 1.08(0.70-1.67) 0.74 1.13(0.69-1.84) 0.63 0.77(0.18-3.39) 0.73
AMACR_B2_ht1 0.412 0.439 0.87(0.66-1.16) 0.35 0.82(0.53-1.24) 0.34 0.87(0.52-1.46) 0.59
AMACR_B2_ht2 0.219 0.272 0.76(0.55-1.06) 0.10 0.70(0.47-1.04) 0.08 0.81(0.34-1.91) 0.63
AMACR_B2_ht3 0.217 0.173 1.31(0.92-1.85) 0.13 1.34(0.89-2.04) 0.17 1.66(0.62-4.45) 0.31
AMACR_B2_ht4 0.153 0.116 1.38(0.91-2.10) 0.13 1.41(0.89-2.23) 0.15 1.89(0.389.45) 0.44

Minor allele frequencies and P-values for logistic analyses of three alternative models (co-dominant, dominant, and recessive)
controlling for age as covariate are shown. Significant associations are shown in boldface (P-value <0.05). Abbreviations: Cl,

confidence interval; OR, odds ratio; PCa, prostate cancer.

(OR=0.64, P=0.03), rs10941110 (OR=0.74,
P=0.04), rs16892096 (OR=0.65, P=0.05) and
rs250414 (OR=0.72, P=0.03) had negative cor-
relation with prostate cancer compared with
the control group. The rs34678 (OR=1.45,
P=0.01) and rs34676 (OR=1.46, P=0.01) had
positive correlation with prostate cancer com-
pared with the control group (Table 3). No sig-
nificant association was found between the
presence of prostate cancer and the other 13
SNPs. In addition, a haplotype association test
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was performed on 8 common haplotypes (freq.
>0.05) within the 2 haplotype blocks. The 2
haplotypes, AMACR_B1_ht (OR=0.70, P=0.02)
and AMACR_B1_ht2 (OR=1.49, P=0.01) sh-
owed a significant association with risk of pros-
tate cancer (Table 3). In the analysis of logistic
regression model of AMACR polymorphisms
according to pathological stage, the 8 SNPs
(rs3195676, rs10941112, rs10941110, rs16-
8803, rs16892096, rs10472909, rs26521-
30, and rs12659370) and the 1 haplotype

Int J Clin Exp Med 2016;9(12):23530-23540
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Table 4. Logistic analysis of AMACR polymorphisms according to pathological stage criteria

Minor Allele

Co-dominant Dominant Recessive
SNP ID Frequency
T2 >T3 Age adjusted P- Age adjusted P- Age adjusted P-
(n=100) (n=152) OR (95% ClI) value OR (95% ClI) value OR (95% ClI) value
rs194125 0.161 0.138 1.19(0.72-1.96) 0.51 1.08(0.61-1.93) 0.79 3.23(0.58-18.05) 0.18
rs3195676 0.411 0.309 1.56(1.06-2.30) 0.02 1.62(0.95-2.76) 0.08 2.20(1.01-4.79) 0.05
rs34689 0.109 0.155 0.69(0.40-1.16) 0.16 0.59(0.32-1.12) 0.11 0.88(0.20-3.77) 0.86
rs34687 0.108 0.154 0.68(0.40-1.15) 0.15 0.59(0.31-1.10) 0.10 0.89(0.21-3.83) 0.87
rs10941112 0.412 0.309 1.58(1.07-2.32) 0.02 1.63(0.96-2.76) 0.07 2.26(1.04-4.92) 0.04
rs4866402 0.082 0.137 0.56(0.31-1.04) 0.07 0.59(0.31-1.13) 0.11 . .
rs34678 0.397 0.390 1.04(0.71-1.53) 0.84 0.90(0.53-1.53) 0.69 1.42(0.69-2.94) 0.34
rs10941110 0.412 0.309 1.58(1.07-2.32) 0.02 1.63(0.96-2.76) 0.07 2.26(1.04-4.92) 0.04
rs34677 0.108 0.158 0.67 (0.40-1.13) 0.14 0.59(0.31-1.11) 0.10 0.74(0.18-3.06) 0.68
rs34676 0.397 0.393 1.03(0.70-1.50) 0.90 0.90(0.53-1.53) 0.69 1.34(0.65-2.74) 0.43
rs168803 0.191 0.297 0.58(0.38-0.89) 0.01 0.52(0.30-0.88) 0.02 0.43(0.15-1.22) 0.11
rs840409 0.124 0.160 0.75(0.46-1.25) 0.27 0.70(0.38-1.28) 0.24 0.75(0.18-3.08) 0.69
rs253190 0.124 0.160 0.75(0.46-1.25) 0.27 0.70(0.38-1.28) 0.24 0.75(0.18-3.08) 0.69
rs16892096 0.067 0.127 0.50(0.26-0.96) 0.04 0.51(0.25-1.02) 0.06 . .
rs10472909 0.418 0.319 1.56(1.06-2.29) 0.02 1.63(0.96-2.77) 0.07 2.11(0.98-4.54) 0.06
rs2652130 0.186 0.263 0.63(0.40-0.98) 0.04 0.58(0.34-0.99) 0.05 0.49(0.15-1.60) 0.24
rs250414 0.387 0.313 1.40(0.95-2.06) 0.09 1.31(0.77-2.21) 0.32 2.26(1.02-5.05) 0.05
rs12659370 0.268 0.198 1.56(1.00-2.41) 0.05 1.50 (0.89-2.55) 0.13 3.25(0.95-11.18) 0.06
rs16892066 0.124 0.168 0.69(0.41-1.18) 0.18 0.58(0.32-1.05) 0.07 2.35(0.38-14.44) 0.36
rs16892064 0.124 0.168 0.69(0.41-1.18) 0.17 0.58(0.32-1.05) 0.07 2.35(0.38-14.44) 0.36
rs840380 0.227 0.220 1.06(0.70-1.62) 0.78 1.01(0.60-1.72) 0.96 1.38(0.48-3.97) 0.54
AMACR_B1_ht1 0.351 0.277 1.41(0.96-2.07) 0.08 1.33(0.79-2.22) 0.28 2.37(1.04-5.44) 0.04
AMACR_B1_ht2 0.361 0.333 1.16(0.78-1.72) 0.47 1.01(0.60-1.70) 0.97 1.89(0.82-4.36) 0.14
AMACR_B1_ht3 0.062 0.113 0.53(0.27-1.03) 0.06 0.55(0.26-1.13) 0.10 . .
AMACR_B1_ht4 0.098 0.123 0.75(0.43-1.33) 0.33 0.62(0.32-1.20) 0.16 2.16(0.35-13.24) 0.41
AMACR_B2_ht1 0.381 0.417 0.83(0.57-1.20) 0.32 0.70(0.41-1.20) 0.20 0.94(0.46-1.90) 0.86
AMACR_B2_ht2 0.268 0.197 1.57(1.01-2.43) 0.05 1.52(0.90-2.57) 0.12 3.28(0.95-11.25) 0.06
AMACR_B2_ht3 0.227 0.220 1.06(0.70-1.62) 0.78 1.01(0.60-1.72) 0.96 1.38(0.48-3.97) 0.54
AMACR_B2_ht4 0.124 0.167 0.70(0.41-1.19) 0.19 0.58 (0.32-1.06) 0.08 2.37(0.39-14.54) 0.35

Minor allele frequencies and P-values for logistic analyses of three alternative models (co-dominant, dominant, and recessive)
controlling for age as covariate are shown. Significant associations are shown in boldface (P-value <0.05). Abbreviations: Cl,

confidence interval; OR, odds ratio.

(AMACR_B2_ht2) were found to be significantly
associated with pathological stage (Table 4).
The rs3195676 (OR=1.56, P=0.02), rs10-
941112 (OR=1.58, P=0.02), rs10941110
(OR=1.58, P=0.02), rs10472909 (OR=1.56,
P=0.02), rs12659370 (OR=1.56, P=0.05) and
the AMACR_B2_ht2 (OR=1.57, P=0.05) had
positive correlation with higher pathological
stage. The rs168803 (OR=0.58, P=0.01), rs16-
892096 (OR=0.50, P=0.04) and rs2652130
(OR=0.63, P=0.04) had negative correlation
with pathological stage. In the analysis of lo-
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gistic regression model of AMACR polymor-
phisms according to Gleason score, the 3 SNPs
(rs16892066, rs16892064, and rs840380)
and the 2 haplotypes (AMACR_B2_ht3 and
AMACR_B2_ht4) were found to be significantly
associated with Gleason score (Table 5). The
rs840380 (OR=1.65, P=0.03) and the AMACR_
B2_ht3 (OR=1.65, P=0.03) had positive corre-
lation with higher Gleason score. The
rs16892066 (OR=0.55, P=0.03), rs16892064
(OR=0.54, P=0.03) and the AMACR_B2_ht4
(OR=0.55, P=0.03) had negative correlation
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Table 5. Logistic analysis of AMACR polymorphisms according to Gleason score criteria

Minor Allele Frequency Co-dominant Dominant Recessive

SNPID >8 7 <6 Age adjusted P- Age adjusted P- Age adjusted P-

(n=39) (n=202) (n=29) OR((95%Cl) value OR(95%CI) value OR(95%CIl) value
rs194125 0.149 0438 0149 1.08(0.63-1.84) 0.79 1.12(0.61-2.07) 0.72 0.85(0.15-4.78) 0.86
rs3195676 0.327 0.370 0.345 1.17 (0.78-1.77) 0.45 1.10(0.63-1.93) 0.74 1.59(0.69-3.65) 0.28
rs34689 0.146 0.111 0.139 1.00(0.58-1.70) 0.99 0.86(0.45-1.64) 0.64 2.18(0.52-9.14) 0.29
rs34687 0.147 0.121 0.139 0.95(0.57-1.60) 0.85 0.88(0.46-1.66) 0.69 1.34(0.33-5.52) 0.69
rs10941112 0.326 0.362 0.344 1.20(0.80-1.80) 0.37 1.14(0.66-1.98) 0.64 1.61(0.71-3.68) 0.26
rs4866402 0.131 0.121 0.122 0.74(0.41-1.34) 0.32 0.72(0.38-1.39) 0.33 0.70(0.07-6.83) 0.76
rs34678 0.389 0.397 0.389 0.99(0.67-1.48) 0.97 1.07(0.61-1.88) 0.81 0.85(0.39-1.84) 0.68
rs10941110 0.326 0.362 0.344 1.20(0.80-1.80) 0.37 1.14(0.66-1.98) 0.64 1.61(0.71-3.68) 0.26
rs34677 0.149 0.121 0.141 0.96 (0.57-1.59) 0.86 0.88(0.47-1.67) 0.70 1.29(0.33-5.00) 0.72
rs34676 0.391 0.397 0.391 0.99(0.67-1.47) 0.96 1.07 (0.61-1.88) 0.81 0.85(0.40-1.82) 0.67
rs168803 0.282 0.241 0.265 0.84(0.55-1.27) 0.40 0.79(0.46-1.37) 0.40 0.79(0.31-2.04) 0.63
rs840409 0.156 0.121 0.148 1.01(0.61-1.67) 0.98 0.96(0.51-1.79) 0.89 1.29(0.33-5.01) 0.72
rs253190 0.156 0.121 0.148 1.01(0.61-1.67) 0.98 0.96(0.51-1.79) 0.89 1.29(0.33-5.01) 0.72
rs16892096 0.124 0.069 0.109 0.88(0.47-1.63) 0.68 0.79(0.40-1.56) 0.50 2.84(0.28-29.17) 0.38
rs10472909 0.336 0.362 0.351 1.20(0.80-1.80) 0.37 1.14(0.66-1.99) 0.63 1.60(0.71-3.62) 0.26
rs2652130 0.265 0.138 0.237 0.98(0.63-1.54) 0.94 0.90(0.52-1.57) 0.72 1.39(0.45-4.32) 0.57
rs250414 0.328 0.357 0.339 1.11(0.73-1.67) 0.63 0.98(0.56-1.70) 0.93 1.65(0.71-3.87) 0.25
rs12659370 0.209 0.207 0.219 1.35(0.85-2.14) 0.21 1.40(0.80-2.45) 0.24 1.65(0.48-5.64) 0.42
rs16892066 0.157 0.224 0.154 0.55(0.32-0.93) 0.03 0.56(0.30-1.03) 0.06 0.21(0.04-1.00) 0.05
rs16892064 0.157 0.224 0.154 0.54(0.32-0.93) 0.03 0.56(0.30-1.03) 0.06 0.21(0.04-1.00) 0.05
rs840380 0.203 0.190 0.219 1.65(1.05-2.59) 0.03 1.66(0.94-2.93) 0.08 2.97(1.02-8.64) 0.05
AMACR_B1_ht1 0.359 0.287 0.345 1.08(0.72-1.62) 0.71 0.93(0.54-1.60) 0.78 1.78(0.75-4.26) 0.19
AMACR_B1_ht2 0.359 0.337 0.362 1.03(0.68-1.55) 0.90 1.11(0.64-1.93) 0.71 0.86(0.36-2.05) 0.73
AMACR_B1_ht3 0.051 0.116 0.052 0.89(0.47-1.68) 0.71 0.80(0.40-1.60) 0.53 2.84(0.28-29.17) 0.38
AMACR_B1_ht4 0.090 0.124 0.069 1.04 (0.58-1.87) 0.90 0.88(0.45-1.73) 0.72 4.06(0.68-24.12) 0.12
AMACR_B2_ht1 0.308 0.433 0.379 0.77 (0.52-1.14) 0.19 0.70(0.39-1.24) 0.22 0.72(0.34-1.52) 0.39
AMACR_B2_ht2 0.282 0.208 0.207 1.35(0.85-2.15) 0.21 1.40(0.80-2.46) 0.24 1.66(0.48-5.66) 0.42
AMACR_B2_ht3 0.321 0.203 0.190 1.65(1.05-2.59) 0.03 1.66(0.94-2.93) 0.08 2.97(1.02-8.64) 0.05
AMACR_B2_ht4 0.090 0.156 0.224 0.55(0.32-0.93) 0.03 0.56(0.30-1.04) 0.06 0.21(0.04-1.00) 0.05

Minor allele frequencies and P-values for logistic analyses of three alternative models (co-dominant, dominant, and recessive) controlling for age
as covariate are shown. Significant associations are shown in boldface (P-value <0.05). Abbreviations: Cl, confidence interval; OR, odds ratio.

with Gleason score. There were no associations
detected between the 21 SNPs examined and
PSA level in this study (data not shown).

Discussion

AMACR is a key enzyme in the B-oxidative cata-
bolic metabolism of fatty acids and has been
found to be upregulated in a variety of cancers,
including prostate cancer [5]. The mechanism
by which AMACR affects prostate cancer risk is
not fully understood. One possibility is that the
reactive oxygen species created from the enzy-
matic activity of AMACR leads to DNA damage
[30]. Alternatively, AMACR may impact carcino-
genesis by affecting levels of the androgen
receptor and IGF-1 [31].
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Sequence variants of AMACR have been previ-
ously investigated to find their association with
prostate cancer risk [16-20, 32, 33]. In a
Korean population, we found that the 2 SNPs
(rs34678 and rs34676) and 1 haplotype
(AMACR_B1_ht2) had a significant positive
association with risk of prostate cancer. We
also found that the 6 AMACR polymorphisms
(rs3195676, rs10941112, rs4866402, rs10-
941110, rs16892096, and 250414) and 1
haplotype (AMACR_B1_ht) had a significant
negative correlation with risk of prostate can-
cer. Among them, the2 SNPs (rs3195676 and
rs10941112) are coding non-synonymous
SNPs that result in an amino acid change at
position 9 (valine to methionine) and at position
175 (glycine to aspartate). An Australian study
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found that the two AMACR SNPs (rs3195676
and rs10941112) were associated with reduc-
ed risks of sporadic prostate cancer [33].
Consistent with the Australian study, we found
the same 2AMACR SNPs (rs3195676 and
rs10941112) were associated with reduced
risks for prostate cancer in Korean men. In this
study, we found the 8 SNPs (rs3195676,
rs10941112, rs10941110, rs168803, rsl16-
892096, rs10472909, rs2652130, and rs-
12659370) and 1 haplotype (AMACR_B2_ht2)
were found to be significantly associated with
pathological stage and the 3 SNPs (rs16-
892066, rs16892064, and rs840380) and 2
haplotypes (AMACR_B2_ht3 and AMACR_B2_
ht4) were found to be significantly associated
with Gleason score. Wright et al. [32] reported
a reduction in the relative risk of less aggres-
sive prostate cancer (localized stage, Gleason
2-7(3+4), PSA<20 ng/ml at diagnosis) with thel
AMACR polymorphism (rs2287939), but this
polymorphism was not included in our study.
The literature on AMACR SNPs and prostate
cancer risk presents conflicting results. In two
studies [16, 17], rs2287939 was associated
with a risk reduction in familial, but not sporad-
ic, prostate cancer. The ORs for sporadic dis-
ease were similar, although non-significant in
both studies. Two other studies found no signifi-
cant associations between prostate cancer
and AMACR SNPs [18, 19]. Lee et al. [20]
assessed 194 cases and 169 controls for 17
SNPs in the AMACR gene in Korean men, and
found the rs2278008 tended to lower prostate
cancer risk. But this polymorphism was not
evaluated in our study.

Our study had several limitations. Our analysis
was based on a comparison of samples from
patients with prostate cancer and samples
from patients with non-malignant BPH as con-
trols. Although our control group was proven as
benign via a previous prostate biopsy, all the
men in the BPH group were potentially at risk
for the development of prostate cancer and
may have had latent prostate cancer at the
time of their designation as controls, leading to
disease misclassification. In this study, we had
limitation of only adjusting the age as covariate
in logistic analysis, it should be necessary for
controlling other health related factors.

Conclusions

Logistic regression analyses of this study sug-
gested that some AMACR gene polymorphisms
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were associated with a significantly elevated
risk of prostate cancer when compared with
healthy controls. These results suggest that
AMACR gene polymorphisms may alter suscep-
tibility to prostate cancer and may possibly be
used as biomarkers for the disease.

As racial/ethnic differences may exist, our
study demonstrating an association between
prostate cancer and AMACR gene polymor-
phisms is one of the efforts in an Asian popula-
tion. Outside validation of these findings should
be performed, especially to fish the relation-
ships between several SNPs and prostate can-
cer-related factors that correlated with prog-
nostic outcomes.
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